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Abstract

This is an inquiry carried out in two educational settings, one in England and one in
Greece, with 10-11 year-old children and it is guided by a constructivist view of
teaching and learning. In both studies, children’s conceptions on frictional
phenomena and frictional force have been elicited before and after a teaching
intervention and they have been compared in order to highlight some aspects of
conceptual change. During the teaching interventions the children investigated
friction with blocks of wood which were slid on various surfaces of tabletops
(sandpaper or plastic laminate) and they discussed their conceptions of friction in

everyday life situations with their classmates and the teacher.

A modification of the Interview-About-Instances technique has been used to elicit
children’s conceptions before and after the teaching interventions in both studies.
Some additional assessment techniques, like concept maps and children's drawings
and writing, have also been used after the teaching interventions in order to obtain
information on children's conceptions. This was done to cross-examine inferences

drawn from the analyses of the interview data.

The Pre-Intervention interview analysis focused on the elicitation of groupings of
conceptions and alternative conceptions about frictional phenomena within a context
of conceptions of "force". The Post-Intervention interview analysis focused on the
elicitation of groupings of conceptions and alternative conceptions about friction and
frictional phenomena within the context of the depicted instances of the interview
cards. A comparison of the conceptions elicited in the pre-intervention interviews
with those of the post-intervention interviews has revealed some aspects of
conceptual change which are illustrated with the analysis of two cases of children in
each study.

This inquiry has found that children can develop conceptions of friction within its
"surface roughness" approximation. The interlocking of the roughness of surfaces
appears for them to be a plausible and fruitful explanatory framework to describe and
interpret friction and frictional phenomena. Some of children's preconceptions about
"grip", the role of the nature of surfaces in contact and the role of gravity, or the force
of weight influencing frictional phenomena, appear to be retained and enhanced
throughout the teaching interventions by adding new characteristics or properties or
by extending their frames of reference for different contexts. In both studies, there
appear to be similarities in the conceptions elicited about frictional phenomena and
the way conceptual change occurs, despite some language differences, which appear

to be reflected on the construction of children's propositional statements.
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General Introduction

General introduction

This inquiry aims to:

« elicit children's conceptions about friction and frictional phenomena and to

deepen our understanding about such conceptions

* examine how certain teaching interventions influence the construction of

children's conceptions and the process of conceptual change, and

* highlight and identify some aspects of children's conceptual change in reference to

their conceptions about friction and relevant frictional phenomena

The subsidiary aims of the inquiry are:

* to investigate analyse and interpret children's conceptions before and after a

teaching intervention on friction and frictional phenomena

* to conduct a teaching intervention that will elicit and challenge children's
conceptions about friction and frictional phenomena and promote conceptual

change through investigative work and negotiation of meanings

* to use a comparison between children's conceptions before and after the teaching

intervention in order to highlight some aspects of their conceptual change

* to identify some similarities and differences in the conduct, analysis and

interpretation of the research data from the studies in England and in Greece

In other words, it seeks to investigate and identify how children's naive or intuitive
preconceptions change and become more elaborated and advanced conceptions. The
inquiry is guided by a constructivist view of teaching and learning which is described
in Chapter 1. Teaching interventions are organised in order to help children to view
frictional phenomena in different ways and to change their conceptions about friction.
The "surface roughness" theory of friction is the approximation which is used as a

conceptual framework for teaching and learning about frictional phenomena (cf.



General Introduction

The concept of friction has been chosen because it can be incorporated in a broader
thematic area of learning about the of concept of force, it can be investigated in the
classroom with simple experimental arrangements and it is a national curriculum
topic for primary science in both of the countries involved (England and Greece). In
this sense, the concept of force has been seen as a "push" or a "pull" in a certain
direction which may also affect the kinetic condition of an object. Friction is also
seen as a force with particular effects in the interface of two surfaces in contact.
Moreover, it appears to be a single key concept with rather narrow limits of reference,
which seems to be proper for a holistic approach of the notion of conceptual change

that is attempted in this inquiry.

The empirical work for this inquiry took place in two educational settings, one in
England and one in Greece. The study in England was conducted with a Year 6 in a
primary school at Nottinghamshire, whereas the study in Greece was conducted with

an E' Grade of a primary school in Rethimno, Crete.

A modification of the Interview-About-Instances technique has been used as a
research method to probe and elicit children's conceptions and conceptual change,
whereas some assessment techniques have also been used to represent children's
conceptions from a different perspective and to cross-examine them with the

interview data (cf. Chapters 3, 4, 5).

Some further issues and considerations that have emerged from the conduct of this
research inquiry in two countries, two educational systems and two languages are
discussed in the last chapter, together with methodological considerations, some

limitations for both substance and scope and a self-critique.
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conceptual



Chapter 1.1. Children's Ideas and a Constructivist View of Learning

It is so difficult to find the beginning. Or, better; it is
difficult to begin at the beginning. And not to try to go
further back.

(Wittgenstein, 1977, p. 471)

1.1.0. Introduction

In this section there is a brief introduction to research in children's ideas in science.
Constructivism is examined as a theoretical perspective which has influenced the
research in the field of science education. A constructivist view of learning is also

presented with a focus on learning as conceptual change.

1.1.1. Research into children's ideas in science

During the last twenty-five years or so, there has been a boom in research on the role
of children's ideas in teaching and learning of science. Bibliographies provide
overviews on the range and amount of work done. Pfundt and Duit’s bibliography
(1994) or Driver and Watts’ (1990), which are both continually updated, contain more
than 2500 entries of research papers in the field. There are also several reviews in the
field which ease the access to many research papers and highlight common points of
departure (for example, Driver & Easley, 1978; Driver & Erickson, 1983; Gilbert &

Watts, 1983; Hashwesh, 1986; Duit, 1991; Fensham, Gunstone & White, 1994).

At the outset, in the mid 1970's, the emphasis was on investigating learner's
conceptions on science topics such as heat, light, energy, force, chemical reactions,
photosynthesis, genetics etc. Quite often, this research also looked for conceptual
change during, mostly traditional, teaching interventions. However, studies on the
effects of teaching interventions that aimed to bring about conceptual change
followed a little later (cf, § 1.3.1). Nevertheless, a basic assumption for all this
research work is that the conceptions that learners hold prior to teaching interventions

guide their learning considerably.
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The researchers dealing with learner’s ideas or conceptions are by no means a
homogenous group. This is proved by the plethora of terms, and their underlying,
theoretical and epistemological assumptions, which are used to describe children's
conceptions (for example, see Ambibola, 1988). Thus, terms like alternative
frameworks (Driver & Easley, 1978; Watts, 1983a) conceptualframeworks (Driver &
Erickson, 1983; Engel-Clough & Driver, 1986), alternative conceptions (Osborne &
Gilbert, 1980b) children's ideas (Driver et al., 3985)preconceptions (Ausubel, 1968)
misconceptions (Helm, 1980; Hills, 1989), children's science (Gilbert, Osborne &
Fensham, 1982), minitheories (Claxton, 1993) or mental models (Vosniadou, 1991;
1994) have been used to express children’s informal, untutored or intuitive ideas in
science. All of these terms have specific meanings within broader theoretical
contexts. For example, the term alternative frameworks, which is a widely used term
in the field of research in science education, indicates that learners conceptions are
not a miscellaneous collection of “fuzzy" ideas, but are surprisingly coherent,
organised in explanatory frameworks. These frameworks appear to be alternatives to
the science taught in schools and they tend to provide the learners with valuable
guidance in most everyday situations. However, the use of the word alternative may
be taken to imply that the learners' ideas need to be described and explored in the
learners' "own terms, so that we may come to appreciate their conceptual schemes
from the inside" (Hills, 1988, p. 167). Gilbert and Swift (1985) have termed this field

of research as the alternative conceptions movement (ACM).

The idea of investigating children’s conceptions in science in a rather old one. Even
from the early '30s, Piaget used his research method of clinical interview to
investigate "the child's conception of ..." "the world" (1929), "physical causality"
(1969), "movement and speed" (1970) and presented a plethora of children's intuitive
ideas in many science topics. Furthermore, the idea that these intuitive conceptions
play an important role in the teaching and learning of science seems to be an old one
as well. Bachelard's (1938) work relates science education and the epistemology of

science and he points out that:
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] have often been puzzled by the fact that science teachers even more than other
teachers -if possible- fail to understand why students do not understand the material
taught. Very few are those who have delved into the psychology of error, of
ignorance and thoughtlessness ... They have not yet reflected on the fact that the
adolescent enters the physics class with pre-conceived ideas: the central problem of
students is not to acquire an experimental culture but rather to change their
experimental culture, to demolish the obstacles accumulated by daily experience
(Bachelard, 1938, p. 18; as quoted in Souque, 1988).

Bachelard (1938) refers to epistemological obstacles that learners have to confront in
the learning of science, such as immediate experience, obstacles that deal with the use

of language, animism etc. (Souque, 1988).

Children acquire alternative conceptions from various sources. Everyday experiences
involving sensual impressions encountered in natural phenomena such as heat, sound,
light, force, motion and many others, are undoubtedly a major source of alternative
conceptions (for example, Viennot, 1979). In everyday communication and
interaction with friends parents and others, learners pick up both pieces of scientific
knowledge and alternative conceptions (Solomon, 1987). Further sources of
information such as mass-media, also provide science knowledge that is not always
"correct"” from the science point of view. Everyday language also appears to be a
major source of science conceptions (Gilbert, et al. 1982; Sutton, 1980; 1992). An
interesting view is that of Preece (1984), who introduced the idea that student's
conceptions may be triggered by innate structures of the brain and that they are not
(merely) learned. Quite often, teaching interventions may support children’s intuitive
beliefs or generate new "misconceptions”", which may be created due to false
information provided by the teacher (or the textbook) or misinterpretation of basically

correct information (Hills, 1989).

There has been a continuing debate on whether children's alternative conceptions in
science are coherent and organised in explanatory frameworks, orfragmental, without
the powerful links of a theoretical framework. Thus, Watts & Gilbert (1983) for

example, referring to the status of children's conceptions explain that:
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Such views of the world, beliefs and meanings for words are not simply isolated
ideas, but rather they are part of the complex structures which provide a sensible and
coherent understanding of the world from the youngster's point of view.

Driver (1990), appears to be more sceptical and argues that these conceptions seem to
be coherent within limited contexts. She mentions, for example, that the "motion-
implies-force" conception seems to be used consistently by children in the context of
friction. On the other hand, diSessa (1988) proposes that the intuitive knowledge
about the world is "knowledge in pieces", emphasising its fragmental nature. He
points out that children's ideas in science consist of "a large number of fragments
rather than one, or even a small number of integrated structures one might call
theories" (ibid.). In this respect, scientific learning involves the organisation of these

fragments.

1.1.2. Theoretical background of research into children's ideas: a

constructivist view oflearning.

Constructivism appears to be the most profound theoretical basis for research into
children’s ideas in science and conceptual change. Solomon (1992) suggests that "the
nearest the research community has come to a common perspective is through the use
of the term constructivism" (p. 37). However, constructivism appears to be a
heterogeneous movement. A recent review has identified the following varieties:
dialectical, contextual, empirical, information-processing, methodological, moderate,
Piagetian, postepistemological, pragmatic, radical, realist, social and sociohistorical
(Good, Wandersee & St. Julien, 1993). Constructivists draw on different theorists to
base their assumptions. As Watts (1994) contends constructivism encompasses
"writers of Ausubelian, early-Piagetian, Kellyian and Vygotskyian persuasion (to
note just afew)" (p. 51). A common point of view appears to be that learning is an
interpretative process, which involves individual's constructions of meaning relating

to specific occurrences and phenomena. New constructions are built through their
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relation to prior knowledge (ibid.). This means that people are active rather than
passive learners. As Mahoney (1988) points out:

Constructivism refers to a family of theories that share the assertion that human
knowledge and experience entail the (pro)active participation of the individual.

Kelly (1955), with his theory of Personal Constructs, has been very influential for
science education researchers. He takes a root metaphor, that of man-the-scientist and
suggests that in the course of everyday life, people act like scientists. The Kellyian
scientist is a constructivist (Pope & Gilbert, 1983). Kelly described his
epistemological position as constructive alternativism, suggesting that people
understand themselves, their surroundings and anticipate future eventualities by
constructing tentative models and evaluating them against personal criteria (ibid.).
He pointed out that "the open questionfor man is not whether reality exists or not, hut
what he can make of’it " (Kelly, 1969, p. 25). Kelly rejected the absolutist view of
truth, contrasting his position of constructive alternativism with accumulative
fragmentalism - the notion that knowledge is a growing collection of substantiated
facts or "nuggets of truth", independent of human reconstruction. On the contrary, he
proposed that even the most highly developed scientific knowledge can be seen as
subject to human reconstruction. These constructs are man-made hypotheses which a
person may choose to bring under review and revise them in the light of what might
appear to be a more persuasive or a "better" theory. This philosophical position has
striking resemblance to the philosophies of science which developed in the sixties and
seventies. Kuhn's (1970) paradigm shifts, Lakatos' (1970) research programmes,
Popper's (1963) identification of the theory-laden basis of science, Polanyi’s (1958)
notions of personal knowledge, Toulmin’s (1972) notion of conceptual ecology and
the evolutionary nature of science, Feyerabend's (1975) epistemological anarchism,
all adopt the perspective of a continuous reconstruction of scientific explanation.
Moreover, they point out the conjectural and provisional nature of science. Such an
approach is antithetical to the search for laws of human nature, which has, in the past,

dominated psychological and educational research (Pope & Gilbert, 1990).
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A key assumption within Kelly's theory is the individuality corollary, stating that
"persons differ from each other in their construction of events". He emphasised the
uniqueness of each person's construct system and the importance of the expression of
these constructs, in order to achieve communication and exchange. For Kelly*
learning is a personal exploration and in this sense, teachers "must come to some
understanding of the experiments, lines of enquiry and personal strategies used by the
learner" (Pope & Watts, 1988, p. 103). Kelly (1970) saw the teacher's role as helping:

. to design and implement each child's own undertakings, as well as to assist in
interpreting the outcomes and in devising more cogent behavioural inquiries. But
usually she has to begin as any apprentice begins, implementing what others have
designed; in this case what her children have initiated. To be a fully accredited
participant in the experimental enterprise she must gain some sense of what is seen
through the children's eyes (p. 262, emphasis added).

The metaphor child as a scientist has emerged from Kelly's man-the-scientist and it is
used to describe children working like scientists in their endeavour to make sense of
natural phenomena either in the classroom or outside it (Gauld, 1988). The learner is
to be at the very centre of the learning experience and the whole process of teaching

and learning is to be child-oriented (Bentley & Watts, 1994).

Driver (1988) lists six features of a constructivist perspective, which are considered to
have an impact in the process of teaching and learning:

* Learners are not viewed as passive but are seen as purposive and ultimately
responsible for their learning. They bring their prior conceptions to learning
situations,

* Learning is considered to involve an active process on the part of the learner. It
involves the construction of meaning and often lakes place through interpersonal
negotiation.

*  Knowledge is not 'out there' but it is personally and socially constructed, its
status is problematic. It may be evaluated by the individual in terms of the
extent to which it 'fits' with their experience and is coherent with other aspects of
their knowledge.

* Teachers also bring their prior conceptions to learning situations not only in
terms of their subject knowledge but also their views of leaching and learning.
These can influence their way of interacting in classrooms.

* Teaching is not the transmission of knowledge but involves the organisation of
situations in the classroom and the design of tasks in a way which promotes
scientific learning.

*  The curriculum is not that which has to be learned, but a programme of learning
tasks, materials and resources from which students construct their knowledge.

(p. 138)
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So far it could be argued that constructivism places emphasis on the individual’s
construction of meanings. However, this does not mean that it ignores the influences
from the social environment in the construction of these meanings. Learning is not
context free. On the contrary, it is embedded in a social and cultural context. As
Watts (1994) points out, constructivism "implies a social context where ideas and
conceptions are communicated, shared, tested, negotiated and reported". Hence, the
learner is constructing knowledge that is part of the socially constructed and
consensually agreed knowledge of the community of scientists. As Driver (1989)
puts it,

Learning science, therefore, is seen to involve more than the individual making sense
of his or her personal experiences but also being initiated into the 'ways of seeing'
which have been established and found to be fruitful by the scientific community.
Such 'ways of seeing' cannot be discovered by the learner - and if a learner happens
upon the consensual viewpoint of the scientific community he or she would be
unaware of the status of the idea (p. 482).

Language plays an important role in communication and in the social construction of
knowledge or the shaping of thinking (Driver, 1989). Vygotsky (3962) regards word-
meanings as phenomena of thinking, dynamic formulations which evolve and change
as the child develops. In this sense, words are not merely used to express thought,

they are the means by which thought comes to existence (Bentley & Watts, 1992).

1.1.3. Learning as a process of conceptual change

Research into children's ideas has provided a relatively extensive catalogue of
alternative conceptions in almost all science topics. It is quite clear that learners have
a number of unorthodox ideas about natural phenomena, which they bring to science
classrooms and most of the times they remain intact in the face of normal everyday
teaching. At this point, Watts (1991) poses a question, which has been very
influential and inspiring in the course of this inquiry, "what do we do once we know"
about these alternative conceptions, and most importantly "can they be changed and,

if so, how best can we organise that?" (p. 55). in the last fifteen years or so, there
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seems to be a focus on learning as a process of conceptual change. Educationalists
are working on the organisation of methods, teaching materials and learning
environments, in order to facilitate and promote conceptual change (cf. § 1.2.1. & §

1.3.1).

Driver (1984) referring to the process of learning as conceptual change, seen from the
point of view of the learner, mentions that:

Conceptual change involves the learner actively constructing his or her own meaning
in any situation whether it is text, dialogue or physical experience.

In broader terms, learning as a process of conceptual change "is commonly portrayed
as taking place from personal intuitive knowledge to 'correct' (scientific) knowledge"
(Watts, 1992, p. 124). West and Pines (1985) suggest that there are two sources of
knowledge for the learner. One is the knowledge that learners acquire from
interaction with the environment and it is termed as intuitive or naive knowledge. Its
primary characteristic is that it constitutes the person's reality, something the person
believes in. The other source of knowledge is that coming from formal teaching, or in
other words, the school knowledge, which is someone else's interpretation of the
world, someone else's reality. Its primary characteristic is authority. In this respect,
learning can be viewed as the process in which learners make their own sense of these
two inputs. West and Pines (1985) point out that "learning always involves the
interaction between the learner's present understanding of the world and the
knowledge input" (p. 3). They go further to describe their view of learning as
conceptual change by using a metaphor of two vines growing in opposite directions as
follows:

We imagine two vines representing these two different sources of knowledge, the
one originating from the learner's intuitive knowledge of the world (which we call
the upward-growing vine to emphasise that this is part of the growth of the learner)
the other originating from formal instruction (which we call the downward-growing
tine to emphasise its imposition on the learner from above. Genuine conceptual
learning involves the intertwining of these two vines (West & Pines, 1985, p. 3).

These two vines can be in a conflict situation when the learner's reality is in conflict

with the principles being presented; in a congruent situation, when both vines are
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well established, but uot in conflict; in a symbolic situation, when there is hardly any
upward vine to interact with the school knowledge; or in an uninstructed situation,
when there is little or no formal schooling and all the learner's knowledge is based on
intuitive learning (ibid.). West and Pines (1985) describe three forms of conceptual
learning. They refer to conceptual development, as the gradual expansion, increasing
intertwining or integration and development of the learner's conceptions; to
conceptual resolution as the acceptance of the congruence, or the resolution of a
conflict, between the learner's and science conceptions; and to conceptual (ex)change
as a resolution of a major conflict, such as the replacement of a learner's conception
with a "correct", scientific one. They claim that the latter form of conceptual
learning, conceptual change, involves abandoning a learner's commitment to one set
of conceptual understandings by adopting another irreconcilable one. This
abandonment is not always a component of conceptual learning, or an everyday
classroom phenomenon, but when it happens it appears to be a "difficult and painful
process which requires both a commitment on the part of the learner and special

instructional techniques" (West and Pines, 1985, p. 7).

In the following two sections, some theoretical approaches on teaching and learning

science with a focus on conceptual change are presented and analysed.
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1.2.0. Introduction

In this section some of the theoretical approaches that refer to the construct of
conceptual change have been selected and the basic characteristics of each of these
approaches are presented and analysed. In most cases, relevant points of critique are
also discussed. These theoretical approaches appear to have some common points of
departure, which can be classified in two different groups, which are presented and

discussed at the end of this section.

1.2.1. Some theories of conceptual change

Posner et al. (1982) have drawn upon accounts of scientific theory change given by
Kuhn (1970), Lakatos (1970) and Toulmin (1972) in order to constitute an analogy
between the conceptual change in the scientific disciplines and the conceptual change
in people learning science. The main question which Posner et al. (1982) attempt to
answer is: "How do learners make a transition from one conception Cj to a successor
conception C2"(Strike & Posner, 1992). They claim that they have used the term
conception to mark the plurality and internal complexity of these "objects of change"
and to distinguish it from the term concept which is used in normal discourse. The
theoretical perspective that they developed was meant to apply to concepts that play a
central, generative or organising role in thought. Hence, they were interested in a
phenomenon analogous to Kuhn's notion of aparadigm shift (Kuhn 1970)1or Piaget’s
notion of an accommodation (Piaget, 1950). In this sense, a learner who is able to
replace an Aristotelian or Newtonian view of motion with Einstein's has undergone
the kind of "radical" conceptual change that Strike et al. (1982) have considered.
They do not claim that all learning involves this form of conceptual change (Strike &
Posner, 1992). On the contrary, although they point out that most cases of "altered

belief", or cases of assimilation, do not count for their theoretical perspective, they

*ci\ relevant points of discussion in the theoretical approaches of Carey (1985) and Vosniadou & Brewer (1987)
that follow.

10
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appear to accept that there are cases of learning in which central concepts are not at

issue (cf. Peter Hewson’s (1981) notion of conceptual capture that follows)

There seem to be four conditions necessary for successful conceptual change to occur,
as it is suggested in the literature of philosophy of science (Posner et al., 1982, p. 214;
Strike & Posner, 1985, p. 216; Strike & Posner, 1992, p. 149).

1. There must be a dissatisfaction with existing conceptions. Scientists and
learners are unlikely to make major conceptual changes until they believe that
less radical changes will not work. People do not accommodate while
assimilation is still reasonable. Their concepts must be in Kuhn's (1970) words
"awash in a sea of anomalies".

2. A new conception must be intelligible (minimally understood). Learners must
be able to grasp how experience can be structured by a new conception to
explore the possibilities inherent in it. One of the difficulties to overcome in
bringing off a dramatic conceptual change is that the new conception is often not
only counterintuitive, but incomprehensible (see Strike & Posner, 1985) to those
committed to the old conception. Writers often stress the importance of
analogies and metaphors in lending initial meaning and intelligibility to new
concepts (for example, Vosniadou & Ortony, 1989).

3. The new conception must appear initially plausible. Any new conception
adopted must at least appear to have the capacity to solve the problems
generated by its predecessors and to fit with other knowledge, experience, and
help. Otherwise it will not appear a plausible choice. Plausibility is also a result
of consistency of concepts with other knowledge. To be a candidate for
adoption, a new conception need not be seen as true, but it must at least appear
as a candidate for the truth.

4. A new conception should suggest the possibility of a fruitful research
programme. It should hat e the potential to be extended to open up new areas of
inquiry, to be a productive tool of thought and to have a technological and
explanatory power.

Swift (1984)2has schematised these four conditions of conceptual change, bearing in
mind Hewson's (1981) contribution to this theoretical perspective, by using his notion
of conceptual exchange (cf. respective analysis that follows) to refer to Posner's et al.

(1982) notion of accommodation or radical conceptual change (see fig. 1.2.1.).

(Dissatisfaction A
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Fig. 1.2.1: Swift's (1984) schematic representation of the four conditions of conceptual j
change as they have been expressed by Posner et al. (1982) in combination with Hewson's j
[(1981) notion of conceptual exchange.............. j

~ As quoted in Walls (1992. p. 35).
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With the four conditions presented above, it is assumed that learning takes place in a
conceptual context, which means that old conceptions and candidates for their
replacement are understood and appraised by learners in terms of concepts they
already posses. Posner et al. (1982) have borrowed an environmental concept from
Toulmin (1972) to label this conceptual context, calling it a conceptual ecology.
Thus, not only it is assumed that there is a conceptual ecology for the preceding
conditions of conceptual change to emerge, but also some clues as to its composition
are provided. Jt is suggested that a conceptual ecology consists of such cognitive
artifacts as anomalies, analogies, metaphors, epistemological beliefs, metaphysical
beliefs, knowledge from other areas of inquiry and knowledge of competing
conceptions (Posner et al., 1982; Strike & Posner, 1985; Strike & Posner, 1992). It
has been claimed that these aspects of conceptual ecology are pedagogically
interesting in two respects: (a) they provide an inventory of the kinds of cognitive
artifacts that learners are likely to posses, which must be taken into account in a
teaching and learning process. Moreover, they should also be seen as assets or
libraries of conceptions that may promote or frustrate progressive conceptual change,
and (b) they suggest the kind of things that should be provided in a teaching and
learning process in order to facilitate conceptual change (Strike & Posner, 1992). In
an attempt to broaden the context of their theoretical perspective, they have pushed
their argument a bit further by claiming that conceptual change theory '"can he stated
in a more general form by emphasising that what it centrally requires is afocus on
the learner's conceptual ecology and how that ecology structures learning" (Strike &
Posner, 1992, p. 159). Nevertheless, Posner and Strike (1992) admit that by
describing this view of conceptual change they did not suppose that they were
presenting a "detailed account of learning that could he immediately applied to the

classroom" (p. 150).

Although Posner's et al. (1982) theory has been very influential in science education it
has also received several points of critique which could be summarised in the

following three:

12
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* The theory was based on the assumption that learners have well-articulated
conceptions or misconceptions about most topics.
* The theory was too linear.

* The theory was overly rational. (Strike & Posner, 1992)

Strike and Posner (1992), in retrospect, describe their original conceptual change
theory as "largely an epistemological theory, not a psychological theory ... it is rooted
in a conception of the kinds of things that count as good reasons" (Strike & Posner,
1992, p. 150, emphasis in the original). Their original work is concerned with the
"formation of rational belief" (p. 152); it does not "describe the typical workings of
students minds or any laws of learning" (p. 155). Nevertheless, they mention that:

We have always regarded attempts to turn our lour components of conceptual change
into four steps of instruction as misinterpretations of our intent (Strike & Posner,
1992, p. 172).

Thus, they seem to acknowledge that the move from normative theory (which is what
they claim their theory to be) to classroom practice is not direct. Furthermore, their
critics have argued that the process of change may not be necessarily seen as linear or
abrupt, but, on the contrary, for some learners, it may be "a gradual and piecemeal
affair” (Watts & Bentley, 1987, p. 125). It has also been argued that monrational
components are intrinsic to conceptual change in the individual, and that these
should not he excluded in the investigations of conceptual change" (West & Pines,
1983, p. 37). West and Pines (.1983) listed power, simplicity in complexity,
aesthetics, and personal integrity as potentially significant nonrational components of

conceptual change.

A few more points of critique are expressed by Clark (1985}3 who contends that:

The theory of conceptual change (as articulated by Posner, Strike et al.) hold that the
stale of readiness for conceptual change ought best to arise from the learner's own
attempts to make sense of experience .. Yet a troublesome aspect of the way in
which their work has been transformed into an instructional method is that the topics
addressed arise from the wisdom of the curricularist, not the curiosity of the learner.
The teacher is asked to rush students to readiness by posing a question ... that
probably never occurred to the students, and then induce dissatisfaction with their
own explanations by confrontation ... The result is a kind of 'cognitive assault' in

3 As quoted in Watts (1992, p. 36).
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which students are forced to confront and abandon a part of self that has been, and is,
serving them reasonably well..

Apart from this influential, strongly criticised and rather classic theoretical approach
on conceptual change, several others have been developed. Some of them are briefly

presented below.

Thagard (1992, p. 35) analyses conceptual change in science and claims that there are
nine degrees of change, which could, as well, be applied to conceptual change in
children (p. 259): (1) adding a new instance, (2) adding a weak rule, (3) adding a new
strong rule, (4) adding a new part-relation, (5) adding a new-kind relation, (6) adding
a new concept, (7) collapsing part of a kind hierarchy, (8) branch jumping and (9) tree
switching. Thagard (1992) distinguishes between conceptual change and belief
revision, in which relations between concepts and are established or rejected without
deeply affecting the concepts. Hence, belief revision involves either addition or
deletion of beliefs, whereas conceptual change comes in varying degrees:

* additions ofconcepts’,

» deletion ofconcepts’,

» simple reorganisation, in the kind hierarchy or part-hierarchy, in which new kind-
relations or part-relations are established;

* revisionary reorganisation in the hierarchies, in which old kind-relations or part-
relations are replaced by different ones; and

* hierarchy reinterpretation, in which the nature of the kind-relation or part-relation

that constitutes a hierarchy changes. (Thagard, 1992, p. 252)

The first three kinds of conceptual change could be seen as instances of revising one’s
beliefs, whereas the last six refer more to the "conceptual structure", especially the

last two, "branch jumping" and "tree switching".

Carey (1991) defines concepts as "structured mental representations" (p. 258) and
suggests that conceptual change may occur within three possible ways: a concept that
is periphery becomes core and vice versa, concepts are subsumed into a new category,

or concepts are embedded in logically incommensurable theories. She highlights the
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difference between conceptual change involving these three types of change with
weak restructuring or enrichment that occurs when new knowledge about entities is
acquired or new beliefs are represented. On the other hand, strong restructuring
involves in addition a change in ontological commitments. Thus, it seems that for

Carey, conceptual change involves by definition, strong restructuring.

In an earlier study, Carey (1985) suggests that children undergo conceptual change
analogous to radical kinds of conceptual changes described by historians of science
such as Kuhn (1970). She presents "paradigm cases" of conceptual change which are
the coalescence and differentiations (weak restructuring), or the alterations in
ontological commitments (strong restructuring) that occur in scientific transitions as
the one from Aristotle to Galileo. Carey (1985) contends that the acquisition of
biological knowledge by children between the ages of 4 to 10 likely involves theory
change similar to that found in science. Thus, she says that children shift from an
animist theory, in which the sun and the trees are considered as alive, to a set of
biological theories explaining facts that the animist theory would explain only in
terms of intentional activity. For example, a very young child may consider the sun
as alive because it gives light or may contend that trees got the idea of blooming form
other trees, but by the age of 10 children have acquired enough biological knowledge
to reject their old beliefs (ibid.). Hence, ten-year olds appeal' to understand gender,
reproduction, digestion, circulation, respiration and death in terms of internal bodily
processes. It seems that Carey's most plausible case for conceptual change concerns
the concept of living thing. Children appear to distinguish between alive and dead but

not between alive and inanimate. Whereas 10-year olds appear to be able to class

animals and plants as alive, in distinction from inanimate objects, younger children's
categories are much more confused or blurred (ibid.). Thus, pail of the knowledge
reorganisation that occurs as children acquire more biological knowledge is the
coalescence of animal and plant into the superordinate concept of /iving thing. This

development is compared to Galileo's collapse of Aristotle's distinction of natural and

violent motion (ibid.).
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Peter Hewson's (1981) initial formulation of the conceptual change model of science
learning, later developed by Posner et al. (1982), also quotes Kuhn and Lakatos on the
conditions of theory change and, following the latter, reports that "some ofthe most
important conceptions influencing conceptual change in an individual werefound to
he ... the metaphysical land epistemological] commitments which he or she held"
(Hewson, 1982, p. 131). Two major components of this model of conceptual change
are the "conditions that need to he satisfied in order for a person to experience
conceptual change and the person's conceptual ecology that provides the context in
which the conceptual change occurs and has meaning" (Hewson & Thorley, 1989, p.

541) (cf. preceding analysis on the theoretical approach of Posner et al., 1982).

Hewson & Thorley (1989) and Hewson & Hewson (1992) contend that when a
learner considers a new conception three possibilities, or three varieties may exist. In
one variety the former understanding or conception is extinguished and is replaced by
a new one, much like the fairy tale where the princess kisses a frog, which changes
into a prince. In other words, a new conception is accepted by lowering the status of
a former (and conflicting) conception and by raising the status of a new conception in
a process called accommodation (Posner et al., 1982) or conceptual exchange
(Hewson, 1981) (also Hewson & Thorley, 1989; Hewson & Hewson, 1992). In the
second variety the change involves adding to or deleting from an existing conceptual
structure which appears to be similar to the case of a savings account. It refers to a
type of change that involves children's learning about "things they didn't know by
making connections to what they already know" (Hewson & Hewson, 1992, p. 63).
This process is called assimilation (Posner et al., 1982) or conceptual capture
(Hewson, 1981) (also Hewson & Thorley, 1989; Hewson & Hewson, 1992). In the
third variety one alternative conception is preferred over the other. Hewson &
Hewson (1992) use the analogy of election to a political office in which one out of
two candidates becomes a mayor, but both people continue to live in the same town.
They appear to believe that most changes in learners' conceptions resemble to the

latter type, in which the learner still remembers the earlier conception. Hewson &
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Hewson (1992) point out that in common practice, a "radical” form of conceptual
change (accommodation) "refers only to instances of conceptual exchange" (p. 62),

which do not appear to be frequent in the everyday teaching and learning of science.

Dykstra et al. (1992) rely on Piaget's constructs of assimilation, accommodation and
disequilibration without appealing to Piaget's stages of cognitive development. An
assimilation of concepts involves the strengthening of existing beliefs, whereas
accommodation involves a change in the belief about how the world works. Hence
they contend that "the point ofinstruction should he to induce conceptual change. It
cannot accomplish this without using disequilibration" (p. 626). They clarify that
disequilibration is not a contradiction, for the former refers to "conceptual
incongruity", whereas the latter involves "logical inconsistency". They suggest that
the majority of "conceptual changes" are members of three categories described as:

* Differentiation, wherein new concepts emerge from existing, more general

concepts, for example, velocity and acceleration emerging from generic ideas of

motion in kinematics

* Class extension, wherein existing concepts considered different are found to be
cases of one subsuming concept, for example, rest and constant velocity coming

to be viewed as equivalent from the Newtonian point-of-view.

* Reconceptualisation, wherein a significant change in the nature of the relationship
between concepts occurs, for example, in the change from "force implies motion"

to "force implies acceleration", much like Carey's strong sense of restructuring.
(Dykstra et al., 1992, p. 637)

Chi (1992) distinguishes between two types of conceptual change: radical and
normal. At the basis of this distinction is the locale of conceptual change in relation
to three ontological categories, matter, events, and abstractions (Chi, 1992), or matter
(things),processes and mental states (Chi et al. 1994). Misconceptions arise because
learners assign science concepts to an ontological category to which they do not
belong. For example, learners may assign the concept of heat to the ontological

category matter, when, in fact it belongs to the ontological category process (Chi et
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al., 1994). Conceptual change occurs when a concept is reassigned from one category
to another. Thus, reorganisational shifts within these categories constitute normal
conceptual change, whereas shifting across categories constitutes radical conceptual
change. The ontological status of the initial and scientific conceptions determines the
difficulty of learning. If the two conceptions are ontologically compatible (e.g., both
are matter) conceptual change is easy. If the two conceptions are ontologically
distinct, learning is difficult. Chi (1992) suggests that radical conceptual change
involves reassigning the ontological status of a concept which could be categorised as
an event, abstraction or matter. She points out that "whether or not misconceptions
are robust, consistent or theory-like depends on whether an ontological shift is
necessary in their removal” (Chi, 1992, p. 184). Hence, for example learners' "naive
conceptions" about force, light, heat and current, which are seen as kinds of matter,
should be reconceptualised as fields, which she describes as belonging to a different
ontological category. Nevertheless, Chi (1992) argues that when children learn
theories in physics, they never abandon their old naive theories, but continue to use

them in everyday life.

Vosniadou and Brewer (1987, 1990) have investigated the development of children's
knowledge in astronomy. They describe, for example, how children who are
routinely told that the earth is round, have difficulties in reconciling this claim with
their intuitive beliefs and observations. They claim that most of the children at the
end of primary school appear to be holding a conception that the earth is a sphere,
whereas younger children appear to be holding different intuitive views about the
earth being flat or having the shape of a disk. These beliefs are mostly based on their
phenomenal experience of everyday life and their observations, which contradict with
what the parents and the teachers are telling them about the earth being round. Thus,
children develop models that reconcile these two beliefs, like a dual earth model in
which they believe that there are "two earths": one on which people live and a round
one which is up in the sky. Some children believe that the earth consists of two

hemispheres: a lower one on which people live and an upper one that has the sky,
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covering the lower one like a dome. On this view, the earth looks like a hollow

sphere and we live inside it, not on top of it (see also Vosniadou, 1991).

Vosniadou (1991; 1992; 1994) has adopted the construct of mental models to
characterise these mental representations that individuals form. She contends that
Imental models are dynamic and gemnerative representations which can he
manipulated mentally to provide causal explanations ofphysical phenomena and
make predictions about the state ofaffairs in the physical world" (Vosniadou, 1994,
p. 48). Vosniadou (1991) claims that these mental models can be grouped in three
distinct categories:
* intuitive models, which require as little deviation as possible from the natural
world as it is phenomenally experienced. They don't show any influence from

adult scientific models. An example of an intuitive model can be that of a flat or
disk-shaped earth.

» scientific models are models held by most adults in our society, the models that

agree with the current scientific views.

» synthetic models, show a combination of intuitive and scientific views such as the
earth being a hollow sphere. Synthetic models are similar to what other
researchers have called misconceptions since they represent some kind of
misinterpretation of scientific information. Children appear to be constructing
synthetic models in their attempt to interpret counter-intuitive information in a

way that does not contradict their entrenched beliefs. (Vosniadou, 1991, p. 225)

Vosniadou and Brewer (1987) point out that the process of knowledge acquisition can
be conceptualised as involving different kinds of changes, since some require the
enrichment or articulation of an existing conceptual structure and others the creation
or revision of new structures (also Vosniadou, 1992; 1994). Enrichment is
conceptualised as the simple addition of new information to an existing theoretical
framework through the mechanism of accretion and it is assumed to constitute a
relatively easy form of conceptual change. On the other hand, revision is required
when the information to be acquired is inconsistent with existing beliefs or

presuppositions, or with the relational structure of a theory (Vosniadou, 1994). It is
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argued that the revision of a specific theory (e.g. the moon has water and oxygen) is
easier than the revision of a framework theory (the earth is flat as it is phenomenally
and intuitively experienced, on a basis of ontological presuppositions). Vosniadou
(1994) suggests that "the change of a framework theory is difficult because the
presuppositions of the framework theory represent relatively coherent systems of

explanation, based on everyday experience and tied to years o fconfirmation” (p. 49).

Vosniadou and Brewer (1987) contend that current discussions of the notion of
restructuring in knowledge acquisition differentiate between weak and radical
restructuring. The first involves the accumulation of new facts and the formation of
new relations between existing concepts, whereas the latter involves a fundamental
change in schemata or core concepts, in the structure and/or the phenomena to be
explained, similar to paradigm shifts in the history of science (Hanson, 1958; Kuhn,
1970). They claim that the knowledge restructuring view raises important questions
about the similarities and differences in the child's and scientist's acquisition of
knowledge and about the role of prior knowledge in the process of teaching and
learning. Hence they suggest that one possible way to conceptualise the distinction
between weak and radical restructuring is to view it as analogous to the distinction
between theory change and change in paradigms in the history of science (Kuhn,

1970) (cf. Posner et al., 1982; Strike & Posner, 1992).

According to Kuhn the exercise of "normal science" involves the articulation of an
existing paradigm that may result in theory change. Only when these attempts at
articulation fail repeatedly does the motivation of a paradigm shift arise and this is a
period of "extraordinary science" leading to a "crisis" and a "scientific revolution".
Paradigm shifts happen in an effort to resolve "anomalies" that exist in the relation of
existing theory to observations (Kuhn, 1970, p. 97). It is clamed that the development
of knowledge in the child can be seen in similar terms, as a process of enriching and
elaborating existing ideas or "theories" that can give rise to theory change, or in other

words to weak restructuring. Only occasionally when the child is faced with major
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anomalies the existing conceptual structures cannot account for, a new "paradigm" is
required, giving rise to radical restructuring. One needs to be careful in the
interpretation of such an analogy, since there are important differences between
children and scientists that need to be considered. Unlike the scientists, children do
not necessarily require an internally consistent new paradigm, which can be
independently discovered (Kuhn, 1970). On the contrary, children need to integrate
current scientific views (coming from the adult world) with theories and opinions
deriving from their phenomenal experience, which may lead to synthetic models of
interpretation in an attempt to reconcile contradicting views, or conflicting pieces of

evidence (Vosniadou & Brewer, 1987).

Vosniadou (1992) points out that in order for radical change to occur, learners must
learn to question their intuitive beliefs and to replace them with a new explanatory
framework. She also suggests that an effective teaching and learning process should
create certain circumstances for learners to "become aware ofthe theoretical nature
oftheir intuitive constructions, and ofthe need to replace them with explanations that

are more adequate to explain the relevant empirical observations” (Vosniadou, 1992,

p. 356).
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Table_L2.1: A tabular representation of some theories of conceptual change presented ahove.

It could be argued that all of the theoretical approaches which are briefly presented
above (see also Table 1.2.1) have common points of departure in the way that they
depict "conceptions" and "conceptual change". Common points of departure may still

exist despite the implicit, and sometimes explicit differences reflecting underlying
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epistemological variations framing the various studies. Although it has been argued
that the notion of "conception" is seldom made explicit in the literature (Nussbaum,
1989), it seems that for the preceding theoretical approaches conceptions are depicted
as tangible inside-head constructs made up of structured propositional patterns of
reasoning (Novak & Gowin, 1984; White and Gunstone 1989). Thus, in a broader
context, conceptual change appears to be achieved in three ways: (a) acquisition of
new information (adding to the internal structure), (b) reorganising existing
knowledge (reorganising the internal structure), and (c) no longer viewing some
attribute of the structure as worthwhile knowledge (discarding some of the internal
structure). In other words, it is considered that conceptual change takes place within a
person's head (for example, see Posner, et al. 1982; Hewson 1981). It could also be
argued that the notion of "conceptualisation stability" is implicit in the notion of
conceptual change as it is viewed in the preceding studies. This theoretical
perspective could be labelled as mental model-based perspective (Linder, 1993) or as

a constructivist framework of ideas (Marton & Neuman, 1988).

On the other hand, there is another theoretical perspective which could be labelled as
an experientially based perspective (Linder, 1993), or a constitutionalist framework of
ideas (Marton & Neuman, 1988). The experiential perspective has been developed by
phenomenography researchers at the Gothenburg University (see for example Marton
1981a; 1981b; 1986; Johansson, et al., 1985). They view learning as a qualitative
change in a person's conception of a certain phenomenon or a certain aspect of reality,
which is a distinct change in how that phenomenon is perceived, how it is understood
and what meaning it carries for the learner (Johansson, et ah, 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 are simply
categories of interpretation in terms of which we understand the world around us
(ibid.). Marton (1981a; 1986; 1990) argues that whatever phenomenon people are

confronted with, there seems to be a finite set of qualitatively different ways in which
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the phenomenon is experienced, conceptualised apprehended, understood or seen.
Hence, phenomenography is exactly the study of the qualitatively different
conceptions (experiences, understandings) of various phenomena. It provides
descriptions that are relational, experiential, content-oriented and qualitative (Marton,

1986).

Johansson, et al. (1985) appear to be suggesting that thinking should be described in
terms of its content, which refers to the thinker's understanding of what is thought
about. This idea was explicit in the concept of intentionality introduced by the
German philosopher Franz Brentano (1973), which was subsequently laid as a
groundwork for the phenomenological movement by its founding father Edmund
Husserl. According to Brentano all that is psychological includes consciousness, but
refers to something beyond consciousness itself. For example, we do not merely
love, we love someone, we do not merely learn, we learn something; we do not
merely conceptualise, we conceptualise something (Marton, 1986). This is a
relational point of view in the phenomenographic research approach which presumes
conceptual variety. Thus, if a limited number of qualitatively different conceptions of
a certain phenomenon can be identified, it seems reasonable to expect that those
conceptions can be ordered from less to more advanced conceptions (in relation to
some stated criterion). Then learning can be considered as an individual's transition
from a less advanced to a more advanced conception of a certain phenomenon. Thus,
the phenomenography of learning is the study of learning as a change between
qualitatively different conceptions of one and the same phenomenon. Or, in other
words, "a change between two qualitatively different conceptions could be
understood in relation to the background ofalternative possible changes represented
by a structured set o fcategories ofdescription” (Johanson, et al., 1985, pp. 255-256).
However, an understanding can only be changed if it can be identified. Marton
(1990) points out that "by gaining some insight into how a person understands a
particular phenomenon, a contribution can be made to developing another hopefully

qualitatively better understanding ofthe same phenomenon, thereby bringing about
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subsequent development in reasoning and action" (pp. 604-605). In this sense, the
role of pedagogy is to ensure that the transition to a more advanced or "better"
understanding of a certain phenomenon (from the limited set of qualitatively different
ways of its understanding) is achieved. One requirement for doing this is that the

different ways of understanding the phenomenon in question are known.

On the whole, phenomenographers appear to be considering conceptual change as a
change in one’s relationship with a context. Being able to perceive contexts
differently means that one is able to differentiate between them. Changing one's
relationship with a specific context means that one has changed as a person

(Johansson et al., 1985).

Joan Solomon's work (1983; 1987; 1992) is an excellent example of a more
"ecological approach" (cf. Strike & Posner's (1992) revised view on conceptual
ecology) to children's conceptual research. Solomon borrowing ideas from social
philosophers such as Schutz and Luckmann (1973), or Berger and Luckmann (1967),
has proposed that people, out of socialisation necessity, construct two different
domains (Solomon, 1983) or worlds (Solomon, 1993b) of knowledge. These are, the
domain of general knowledge (life-world knowledge), and the domain (or world) of
scientific knowledge, which appear to have different structures. It is argued that
people are continually being socialised into a whole social repertoire of knowledge
and that such "socialised knowledge cannot ever, by its very nature, be extinguished"
(Solomon, 1983, p. 50). In this sense, children’s ideas about science are seen as
"reflections ofthe social influences and informal instruction which are at large within
the community" (Solomon, 1993a, p. 8). Moreover, Solomon (1987) argued that
children's ideas about nature stem "notfrom the logical processes ofwhich science
boasts butfrom the common sense' attitude that relies on being able to interchange
perspectives and meanings with others" (p. 66). The notion of interchange introduces
asocial element. Hence, Solomon made social interactions in the science classrooms

the focus of her research and claimed that learners develop ideas through interactions

24



Chapter 1.2. Some Theories of Conceptual Change

with the teacher and with one another, which create "a universe of discourse, a
common frame of reference in which communication can take place" (p. 68). She
claims that learning takes place within a context and she appears to be interested in

the context of social interaction in the classroom.

Solomon (1992) strongly doubts the notion of "conceptual change" and considers it a
"problematic title", since it frequently fails to construct a viable explanation about the
frequent failure of children to modify their beliefs. She contends that linguistic
effects continually reinforce life-world meanings, as it happens in the case of the
concept of energy that she has broadly investigated. Hence, old ideas "simply cannot
die out and he replaced if they are perpetuated through daily talk" (Solomon, 1992,
p- 108). Moreover, if learners are to continue talking sensibly with friends and
family, about concepts like energy, they will have to live with the two quite different
sets of ideas "co-existing in their minds" (ibid.). It seems that, for Solomon, learning
science does not involve conceptual change, as it has previously been described, but

learning to distinguish the everyday from the scientific context.

1.2.2. An overview and some working definitions

Conceptual change as a term appears to have links both with the words concept and
conception. It is often the meaning that is attributed to these words in the various

studies which determines the nature of conceptual change they envisage.

Hence, the term concept appears to be used in the literature in two ways. One
concerns classification. This means that having the concept of an animal, a learner
should be able to classify accurately any object as an animal or not an animal (see for
example Bell, 1981). This meaning of concept has been used by Bruner et al. (1956)
and Gagne (1965). Each object compared with a concept is considered to be an
instance or a non instance of the concept. When learners appear to be placing

instances in sets, or concepts, different from those determined by the community of
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scientists they are considered to have alternative conceptions or misconceptions. In
this sense, conceptual change means learning to classify objects in accord with

authority (cf. Chi et al., 1994).

It could be argued though that, this notion of classification, or an ontologically-based
taxonomy (Chi et al.,, 1994) can be a problematic one in two respects. First because
the boundaries of concepts are often fuzzy. This means that we might think that we
share the same meaning of the concept of animal and in most cases we would agree,
but for others there could be a debate (e.g. is a star fish an animal?). Second because
objects can be classified on more than one basis and quite often their grouping
depends on the context and particularly the purpose in mind. Hence the term animal
may include or sometimes exclude humans (e.g. No animals allowed in this
building!). There is an attempt by scientists to be precise in the way they use certain
terms, but when they apply common words, like force or pressure, in a specialised
sense, the words appear to bring with them alternative meanings from other contexts.
On the other hand, scientists may try to avoid this problem by using some unique
words, but they may in time pass to everyday language, as energy, acceleration,
momentum or friction have, gaining other associations which often distort their
meaning. In this sense, conceptual change can be seen as the adding of contexts and
understanding the bases of new contexts. This appears to be a rather difficult kind of
conceptual change for young children, as Inhelder and Piaget (1964) showed that it
takes some time and maturity to develop the ability to classify objects in more than

one alternative ways.

The second meaning of concept refers to all the knowledge that a learner has or can
associate with the name of the concept. Thus, for example, a learner knows certain
propositions about whales (they are large sea animals, they are mammals, they bear
baby-whales, etc.); has images of them, that is mental pictures of how they look like,
how the move in the open sea; or perhaps the learner may recall an episode of people

trying to study or protect them from a recent documentary she has seen. All this
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knowledge constitutes the learner's concept of whale. In this sense, conceptual
change occurs whenever the learner learns something new about whales (e.g. grey
whales are under extinction). Such additions appear to be easy to teach and learn, or
perhaps they look a bit trivial in that they rarely involve reconstruction of the learner’s
knowledge of the certain concept or other relevant concepts. This minor type of

conceptual change is what Vosniadou (1994) refers to as enrichment or accretion.

Nevertheless, new knowledge may have a far reaching effect on the meaning that a
learner places on a term. For instance learning that friction can be the result of
rubbing surfaces due to their roughness, or the result of deformation mechanisms that
occur on the contact regions of two surfaces, or even the result of an electromagnetic
force acting between the surface atoms of two bodies in contact, will change a
learner's way of seeing and interpreting various frictional phenomena (cf. Chapter 2).
Hence, a learner may be able to understand friction as a sort of holding force which
slows down the motion of objects, but may also exist between surfaces that are not in
relevant motion with each other. Moreover, that friction may produce heat, or in a
more advanced approximation, a learner may understand how triboelectrification
produces electricity. Jn this respect, learners construct conceptions, which appear to
be idiosyncratic explanatory statements or propositions which often constitute whole
systems of explanation about certain phenomena (cf. § 3.8). Conceptions appear to
be more complex and difficult to define than either of the above described meanings
for concept (cf. Nussbaum, 1989). Jn this sense, conceptions tend to be personalised
ways of understanding phenomena, or ways of "seeing things as" they appear to
people (cf. Hanson, 1958). On the other hand, a concept seems to be an
intersubjectively construed set of well tested and standardised pieces of information
and ideas, which seems to obtain its authority through general acceptability and/or

persuasiveness.

A notion of conceptual change that aims to change conceptions is often related to

restructuring, revision, or accommodation of new conceptions to the learner's existing
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system of beliefs or knowledge. This kind of 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 that a learner reconstructs her conceptions in
an attempt to interpret the world in better or more advanced ways. In most everyday
classroom situations, and for most concepts in physics, small gradual steps of change
are more likely to happen in such a mode (Millar 1989). In this sense, learning as
conceptual change is conceived as "a change in the way of seeing something"
(Marton, 1990), within an interactive, non-threatening teaching and learning
environment (Bentley & Watts, 1992). Special teaching strategies, assessment
techniques, as well as the aid of metaphors, analogies and models often need to be
constructed in order to promote the necessary conditions for conceptual change to
emerge (cf. § 1.3). This kind of change is considered to be related to prior knowledge
and experience, which may help or hinder the restructuring of new conceptions.
Children do not seem to abandon old conceptions, but somehow they find ways to
reconcile them with the new ones by using their conceptions differently in different
contexts. In this way, they develop "conceptual ecologies", where conceptions appear
to exist in complex interrelationships with each other. The most convincing and
fruitful conceptions appear to survive over time and for certain contexts. Within the
context of this inquiry, this notion of conceptual change, or restructuring of children's
ideas, is strongly supported and investigated. Nevertheless, it is not implied that this
notion of conceptual change is considered to be a fixed assumption for the
development of this inquiry. On the contrary, it constitutes a set of ideas which is
part of my conceptions as an educational researcher, but which are also open to

criticism and test throughout the course of the study.

Some more of these points, as they emerge from this inquiry are discussed again in
the last chapter. Some considerations for teaching and learning strategies and
relevant assessment techniques, with a focus on conceptual change, follow in the next

section.
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1.3.0. A theoretical framework for the teaching interventions

In this section, some teaching models or strategies, which are considered to be
'constructivist' and aim to promote conceptual change, are reviewed and discussed.
Within these teaching models or strategies, the role of analogies and metaphors is
considered to be important in promoting conceptual change, so this issue is also
presented and discussed. The last part of this section refers to the issue of 'on-going
assessment’, as a crucial part of science teaching and to some assessment techniques
for obtaining valuable information about children's ideas and understanding of
concepts. A link with the general context of this inquiry is pointed out at the end of

each part.

1.3.1. Some considerations of 'constructivist teaching models' or

'strategies’

There has been much debate lately focusing on the extent to which constructivist
learning theory has become associated with particular models of teaching (Millar,
1959; Matthews, 1994). Some researchers have proposed sequences of teaching
strategies based on constructivist principles. Five of these models or teaching
strategies or will be briefly reviewed here. They have been chosen because they have
some common characteristics and because they are associated with teaching for
conceptual change which is of special interest for the present inquiry. They are the
following:

* Nussbaum & Novick (1981, 1982); Nussbaum (1985)

* Erickson (1979)

*+  Hewson & Hewson (1988)

* Osborne & Freyberg (1985)
* Driver & Oldham (1986); Driver (1988, 1989)

The teaching sequences that Nussbaum & Novick (1981, 1982) and Erickson (1979)

propose are three-stage or three-phase teaching sequences or models (see fig. 1.3.1).



Chapter 1.3. A Theoretical Framework for the Teaching Interventions

Exploring

Experiential :
Alternative M";’:;;Z‘;r‘:s Nussbaum & Novick (1981, 1982)
Conceptions )
o %* 4 noted Ausubel’s warning that
Creating Anomaly " . .
Conceptual Manoeuvres preconceptlons are amazmgly
Conflict
. . .,
0 4 4 tenacious and resistant to extinction
Encouraging Restructurin
Cognitive Manae urne (Ausubel, 1968, p. 336) and they
Accommodation
Nusbaum & Novick  Erickson (1979) accepted that such preconceptions often
(198J; 1982)
[Fig. 1.3.1: The three stage leaching models proposed j interfere with the teachers' anticipated
Iby Nussbaum & Novick (1981, 1982) and Erickson ]
1(1979) (Osborne & Freyberg, 1985, p. 103) ~ j

learning outcomes. Their main
problem was to explain what happens as learners change their conceptions within the
context of intended teaching and learning. The content of their teaching was mainly
focused on the particulate nature of matter. The 'instructional strategy' they
presented, was based on '"the thesis that science concept learning involves cognitive
accommodation ofan initially held alternative framework” (Nussbaum & Novick,
1982, p. 183). Put in different words, the task of the teaching process for a certain
topic in science is to elicit children’s ideas and then modify or change them towards

the current or generally accepted scientific view (Osborne & Freyberg, 1985, p. 103).

The 'strategy’ they propose isexpected to bring about cognitive accommodation, it
consists ofthreestages or 'phases’The first phase is about exposing alternative
frameworks and it is attempted to ensure that every learner is aware of her own
preconceptions. This may be achieved through an 'exposing event', where the
learners are expected to make their existing ideas explicit in order to interpret it. The
learners are encouraged to express and describe their views in a verbal, written or
pictorial way and the teacher helps them along to state these ideas clearly and
explicitly in order to enable them recognise what they cannot explain within the
context of their pre-existing ideas. Discussion of all the alternative views presented
by the fellow learners is strongly encouraged by the teacher in order to better

understand the features of each view. What is expected to come out of such activities
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is ’dissatisfactionl with the learners’ existing ideas and at that point the teacher
reinforces that dissatisfaction by providing the learners with a 'discrepant event’.
Then conceptual conflict'is likely to result. Nussbaum & Novick (1981, 1982) imply
that this conceptual conflict should be sufficient to persuade the learners that their
existing views require modification. In the last phase there is an attempt to encourage
cognitive accommodation by helping learners to search for a solution to their
conflicting ideas and thus, develop modified ideas (see fig. 1.3.1). Cognitive
accommodation is not easily achieved and as they contend it "is not a process which
one can schedule monitor or guarantee. What one can do is to try to characterise it

and to look for instructional strategies that may facilitate its occurrence” (Nussbaum

& Novick, 1982, p. 186).

Erickson (1979) raises a similar set of proposals referring to children's conceptions of
heat. In the first stage of his model the learners should be encouraged to become
familiar with a wide range of phenomena and in doing so they should develop a set of
intuitive ideas and beliefs. As Erickson (1979) suggests:

Such encounters or experiential manoeuvres should be of sufficient depth to allow
the students to clarify their ideas and develop the confidence to begin making
predictions (p. 228).

The second stage contains anomaly manoeuvres which are designed to introduce
elements of uncertainty by creating situations that lead to unexpected outcomes.
There is an expectation that the uncertainty will eventually be resolved "with a type of
reorganisation or restructuring ofthe child's intuitions or beliefs" (ibid.). The third
stage is a set of restructuring manoeuvres to assist the learners to accommodate the
unexpected outcomes. According to Erickson (1979), these restructuring manoeuvres
could be accomplished in many different ways such as peer group interactions or

more direct interventions by the teacher (see fig. 1.3.1).

Hewson & Hewson (1988) claim that the research in science instruction which is
based on conceptual change ideas (they refer to [VIinstrell (1982) and Hewson (1986))

makes important contributions to an appropriate conception of teaching science.
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They identify some key points that the teachers should have in mind in order to help

learners overcome their naive or intuitive conceptions. These points are the

following:

it is necessary for the teacher to be able to diagnose learners' thoughts on the topic
in hand by using a pre-test based on prior research, or by posing questions aiming

to elicit their conceptions.

the learners should be able to clarify their thoughts through individual work or
group discussion guided by well-planned questioning. In terms of the 'conceptual
change model' (Hewson, 198J; Posner et al., 1982), the learners should be able to
understand the basis on which their conceptions are plausible and perhaps fruitful

to them.

the teacher should ensure that there is a direct contrast between the learners' views
and the ’desired scientific view'. This can be achieved by presenting the 'desired
view', or somehow by making it emerge from the class. This means that the
learners should become dissatisfied with their existing conceptions, according to

the 'conceptual change model' (op. cit.).

then the teacher should provide immediate opportunities for the learners to use the
desired view in explaining a phenomenon which can be achieved through
carefully-planned questioning or with a demonstration of a certain phenomenon.

This enables the students to see that the 'desired view' is aplausible one.

after that the students should be encouraged to apply their newly acquired
understanding and conceptions to different examples closely or more distantly
related to the original one. This helps the learners to see the fruitfulness of their

new conceptions.

Another teaching sequence for changing children's ideas has been proposed by

Osborne & Freyberg (1985). They aimed to achieve three specific objectives:

L]

clarification of the learners' existing views

modification of these views towards the current scientific view

consolidation of the scientific view within the background experience and values
of the learners (pp. 107-108).
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|Fig. 1.3.2: The 'generative learning' model of teaching (Osbome  Freyberg, 1985)

The teaching sequence they proposed, which they call 'generative learning' model of
teaching, is composed of three distinctive teaching phases, namely focus, challenge
and application, but these are preceded by an explicit teacher preparation phase (see
fig. 1.3.2). In thatpreliminary phase, the teacher's preparation should include:

ascertaining the 'typical' children’s ideas and their prevalence in the class concerned,
understanding of scientists’ ideas in their attempt to describe and explain certain
phenomena and an appreciation by the teacher of her ideas that she intends to use in
the description and explanation of the phenomena under consideration. The aim of
tht focus phase is to provide a context for later work. The activities involved could
focus attention on particular phenomena or could elicit learners' ideas about their
meaning of words or concepts, or even a combination of both. The teacher should
create a non-threatening learning environment and should provide motivating
experiences and discussion, in an attempt to make explicit to the learners that they
should take responsibility of their learning and that they should try to clarify and
understand their own views. During the challenge phase the learners present their
views to a group or the whole class and all the deferring views are sought,
commented and discussed. The teacher introduces the scientists' view, where
necessary, at an appropriate level of "sophistication and language" for the learners.
Some critical tests and/or experiments could be conducted, to check the preferably
proposed views of the learners. The teacher has an important role here in order to
decide what kind of activities will be planned for groups and for the whole class. If
this phase is successful, it shall end with the learners asking questions in their attempt
to accommodate new ideas. The application phase can be some time spent on
problem solving within the context of the 'accepted scientific viewpoint’, or further
discussion and application of the new ideas in different contexts in order to increase

their persuasive status. The teacher should encourage the learners to think about
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certain phenomena in terms of the new viewpoint and she should also encourage the

learners to adopt a reflective thinking approach.

Orientation i
The teaching sequence presented by
Elicitation of ideas Driver & Oldham (1986) or Driver
Restructuring (1988, 1989) starts with an orientation
ofideas
Clarification phase, which is a scene-setting activity

and exchange

where the learners' interest and attention
Exposure to

Comparison with conflict situations

previous ideas about the topic are expected to be

Construction of
new ideas aroused through discussion and exchange

Evaluation of ideas and opinions (see fig. 1.3.3).

Application of The second phase is called elicitation and
ideas

it is usually conducted in small groups.
Review change in
_ ideas Each group works on a certain issue and
Fig. 1.3.3: A constructivist teaching sequence |

presented by Driver & Oldham (1986) or Driver | then they are asked to present their work
(1988, 1989).__

to the rest of the class, usually by
preparing a poster and then they pin it on the wall to be used for later reference and
further discussion. Not only learners' alternative ideas about the topic are expected to
be elicited, but the learners and the teacher are also expected to become aware of
them by making them explicit or by clarifying them. The heart of this teaching
sequence is tire restructuring phase. A wide range of activities are involved here like
broadening the range of application of a conception or focusing on the differentiation
of a conception. There can possibly be an exposure of the learners to conflict
situations, which will challenge and modify or change their conceptions. Analogies
or models can be introduced and discussed in order to help learners use their prior
knowledge to understand the new knowledge. Sometimes the input of scientific view
is necessary to help learners construct new ideas and conceptions and evaluate them
under the light of new perspectives. Then the phase of application provides the

learners with opportunities to apply their revised conceptions in a variety of ways like
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practical construction tasks, imaginative writing tasks or problem solving. At the end
of this teaching sequence the learners are given the opportunity to review their prior
ideas and conceptions and find out about the extent and the ways in which their
thinking has changed. The posters they produced earlier may be modified or new

ones may be constructed and compared with the earlier ones.

All of these teaching sequences or models have some common characteristics which

may include the following:
» provision opportunities for the learners to make their prior conceptions explicit

» encouragement for the restructuring of learners' conceptions through a range or
sequence of strategies, such as discussion, exchanging of ideas and opinions or

even elements of Socratic dialogue

* emphasis is given in experimental demonstrations and in learning experiences
with conflict situations, which are anticipated to promote conceptual change

learning

* the learners are finally encouraged to apply their newly acquired conceptions to

experience their fruitfulness.

White & Gunstone (1989) emphasised the importance of the role of ‘metacognitive
strategies' in learning. They refer to the importance of learners being encouraged to
reflect on their learning and understandings and generally take responsibility for their
own learning. Metal earning strategies help cognitive restructuring to occur, because
they strongly support learners to "learn how to learn" new concepts (Novak &
Gowin, 1984). That is, as they learn material, learners should at the same time be
learning something about the process of effective learning. Most of the authors cited

above strongly support metalearning processes in science teaching and learning.

Some authors have questioned and criticised the appropriateness of linking any
particular teaching approach to constructivist learning theory. Matthews, (1994)
poses the question of whether or not the constructivist teaching techniques and

understanding of learning are unique to constructivism and he claims that:
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The answer is clearly no. Much of the best constructivist technique-with its
emphasis of actively engaging the learners in their own learning and paying attention
to the prior beliefs and conceptualisations of students-is at least as old as the
Socrates' interrogation of the slave boy in the Meno (p. 144).

Matthews (1994) also criticises the extrapolation of constructivist learning theory to
curriculum and pedagogical issues. He claims for instance, that the curriculum does
not flow from learning theory alone. A learning theory may indicate #ow something
should be taught, but what, how much should be taught and to whom, follow different
or additional considerations, such as "judgements ofsocial needs, personal needs, the
relevant merits of different domains of knowledge and experience andfinally due

political decision making" (Matthews, 1994, p. 145).

Millar (1989) also claims that a constructivist model of learning does not "logically
entail a constructivist model of instruction" (p. 589). Put in other words "the
constructivist model of learning does not carry any necessary message about models
ofinstruction” (ibid.). This doesn’ mean, of course, that the constructivist research
programme has no contribution to make to the improvement of science education.
What Millar (1989) suggests is that this contribution should be seen more in terms of
improving the sequencing and pacing of science curriculum and less in terms of
changing teaching styles and approaches. He believes that constructivism has an
important role to play in mapping the general features of pathways individuals follow
towards more productive understanding. Thus, he proposes that instead of attempting
to identify a constructivist-based model of instruction, it may be more productive to
focus on increasing the active involvement of learners, as this is a requirement for

reconstruction to take place.

In general, teaching strategies such as those cited above, portray a style of teaching in
which both teachers and learners are cognitively active and engaged. Teachers using
these strategies encourage learners to express their ideas and interpretations in their
attempt to explain and understand the world. Learners' verbal and written statements

are used to monitor their understanding and their progress through the process of



Chapter L3. A Theoretical Framework for the Teaching Interventions

conceptual change. Learners are constantly encouraged to think more rigorously
about familiar phenomena, to modify their explanations in the light of new
information, and to develop explanatory and problem-solving skills. These teaching
strategies are designed both to engage learners in activities like those of the
scientifically literate adults and to provide them with the support and practice they
need to master these activities. Thus, in doing so, conceptual change teaching models
or strategies should not only promote the mastery of scientific conceptions, but they

should also promote a general understanding of the nature of science.

In the present inquiry, all of these ideas and principles are considered carefully and
there is an attempt to relate them to practice, through the two teaching interventions
on the concept of "friction", in England and in Greece. These teaching interventions
aim to:

*+ make learners aware of their conceptions throughout the whole process of

teaching and learning about friction and frictional phenomena

* organise classroom activities and experimental arrangements so that the learners
can test the fruitfulness of their conceptions and then discuss their ideas in groups

or with the whole class

+ present an analogy (with two pieces of ajigsaw puzzle) in order visualise and

explain the interlocking of the roughness of surfaces and the creation of friction

* put newly acquired conceptions into practice by discussing and explaining some
everyday frictional phenomena and identify some aspects of learners’ conceptual

change

* assess the outcomes of the teaching interventions and learners' conceptions by
using techniques for exploring and representing conceptions, such as concept
maps and children's writing and drawings, within a framework of on-going

assessment (cf. § 1.3.3)

The ways that these aims were put into practice are described in the following
chapters (cf. § 4.2 and § 5.2), whereas anticipated and/or unexpected learning

outcomes are discussed in the last chapter.
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1.3.2. On the role of analogy and metaphor in the science teaching and

learning process, with an emphasis on conceptual change

It has been argued that analogies may be valuable tools in the teaching and learning of
difficult concepts in science (Webb, 1985; Brown, 1994; Dagher, 1994). There are
also sceptics who claim that analogies may be “double-edged swords” (Glynn et al.
1989, p. 387) or that analogies "may give birth to as many monsters as healthy
babies" (Duit, 1991, p. 649). Analogies are often used by scientists in order to
represent, analyse or communicate their ideas or findings. As Nersessian (1992)
contends:

... 'abstraction techniques' such as analogy, imager)’, thought experiment and limiting
case analysis, [has] played a central role in both the construction of new scientific
representations and the communication of [them] to others in the scientific
community (p. 49)

If this is the case in the scientific community, it could be argued that analogies may
have some similar effects for the pupils' community, bearing in mind though, all the
significant differences in the structure, function and commitment of two such

communities (Nussbaum & Novick, 1982, p. 187; Nussbaum, 1989).

In this inquiry the meaning of

the term analogyl is adopted

RMm
(model)
from Duit (1991) who sees
(A) Analogy )
M . ¥ e m-- analogy in reference to
0 m -
Rt R2 comparisons of structures
(analog) (target)
: On the meaning of analogy (Duit, 1991, p. 650) between two domains. His view

is illustrated in fig. 1.3.4, where
all of boxes stand for 'representations' (R). As it is portrayed, in a pictorial way, there

may be identical features in paits of the structures of Rj and R2. The box with RM

1 1he word analogy comes from the Greek word 'avaAoyia' [analogia) which means a harmonic relation towards
something, a similarity, a parallelism, a symmetry, characteristics which can be identified within the context of
analogical relations.
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represents this structural identity, thus RMis called a model (Duit, 1991, p. 649). The
analogical relation that exists between Rj and R2is in reference to the structure
presented in RM(see fig. 1.3.4). Analogical relations may exist at different levels.
Duit (1991) takes for example 'water and electric current' as two representations (R,
and R2) of two domains of reality. This 'water-flow analogy’ for electricity is
discussed thoroughly in Gentner & Gentner (1983, p. 108). Such an analogical
relation as portrayed in fig. 1.3.4, may be called an analogy of the first level, although

analogical relations may also be developed between two models.

Models like analogies deal with the mapping of the structure of different domains.
Usually, they represent parts of structures of target domains. In this sense, models

may provide analogies and this is actually part of their identity and existence.

Duit (1991) uses the term analog (also used in Glynn, 1991) to refer to the domain
that functions as a "base" (Gentner & Gentner, 1983) or "source" (Rumelhart &
Norman, 1981) in the purposes of learning and teaching. He uses the term target
(also used in Gentner & Gentner, 1983; Glynn et al., 1989) to refer to the domain that
is "explained or learned by harmessing the analogy” (Duit, 1991, p. 650). An
analogical relation is symmetrical because it is based on identities of parts of
structures. It is not implied, therefore, any kind of hierarchy between the analog and
the target, since they both indicate the purpose of the analogy use, or of the analogical
reasoning. On the nature of analogical reasoning Vosniadou & Ortony (1989)
summarise the following:

There is general agreement that analogical reasoning involves the transfer of
relational information from a domain that already exists in memory (usually referred
to as source or base domain) to the domain to be explained (referred to as iar”el
domain). Similarity is implicated in this process because a successful, useful
analogy depends upon there being some sort of similarity between (he source domain
and the target domain and because the perception of similarity is likely to play a
major role in some of the key processes associated with analogical reasoning (pp. 6-

7).
Thus, an analogy may explicitly compare the structures of two domains and it
indicates similarities or identities of parts of structures. Another important aspect is

that analogies may make new information more concrete and easier to imagine and
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therefore they may be useful means in the active process of linking what is already
familiar, in an attempt to understand the unfamiliar, constructing, in a way,
similarities between the new and the already known. This emphasises the

significance of analogies within a constructivist learning approach (Duit, 1991).

Employing an analogy does not solely develop learning within a new target domain.
It also opens up a perspective of reorganising or restructuring the analog and hence
develop both the analog and the target. Thus, an analogy may be a two way' process,
if the roles of the analog and the target are viewed interchangeably to each other. For
example, the analogy "the hydrogen atom is like the solar system" (Gentner &
Gentner, 1983, p. 101) may be viewed interchangeably from the point of view of the
analog (the hydrogen atom) or the point of view of the target (the solar system), or the
other way round. This may develop analogical relations and restructure both

domains.

A metaphor2 compares two domains implicitly by highlighting features or relational
qualities that do not coincide in these two domains. The grounds of such a
comparison are often hidden and they have to be revealed or even created by the
addressee of the metaphor. Within the framework of fig. 1.3.4, it could be argued that
a metaphor points out major dissimilarities in order to create springboards for the
mind, to search for similarities. As Duit (1991) puts it:

Analogies and metaphors may be viewed as polarities, which in principle may be
transformed into one another; that is analogies may be seen as metaphors, metaphors
as analogies (p. 651).

A "surprise" or an "anomaly" is often created by a metaphor and that's what makes it
important for the learning process. For example the metaphor "photosynthesis is the
mother nature's way of baking a cake", may provoke learners' thought because of the

paradoxical and strange meaning that it conveys, but it might, as well, be valuable and

~The word metaphor comes from the Greek word 'peTatpopa' [metafora] deriving from the active infinitive
'petacpspeiv' (metalerein] which means carrying over, transfer or even lake something further
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fruitful for the learners to find out how it could possibly make sense (Duit, 1991, p.
667). Gowin (1983) observes that:

Something seems to happen to us when we first read a fresh metaphor. We are
reorganising our patterns of previously organised meaning. In that sense disciplined
exploitation of metaphor is a form of conceptual grasped meaning. Put differently, if
we want to grasp the meaning of new concepts, we should ask the teachers to
compose them to metaphors for us. (p. 57)
Metaphors may help us to see even the familiar in totally different ways and provoke
unique connections with the unfamiliar, by opening new perspectives to us which
never existed before.3 This is the "generative power" (Gowin, 1983) of metaphors

that makes them valuable tools in conceptual change learning, because they manage

to create surprises, discrepancies or even cognitive conflicts.

Consequently, it may be argued that analogies differ from metaphors but only to a
slight degree (Duit, 1991, p. 653). Every good analogy should contain some aspects
of surprise or anomaly or there should be a potential for the analogies to be used in
such a way. In this sense it is the 'metaphorical aspects' of good analogies that make

them valuable tools for conceptual change learning (ibid.).

The great challenge for teachers is to make analogies work through careful
considerations and planning. Clement (1987) reported that although it was attempted
to use analogies in learning situations, it didnt bring the expected results as learners
failed or were not able to 'see' the analogy. Hence, analogical reasoning did not
happen and the analogies failed to play their intervening role. There could be several
alternative interpretations to this, like the difference between the rationality of the
teachers and the rationality of the learners, in the notion that tilings which are obvious

or apparent for one side may not be equally obvious or apparent for the other side.

3 Gowin (1983, pp. 58-59) discusses a story of a group of product development researchers who were considering
how to improve the performance of a new paint brush with synthetic bristles. No matter what they tried in the
beginning the)' had moderate success. Then, one of them had a feeling that "a paint brush is a kind of pump".
This may sound a strange statement, but it manages to provoke thought to invent analogical relations between ’the
paintbrushland 'the pump'. In a verbal description a pump is "an instrument that moves liquid from one place to
the other by pushing or sucking it through a channel” (ibid.). As for the paint brush, the researcher pointed out
that when it is pressed against the surface, the paint is forced through the spaces between the bristles onto the
surface. Thus, the paint Hows through the channels formed by the bristles as they are deformed by the bending of
the brush. Sometimes the painters vibrate the brush when applying it to a surface so as to facilitate the flow of the
paint, so the arm pumps the brush to get the paint out. Hence, by getting involved with this metaphor, the
researchers noticed new features of the paintbrush and the painting process.
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Another reason could be that the learners are not familiar with the analog domain
(Gabel & Sherwood, 1980) or they may not be familiar with a significant part of it
and as a result misconceptions could be transferred from the analog domain to the
target domain or vice versa (Duit, 1991, p. 657). Thus, it is essential to make sure
that there is adequate prior knowledge of the analog domain, which will prepare the

ground for fruitful analogical relations with the target domain.

Clement and a group of researchers at the University of Massachusetts have
developed an approach for "remedying" learners' misconceptions Via what they call
"bridging analogies" (Clement, 1987; Brown & Clement, 1989; Brown, 1993; Brown,
1994). They also noticed that analogies are often unsuccessful because learners do
not understand the analog or they fail to draw the analogies intended. They carefully
tried to search for analog situations that trigger a correct intuition which may lead to
understanding of the target situation. They call these analogs "anchors" or "anchoring
examples". It is often the case that the "jump" between the analog and the target is
too big, even if the anchor is familiar to the students. Thus, the distance to be covered
has to be split into smaller steps or jumps, which are called "bridges" or "bridging
analogies". For example the instance of a book lying on a table, is one of those that
arouses difficulties in the conception of the Normal force (N) from the table towards
the book. Learners have difficulties in comprehending that the table "pushes up" the
book via a force. Instead, learners have alternative conceptions for the book laying on
the table, such as the following:

* Dbecause of gravity there is no upward force

» the table has no agency for exerting a force

» the table is not pushing or pulling

» the table isjust in the way
* the book wiould move up if the table exerted a force (Brown, 1994, pp. 205-206).
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Thin board Table
Spring
Anchor . Target
Triggering correct . Situation triggering
intuition Foain rubber misconception

nriaging Cases
Connecting anchor to target situation

Fig. 1.3.5: This a pictorial representation of the anchor, the bridging cases and the target within tire
"bridging analogies approach'1(Clement, 1987; Brown & Clement, 1989; Brown, 1994).

To guide the learners to understand the target situation, namely, that there is an
upward force acting on the book due to the action of the table a sequence of analogies
is introduced and discussed (Clement, 1987; Brown, 1994). The anchor is a spring
compressed by a finger where a force acting back from the spring can be felt and
conceived, therefore this situation triggers correct intuition. From this anchoring
situation Clement (1987) proceeds toward the target situation via two intervening
bridging situations (see fig. 1.3.5). They are the book lying on the foam rubber and
the book laying on a thin board. Brown (1994) has also introduced and/or used
alternatively the bridging analogies of the book laying on a spring or a learner holding
a heavy dictionary in her hand in an attempt to provide more "steps" towards the

target situation.

Another case of particular interest for this inquiry is described in Brown & Clement
(1989) who investigated the role of an analogy in the process of changing a
conception of a target situation which referred to the mechanism of sliding friction.
The target situation was a shuffleboard puck sliding on the floor, where the floor
exerts a frictional force in a direction opposite to the motion of the puck which slows
it down. In the initial phases of the "tutoring interviews" that they conducted, learners
were questioned about the existence of a force exerted from the floor on the sliding

puck. They replied that the floor did not exert such a force. Then, two slightly
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intermeshed hairbrushes, one damped to the table and the other drawn horizontally

across it to the right, were used as an anchor situation (see fig. 1.3.6).

pSgTTjL6; An analogy diagram, where the farget situation is a sliding shuffleboard
puck (1), the anchor is that of two slightly intenueslied hairbrushes (2) and the j
'microscopic model rather titan the analogy'is a magnified view of the puck and the j

jfloor (3) (Brown & Clement, 1989, pp. 245-247). j

Although a learner believed that the lower brush would exert a force to the left on the
top brush, he did not see this as analogous to the sliding puck. As a result, the
interviewer asked the learner to consider an intermediate situation of a magnified
view of the floor and the puck. This could be more accurately called "a microscopic
model rather than an analogy" (Brown & Clement, 1989, p. 246). After the learner
had considered this intermediate situation, he mentioned that both the floor and the
puck would appear "hilly and rough" and he indicated that the interface of the bumpy
surfaces was "the same thing" as the hairbrushes (ibid.). Thus, although the learner
initially believed that there was no force exerted on the puck affecting its motion, by
the end of the interview, a successful attempt to promote conceptual change was
achieved, since it made good sense to him that the floor would exert a force in a
direction opposite to the motion of the puck. The learner seemed to have created an
explanatory model through which he viewed the puck and the floor as humpy' or
'bristly', which is different from a simple analogical projection of the puck and the
floor ‘as like' hairbrush bristles. This generally applicable explanatory model

promoted conceptual change with the enrichment of the target situation, which was



Chapter 1.3. A Theoretical Framework for the Teaching Interventions

achieved through the consideration of the magnified interface of the floor and the

puck (ibid.).

The approach described in the previous two cases is based on a constructivist
framework of teaching and learning, since it is child-centred, it involves negotiation
of views and ideas and it even employs aspects of Socratic dialogue. On the other
hand, some points of critique would be that it is difficult to find good anchoring
situations or bridging analogies, or that learners might need some further discussion
and clarification on the analog (anchor) situation, since they could have some
difficulties in conceiving certain aspects of it (in the first case, for example, the finger
could be seen as the active agent, not the spring, even if they feel some kind of

reaction) (Duit, 1991, p. 665).

In the present inquiry, the analogy of the "impressed hairbrushes" was not used to
represent the interlocking of surfaces (e.g. a block of wood on a tabletop). It was
considered to be rather out of hand or a bit abstract for young children mainly in
terms of the complexity of perception when it comes to what actually happens in the
interface of the two impressed hairbrushes. The metaphorical effect of friction is not
clearly seen through this analogy, although it could be claimed that it is more easily
sensed. Nevertheless, an analogy with two interlocking fragments of a jigsaw puzzle
was preferred and used for the same purpose (cf. §4.2.5 and § 5.2.3). It is considered
to be more illustrative and more adequate for young children. A presentation of how
this analogy was put into practice can be found in the teaching interventions of the

two studies (England & Greece) in the following chapters.

1.3.3. On-going assessment and some techniques used for gathering

information for assessment in the context of this inquiry.

Assessment is considered to be an essentia] part of a teaching intervention. It is

claimed that some types of 'on-going assessment', which are used in this inquiry, have
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helped to reveal information about children’s conceptions, understandings and

representations of the phenomena under study (cf. §4.2.6., §4.3, §5.2.4, §5.3).

The term "assessment" is used here with a broad meaning. As Harlen (1992)
contends:

11 is generally agreed thal assessment in the context of children's achievements in
school is a process of making judgements about the extent of these achievements.
The judgements are reached on the basis of information which has been gathered
about performance and which is compared with some kind of expectation, (p. 158)

There are various ways in which information for assessment can be collected and
similarly there are various bases forjudging it. This way, a variety of different kinds
of assessment is created. It is important to make clear that it is not assumed that
assessing is the same as testing. Assessing is one of the possible ways of gathering
information about children, while testing is one of the possible ways of assessing.
Assessment involves a description of what children have done rather than a collection
of the evidence itself. In Harlen's (1993) words:

It replaces the real thing by a summary of it: a comment, a mark, a spoken word;
even a smile or a frown or other gesture can be a result of assessment (p. 137).

One of the types of assessment is "on-going assessment" which is also described as
formative’ or 'diagnostic'. It involves the assessment of information which is
gathered almost imperceptibly during normal, daily interchange between teacher and
learners and it mainly has an idiosyncratic orientation. Its main purpose is to help
teachers in making decisions which refer to the learning of individual pupils and/or
groups of pupils and it is part of the regular day-to-day planning and teaching. This is
different to 'formal' or 'summative' assessment which involves the gathering of
information through carefully devised standardised tests, usually under controlled
conditions. The information gathered from on-going assessment involves an
identification of "where children are" in their learning, in order to create feedback for
the teaching and learning process for further action. Valuable information of "what

has or has not been achieved", may also be provided. Ideas, skills and attitudes as
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well as other aspects of personal development may be assessed by using various

techniques for on-going assessment (Harlen, 1993, p. 138).

In this context, certain assessment techniques were used after the teaching
interventions, in the present inquiry. They were mainly the following:
(a) children's drawings and comments on drawings,

(b) children's writing on a specific task, and

(¢) concept maps (only for the study in England).

1.3.3.a. Children's drawings

Children's drawings may reveal a lot of information about their understanding of a
concept or about alternative ideas they have developed. As Harlen (1993) puts it:

Children's drawing, which may not at first seem to give particularly rich information
about their ideas, can be made to do so if they are asked to draw notjust what they
sec, but what they think is happening or what makes something work (p. 151).

At the end of teaching interventions, in both studies, the children were given an
assessment leaflet and they were asked to draw a magnified section of the touching
surfaces of a block of wood sliding on a tabletop (see Appendices V1J & VIII). This
was expected to reveal ideas about the nature of the surfaces in contact and the
interlocking of surfaces as a main element for the creation of friction (cf. §4.2.6 and
§ 5.2.4). Additionally, in Greece children were given a second assessment leaflet a
week after the teaching intervention. They had to represent with an arrow the force of
friction wherever they thought it existed in the six depicted instances of the leaflet
(see Appendix VIII). This was expected to reveal information about their
understanding of the concept of friction which was present in all of the depicted

instances (cf. § 5.3).

1.3.3.b. Children's writing

Children's writing may be more productive in revealing their ideas about a certain

concept, especially if they have to express their ideas in specific written tas alren,
pt, especially if they h to exp their id pecifi tten task (Hal
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1993). Not all of the children can fully express their ideas in a written form or at least
they may have difficulties in written tasks. Thus, their writing needs to be treated

carefully and help should be provided when needed.

In this inquiry children were asked to write down their opinion on how the
"interlocking of surfaces" effects friction (see Appendices VII & VIII). This question
was strongly linked with their investigations with blocks of wood which were slid on
various surfaces and this was expected to reveal insights concerning their conceptions

on how surface friction is created (cf. §4.2.6 & § 5.2.4).
1.3.3.C. Concept maps

As Novak (1995) claims "concept maps are tools for organising and representing
knowledge". Concept maps include concepts which are usually enclosed in circles or
boxes and relationships between concepts and propositions which are indicated by
connecting lines between concepts or by words which specify a propositional
relationship between two concepts. He defines concept as "a perceived regularity in
events or objects, or records of events or object, designated by a label" (ibid.).
Propositions contain two or more concepts connected with other words in order to
form a meaningful statement which is often called a semantic unit. One of the
characteristics of concept maps is that concepts are represented in a hierarchical way,
from the more general and inclusive to the less genera] and more specific and of
course this is context dependent. Another important characteristic is cross-links
which are mainly propositional connections between concepts in different domains of
a concept map which reveal their relationships. Finally, specific examples of events
or objects may be added in certain parts of a concept map which help to clarify the

meaning of a given concept.

Concept maps may be used as powerful learning tools but also as assessment tools,
encouraging students to use meaningful learning patterns (Novak & Gowin, 1984;

Novak, 1990; Mason, 1992). One of the extensions that concept maps can have as
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assessment tools is to explore understanding of a limited aspect of a topic or of a
specific concept (White & Gunstone, 1992). They have been used even with young
children providing ”an indication of whether or not a child’s conceptions have been
altered or whether in fact anything has been learned or understood" (Kilshaw, 1990,
p- 36). Learners may also be given a list of terms to draw a concept map and identify
relationships among them, wdthout placing a lot of emphasis on hierarchies among
concepts (Harlen, 1992, p. 179). This is mainly the context in which concept maps
were used in this inquiry, without underestimating, of course, the learning value of

the construction and use of concept maps (cf. Appendix Via & VIb and § 4.3.).

1.3.4. A concluding remark

Several elements from most of the theoretical approaches on teaching and learning
science as a process of conceptual change have been considered and used throughout
the course of this inquiry (cf. all three sections of Chapter 1). It has been a very
difficult task to create a synthesis of different, and often opposing points of view, and
then try to pin them down into classroom practice, within the thematic context of this
inquiry (cf. Chapter 2). As Solomon (1992) contends, research students "have found
it hard to put into action in the classroom" the theoretical approaches of teaching and
learning for conceptual change (p. 30). Nevertheless, an attempt has been made and it

is presented in the chapters that follow (mostly Chapters 4 & 5).
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Chapter 2 Concepts of friction

Concepts, like individuals, have their histories, and are
just as incapable of withstanding the ravages of time as
are individuals.

Kierkergaard, S. The Concept of Irony*

2.0. Introduction

In this chapter, there is an attempt to present and analyse concepts of friction and
related phenomena, within a historical perspective and a context of contemporary
physics. This aims to highlight some phases or episodes of conceptual change related
to 'friction', throughout the consensus of the evolution of human thought. It is
suggested that this analysis provides helpful insights for interpreting children’s ideas
on frictional phenomena. An etymological analysis of friction in two languages
(English and Greek) is also considered. In the last section of the chapter, there is a
review of research into children's alternative ideas or conceptions of friction, aiming

to provide a context of children's meanings for relevant terms.

2.1. An etymological analysis of terms

Before proceeding with the historical presentation of the concept of friction, it is
considered important to refer to the terms themselves, in order to clarify the
nomenclature of the concepts under investigation. In this sense, an etymological
analysis of the words should come first. This is not an easy task, bearing in mind the
two different languages (English and Greek) involved in this inquiry. But, as it is
suggested here, the etymology of some words used in the two languages to describe

friction and frictional phenomena seems to have a common basis.

In reference to the etymology of the word friction, the Oxford dictionary (1989)
states that, friction is a noun that derives from the verb "fricate", which originates

from the Latin verb "fricare", which means "to rub'"2. The dictionary also gives

1As quoted in: Toulmin S. (1972) Human Understanding, Oxford: Clarendon Press, p. VL
2 The Oxford English Dictionary, 1989, p. 190.
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several definitions of the term such as: "the action of chafing or rubbing", or "the
rubbing ofone body against the other; attrition", or "the resistance which any body
meets in moving over another body" (ibid.). A number of derivatives, either from the
verb "fricate" or from the noun "friction", are also quoted, such as:frication, fricative

andJricatory,frictionable, fictional, fictionary, jrictionize andfrictionless (ibid.).

The above etymological analysis of the word "friction" doesn't seem to have a clear
link with the Greek language. However, "friction" is not the only word that is used in
the nomenclature of physics that refers to phenomena of bodies rubbing relatively to
each other. The Oxford English Dictionary defines "the branch of science and
technology concerned with interacting surfaces in relative motion and with
associated matters (such as)friction, wear, lubrication and the design ofbearings" as

tribology " (p. 504).

"Tribology", which is of course a technical term, is a composite word of two
components |f. Tribo- + -ology]. The first component "tribo-" comes from the
ancient Greek word "#pidoq" Jtribos] which is a noun and it means "rubbing", or
metaphorically something that is "trivial" (Dimitrakos, 1964, pp. 7274-7275). The
second component "-ology" comes from the ancient Greek word "A46yo<s" 3flogos]
and in this case it denotes "the science or study which a person is concerned, or that
deals with a certain subject"4. Here, of course, it is the first component "tribo-"
which is of particular interest, not simply because it is of Greek origin and the main
component for several other composite words describing frictional phenomena (such
as triboelectricity, triboelectrification and triboluminescence), or the derivatives of
tribological and tribologist, or even the specialised field of physics dealing with
frictional phenomena called "tribophysics ”\ But, it is more important to point out

that in modem Greek it is the word nTpi6ff’ |tribi] that can be translated into English

Uis a frequent component for many other words of Greek origin that can be found in English language, such as
pathology, phonology, psychology etc.

4 The Concise Oxford Dictionary of English Etymology (1986), Oxford University Press, p. 270.
Awost of these words constitute part of the nomenclature of this specialised field of Physics.
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as "friction". "TptGq" means "the action ofrubbing"” 6 (Dimitrakos, 1964; p. 7274)
and it is a noun which derives from the verb ” 7TpiBw" [tribo] which can be translated

as "rub" (active voice).

In this sense, it could be claimed that in Greek there is a more profound and explicit
connection between the verb (rpiBta) and the noun (rpiBij), because of their common
root ("rpt6~ ) and origin, or at least, this can be assumed on a lexical basis of
analysis. While in English, the words "rubbing” and "friction" do not seem to have
an explicit connection, at least on a lexical basis, because of their different origins and
denotations. Hence, in the Greek language, one word (rpidn) appears to have a
semantic link with both "friction" and "rubbing", whereas in the English language
there doesn't seem to be a linguistic clue to link these two concepts with one reference

word.

But, on the other hand, if we etymologically co-examine the two fundamental terms
that are under consideration here, "friction" in English and "Tpi6r|" in Greek, we can
observe that they both derive from verbs that have the same meaning, although it is
expressed in different words because of the discrete nature of the two languages. In
these terms, the Latin verb "fricare" and the Greek wpiBcj”, both have the same

meaning which can be expressed in English with the verb "to rub". Thus, although
different words are used in English and in Greek in order to describe phenomena of
friction, the same underlying meaning can be revealed in both languages, once more
on a lexical basis of analysis. It is more likely that these differences may play an
important role in the learners' construction of conceptions about friction and frictional

phenomena. This inquiry searches to identify such differences.

These language issues will be considered again in the following chapters. A
presentation of the concept of friction within a historical perspective of the physical

science comes next.

~ The translation of the entry is mine.
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2.2. A historical presentation of friction

People must have been aware of the existence of friction ever since they tried to push,
pull or drag loads on the surface of the ground. This could be located rather early in
human history. Although at that time people could not probably give some sort of
"scientific'” explanation of the frictional phenomena they had to confront, we have
certain indications that they did try to reduce friction in order to move loads with
greater ease. This was mainly achieved by rolling rather than sliding wherever it was
possible and it was certainly happening at least 5000 years ago as our knowledge of

the history of the wheel shows (Faulkner, 3974).

There were instances that the loads
were too heavy to be carried on
wheels, as in the case of the ancient
Egyptians, who were trying to slide
huge alabaster colossi that weighed
about sixty tonnes. They were using

IFig. 2.1: Transjrort of a statue by a sledge, A mural j sledges and they were lubricating the
painting from a tomb at Saqqara, Egypt, circa 2400 BC |

j(Faulkner, 1975, p. 34). - ! surfaces of the sledge and the ground

which were in contact. The ground was often covered with wooden boards to avoid

the sinking of the sledge in the sand (see fig. 2.1). The lubricant, presumably water,

animal fat or oil, was being pouredin front of the runners of the sledge7. Evidence of
the use of a lubricant to reduce frictionand wear has also been found on an axle of a
chariot dated at about 1400 BC in the tomb of Yusa and Thuiu (Faulkner, 1974, p.

35).

7 Notice in Tig. 2.1 the curved shape of the runners. Their rounded leading edges allow ed the lubricant to be
forced beneath them and as a result reduce friction (Faulkner, 1975, p. 35)
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The classical philosophers such as Aristotle (384-322) left comments showing that the
existence of friction and the usefulness of lubricants were common knowledge among
the ancients (Bowden & Tabor, 1973, pp. 9-10). Aristotle in Mechanica
[MnXavtxa]8 dealt with various mechanical problems, although special interest is
often drawn on those problems concerning the circle, the levers, the rolling of wheels

and the solutions that were proposed (Hett, 1936, p. 329).

Although we have some indications of small but significant pieces of knowledge
concerning frictional phenomena, it could be claimed that nothing of ”scientific"
nature was undertaken until approximately 2000 years later, when Europe was under

the influence of the Renaissance (Bowden & Tabor, 1973).

It was in the middle of the fifteenth century when Leonardo
da Vinci (1452-1519) performed experimental work on
friction. Leonardo presented his work in a mass of fragmental
notes of uncertain date, repeating, completing and often
contradicting one another (Taton, 1964). These notes were

frequently accompanied with detailed and very descriptive
Fig. 2.2: Leonardo Da j

Vinci; a self-portraits g3 wings and various plans of machines and engines, that had

arather geometrical and proportional form (Richter, 1952).

Leonardo's mechanics were influenced by Aristotelian ideas as they were developed
in various texts9 (Cooper, 1935, p. 72 and Taton, 1964, p. 86). Leonardo wrote about
friction, experimented on frictional phenomena by sliding blocks of wood on wooden
boards or inclined planes and deduced the two basic laws of friction, two hundred
years before Newton had given a clear definition of force (Bowden & Tabor, 1973, p.

11). About the nature of friction he suggested that:

Friction is divided into three parts: these arc simple, compound and irregular.

®It seems rather certain that this collection of 'mechanical problems 'is not the work of Aristotle, though probably
it is the product of the Peripatetic School written somewhere in the years of 369-322 BC (Hett, 1.936 and Taton,
1964)

9 Such as Aristotle's Physics, De Caelo and Mechanica.
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Concepts of friction

Simple friction is that made by the thing moved on the place where it is dragged.
Compound friction is that which the thing moved makes between two immovable
things. Irregularfriction is that made bv the wedge of different sides.

He also wrote that:

£ 10

The action of friction is divided into parts of which one is simple and all the others
are compound. Simple is when the object is dragged along a plain smooth surface
without anything intervening; this alone is the form that creates fire when it is
powerful, that is it produces fire, as seen with water-wheels when the water between

the sharpened iron and this wheel is taken away.

The others are compound and are divided into two parts; and the first is when ant’
greasiness of any thin substance is interposed between the bodies which rub together;
and the second is when other friction is interposed between this as would be the
friction of the poles of the wheels. The first of these is also divided into two parts,
namely the greasiness which is interposed in the aforesaid second form of friction

and the balls and things like that.

In Leonardo's Notebooks we can also find drawings that describe his experiments on

friction (see fig. 2.3 and 2.4).

sfHfe* TS "pe* + m

Fig. 2.3t A page Irom the Notebooks of Leonardo j
da Vinci showing the experiment arrangement by |
which he showed that friction is independent of the |
size of the surfaces making contact (Bowden & |
Tabor. 1973, p. 11).

argued that:

Forsler IT 13j v

His two empirical laws of friction were

stated as follows:

Friction produces double the
amount of effort if the weight

is doubled. .
Forster ill -2,

The friction made by the same
weight will be of equal
resistance at the beginning of
its movement although the
contact may be of different
breadths or lengths.

Forster I J32 M

He observed that friction depends on the

nature of the surfaces in contact and he

If you desire true knowledge of the quantity of the weight required to move the
hundred pounds over the sloping road, it is necessary to know the nature of the
contact which this weight has with the smooth surface where it produces friction by
its movement, because different bodies har e different kinds of friction;...

All of the following original references on Leonardo's writings are from MacCurdy, E. (1956) The Notebooks
ofljeonardo da Vinci, London, Jonathan Cape, Vol. I, pp. 447-580. The number at the end of each excerpt refers
to the original sources as they are given in .VlacCurdy's presentation.

Forster I 1<
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Bowden & Tabor (1973) contend that he even produced a quantitative result from his
experiments, that "every frictional body has a resistance offriction equal to one
quarter of its weight" (p. 12). For rough surfaces of wood that come to contact and
are slid one relative to the other, this seems to be a fair observation.1l

He was also aware of the role of lubrication and he suggested that:

All things and everything whatsoever however thin it be which is interposed in the
middle between objects that rub together lighten the difficulty of this friction.

Forster 11 132r.

Leonardo’s work on friction and its conclusions were
forgotten and only 200 years later interest arose again
in this area, together with the great epoch of classical
C F\: mechanics (Bowden & Tabor, 1973, p. 12). The first
systematic studies on friction were carried out in
France by members of the Royal Academy of
=§ T vIs5!IC

Sciences. In 1699, the architect and scientist

) Guillaume Amontons (1663-1705) published a paper
Fig. 2.4: Another page from the

N, oks of Leonardo shows I re ¢ [ ] . , . 7 .
ex]lriments with blocks of wood (1 friction, in Memoires de I Academie des Sciences.

ing on tables, connected with . .
ropes passing over pulleys and That paper was entitled "On the Resistance Generated

(slid with the aid of weights]

--------- .l in Machines" and itis the first known study on the
question of losses caused by friction in machines, more precisely in the design of
turbine water wheels. In thebeginning of his paper, Amontons, made arather elegant

plea for the study of friction:

Indeed of all authors who have written on moti\e forces, there is perhaps not one
who has paid sufficient attention to the effect of friction in machines and to the
resistance caused by the stiffness of ropes, or who has given us rules for knowing the
effect of either one and for reducing them to mathematical formulas, (as quoted in
Gillmor, 1971, 120)

Eighteenth-century authors were unanimous in according Amontons credit for the
first studies of friction. None mentions any studies by the ancients or by Leonardo,

whose Notebooks were unknown to them, until the nineteenth century (Gillmor, 1971,

** In modern terms we would say that the coefficient of sliding friction of wood over wood is 14 which is a fair
approximation lor unplane wooden surfaces in contact.
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Chapter 2 Concents of friction

p. 118). Nevertheless, after testing and sliding several blocks in all possible
orientations, Amontons went on to rediscover the laws of friction that were originally
deduced by Leonardo da Vinci. (Bowden & Tabor, 1973).

The first law, that frictional force is

proportional to the force pressing the

hicnonoHofew on Wocks surfaces together when they are in
Fig. 2.5; A representation of the first empirical law j
of friction. Ifeach of the blocks added in (b) and (c¢) [ relative motion to each other, was

situations have the same weight with (a) then friction

would double and triple respectively (Faulkner, .
1974, p. 20). ( accepted by the Academy without any

doubts (see fig. 2.5).

On the contrary, the second law, that
friction is independent of the area of

. contact, provided that the force between
Fig. 2.6: A representation of the second empirical

|law of friction. These are three identical blocks in

jdifferent orientations (Faulkner, 1974, p. 19). j the surfaces and the nature of surfaces

remain the same (see fig. 2.6), was
viewed with astonishment and scepticism by the Academy (Bowden & Tabor, 1973
and Faulkner, 1974).12 Their senior academician Phillipe De la Hire (1640-1718) was
instructed to repeat Amontons’ experiments in order to verify or falsify his
conclusions. This he did and announced that Amontons* conclusions were valid,
verifying his two empirical laws of friction which have remained with us to this day
as a very good approximation of frictional phenomena. These laws refer to rough
surfaces that come to contact (i.e. wood over wood) and for "normal" speeds (speeds
which are not at high or low extremes) of sliding one surface over the other (Bowden
& Tabor, 1973, p. 14 and Ohanian, 1989, p. 136). The kind of surfaces, that

Amontons experimented with, were also rough and he suggested that friction was the

The second "law" ol friction would seem plausible only if 'the macroscopic area of contact is the same for all
positions o fthe block, and this is indeed the case. With the largestface down, there are a relatively large number
ofrelatively smalt area contacts supporting the load; with smallestface down there arefever contacts (because
the apparent contact area is smaller) but the area o findividual contact is larger by just the samefactor because of

the higher pressure exerted by the up-ended block on this smaller number ofcontacts supporting the same load"
(llalfiday Resnick, 1981, p. 100).
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Chapter 2 Concepts of friction

result of the work done in lifting one surface over the roughness of the other, or even
overcoming or breaking off this roughness. His belief construed, somehow, a
"surface roughness theory" of friction which was generally accepted,
approximately during the following century, when most of his contemporary
scientists maintained these ideas as a convenient explanation for certain phenomena

(ibid.).

However, John Theophilus Desaguliers (1683-1744), an English scientist of French
origin, who taught physics at Oxford for several years, put forward a rather different
view of the mechanism of friction. In 1734 he published his book A Course of
Experimental Philosophy, where he experimented with metal bodies and observed

that:
... the flat surfaces of metals or other Bodies may be so far polish’d as to increase
Friction; and this is a mechanical Paradox: but the reason will appear when we
consider that the Attraction of Cohesion becomes sensible*s when as we bring the

surfaces of bodies nearer and nearer to Contact. (A Course of Experimental
Philosophy, London, 1734, p. 182; as quoted in Bowden & Tabor, 1973).

He then went on to consider the surface roughness theory of
friction by referring to his earlier work on the cohesion of
lead (see fig. 2.7). He described one of his experiments with
leaden balls as follows:

1 took the Leaden Balls ... and having from each of
them cut off a Segment of about '4inch in Diameter, I
pressed them together with my Hand, with a little
Twist, to bring the Hal parts to touch as well as I could.
The Balls stuck so fast, that ... the lower one was
sustained though loaded with the Scale S and the
Weights E which amounted 16 pounds. A little more
Weight added separated them and, upon viewing the

Fig. 2.7: Drawings from
a paper published by
IDesaguliers on the

| cohesion of lead (Bowden touching surfaces, it appeared that they did not exceed
| & Tabor, 1973, p. 15). | a Circle of ! ,0lnch Diameter ... (Bowden & Tabor,
1973; p. 16).

Although Desaguliers realised that cohesion plays an important part in friction he
could not see how that could explain the laws of friction; hence, he didn* fully
develop his ideas on cohesion and stayed within the framework of the "surface

*3 Faulkner (1974) suggests that Desaguliers means 'noticeable' here.
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roughness theory" of friction (Faulkner, 1974 and Bowden & Tabor, 1973).
Nevertheless, Desaguliers' work was important because it was a challenge to
Amontons theory and it presented, as a possibility, the molecular origin of friction
(Gillmor, 1971, p. 126).

It was Coulomb (1736-1806) who systematically organised his research, considered
all of these conjectures within a synthetic approach and managed to pull them
together (Gillmor, 1971). In 1781 he published his work on simple machines, friction
and other related issues in Theorie des machines simples which won him the
Academy award. He investigated both static and sliding friction, the friction in
bending of cords and in rolling (Halliday & Resnick, 1981, p. 99). He was committed
to a unique, inquisitive, wide-ranging type of experimentation which enabled him to
develop a series of two-term equations: 1) a constant term usually attributed to
cohesion (coherence) or a surface film {duvet) and 2) a variable term which could be

time, normal force, velocity, or other parameters (Gillmor, 3971, p. 126).

Coulomb recognised that most of the surfaces
Amontons, his contemporaries and partly himself had
worked with were not smooth. On the contrary, they
were rather rough, with asperities visible even to the
naked eye. When two such surfaces are placed
together, one against the other, it looks as if the
roughness of one is getting into the roughness of the
other; somehow, they interlock with each other.
Coulomb (.1781), in Theorie des machines simples

ig, 2.8: Coulomb's drawings on made some drawings to illustrate his ideas on the
|[the interlocking of surface

| roughness (Bowden & Tabor, 1973;

b interlocking of surface roughness (see fig. 2.8). One
S e

could say that this interlocking resembles to the
interlocking bristles of two brushes that are placed one against the other (Bowden &

Tabor, 1973, p. 18).
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Conceivably, a better analogy for the interlocking
roughness of two surfaces, could be two pieces of a
jigsaw puzzle that fit together once they are put into
contactld (see fig. 2.9). The question that now

. arises, is whether this "surface roughness theory" of
Fig. 2.9: Two pieces of a jigsaw

puzzle, just before they fit into each

other. friction can actually provide an adequate explanation

for the phenomenon of sliding friction. The

phenomenon could be examined more closely, through the goggles of this theory.

As Bowden (1950), quite lucidly described it in a BBC broadcast, 'putting two solids
together is rather like turning Switzerland upside down and standing it on Austria-the

area ofintimate contact will he small" (Bowden & Tabor, 1973, p. 47).

In analogous terms, someone could say

that the minute "mountains and valleys"
jFig. 2.10: Two rough surfaces placed one on top of of the upper surface. fit or to some extent
[the other; a closer look (Faulkner, 1974, p. 21) i

they interlock, with the equivalent parts
of the lower surface, at those distinct points of contact. Thus, the overall interfacel5

of contact is a lot smaller than the one which could be originally considered, bearing

in mind a notion of absolute surface contact (see fig. 2.10).

According to "surface roughness theory", overcoming sliding friction could be
explained in terms of the effort that has to be exerted in the sliding of the asperities of
the upper surface up the slopes and over the top of the asperities of the lower surface.
This would mean that the upper surface would have to be raised slightly, in order to
let its peaks slide over the peaks of the lower surface. The heavier the upper body the

greater would be the effort needed to raise it in this way, thus friction is proportional

14 This analogy will be reconsidered in the follow ing chapters as a teaching analogy in terms of an explanatory
representation of frictional phenomena

15 Interface is a surface forming a common boundary between two regions.
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to the weight of the body (first law). Consequently, the effort to lift the upper body
would depend only on its weight, not on its area, thus friction is independent of the

area of contact (second law).

At first sight, this mechanical surface-asperity explanation seems to be a plausible
one. However, if it is considered more carefully, it fails to explain what happens
when the surface of the top body has risen over the peaks of the asperities of the
surface of the lower body. At that instant, does it start to move forward and down the
other side of the slope on its own accord? This would mean that the effort exerted
previously in overcoming friction when sliding up the slopes of the lower surface,
would now be restored and somehow #kelp in sliding down the other side of the slope.
But, this doesn't actually happen. Friction, in most cases, opposes the motion, it

doesn't set things going or help them along.

In reality and through a macroscopic

approach, when two surfaces are in

| Fig. 2.11: The upper surface is sliding from left to j

. L ) B ) ! contact and it is attempted to slide one
| right This is a magnified pictorial representation of j

{Fig. 2.11: The upper surface is sliding from left to §’74’ | over the other. there are thousands of
iright. This 1s a magnified pictorial representation of | ’

i the phenomenon at a certain instant (Faulkner, 1974, | .. .

{p.21) asperities going over slopes and the

other way round. Of course, these slopes and asperities are not all identical and the
whole phenomenon does not happen at all parts of the surfaces simultaneously. Parts
of the body may be sliding up roughness slopes but other parts will be sliding down
respective slopes somewhere else, or at a later instant. At a certain instant, asperity A
can be sliding up B slope and at the same time asperity C can be sliding down 1)
slope (see Fig. 2.1 1). Consequently, the surface of the upper body would, in general,
neither rise nor fall. Therefore, this explanation of the phenomenon of sliding

friction, although a plausible approximation, doesn't seem to be generally adequate.

Naturally, someone could counter the argument that effort is similarly being used up

when the asperities of a surface get to the top edge of the slopes of the other surface
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and consequently they start sliding down with a burst, bending down these parts of
the surfaces. Thus, all the effort supposedly restored in sliding down the slopes, is
actually used up in terms of deformation work during the impact at other parts of
surfaces. If such a view is adopted, it seems rather certain that we have moved away
from the "dragging-up-the-roughness model" and we have approached a deformation

mechanism (see fig. 2.12), which is involved in sliding friction (Bowden & Tabor,

1973, p. 22).
. Elastic Deform ation . . .
Plastic This could be described as a mechanism of
plastic deformation, occurring at the
[Fig. 2,12: This is a pictorial representation ol' regions of actual contact where friction

elastic and plastic deformation and the respective j
regions of the surfaces that it occurs (Bowden & j junctions are formed. but also of elastic
b

Tabor, 1973, p.

deformation, occurring at the surrounding
regions, which are released when the load is removed. As a result, the friction
junctions are broken and small pieces of the surfaces are sheared apart and/or welded
on one of the surfaces (Bowden & Tabor, 1973, p. 65). Relatively recent work and
experimentation on friction has shown that the true area of contact between two
surfaces depends not only on the geometry of these surfaces (as it was considered by

most of the scientists of the French Academy), but also on the way the individual

asperities are deformed (Bowden & Tabor, 1973, p. 23).

On the other hand, if one accepted a ”cohesion theory of friction”, it would
consequently mean that larger surfaces would create more friction, due to greater
cohesion at the touching points of a larger interface. Thus, sliding friction would
depend on the size of the surface of the bodies that are in contact. This would mean
that friction would double, if one doubled the contact regions, or in other words, if
one doubled the area of contact. As we have seen so far, this didn't seem to be the

case with the sliding friction of rough surfaces (Bowden & Tabor, 1973).
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Coulomb criticised the neglect of deformation mechanisms in previous work. At the
beginning of his memoir (1781) he noted the five most important parameters in static
and dynamic (sliding) friction:

* the nature of materials and their surface coatings

+ the extent of surface area

* normal forcel6

» the length of time that the surfaces remain in contact before motion begins (time
of repose)

* the relative velocity of the contact surfaces. (Gillmor, 1971, p. 132)

Even though Coulomb attributed some role to cohesion concerning frictional
phenomena, he could hardly believe that it could be the main cause. He seemed to
believe that friction was due to the work done in dragging one surface over the
roughness of the other (Bowden & Tabor, 1973, p. 18). Thus, although he considered
several aspects of frictional phenomena, it seems that he stayed within the framework

of "surface roughness theory" of friction (Gillmor, 1971).17

Coulomb and his eighteenth century contemporaries did not consider energy loss
when they referred to the mechanism of friction. It was known and often stated that
friction resulted in heat or in loss of motion, but no one really introduced these into a
theory (Gillmor, 1971, p. 137). John Leslie (1766-1832), in a study of the nature of
heat (1804), first investigated these problems and introduced the idea of a
deformation wave which was produced by the interacting surfaces and travelled ahead
of the contacting areas in the direction of propagation. He claimed that the resulting
process was responsible for the generation of heat (ibid.). Today this is considered in

terms of plastic deformation and hysteresis loss.

16 When a body is pressed against a surface, the body experiences a force that is perpendicular to the surface. The
force is called the normal force N, the name coming from the mathematical term normal which means
"perpendicular" (HaJliday, Resnick & Walker, 1993, p. 106).

Nevertheless, Coulomb's work on friction remained a standard of theory and experiment for a centtin and a
half, until the advent of molecular studies of friction in the twentieth century. Kragelsky and Schedrov authors of
the only book on the history of friction, state: "Coulomb's contributions to the science of friction were

exceptionally great. Without exaggeration, one can say that he created this science" (as quoted in Gillmor, 1971,
p. 136)
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Chapter 2 Concepts of friction

In conclusion, the "surface roughness theory” of friction receives, at least to an extent,
some support from every day experience and intuition. It seems plausible that rough
surfaces should have more friction than smooth surfaces. But, as Desaguliers pointed
out, our intuition could be deceiving, as for instance in the case of polished metals in
contact where friction can be highly increased. In fact, cohesion can play a major part
in the sliding friction of metal surfaces, particularly if they are fairly clean when they
come to contact (Bowden & Tabor, 1973, p. 23). Moreover, very smooth surfaces,
like cleaved mica, which is smooth to within one atomic diameter, give friction at
least as great as that of ordinary surfaces. It is such paradoxical phenomena that

challenge our intuition and promote our investigation.

2.3. A perspective of friction in contemporary terms

It is a matter of common knowledge and experience that if a book is placed on a table
it stays at that particular position. If we wish to slide it across the table, we can push
it until, at a certain instant, the push is powerful enough to move it. We can easily
observe that once the pushing force is removed, the book will slide for a certain
distance whilst is slows down and eventually stops somewhere on the table. This is
due to a frictional force exerted by the table top on the bottom of the sliding book
which acts to slow it down and eventually bring it to rest. If we wish to move the
book across the table with a constant velocity, we must push it or pull it across by
exerting a steady external force to it, just large enough to be equal and opposite to the

frictional force.
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CluiDler 2 Concepts of friction

One could examine more carefully a block
which is resting on a tabletop, in order to
describe some phases of its motion in detail
(see fig. 2.13). In (a), the block is stationary
on the tabletop, its weight is W and is
balanced by an equal but opposite Normal
force N. In (b) a force F is exerted on the
block attempting to pull it on a direction from
left to right. In response, a frictional force F
arises pointing to the left, matching the
magnitude of the force F that has been
applied onthe block. The force fscan be
defined as static frictional force. In (c/ the
block remains at rest, because while the

1Fig. 2.13: Different phases of the motion of a j

| block resting on a tableiop with the respective applied force F is been increased, the static

| force diagrams

frictional force fs also increases, till it reaches

its maximum value, opposing the motion of the block.

However, at a certain instant, the magnitude of the applied force F increases to such a
value that the block can no longer maintain its stationary position, it "breaks away"
and itstartssliding on thetabletop. Itaccelerates and it moves from left to right, on
the directionof the applied force F asit is shown in (d). In this case, the frictional
force, that opposes the motion, can be defined as kinetic frictional forcel8, F

(Halliday, Resnick & Walker. 1993, pp. 132-133).

Generally, the kinetic frictional force, which acts when there is relative motion of two
surfaces that slide one over the other (as in the case of (d)), is less than the maximum

static frictional force, which acts when there is no motion (as in the case of (¢)).

The term "Kinetic frictional force" is treated as synonymous to the term "sliding friction" that was used earlier
in this chapter
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Thus, if we want the block to move with a constant velocity, we usually have to

decrease the applied force F, once the block begins to slide on the tabletop (op. cit.).

Apart from static and sliding friction there is also the friction which is involved in the
rolling of objects (wheels, rollers etc.), namely "rolling friction". This kind of friction
is considered as a ’special case’ and it is presented in Appendix I, together with the
'drag force' experienced in liquids and a presentation of the above properties of

friction in more abstract terms.

2.4. Approximations of frictional phenomena

Although frictional phenomena are complex, simple empirical “laws" are found to
apply in many situations; in fact, this is what was presented earlier in this chapter.
However we should not expect these laws to be of the same basic character as
Newton's laws of dynamics or the law of gravitation. The "laws" of friction are only
approximate descriptions of the way that matter behaves under some, but not all,
conditions. When we lack a fundamental theory for a process or find a theory too
complicated to use in practical situations, we are forced to rely on approximate or
empirical descriptions. Hook’s law of the force of a spring or Ohm's law of electric
conductivity are such empirical laws. None of these empirical laws is valid for all

circumstances, but each is sufficiently right for many practical applications.

In this respect, "the surface roughness theory of friction”, "the deformation
mechanism", or "the cohesion theory of friction" are only particular approximations
of frictional phenomena and there are certain instances, within a variety of levels of
conjectural claims, where one or the other can provide an adequate description, or
even a plausible explanation. Furthermore, in a microscopic view, friction is
basically "an electromagnetic force acting between the surface atoms of one body

and those ofanother” (Halliday, Resnick & Walker, 1993, p. 133). This is another

66



Chapter 2 Concepts of friction

approximation, at an atomic or molecular level, which seems to provide update,

plausible and often fruitful descriptions and explanations of frictional phenomena.

Thus, we have a series of approximations, concerning friction and related phenomena,
which have evolved and are still evolving in a pattern of a continual sequence within
the context of human history. As Bachelard puts it, “approximation is unachieved
objectivation, hut it is prudent, fertile abjectivation which is truly rational because it
is at once conscious ofits insufficiency and its progress" (Tiles, 1984, p. 129). Itis
these approximations which advance our understanding of "reality" and, in this
respect, they help us to achieve progress in science. Consequently, paraphrasing
Popper (1980), one can argue that"the historical development of'science is a process

ofstep by step approximations" (p. 268).

2.5. Concepts of friction in everyday life and a general context for

teaching friction in primary science.

Friction is very important in our daily lives. Most people have experienced some
problems when there is too little friction and the conditions are slippery. The
interaction between the shoes and the floor makes it possible for us to walk. If there
was no friction, walking or running wouldn't be possible or at least as we know it.
We would probably have to use some kind of suction pads to move around, much like
an octopus does. We wouldn't be able to ride a bike or drive a car because simply
their wheels wouldn’ go round, they would skid instead. We would not be able to
hold a pencil and even if we managed to hold it, it wouldn't write on paper. Nails and
screws would be useless or there wouldn be any grip between a nut and a screw.
Knots would come undone and the same would happen with the yarns in woven

fabrics.

However, friction can also be a nuisance, especially in devices that move

continuously. Approximately 20% of the gasoline of an automobile is wasted in
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counteracting friction in the engine. Friction wears things out, like the soles of our
shoes, the various tyres, the machinery of all kinds etc. Friction can cause excessive
heating. If we rub our hands together, for instance, a small part of friction is used to
rub off bits of skin, while the main part of the work done in overcoming friction
appears as heat. This heating effect of friction could also have useful results like
setting up a camp fire by rubbing pieces of wood together or lighting a match.
Friction may also create sound as in the case of squeaking car tyres. This sound can
sometimes be more pleasant or in fact it can be turned to music as the bow of a violin

rubs skilfully against its strings.

These daily examples of frictional phenomena could provide a context for orientation
when a teacher is about to engage herself in the teaching of respective concepts. If
discussed with the children it would be anticipated that they could capture their
curiosity and raise their interest in finding out more about these phenomena through
further investigation and experimentation. It is not attempted, at this point, to raise
the issue of "what should be taught" in a primary science classroom in reference to
friction and related phenomena. The issue of the teaching content is a long,
contradictory one, it is closely related to the official curriculum or textbook (wherever
it exists) and here, it is considered further in the teaching interventions in chapters 4
and 5. At this point, it is sufficient to state the broader boundaries of this inquiry, in
terms of the teaching content on friction. In other words, to provide some content
objectives as expressions of "ideas and items of knowledge to be achieved not
through one set ofactivities butpotentially ofany ofa variety, none having a greater
priority than others" (Harlen, 1978, p. 80). Thus, for the context of this inquiry in
primary science education and bearing in mind the previous presentation and analysis
of the concepts of friction, the following content guidelines could be put forward:

* Friction is a force which commonly opposes the motion of bodies (e.g. car, bike,

block of wood sliding on a tabletop).

* Frictional phenomena could possibly be explained within the "surface roughness

theory", using it as a precursory approximation, which has served humanity
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successfully for a considerable time (this approximation can be highlighted and
explained with the use of analogies, cf. § 4.2.5)

* Friction is proportional to the normal force and independent of the area of contact
(investigations could be organised for this, e.g. various blocks of wood sliding on
a tabletop)

* Factors that minimise and/or eliminate friction, such as: use of rollers or wheels,
lubrication etc. (further investigation, using rollers, soap or oil could be organised
with sliding bodies)

As it has already been discussed, children have their own understanding of the world
and bring their own conceptions of various phenomena into science classrooms (cf.
chapter 1). Thus, they have their conceptions about "rubbing", "gripping" and
"slipping”, and the effects of friction on moving bodies. Their prior knowledge needs
to be seriously considered for the planning of investigations and other teaching and
learning activities. Some of children's conceptions of friction follow in the next

section.

2.6. Children’s conceptions of friction

Although there are several studies which refer to learners’ alternative ideas,
conceptions (Leboulet-Barrell, 1976; McDermott, 1984; Twigger, et al. 1994; Thijs,
1992; Thijs & Bosch, 3995; Galili & Bar, 1992; Osborne, 3980; Gunstone & Watts,
1985) or frameworks (Watts & Zylberstejn, 1981; Watts, 1983a; Watts, 1983b) about
the concept offorce, there is only a limited number of studies on learners’ideas about
the concept of friction (Stead & Osborne, 1980; Osborne, Scholium & Hilt, 1981;
Stead & Osborne, 1981).

Osborne, Scholium & Hill (1981) summarised their findings about learners’
alternative conceptions or views of friction (children's science) which, as they claim,
need to be changed to more generally acceptable views (scientists' science), and they

presented them in the following Table:
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Children's science needs changing to scientist's science

Friction is rubbing causing Friction can exist without  Friction is a push or a pull

heat and wearing (p.21) surface wearing or heating (a sort of holding force)
up

Friction forces include Friction forces are not Friction forces are holding

pressure (or reaction) pressure or reaction forces forces along surfaces

forces (p.24)

Friction does not occur if  Friction is not always Friction forces can be in

there is no movement associated with movement the same or opposite

between surfaces (p.22) in the opposite direction direction to the direction
of motion19

Friction only occurs Friction is notjust There can be friction

between solids (p. 26) between solids between any combination

of solids, liquids and gases

Table 2.1: Summarised findings on the concept of friction, from LISP (Learning in Science Project) (Osborne,

They used the Interview-About-Instances technique (cf. chapter 3) and some survey
techniques (some kind of picture questionnaires) to elicit children’s views about
friction. One of the main features of children’s responses was that the majority of the
interviewees closely associated friction with rubbing, particularly the rubbing of two
solid surfaces. Approximately 50% of the children in Years 8-11 specifically
mentioned "rubbing” (op. cit., p. 21). Stead & Osborne (1981) claimed that the
everyday association of rubbing with movement, wear, heat and pressure between the

surfaces, leads to a number of non-scientific’ views about friction.

Thus, some children seemed to accept that friction is a force while others had
difficulties in stating it clearly. The idea the children seem to have of more friction

with greater movement, leads to ideas about more friction if something slides further

Pot example, in a case of a self propelled object., a person or a car accelerating, frictional forces, in the
direction of motion, are producing the forward acceleration. Also there can be frictional forces present when
there is no motion at all (emphasis and footnote in the original)
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(Osborne, Scholium & Hill, 3981, p. 23). It was also claimed that learners often
confused reaction forces with friction forces and that was a source of difficulty in
teaching senior physics. Learners had difficulties in distinguishing between reaction
forces that are at right angles to the surface and frictional forces which are directed
along the surface (ibid.). Friction was closely associated with movement, in fact for
few of the learners it seemed to be movement itself (Stead & Osborne, 1981, p. 53).
Friction was also closely identified with energy, particularly with heat energy, which
is not surprising, when friction is mostly associated with rubbing and movement.
Some aspects of children's views about "friction" of liquids and gases were also
investigated. A great number of the children interviewed believed that friction was
only associated with the rubbing of solid surfaces, while some others believed that
"friction" could occur in liquids (e.g. a swimmer in the water) but not in air (e.g. a sky

diver) (Osborne, Scholium & Hill, 1981, p. 26).

2.7. A concluding remark

All the ideas included in this chapter have been very useful for the researcher in
clarifying and sharpening the meanings of concepts throughout their history, but also
through their use in the everyday language context. This, in its turn, has constituted a
framework of conceptions which has helped the researcher to organise teaching
interventions for the concept of friction. Hence, ideas from the experiments of
Leonardo da Vinci, Amontons and Coulomb were used in the experiments with
blocks of wood, which children attempted to slide on various surfaces of tabletops (cf.
§2.2. and §4.2.5., § 5.2.3). Some ideas used for the explanation of phenomena and
for the communication of conceptions shared between scientists, have been
considered to be fruitful in representing analogous ideas for children. For example,
Coulomb's drawings about the interlocking of two surfaces in contact, gave rise to the
analogy of the two fragments of a jigsaw puzzle, which was used to represent the

"surface roughness approximation" of friction in the teaching interventions (cf. § 2.2.,
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p. 60). Moreover, the ideas presented in this chapter seem to provide an explanatory
framework for helpful insights in the interpretation of children's alternative
conceptions about friction and frictional phenomena, or at least the researcher has

often used them as such, in the two studies that follow (cf. Chapters 4 and 5).
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... at every moment he {the researcher] must have a working
hypothesis, some theory, true or false, which he {the
researcher] is seeking to check,

J. Piaget {1929, p. 20).

3.0. Introduction

In this chapter there is an attempt to put this inquiry into a context of research
methodology and to describe how the research was organised and conducted. This
research project aims to deepen our understanding about children’s conceptions of
friction and frictional phenomena, to highlight some aspects of their change, and to
explore how certainteaching interventions may help or hinder the whole process.

Hence, theemphasis is on how children construct their conceptions and how they
construe various phenomena using these conceptions as systems of explanation. The
main issue is how reality is interpreted from the child’s point of view, as a construct of
the human mind. In this respect, the inquiry places itself within the verstehen
tradition of educational research, with a focus on qualitative methodology due to the
idiographic and holistic approach of the investigation (cf. § 3.1). The interview is
used as the main research method, within a qualitative perspective, aiming to elicit,
record and analyse idiosyncratic children’s conceptions about friction and frictional
phenomena (cf. § 3.2). The Interview-About Instances technique is used to collect
data which refer to children’s authentic utterances about certain depicted instances on
the interview cards (cf. § 3.3). It is anticipated that this data collection technique will
reveal information about children’s conceptions and the various ways they use them to
explain certain instances (cf. § 3.6). A scheme for the analysis and interpretation of
data is presented (cf. § 3.8), and the chapter is concluded with the research design (cf.

§3.9).

3.1. Two research traditions and respective paradigms

Bassey (1995) gives a definition for research which derives from the teaching of

Lawrence Stenhouse:
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Research is systematic, critical and self-critical enquiry which aims to contribute to
the advancement ofknowledge (p. 2).

In striving to make sense of the world, researchers seem to work in two research
traditions, which reflect the ways in which they view reality: the erklaren tradition,
in which explanation is the goal and the verstehen tradition, in which understanding is
the goal (Gilbert & Watts, 1983). The erklaren tradition is realist in outlook and in
this respect, reality is 'out there' irrespective of the observer. This reality can be
discovered by people using their senses and their discoveries can be expressed
through factual statements about people, events and about relationships between them
(Bassey, 1995). Thus, within the erklaren tradition, there is an empirical-inductivist
view of knowledge, "with a firm belief in the value of a reductionist approach to
phenomena, the use of replicable experimental methods in research for causal
mechanisms" (Gilbert & Watts, 1983, p. 64). For the verstehen tradition reality is not
'out there' existing irrespective of people, but it is seen as a construct of human mind.
There can be different understandings of what is real, since people construe the world
in ways which are often similar but not necessarily the same. Thus, the verstehen
tradition is relativist in outlook and it is influenced by post-inductivist views of
knowledge "with a belief in the value of an holistic approach to the phenomena,
seeking to perceive understanding as shown by the individual actors in any human

situation without an overt pursuit for generalisations" (ibid.).

These two research traditions have become reflected in two paradigms for educational
research. The term "paradigm" has originally been used as a major concept in Kuhn’s
(1970) epistemology, but here it can be defined as "the basic belief system or
worldview that guides the investigator, not only in choices of method but in
ontologically and epistemologically fundamental ways" (Guba Si Lincoln, 1994, p.
105). Thus, Paradigm I follows the erklaren approach and Paradigm II follows the
verstehen approach (Watts & Gilbert, 1983). Some of their main characteristics can

be identified in Table 3.1 below:
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PARADIGM 1 PARADIGM 11
Erklaren Approach' '"Verstehen Approach’
Traditional Non-traditional
Scientific Artistic
Experimental Naturalistic

Reductionist Holistic

Prescriptive Descriptive
Quantitative Qualitative
Nomothetic Idiographic

ITable 3.1: Two paradigms lor research in education and some of their main characteristics j
| (Gilbert & Walls, 1983, p. 64) ]

The two paradigms are seen here as complementary, each with its own limitations in
terms of scope and research methods. Powney and Watts (1987) take interview as an
example of research method, to highlight such limitations and point out that:

There are many occasions when the traditional survey research interview-with its
emphasis on counting and statistical pattems-is inappropriate. Equally so. the
ethnographic interview, with its own emphasis on rich data from a limited number of
participants, cannot cope with producing answers to all questions (p. 182),

Guba and Lincoln (1985) had originally discussed their approach to the verstehen
tradition as "naturalistic inquiry". Later on they refer to it as "constructivist
paradigm" (Guba & Lincoln, 1985, p. 19), they characterise their methodology as
"constructivism" and they point out that constructivist, interpretative, naturalistic and
hermeneutical are all similar notions. Thus, their constructivist philosophy appears to
be idealist; that is, they assume that what is real is a construction in the minds of
individuals. It is also pluralistic and relativist in terms of multiple, often conflicting
constructions. These constructions are all, at least potentially, meaningful and their
"truth" is sociohistorically relative. Truth, appears to be a matter of best-informed
and most sophisticated construction on which there is consensus at a given time.
Hence, they claim that constructions are resident in the minds of individuals and '"do
not exist outside ofthe persons who create and hold them,; they are not part of some

'objective' world that exists apart from their constructions" (Guba & Lincoln, 1989, p.

143).
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Marton (3981a, 1986) and the school of phenomenagraphy adopt a relational point of
departure and distinguish between two perspectives through which we can see the
world. In thefirst-order perspective which is the most commonly adopted, 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 of it) and we make statements about people's ideas about the world (or
about their experience of it) (Marton, 1981a). Although both perspectives are seen as
complementary, it can be claimed that within a constructivist framework of ideas the
second-order perspective is strongly supported. This is because there is not an
attempt to describe things as they are, nor it is discussed whether or not things can be
described "as they are". Instead there is a attempt to characterise how things appear
to people. After all "human beings do not simply perceive and experience, they

perceive and experience things" (Marton, 1986, p. 33, emphasis in the original).

Within the constructivist paradigm for educational research, the act of inquiry begins
with issues and/or concerns of participants and unfolds through a "dialectic" of
iteration of analysis, critique, and then reiteration, reanalysis and further critique, until
it eventually leads to ajoint construction of a case (i.e. outcome or findings), among
inquirer and respondents. These "joint constructions" coming out of the activity of
the inquiry, can be evaluated in terms of "fit" with the data and relevant information,
but also to the extent they "work", have "relevance" or are "modifiable", providing a

credible level of understanding (Guba & Lincoln, 1989).

The present inquiry places itself within the verstehen tradition and within the
constructivist paradigm for educational research. Learners' conceptions about various
phenomena and the ways in which they construe reality are considered seriously,
whereas the interpretative analyses of these conceptions are constructed within a
second-order perspective (cf. Marton, 1981a). An emphasis is put on learners'
idiosyncratic constructions and the ways these constitute systems of explanation

and/or topographies of knowledge and experience. These constructions are
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considered to be under constant restructuring and testing in the light of more plausible
or fruitful ideas and explanations. In this respect, it could be claimed that there is a
phenomenagraphic approach in the elicitation and interpretation of learnersl

conceptions and conceptual change.

3.2. Research methods chosen for this inquiry

Researchers have used a variety of methods and techniques to investigate children's
ideas or alternative conceptions in science (see for example, Osborne & Freyberg,
1985; White 1988; White & Gunstone, 1992). Word association (Shavelson, 1974)
Prediction-ohservation-explanation (Champagne, Klopfer & Anderson, 1980)
concept maps (Novak & Gowin, 1984), interviews about instances and events
(Osborne & Gilbert, 1980a, Watts, 1983a) and drawings (Nussbaum SZ Novick, 1982)
are some of these research methods or techniques. In the present inquiry interview

methods have mostly been used and this is the focus of the analysis below.

Many researchers in the field of science education have turned to the interview as a
research tool because it has proved to be a remarkably powerful way of getting to
know how children describe and explain the world around them. What we learn from
a carefully conducted interview is how children are "thinking about the world
differently1 (Osborne & Freyberg, 1985, p. 5). More importantly, interviewers try to
get children's conceptions into their heads, not their conceptions into the heads of
children (Osborne & Freyberg, 1985). In conducting an interview, the image of a
learner changes, then, from one where the learner has the science in her head, has bits
of it, or has nothing, to the image of heads full of knowledge about the world and its
phenomena. This is not necessarily seen as a deficiency, or "lack of understanding",
rather this knowing about the world is seen as a key to effective learning of science

(Hills, 1989).
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The interview method, pioneered by Piaget in the early 1920’s, was developed to
investigate the nature and extent of the knowledge of children about the world
(Piaget, 1929; 1969; 1970). Piaget used drawings, actual objects and events to probe
young children’s constructions of meanings for science concepts and natural
phenomena. He modified the method, in the 1940, to include tasks with objects as
well as dialogue. Current techniques employ modifications of the classic clinical
interview (Piaget, 1929) to explore children's views of science concepts and their

explanation of events (Osborne & Freyberg, 1985; Hashwesh, 1988).

In many studies in the field of science education research, interviews usually have the
form of one-to-one conversation, or sometimes group discussions. The style of these
interviews is usually informant in the sense that it intends to “gain some insight into
the perceptions of a particular person (or persons) within a situation” (Powney &
Watts, 1987). The structure of the interviews can range from tightly structured, where
the sequence of questions is well defined, to semi-structured or loosely structured,
where the order of questions is not so important and the interview develops within the
flow of discussion. For example, Watts (1983b) investigates children's alternative
frameworks on force using a semi-structured interview technique (Interview-About-
Instances, cf. next section), whereas Nussbaum and Novak (1976) utilise more
structured interviews to explore children's ideas about the concept of the earth. It
should be noted that in such studies the interviewer must be careful in organising a
convenient environment for the conduct of the interview, allowing as much freedom

of expression as possible for the interviewee.

The interview has some problematic characteristics, as all research methods do. It has
often been claimed that because children see adult interviewers as teachers and/or
authorities it is a difficult task to induce child conversation (Osborne & Freyberg,
1985). Moreover, Lythcott & Duschl (1990) refer to three main difficulties in the
process of interviewing. The first is that interviewing involves skills that take a long

time to develop. The second difficulty deals with the danger of misinterpreting the
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interviewee’s responses. This is important in the use of clinical interviews because
the research seeks to claim that if the learner said 4 then 4 is what the learner knows.
Both the interviewer’s and the learner’s utterances should be separable. Nevertheless,
it has often been claimed that it is very difficult, or rather tempting, for the
interviewer to avoid suggesting an appropriate response to the interviewee and then
claim that this response is what the interviewee actually believes (Posner & Gertzog,
1982; Piaget, 1929). The third difficulty refers to a possible hypothesis-oriented
narrowness of the interviewing process. This can happen in the attempt of the
interviewer to hold some hypothesis about what the learner knows, which may guide
the general flow of the conversation, with a danger of missing whatever emerges

outside the predictions of that hypothesis.

The main criticisms in the use of the interview method are related to the evaluation of
the research outcomes. The central issue of the interview method is its dependence
on the subject’s verbal responses, which are often criticised as an invalid and
unreliable source of information (Sutton, 1980). It is noted, however, that validity
and reliability are psychometric issues which become important "when the specific
purpose of measurement has been determined-when the constructs to be measured are
theoretically specified” (Swanson, Schwartz, et al., 1981). In this respect, validity
refers to the extent to which a measuring instrument measures what it purports to
measure, whereas reliability refers to extent to which research findings can be
replicated. Hence, it is difficult to imagine how these two terms can be used as a
criterion for the evaluation of interview outcomes, when the purpose of the interview
is to elicit multiple conceptions and not to measure certain psychological constructs
or extend a theory to a new level. Watts (1983a) goes further by claiming that
concepts like validity and reliability belong to other research paradigms and "in many
senses are incommensurable when used in a different research movement". However,
he argues that attention should be placed in the "authentication" of the research

outcome.
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3.3. The Interview-About-Instances technique

The elicitation of characteristic features, alternative interpretations or conceptions of
children's science, calls for a method which has to be responsive to the learners
involved and which recognises their individuality and idiosyncrasy, while at the same
time it allows a systematic attempt to explore this individuality. As Driver & Easley
(1978) have long suggested:

In learning aboul the physical world, alternative interpretations seem to be the
product of pupils' imaginative efforts to explain events and abstract communaiities
they see between them (p. 62).

The Interview-About-Instances (I.A.I.) technique appears to reveal representations, or
investigate topographies of children’s conceptions in a non-threatening, friendly way,
within a framework of open discussion between participants. It consists of tape
recorded dyadic discussions between a researcher and a learner using a deck of cards
and mainly focusing on applications of a single word (Osborne & Gilbert, 1979a;
1979b; 1980a; 1980b; Gilbert, Watts & Osborne, 1985). The cards consist of a series
of line drawings which depict various situations, where a specific concept in science
may (or may not) be seen to be involved. The pictures are usually designed around a
single concept (as a physicist would perceive it). The deck of cards usually contains a
variety of clear cut examples, some non-examples and sometimes a number of
'borderline cases' which can be described as unusual or unorthodox applications of the

concept under investigation.

The interviewees are asked to decide whether the instances depicted on the cards are
examples or non-examples of a certain concept according to their understanding of it
and to give reasons why they think so. These reasons are probed using, as far as
possible, the learners' language for the description of the instances. In some of the
depicted instances, a 'dynamic element' is present, which requires some sort of

prediction from the learner for the outcome of a certain situation.
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The interviews are semi-structured and an informal discussion is allowed to develop
concerning various meanings or conceptions of a certain concept or phenomenon.
The recordings of the interviews are fully transcribed and a scheme for analysis is
developed dependent upon the specific purposes of an inquiry. The 1.A.l. approach
has been used to explore a range of topics, e.g.force, energy, heat and light (Watts

1983a) or light and colour, force and movement (Zylbersztajn, 1983).

Some of the advantages of the technique are that it can be applicable over a wide age
range, it appears to be enjoyable for both the interviewer and the interviewee and it is
concerned with the learner's view rather than merely examining if the learner has the
correct scientific view. Moreover, it seems to have advantages over written answers
in terms of flexibility and depth of the investigation. On the other hand, some
limitations may arise from the problem of choosing a small but adequate set of
instances, or from the claim that the order of instances may influence learners'
responses. Furthermore, the conduct of interviews, the transcribing, the analysis of

transcripts and the reporting of the analysis appear to be time consuming processes

(Osborne & Gilbert 1980b).

Bearing in mind the context of the interview-about-instances technique "examples" of
the word are usually defined as instances of the concept and "non-examples" are
usually defined as non-instances of the concept. Within the context of the present
inquiry, the interview-about-instances technique has been modified in a way that the
cards depicted only instances where frictional phenomena were present (Pre-
Intervention interviews), or instances of the concept of friction (Post-Intervention
interviews) (cf. § 3.4). This is because the main aim of this inquiry has been to
investigate children's alternative conceptions about friction and frictional phenomena
and highlight some aspects of their change from naive or intuitive to more elaborated
and advanced. In this respect the interview cards have been used as instances or
springboards for discussion about frictional phenomena and friction. Summers et al.

(1993) have used the interview cards in a similar way in order to investigate teachers’

81



Chapter 3 Research Methods and Research Design

alternative conceptions about force, friction, energy etc., and how these change over
time. Thus, it was not intended to use the interview cards in order to investigate the
meaning and conceptualisation of a certain word-concept in terms of children’s
classifications of the cards as instances and non-instances of that word-concept.
Instead, they were used to elicit relevant pieces of knowledge, explanatory statements

and propositions within the context of the depicted instances.

3.4. The generation of the interview cards

The generation of the 1.A.l. cards is a step by step process. It has been suggested that
a certain algorithm can be followed. Although there have been some adaptations
within the context of this inquiry, the algorithm presented by Watts (1981) and by
Gilbert, Watts & Osborne (1985) has been adopted and followed. The phases of the

suggested algorithm are the following:

Identify scientists’ meaning of the word (under investigation)
Analyse the scientists' science view (about the word-concept)
Identify ’criteria! attributes’ of the word in scientists’ science
Identify 'non-criterial attributes' of the word in scientists' science
Identify sources of possible linguistic confusion

Identify sources of invalid use of the scientists' science meaning

I A

Review other work in 'children's conceptions' (about the word-concept under
investigation)

h. Producing cards (design of the depicted instances)

j. Ordering cards into a deck. (Watts, 1981, pp. 4-8; Gilbert, Watts 8i Osborne, 1985
pp. 13-16)

Most of the phases of this algorithm, (a-f) and (h-j), in reference to the words-
concepts of "force" and "friction", are considered in the following parts of this
section. A review about children's conceptions on friction is presented in Chapter 2

(cf. §2.6).

It needs to be pointed out though, that the reason why the word-concept of "force" is

also under consideration here, is because the elicitation of children's ideas about
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frictional phenomena or frictional effects, in the interviews conducted before the
teaching intervention, was seen through some of their conceptions of "force" (cf. §
3.5). Thus, although the word "force" was used in the "focus questions” (meaning the
questions that were printed on the cards below the drawing of an instance), the
discussion that followed focused on an implicit elicitation of children's explanations
of frictional phenomena, without necessarily naming them as such. This was
achieved with some "key questions" that were prepared in advance and they aimed to

probe and investigate such conceptions and/or explanations (cf. § 3.5).

All of this process was designed in order to avoid asking children explicitly about
their conceptions of "friction" by actually using the wordfriction, before the teaching
intervention. A rationale for this can be expressed with a couple of arguments listed

below.

"Friction" does not seem to be such a common word in the everyday vocabulary of
10-11 year-old children, or at least not as common as "work", "energy” or "force".
This assumption was corroborated by the fact that in the pre-intervention interviews,
only one child referred to the term of "friction" (cf. § 4.1), and during most of the
time of the teaching intervention the children were using words like "gripping",
"catching", "holding" or "slipping" to refer to frictional phenomena under
investigationl Nearly at the end of the last teaching session the term was introduced

and put into the context of their investigations (cf. § 4.2 and § 5.2).

On the one hand the research could try to investigate children's conceptions about a
word that they do not frequently use and perhaps they have a rather poor context of
meanings and/or conceptions. On the other hand it could choose an implicit way to
investigate conceptions of frictional phenomena, through children’s explanations
about them and within a context of conceptions about "force". It seems more
appropriate to do it in this second way, within a context of a rather holistic approach

1 All these for the English language of course, because things can be quite different in Greek (cf. § 2.1).
Nevertheless, the same policy was also followed for the stud) in Greece.
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that includes an investigation of children’s conceptions before and after a teaching
intervention, with a focus on anticipated conceptual change. Some points of critique

on these arguments are considered in the last chapter.

A presentation of the phases of the algorithm for the generation of the interview cards

within the context of this inquiry follows.

3.4.1. Identify scientistslmeaning of the wordsforce andfriction

If some science text books are reviewed, a number of views aboutforce can be found

like the following ones:

A force is a push or a pull.

» Forces act in pairs.

A force can make things change shape.
* Force is something that can change the state of motion of an object, as when a
golf club hits a stationary ball. Forces can also maintain the position of an object,

as when somebody holds a ladder steady against a wall.

The total force on a body moving at constant velocity is zero (0).
* Forces are interactions of nature. There are four fundamental forces which
control the behaviour of everything in the Universe (gravitational,

electromagnetic, strong and weak).
A similar approach for the word friction produces meanings as follows:

* Friction is a force which opposes the movement of an object.
» Friction may cause heat, as when a meteorite enters the atmosphere. The heat that
is generated by friction is almost always enough to burn it before it reaches the

ground.

Friction can be present between surfaces even if they are not in relative motion.

Rolling friction is a lot smaller than sliding or static friction.

3.4.2. Analyse the scientistslscience view

This kind of analysis is in terms of the vagueness and ambiguity of the words, force
and friction. According to Quine (1960):
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Vagueness is a natural consequence of the basic mechanism of learning. The
penumbral objects of a vague term are the objects whose similarity to ones for which
the verbal response has been rewarded is relatively slight. Or, the learning process
being an implicit induction on the subject's part regarding society's usage, the
penumbral cases are the cases for which that induction is most inconclusive for want
of evidence. The evidence is not there to be gathered, society's members having
themselves had to accept similarly fuzzy edges when they were learning, (p. 125)

The distance between the denotative meaning and the connotative meaning of a word
constitutes its range of vagueness. For the word force the range of vagueness is low
(Gilbert, Watts & Osborne, 3985, p. 13). Force can be mainly viewed within the four
basic interactions of nature (gravitational, electromagnetic, strong and weak).
Friction is a force and can be mainly attributed to electromagnetic interactions at

molecular or atomic level.

The ambiguity of a word is different from its vagueness. As Quine (1960) puts it:

Vague terms are only dubiously applicable to marginal objects, but an ambiguous
term such as 'light' may be at once clearly true of various objects (such as dark
feathers) and clearly false of them. Sometimes the ambiguity of a word is resolved
by the rest of the sentence that contains it; thus 'light' when followed by 'as feather'.
But sometimes the ambiguity of a word infects the containing sentence; thus 'bore' in
'Our mothers bore us'. Then either it is resolved b)’ broader circumstances of
utterance, e.g. some contiguous remark on birth or boredom, or else communication
fails and a paraphrase is in order." (p. 129).

Thus, multiple but equally legitimate meanings of a word constitute its ambiguity. In
physics the ambiguity offorce is very low (Gilbert, Watts & Osborne, 1985 p. 14),
but within a societal context of the usage of the word some ambiguity exists
especially when the word is used as a verb. For example, we say "she was forced to

do that, although she didn't want to”, "force a person's hand to do something" etc.

In physics the ambiguity of the word friction seems to be very low. Friction, as a
phenomenon, is difficult to be described and analysed, but if we deduce its primary
conception to one of the four basic interactions of nature, the electromagnetic, some
common agreement amongst scientists has instantly been achieved.2 The societal
context of the usage of the word friction may enclose some degree of ambiguity,
especially when it is used in a metaphorical sense. Thus, we may say "there's a lot of
friction amongst political parties these days" or "noise is the main source of friction in
the relationships of neighbours". In these cases,friction has a meaning of a difference
of opinion, often leading to an argument and quarrelling. It could be claimed, in a

rather conjectural way though, that the word friction is not often used, or at least it is

2 For more information on these issues sec the respective analysis in Chapter 2. Some brief comments arc only
presented here.
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not used as frequently as the word force within the daily vocabulary of 10-11 year old

learners.

3.4.3. Identify 'criterial attributes' of the words force and friction in

scientists' science

Criterial attributes are some essential qualities, which should constitute some basic
characteristics of a word/concept, identified and recognised by scientists, in order to
use a certain word/concept in a generally acceptable way. The criterial attributes for
force have been specified elsewhere (Gilbert, Watts & Osborne, 1985) and they are
the following:

* its magnitude and direction,

+ the body on which it acts,

» the body that exerts the force,

» die nature of the force, for example, the type of interactionoccurring, and

+ the effects of the force, for example, changes of direction, size, shape, (p. 14)

The criterial attributes forfriction are mainly the same, since friction is a force.

3.4.4. ldentify 'non-criterial attributes' of the wordsforce andfriction in

scientists' science

Some statements about certain situations or circumstances, which involve or

demonstrate a particular aspect of a word/concept, can be considered as non-criteria]

attributes of that word/concept (Gilbert, Watts & Osborne, 1985). Forforce some of

these statements are taken from NCC (1992) and some from Warren (1979). Bearing

in mind the context of the interview cards used in this inquiry, they could be the

following:

* Forces can be measured in Newtons.

* Weight is a measure of the force of gravity on an object (NCC, p. 33).

* Objects fall to Earth because of the force of attraction between the object and the
Earth (NCC, p. 26).

e Unless there is a resultant external force acting upon it, any body moves in a
constant speed in a straight line [Newton’s 1st law of Motion] (Warren, 1979, p.
7).

* The greater the mass, the greater the force needed to change an object's movement
at a certain time (NCC, p. 26).

* Forces result from the interactions of bodies. The force exerted by body A upon

body B is equal in magnitude, opposite in direction and in the same straight line
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as the force exerted by B upon A [Newton’s 3rd Law of Motion] (Warren, 1979,
p. 10).

* A turning force (torque) has more effect further away from the pivot (NCC, p.
65).

Forfriction some similar statements could be the following:

» Friction is proportional to the normal force and independent of the area of contact.

* Friction is important and necessary for the movement of wheels or the movement
of people.

e Factors that minimise and/or eliminate friction are: the use of wheels or rollers,
lubrication etc.

* A "surface roughness theory" of friction could be a good approximation for the

explanation of some frictional phenomena, like sliding wood over wood.

3.4.5. Identify sources of possible linguistic confusion

The sources of linguistic confusion can be grouped into three types: antonyms

synonyms and homonyms (Gilbert, Watts & Osborne, 1985, p. 15). Vox force some

linguistic characteristics can be as follows:

* Antonyms: weakness, incapacity, inability, inadequacy, tameness, deficiency etc.

* Synonyms: strength, dynamism, enforcement, potential, impetus, intensity,
power, ability, effect, drive etc.

* Homonyms: fours (quadruples), fauces (a cavity of the mouth), faucet (tap) (op.
cit.), farces (coarsely comic dramatic work based on ludicrously improbable

events).

Forfriction some linguistic characteristics can be as follows:

* Antonyms: slippage, skidding, smoothness, regularity, conformity, uniformity,
harmony etc.

+ Synonyms: rubbing, gripping, sticking, wearing away, rasping, resistance,
abrasion, attrition, chafing, conflict, disagreement, irritation etc.

* Homonyms: fiction (kind of literature describing imaginary events and people),
fraction (a numerical quantity that is not a whole number; a very small piece or

amount).

For the words 'duvajir)' [force] and ’rpipf)' [friction} which were used in the interview
cards for the study in Greece, things are a bit different, but since such linguistic issues

are not the main focus for the present inquiry, a relevant analysis will not be
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presented. Nevertheless, some other linguistic issues concerning conceptual
understanding and development will be taken into account in the following chapters
(cf. §2.1.).

3.4.6. Identify sources of invalid use of the scientists' science meaning for

force andfriction

Common use of certain meanings of these words are probably the major source of
invalid use of scientists’ science meaning for them (Gilbert, Watts & Osborne, 1985,
p. 15). There can be several such examples for force like the following: “forced
labour”, "forced landing”, “force the issue”, “the force of the argument”, “forced
march” etc. Some respective examples for the word friction may be found within the
context of its metaphorical meanings such as the following: ”there’s often friction

between parents and children", "political friction between two countries” etc.

A second source of invalid use of the scientist’s science meanings can be the misuse
of such words within various contexts of scientific discourse (op. cit.). This kind of
misuse of words often causes confusion for scientists and learners. A collection of
misuse of force , mainly derived from text books has been identified by Warren

(1979). Such examples of misuse can be the following:

* The supposition of force where none exists, to account for effects noted in a
situation (Gilbert, Watts & Osborne, 1985, p. 15).

* The omission or misuse of vector components, as in the case of the system of
forces supposed to produce equilibrium when friction acts in the surfaces between
a block and a bench (p. 11).

* An inadequate description of the bodies exerting the forces in the situations where

the interactions are taking place, as for example a body resting on a table (p. 58).

Some respective example-statements for friction are also found in Warren (1979)

such as the following:

*  "One very common use of the term “reaction" occurs in the discussion of friction"
(r-12).

* "Confusion between pairs of forces acting on different bodies (according to the
third law) and pairs of forces acting on a single body that is in equilibrium
(according to the first law) is sometimes explicitly taught. Thus when one pushes
a table the force of friction exerted by the ground on the table preventing
acceleration is wrongly called the reaction to the force exerted by the hand” (p.
12).
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* "Although it is a very common phenomenon, rolling friction is rarely mentioned
other than in specialist advanced courses, and much confusion arises from
attempts to interpret frictional resistance to vehicles or bodies rolling down slopes

in terms of sliding friction" (p. 30).

3.4.7. Producing the cards

Choosing the instances which are going to be depicted on the interview cards is the
most difficult task of the whole process. Several issues need to be taken into account
such as the overall aims of the inquiry, the purposes of using the interview cards

within that context and finally the choice and the design of appropriate instances.

The design of the interview cards is "a mixture of art and science" (Watts, 1983a, p.
2.24; Gilbert, Watts & Osborne, 1985, p. 16)3. The same style, format and outline
that has already been used in earlier studies (Osborne & Gilbert, 1979a; Stead &
Osborne, 1980; Watts, 1983b; Osborne & Freyberg, 1985) are also adopted and used

here.

We lift the table up a little bit from one of the sides.
The book does not slide down.

Thus, line drawings of various objects
and the "stick people" are mainly
depicted on the cards. All of the
depicted instances are two-dimensional

drawings, although some shading is

Do you think there is any force keeping it there?

Fig. 3.1: A reduced interview card used as an used to introduce a sense of
example to illustrate the format and the outline of the

............................. J background, perspective or motion.

Nevertheless, it has been attempted to keep the drawings as simple, plain and clear as
possible in order to convey specific ideas in a more effective way (Swift, Watts &

Pope, 1983, p. 14).

* For the present inquiry the interview cards were designed with the aid of a Macintosh computer. The software
that was mainly used for the design of the cards was MacDraw 1L
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There is a brief description of the instance on top of each card, then the drawing
follows and just below, afocus question is printed, which is used as a springboard to
initiate discussion. The cards have roughly the size an A5 page. Some of the cards
include dynamic elements’ which can be used as further probing instances within the
original ones. For example, the instance depicted in fig. 3.1 includes some 'dynamic
elements' which can be further probed by using some hypothetical "what would
happen if... 7" questions such as the following:

*  What would happen if we lifted the table a bit higher from one of the sides? or,

*  What would happen if the book was bigger? or,

*  What would happen if the surface of the book or the table was smoother or

rougher?
The research assumes that the learners' "predictions and explicit explanations endorse

their tacit understandings and constructions of the situations" (Watts, 1981, p. 6).

The ideas for the design of the cards are taken from other relevant studies in the field
and from every-day-life occurrences which are considered to be of interest for young

children4

Most of the instances depicted on the interview cards have been used in other research
projects and some are related instances to those original ones. A board, presenting a
reduced version of the "Pre-Intervention Interview Cards" with relevant comments on

their origin and other related issues, follows below:

The T trying to move the car, be* the car s not moving This card has been used for the elicitation of children's ideas
on the concept of force in Osborne (1980) and in Osborne &
Gilbert (1979) primarily for the investigation of the concept
of work.

It has also been used for the elicitation of teacher's ideas on
the concept of force in Summers, Kruger & Palacio, (1993).

Engine not

Is theres force on the car?

4 For a complete presentation of the Interview cards in the format that they were shown to the children in both
studies, see Appendix IL
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There it a bock oa (be ttblc

Do yoti think there ire »ny loroet here?

Da you tMnk than k uiy Ibfec kacpbg it there?

Nobnkes
No peddling
Stowing down

la thro mlow; on Ihy Mk«7

Do you think tfaoe we my face* here?

Roiling vrith the ikattboud. No ptuhing. Stowing down.

Do you think there «ie «ny forcet here?

Research Methods and Research Design

This card has been used for the elicitation of children's
alternative frameworks about force in Watts (1983a).

As an instance, it has been extensively considered and
analysed in Minstrell (1982).

It has also been used for the elicitation of teacher's ideas on
the concept of force in Summers, Kruger & Palacio, (1993)
and in Kruger, Palacio & Summers, (1991).

This is the only instance in the Pre-Intervention Interview
Cards where the frictional force is not present, in any form
As far as I know, this instance has not been used before,
although similar depicted instances with objects that were put
on tilted surfaces (e.g. a rubber and an ink bottle on the
surface ofa tilted book) have been used elsewhere (Summers,
Kruger & Palacio, 1993, p. 16).

This instance has been used both in the Pre-Intervention
Interviews and in the Post-Intervention Interviews, after
changing the focus question for the latter.

This card has been used for the elicitation of children's ideas
about force in Osborne (1980); Osborne & Freyberg (1985).
It has also been used for the elicitation of teacher's ideas on
the concept of force in Summers, Kruger & Palacio, (1993).
This instance has been used both in the Pre-Intervention
Interviews and in the Post-Intervention Interviews, after
changing the focus question for the latter.

According to my information, this card has not been used
before, although the sky diver instance has been used in Stead
& Osborne (1980) in order to explore friction/air resistance.
The parachutist has been used as a pictorial task in Twigger
et al. (1994) to investigate children's ideas about force and
motion. It has also been used as a computer simulation
scenario in Hennessy et al. (1995) to investigate similar
issues.

The sky diver has also been used for the elicitation of
teacher's ideas about friction/air resistance in Summers,
Kruger & Palacio, (1993). Forces acting on a free fall
parachutist is also an example of what 'pupils could do' in
AT4 of the National Curriculum (DES, 1991, p. 30)

The parachute is a common instance that appears in various
textbooks (Jennings, 1993, p. 84).
This instance with a skateboard rider, has not been used
before, although it is closely related to the bicycle and the
rider.

Many children have skateboards and/or have seen other
children playing with them in streets and squares, thus it
seemed to be a rather common and interesting instance to
present and discuss.

Table 3.2; The Pre-Intervention Interview Cards with respective comments on their origin and previous use

During the development of this inquiry, in the study in Greece, it was estimated that a

couple more cards could be included in the Pre-Intervention Interviews in order to

investigate further some of children's conceptions about frictional phenomena (see

Table 3.3). Hence, it was considered that an instance of dragging a body along a

surface would be challenging in eliciting children's explanatory conceptions of such a
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phenomenon. An instance with a person dragging a chair along the surface of the

floor was used for that purpose. Furthermore, an instance that would seek to

investigate further children’s explanatory conceptions about a notion of a "drag force"

(cf. Appendix I) or air-friction was considered to be of interest (cf. the instance with

the parachute). An instance with two children playing with a tennis ball was used for

that purpose.

Dragging a chair.

i f ' *
Do you think there are any forces here?

Throwing a tennis ball to the child over the
other side.

i 1

Do you think there are any forces here?

As far as I know, this card has not been used before as such,
although one of the cards that Watts (1983a) used a similar
instance that depicted two persons trying to drag a huge
stone.

It depicts an everyday activity and many of the children
claimed to have personal experience of such an instance.

According to my information, this card has not been used
before as such, although it is similar to the one with a golfer
that hits a golf ball and it starts moving through the air (see
Watts, 1983a).

Since golf is not a very popular sport in Greece, I thought I
could use a more familiar instance with children playing with
a tennis ball.

Table 3.3: Two additional Pre-Intervention Interview Cards that were used in the study in Greece with
respective comments on their origin and previous use

A similar presentation for the Post-Intervention Interview Cards can be as follows:

WaUnf Harit*ind Ijten 773 friction hat?

0o

JL

Rirtsaopi oo i

Do yuthizkfiicionli keepinghthee?

This instance has not been used before as such, although in
Stead & Osborne (1980) and (1981) a person was depicted in
a card walking and slipping because of a banana skin which
was left on the pavement.

The idea was taken form McClelland (1983) where he
describes how a person manages to walk.

W alking is a natural every-day process but we rarely think
about the role of friction in this process. Thus, it was
considered as an interesting instance for discussion.
According to my information, this instance has not been used
before, although similar depicted instances with objects that
were put on tilted surfaces (e.g. a rubber and an ink bottle on
the surface of a tilted book) have been used elsewhere
(Summers, Kruger & Palacio, 1993, p. 16) aiming, mainly, to
investigate teachers' conceptions of friction.

This instance has been used both in the Pre-Intervention
Interviews and in the Post-Intervention Interviews.

In the Post-Intervention Interviews the focus question of this
card has been changed, since the word 'friction* is used
explicitly within the context of the interview discussion.
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Do yoa think friction *low» down the Uke?
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This instance was inspired from the experiments that took
place during the teaching interventions. It links directly to
experiments that were conducted by Leonardo and Amontons
or even by Coulomb (cf. Chapter § 2.2).

A similar instance has been used as a task in Champagne &
Klopfer (1984) in an attempt to investigate children's naive
theories (p. 185).

Since this kind of experimentation was one of the basic
means for the exploration of the nature of friction, it seems
like a natural consequence to have a discussion about it,
within the context of the Post-Intervention Interviews.
Similar instances with boxes on slopes have been used in
Osborne (1980); Osborne, Scholium & Hill (1981) and
Gilbert, Watts & Osborne (1985).

Boxes on slopes, have also been used, as instances, for the
elicitation of teacher's ideas on the concept of frictional force
in Summers, Kruger & Palacio, (1993) and in Kruger, Palacio
& Summers, (1991).

The truck and the sloping board are part of the instance here,
adding some sense of familiar context for this card.

This is a double card, since two instances are depicted on it.
These instances have been used in Stead & Osborne (1980)
and (1981), during their interview study about children's
ideas on friction and in a questionnaire aiming to explore
children’s views on friction and movement.

Games with the slide are rather frequent and common among
children and they have personal experiences of relevant
instances.

This card has been used for the elicitation of children's ideas
about force in Osborne (1980); Osborne & Freyberg (1985).
It has also been used for the elicitation of teacher's ideas on
the concept of force in Summers, Kruger & Palacio, (1993).
This instance has been used both in the Pre-Intervention
Interviews and in the Post-Intervention Interviews.

In the Post-Intervention Interviews the focus question of this
card has been changed, since the* word 'friction' is used
explicitly within the context of the interview discussion.

Table 3.4: The Post-Intervention Interview Cards with respective comments on their origin and previous use

A respective presentation of the Interview Cards from the ’physicist's point of view'

(vector analysis), in reference to the depicted instances, accompanied by some

comments, can be found in Appendix III. Similar analyses have been presented in

Osborne, Scholium & Hill (1981, p.38-40) and in Gilbert, Watts & Osborne (1985, p.

23).

3.4.2. Ordering the cards into two decks

The cards that were used in the pre-intervention interviews in England were presented

to the interviewees randomly and this didn't seem to affect their responses. In the

post-intervention interviews the cards were ordered in a sequence that is presented in
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Appendix II (pp. 05 -10). Similarly the interview cards that were used in the study in
Greece are presented in the order that they were discussed with the interviewees in
Appendix II (pp. 11-17). A couple of pilot interviews, that were initially conducted in

each country respectively, helped to put the cards in a certain order.

3.5 The interview settings in England and in Greece.

In England the interviews were conducted at a small foyer, which was quiet and very

rarely people passed by.

sink .window

During the interview

I L N AN AR
o7*7 1 xTv [ /] 11 1 111 ///"/_llé . .
vy . process, the interview
%Wi4 Interviewee Interviewer
cooker HIsl AT

Ry cards and a notebook were
. placed on the table, in

mi
front of the interviewer. A

Corridor

. . small tape recorder was
Fig. 3.2: A pictorial representation of the interview setting for the s

LT 0 G0 B 1 3 I aiso piaCed on the table

and a sensitive, mini microphone was stuck on a piece of plasticine in front of the

interviewee (see fig 3.2).

~  Door AWindow
Interviewee Interviewer
In Greece the interviews were
conducted in one of the
classrooms which was mainly
used as a science laboratory for
the two upper classes of the
Chalkboard
Fig. 3.3: A pictorial representation of the interview setting for j primary school.
the study in Greece. i
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In both studies, the interview setting was within familiar school areas, hoping that the

children would perceive them to be a convenient, non-threatening environment.

3.6. The conduct of the interviews

Within the context of the present inquiry and in both studies (England & Greece), the
interviews were conducted in two phases, using two decks of cards. Some interviews
were conducted before the teaching intervention and are called Pre-Intervention
Interviews and some were conducted after the teaching intervention and are called

Post-Intervention Interviews (see fig. 3.4).

Pre-Intervention Post-Intervention
Interviews Interviews

3.4; A pictorial representation of the sequence in the conduct of the interviews.

In both studies the researcher approached the teachers of the classes (Year 6 and E'
Grade respectively) and explained to them what he wanted to do and the extent of the
involvement of the teachers and the children. Both of the teachers agreed to
collaborate, but they also suggested that permission was needed from the head-teacher
of each school. Hence, in each case, the researcher and the teacher arranged a
meeting with the head-teacher of the school, where the purposes of the inquiry were
discussed together with the extent of involvement of the participants. The researcher
promised to be discreet in the conduct of the research and also to handle the obtained
data with anonymity. In this respect, both of the head-teachers gave permission for

the conduct of the inquiry in their schools.

All of the interviews were conducted in the native language of the children involved
in the two studies, in English and in Greek respectively. In both cases the children
were asked if they wanted to be interviewed with the presence of a tape recorder and
the answer was affirmative, with no exceptions. The interviewer always explained in

advance that he is very interested to hear what they have to say about the instances
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depicted on the cards and that it would be easier for him to use the tape recorder, so
he can concentrate in the conversation instead of keeping notes, which would take
more time and distract the attention of both, the interviewer and the interviewee. The
children were told that the interviews are confidential, but they could always listen to
what they have said, if they wanted to do so. Some children asked to listen to
themselves after the end of an interview and that happened, whereas most of the
children did not appear to pay any attention to the tape recorder and concentrated on
the discussion, which they seemed to enjoy, as they mentioned. It was pointed out
repeatedly that there were no "right" or "wrong" answers in what they were going to

say in the interviews and they were encouraged to express their views freely.

The interviewer had visited both of the schools many times and there was a friendly
relationship with the children, since he had spent some time talking to them during
the breaks or whenever it was possible. Especially the English children were very
curious to learn things about Greece and Greek people and there was always a topic

for discussion.

Each of the pre-intervention and the post-intervention interviews lasted approximately
fifteen to twenty minutes. In England nine (9) children were interviewed twice, once
before and once after the teaching intervention, whereas in Greece the respective

number of interviewed children was ten (10).

During the course of an interview the children are asked some questions in order to
elicit their conceptions. Some of these questions can be called view-finders (Bell,
1995, p. 355) and they aim to encourage children to talk or explain further a certain
issue. Hence, questions like "can you tell me more about that?", "can you think of
another example?"” or expressions like "I don't quite understand. Could you explain
that to me again?", "That's an interesting idea. Can you explain that a bit?", are all

viewfinders in a way that they probe further children's thinking.

96



Chapter 3 Research Methods and Research Design

In this inquiry, apart from these questions and expressions, some other kinds of
questions were also used in the conduct of the interviews. Thus, in the pre-
intervention interviews some 'key questions' were used in order to probe children's
understanding and explanations on certain aspects of the depicted instances, where
friction and/or frictional phenomena are present (cf. relevant analysis in Appendix
III). Moreover, each card was anticipated to elicit certain aspects of children's

conceptions and explanations about the depicted instances.

Some of the purposes for using each card within the context of this inquiry are
presented below (Table, 3.5), together with some key-questions which aimed to probe
children's understating and conceptions during the conduct of the pre-intervention

interviews.

Is there aforce on the car?

* Do you think there are any forces at the touching points of the wheels
(or tyres) and the ground?

* Why do you think the car is not moving?

This card aims to elicit children's understanding and explanations

about the motionless condition ofthe car

Do you think there are anyforces here?

* Do you think there is any force from the table towards the book?

* Do you think there are any forces from the floor towards the legs of

the table?

This is card was used as an introductory card to thefollowing one. It is
the only card thatfrictional phenomena are not present. Nevertheless,
the card aims to elicit some of children's conception ofweight & gravity
or a possible notion ofa reaction force.

Do you think there is anyforce keeping it (the hook) there?

* Do you think there are any forces at the touching points of the book
and the surface of the table?

* Why doesn't the book slide down the table?

* What will happen if we lift the table a bit higher?

This card aims to elicit children's ideas and explanations about the

motionless condition of'the book on the tilted table.

Is there aforce on the bike?

* Do you think there are any forces at the touching points of the wheels
(or tyres) of the bike and the ground?

* Why does the bike slow down and eventually stop?

This card aims to elicit children's ideas and explanations about the

slow-down ofthe bicycle and the reasons why it happens
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Do you think there are any forces here?

* Why does the parachute go down slowly?

* Do you think that wind is a force here?

This card aims to elicit children's ideas and explanations about the
slow descent of'the parachute in the air and how this affects its motion

Do you think there are any forces here?

* Do you think there are any forces at the touching points of the wheels
(or tyres) of the skateboard and the ground?

A yoosses * Why does the skateboard slow down and eventually stop?

1This card aims to elicit children's ideas and explanations about the

slow-down of'the skateboard and the reasons why it happens

Do you think there are any forces here?
* Do you think that there are any forces exerted at the ball when it is in
the air?
* Do you think that the ball has weight when it is in the air?
This card aims to elicit children's ideas and explanations about the
t ! i forces acting on the ball while it is in the air, or about its weight and to
identify any possible ideas about air-friction (or resistance).

Do you think there are anyforces here?

* Do you think there are any forces at the touching points of the chair
and the ground (or floor)?

 Is it easier to move the chair by lifting it or by dragging it?

This card aims to elicit children's ideas and explanations about

dragging an object on the surface of the ground and identify some

possible advantagesfor doing so

) Table 3.5: The focus questions and some relative key questions referring to the Pre-Intervention Interview cards.
It should be noted that there are no frictional phenomena in 'the book on the table'
instance. But, as it was indicated from the pilot interviews5, the children had some
difficulties in understanding the 'book on the tilted table’ instance. Thus, it was
considered that an "introductory card" was needed for a better comprehension of the
latter instance. This is how the 'book on the table' instance was used in the pre-
intervention interviews, although it also revealed some interesting conceptions about
"weight", "gravity" and the "resistance" or "reaction" of the table (cf. § 4.1.b and §

5.1.a).

In the post-intervention interviews some ‘explanatory questions' were used in order to
probe and investigate children's conceptions of friction and frictional phenomena.
Some of these explanatory questions, together with the purposes of using these cards

in the post-intervention interviews, are presented in the table that follows ( Table 3.6).

5 Two or three pilot interviews were conducted in each country respectively, in different schools from the ones
that the two studies took place.
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Is there anyfriction here?

* Where do you think that friction exists?

* Can you describe it a bit? (how the shoes are rubbing, touching the
ground etc.)

This card aims to elicit children's conceptions of friction in their

attempt to explain how the person manages to walk rather than slither
or side (as on ice)

Do you thinkfriction is keeping it (book) there?

* Where do you think that friction exists?

* How do you think that friction exists at the touching points of the

surface book and the surface of the table?

* What will happen if the table is lifted a bit higher?

* Will there be any friction if the book starts sliding down the table?
This card aims to elicit children's conceptions of friction in their
attempt to explain how the book remains stationary on the surface of
the tilted table, but also to express their opinion about the existence of
friction when the book starts sliding on the surface ofthe tabletop

Do you thinkfiction keeps it there?

* Where do you think that friction exists?

* Why do you think that the block does not slide along the surface of

the table?

* What will happen if we put more weight in the tray?

* Is there any friction when the block is sliding?

This card aims to elicit children's conceptions of friction in their
attempt to explain why the block remains motionless on the surface of
the table, but also to express their opinion about the existence of
friction when the block starts sliding on the tabletop

Do you think there is anyfriction here?
* Where do you think that friction exists?

* What will happen if the slope is lifted a bit higher?

* Will there be any friction if the box starts sliding?

This card aims to elicit children's conceptions of friction in their
attempt to explain how the box remains still on the surface ofthe slope,
but also to express their opinion about the existence offriction when the
slope is lifted a bit higher and the box starts sliding

A. Do you think there is anyfriction here?

* Is there any friction when the person is sliding?

* Where do you think that friction exists?

* How do you think it is created?

This card aims to elicit children's conceptions about the possible
existence offriction when a person goes down the slide

B. Do you think there is any friction here?

* Where do you think that friction exists?

* How do you think that the person remains stationary up on the slide?

* Where do you think that there is more friction, in A or in B situation?
This card aims to elicit children's conceptions about the possible
existence offriction when a person remains unmoved by holding steady
with the hands pressing on the slide
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Do you thinkfriction slows down the bike?

e Where do you think that friction exists?

* Why does the bike slow down and eventually stop?

* What happens at the touching points of the tyres and the ground?
This card aims to elicit children's conceptions of friction in their
attempt to explain why the bicycle slows down and eventually stops

Table 3.6: The focus questions and some relative explanatory questions referring to the Post-Intervention
Interview cards.

It should be noted that the word "exist", at the end of the questions, was mostly used
in the interviews in Greece, whereas expressions like "there is" or "is there?" were
mostly used in the respective explanatory questions in England. This didn't seem to
create any difficulties in the understanding of these questions and the children were
able to express their views without problems of interpreting the questions (cf. relevant

interview analyses that follow).

3.7. The transcription of interviews

The transcription of interviews is not an easy task. On the contrary, it proved to be
challenging and time consuming. The transcriber has to confront several difficulties
even though the primary concern of this approach is on the accuracy of the
presentation of the content of the speech, while the representation of the intonation or
pitch seems to be relatively unimportant (Watts, Harrison & Gilbert, 1982). The
discussion that takes place during the course of this kind of interview is discontinuous
and it is often interrupted or even punctuated by facial gestures, laughter, coughing,
faltering and irregular pausing. The conversation is rather difficult to follow since it
is full of inconsequence, anacoluthic statements 6, confusion and/or contradiction. It
is quite possible that the interviewee is distracted for some reason, like some loud
noise form the class next door or even the presence of the tape recorder itself. This
kind of distraction tends to reinforce the inconsequence of the conversation although

there had always been always an attempt to avoid such effects. Bearing in mind all

* A statement, sentence or construction which lacks grammatical and often logical sequence can be called
"anacoluthic" (from the Greek anacoluihon: not following any form of sequence)

100



Chapter 3 Research Methods and Research Design

this composite context of the interview discourse, it is inevitable that the transcription
of an interview becomes an interpretative activity, since what is written is
considerably selective (Watts, 1983a, p. 2.33). It can also be argued that the
transcription of an interview becomes “a translation prepared by the transcriber"

(Gilbert, Watts & Osborne, 1985, p. 18) (cf. Appendix IV 7).

All of the tape recordings used in this inquiry were transcribed by the interviewer who
acted a twofold role of the transcriber and the analyst. The two-phase-approach
described by Watts, Harrison and Gilbert (1982) was adopted for the transcription of
the interviews. During the first phase the transcriber went through the entire tape
recording and put down words and noises verbatim. The main focus was on the
sounds, but hesitations, pauses, laughs, sights, coughs etc. were also included. During
the second phase, the tape was replayed and intonation and comments were added,
often with the aid of some notes that were kept while the interviews were conducted.
All the interviews were transcribed in the language th'at they were conducted.
Therefore, the interviews that were conducted in Greece were transcribed in Greek

(cf. samples of interview transcripts in Appendix V).

One important parameter that has to be kept in mind is that no matter how accurate or
well-annotated a transcript turns out to be, it is always a level beyond what actually
occurred during the course of the interview. As Watts, Harrison and Gilbert (1982)
put it, “transcripts must provide basic data for detailed study and it is important to
remember that they are not raw data, but represent the 'transcriber's-eye-view'of the

actual eventl(p.1 1).

3.8. The analysis of the interview data and some relevant considerations

In the present inquiry and for both studies, the interview analysis is conducted in two

phases and two levels. Hence, the first phase is the analysis of the pre-intervention

In Appendix 1Y there is information on the style, notation and format of the interview transcripts
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interviews and the second phase is the analysis of the post-intervention interviews.
Both of these phases constitute the first level of analysis which is about learners'
alternative conceptions which are related to the depicted instances of the interview
cards. The second level of analysis refers to a comparison and interpretation of the
pre-intervention and post-intervention interviews of two learners in each study, on the
basis of anticipated conceptual change. Each learner constitutes a case and some
aspects of his or her conceptual change, about friction and frictional phenomena, are

highlighted, commented and interpreted.

For both of the phases of the first level of the analysis each interview transcript was at
first read carefully to gain some general understanding of the learner’s conceptions.
Then each interview (pre-intervention and post-intervention) was separated into a
number of parts, each time equivalent to the number of the interview cards and the
learners' responses for each interview card were analysed. Each response was treated

seriously, whether it was more difficult to be interpreted or not.

The first step of the analysis was to take a single transcript and analyse the learner's
responses to certain instances, or relevant questions which referred to some aspects of
the instances (cf. § 3.7). Thus, some inferences were made for the learner's
conceptions for each depicted instance and they were recorded. Then a second
transcript was taken and the same process was followed. After that, the same with a
third transcript and so on. This process formed tentative groupings of conceptions
that were checked and reconsidered after each transcript was brought into the pool. In
this way all of the statements, or children’s utterances, are accounted for, and the
analysis refers to conceptions from all of the learners involved in each study

respectively.

The analysis of each card aimed not only to construct groupings of conceptions, but
also to highlight some interesting alternative conceptions that could not be included in
any of the groupings. It should be noticed here that the term "groupings" is used

instead of the term “categories" for the following reasons:
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* The number of learners in each study is too small (nine in England and ten in

Greece) to claim that "categories” of responses are to be constructed.

» Usually, when responses are "categorised" certain criteria are used in terms of
frequency of appearance of a certain response of an individual within an interview
or a series of interviews. For example, Engel (1982) limits categories to one
response per question for each interviewee, but she also admits that it was
common for different parts of responses to fit into different categories. In this
inquiry such criteria are not established or used in the analysis of the interview
data, which is mainly conducted on the basis of "grouping” responses which are
construed to have similarities in the meaning of the utterances they refer to.
Hence, they are mostly groupings of responses referring to particular questions or

certain parts of the flow of the conversation in the interviews.

* The term "grouping” is preferred to the term "category" because it appears to be

more flexible, without the rather rigid denotations of the term "category".

In this sense, the groupings of conceptions were not ascribed any labels or headings,
but were described with propositional statements instead. Nevertheless, these
groupings of conceptions "are not individualised and present an interpretation of
statements at general, but functional level" (Watts, 1983a, p. 4.15). Furthermore,
some "alternative conceptions", that could not be included in any of the groupings,
are presented and interpreted in terms of "personalised constructions of an individual"
(Watts, 1983a, p. 4.10). Hence, the term conception is used "to describe talk and
accepted meanings which are entirely idiosyncratic or generaliseable - in fact
anything that is attributable to a single person" (ibid.). Alternative conceptions are

presented at the end of the analysis of each interview card.

The second level of analysis aimed to overview and compare children's conceptions
from the pre-intervention and the post-intervention interviews, in order to reveal some

aspects of their conceptual change (cf. § 4.5 and § 5.5 respectively).

Although firm criteria were not used in the construction of "groupings of

conceptions", certain "warrants" were kept in mind in the construction of conclusions
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and the development of subsequent arguments about children’s conceptions and

conceptual change.

Lythcott & Duschl (1990) refer to Toulmin's (1969) ideas about the four pieces of an
argument {data, conclusions, warrants and backings) to point out that a sound
argument would show how conclusions are drawn from the data via warrants, which
are supported by backings. Thus, if the data are sound, and if the warrants are
legitimated by the authority of acceptable backings, then the interpretation drawn

from a certain research project should be, at least, granted (Lythcott & Duschl, 1990).

As Toulmin (1969) refers to them, warrants are assumptions or propositions that
allow one to move from data to conclusions. They function as guarantees that
authorise the steps one takes towards defensible conclusions. Hence, “data is what we
have to go on, warrants is how we get there" (Lythcott & Duschl, 1990). Usually, a
warrant has a general hypothetical form which is similar to a major premise.
Warrant-using arguments, are arguments that move from data to defensible

conclusions, via warrants.

In this context Lythcott & Duschl (1990)8 present three warrants which are used, as
they claim, in the development of arguments generated from interview data in the
field of science education. These warrants have been considered seriously in
conducting the interviews and analysing the interview data in the present inquiry.
Thus, they are as follows:

* Novel verbiage used by the interviewee, (verbiage that has not been introduced

into the conversation by the interviewer) reflects part of the learner’s cognitive

system, that is what he or she knows.

*  Words with scientific meaning, may only have the meanings ascribed to them

which are given in the conversation by the interviewees, whether introduced by

8 l.ythcotl & Duschl {1990) use ihc term "verbiage" to refer to "what the children are saying" and in this respect
the term has been maintained here, in the analysis of’their theoretical approach.
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the interviewer or the interviewee; common meanings, scientific or otherwise,

may not be inferred.

*  When verbiage of children, from interviews, is compared to segments of public
domain science knowledge, goodness of fit can be assessed; thus, verbiage that
can be argued as being consistent in meaning with public domain science
knowledge can be said to arise from that learner’s scientific conceptions, or if the
opposite happens, then it can be asserted that the meaning arises from the learner's

non-scientific conceptions, (ibid.)

It is not claimed that these warrants are explicit or that they constitute an exhaustive
set, but it is stressed here that they are kept in mind in order to express defensible
knowledge claims. It is suggested though, that the theoretical framework presented in
Chapter 1 constitutes a set of "backings”, or "world views” behind the warrants

expressed above (Lythcott & Duschl, 1990).

On the whole, the analysis of the interviews is "an act of constructive interpretation”
(Powney & Watts, 1987, p. 158). Thus, the interview data may be construed in
several alternative ways and several alternative analyses may be constructed.
Furthermore, it depends on what one is after and it should be kept in mind that the
"research report is the interviewer’s story of the interviewee’s story" (Powney &

Watts, 1987, p. 193).

3.9. The research design

Within the framework of this inquiry, two studies were conducted, one in England
and one in Greece respectively. The educational setting was one class of children in
each country. Hence, the study in England was conducted with one class of Year 6
children (21 pupils), whereas the study in Greece was conducted with an E’ Grade (23
pupils) of a primary school. A teaching intervention, with a series of three and two
sessions respectively, was organised and conducted in each country. Some children

(9 in England and 10 in Greece) were interviewed before and after the teaching
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interventions in order to investigate their conceptions about friction and frictional
phenomena. Some more information about children's conceptions was also drawn
from assessment materials such as "drawing and writing" tests and concept maps (cf.
§§ 4.2.6.,4.3.,5.2.4., 53.). Some aspects of conceptual change of two cases of
children in each study are highlighted and discussed at the last section of each study
(cf. §4.5 and § 5.5). Most of the features of the research design, together with some

information on the analysis of the interview data are presented in fig. 3.5 that follows.
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Chanter 4.1. Pre-Intervention Interview Analysis (England)

4.1.0. Pre-Intervention Interview Analysis (England)

The purpose of the pre-intervention interview analysis is to identify, present and
interpret groupings of conceptions and alternative conceptions, about frictional
phenomena held by the children of this study, before the teaching intervention and
within a context of conceptions of "force". Each card is treated separately while a

more general overview and discussion is written at the end of this analysis.

For both of the pre-intervention and the post-intervention analyses, speech marks are
used to refer to the children's authentic utterances. Furthermore, it is frequently
attempted to put "anacoluthic statements" into a logical or commonsensical sequence,
according to the interpretation of the analyst, of course. This is done by matching
together pieces of anacoluthic or discontinuous talk, within the same utterance or
between different utterances that refer to the same or similar, in meaning, issues. The
numbers in parentheses that follow to document the analysis, refer to the respective
utterance numbers as they appear in the extracts from the interview transcripts; At the
end of the analysis of each card there is a table which summarises the groupings of
conceptions and some alternative conceptions which refer to the respective instances
depicted on the cards. The nine (9) children that took part in this interview process
are identified by the first two letters of their names (or three, in the one case, where

they were the same).

4.1.a. The card with 'the man pushing the car' instance

Three children (Jo, An, la) appear to he considering a notion of "grip" at the
touching points ofthe car tyres and the ground. They do not seem to regard that as a
force and they suggest that the car does not move because the man is not strong

enough.
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(Jo) appears to be considering a notion of "grip" on the shoes of the man that are
touching the ground and manage hold him there without slipping (011,5). She also
recognises some grip on the tyres , but she appears to generalise that as a
characteristic of the tyres (013). She doesn't seem to think of grip as a force and she
probably sees it as something that is "just happening" (015). She suggests that the car
doesn't move either because of the grip or because the "man is not pushing hard

enough" or "it could be both really" (017).

011.5  Jo » .. also the man's legs are pushing away .. his shoes are gripping on the'
ground .. so.. he can push really .. and not just slip and fall down .. (laugh) the
shoes push on the ground and hold him there ..

012 Int all right .. do you think there are any forces at the touching points of the
wheels and the ground .. /

013 Jo umm .4.. there must be a bit of grip there as well .. maybe that grip., that grip
makes it difficult for him to move it.. you know., there's always grip on the
tyres..

014 Int isthat. grip .. a force then .. /

015 Jo umm .. no you can't really call that a force., the tyres ..his shoes also., arejust
gripping on the ground..

010 Int I see., do you reckon that this grip could be the cause that he can't move the
car../

017 Jo well sort o f.. I am not really sure., it could be that or also the fact that he is not

pushing hard enough., or it could be both really .. /

(An) seems to recognise the force from the man, gravity and a notion of "resistance"
from the groundl (071). He appears to be thinking about the grip as a characteristic
of the tyres which ensures people's safety and prevents the car from sliding on the
surface of the road (073). He doesn't seem to regard grip as a hindrance for the man
to push the car and he suggests that the car remains motionless because the man "is

not strong enough" (075).

071 An yeah .. I see., but he still can't move it., so we have him pushing it ... gravity
pulling the car down .. and resistance from the ground.,

072 Int all right .. do you think there are any forces at the touching points of the
wheels and the ground.. /

073 An umm .. well the car tyres have got to have grip., you know., they've got to
have good grip for roads .. you know., to keep., that keeps you safe., and the
car doesn't slide all around the place..

074 Int do you think that this grip makes it difficult for the man to move the car ../

075 An 1o .. not really .. 'cos I just think he is not strong enough to move the car..
(laugh)..

Along this line of'thinking, there are two children (Ha, Is) who seem to regard the

physical inability ofthe man to move the car as the main reason for the motionless

1 (An) refers to "resistance" as a characteristic of the supporting medium (tloor, table) throughout his interview,
cf. analysis of the 'book on the table' instance.
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condition ofthe car. They appear to he describing some other forces like gravity and
the man's push, but they have some difficulties in explaining why the car remains

unmoving.

For example (Ha) indicates that there is a force from the man (010), the force of
gravity which is actually "pushing" the car on the ground (012) but she doesn't seem
to be considering any forces at the touching points of the wheels and the ground
(014). She seems to be a bit puzzled about the motionless condition of the car and
when a possible explanation concerning "the brakes being on" is rejected (016 &
017), she turns to the physical inability of the man to push it hard enough (018). She
goes on to suggest that if he was a weight-lifter he would be strong enough to push

the car.

010 Ha a pushing force ... at the back of the car ... the man is pushing it .. that's a

force..

011 Int umm hmm .. any other forces here .. /

012 Ha er ..6.. gravity pushing the car on the ground., that's another force on the car ..
pushing it on the ground..

013 Int yeah .. do you think there are any forces at the touching points of the wheels

and the ground.. /
014 Ha er ..6.. no 1don't think so..

015 Int all right.. the man is pushing the car but it is not moving .. can you explain ..
why does this happen .. /

016 Ha er ..4.. is it because the brakes are on .. / (laugh)

017 Int oh.. no .. the brakes are not on right now..

018 Ha well he is not pushing hard enough really., say if he was a weight lifter., he

might .. he could move the car., but he .. he is just not strong enough to move
it..

019 Int all right.. I see ..

020 Ha that's what I reckon ..

(Is) appears to be recognising the force from the man (017), gravity (020) and a
notion of "reaction" from the ground2 (023), but she can't provide an explanation for
the motionless condition of the car. Eventually, she also suggests that the man "is not

strong enough" (025).

017 Is he is pushing it but it is not moving..

018 Int yes., do you think there is any other force., say from the earth on the car.. /

019 Is it's str .. it's., it's flat, so it's not.. umm ..6.. gravity .. /

020 Int gravity., yeah., do you think there are any sort of forces on the tyres.. /

021 Is is it that reaction thing.. /

022 Int reaction.. what do you mean .. /

023 Is reaction from the ground ..

024 Int reaction from the ground., all right ..4.. but since you say that the man is
pushing the car but the car is not moving., can you explain why this happens../

025 Is umm .6.. dunno.. 4.. well.. he is not strong enough., (laugh)..

2 (Is) using the word "reaction" throughout her interview with a rather poor understanding of the term, cf. analysis
of the ’book on the tablelinstance.
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Two children (Da, Ph) seem to suggest that gravity is the reason for the stationary
condition ofthe car. They suggest that gravity somehow holds the car motionless on

the ground, "sucking", or 'forcing" it to stay there.

(Da) appears to be recognising the force from the man who is pushing the car with
"his strength" (085), Then he attempts to explain the fact that the car is not moving
by saying that the wheels are held down onto the ground due to gravity (087 & 089),

which he sees metaphorically as "a big Hoover" that sucks everything onto the ground

(091).
085 Da well.. it's the man actually with his strength pushing the car.. that's one force-
086 Int yeah., but the car is not moving ..

087 Da well.. the wheels are like .. being held down onto the ground..

088 Int how do you think that happens..

089 Da er .4.. with gravity..

090 Int in what way do you think gravity holds the wheels down onto the ground .. 7

091 Da in what way.. /.. 'cos it's like a big Hoover that sucks everything down onto the
ground..

In a similar way, (Ph) suggests that there is more gravity "forcing" alorry down to
theground than a vehicle made of wood which, as he claims, would be ratherlight
(019). Thus, it is quite possibly suggested that gravity is "pulling" the car down to the

ground and somehow it is "forcing it" to remain unmoved.

018 Int but the car is not moving .. do you think there is any other reason for that.. /

019 Ph yeah ... because there is more fo::rce .. if I was trying to push a car... like it
was made of wood .. it was quite light., with wheels it'd move .. but if I was
trying to push a lorry which is about ten tons it wouldn't move 'cos you've got
more gravity forcing it.. pulling it down to the ground..

Two children (Pa, la) seem to he thinking in terms of "imaginary forces" which are
hindering the movement ofthe car. They appear to be exerted in thefront part ofthe

car or on the wheels.

(Pa) appears to be considering an imaginary force "coming at" the car from the
opposite direction of the man's push (124) which is exerted in the front part of the car
(126) and the man "can't push against that force" (128). He goes further to suggest
that this force is somehow related to the wheels of the car because it has "come and
stayed" on them and this hinders them from going round (130 & 132). He doesn't

explain, though, what this force is . Itjust seems to exist there.
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123 Int yeah.. but in this situation the car is not moving .. he is pushing it but it is not
moving..

124 Pa welt there's a force coming at it from the other side..

125 Int where does that force act.. /

126 Pa umm .. I think on the front of the car..

127 Int yeah., what do you mean .. /

128 Pa because like., he is pushing but there's a force from that side .. so he can't push
against that force..

129 Int umm hmm .. do you think the wheels have anything got to do with this.. /

130 Pa yeah., because ,. it's like the force is coming so., the wheels are not moving...

so it's just like stationary., because the force is on the wheels .. there .. it's like
come and stayed on the wheels., 'cos it can't go passed this so it stayed there ..
then the car can't move the wheels can't go around., so., that's what I think..

131 Int so .. do you mean that.. the force that is coming from this direction .. as you
say., is just stopping the wheels there .. I

132 Pa yeah .. it's stopping the wheels going round..

(Ia) appears to be thinking in terms of a set of forces that act in the opposite direction
(on the right) of the push of the man (on the left) and somehow they seem to be
"reacting" as if they are pushing (180). He suggests that the forces are exerted in

front of the engine, in front of thescreen and under the wheels(184-191).

180 Ia yeah .. and he is trying topush it that way .. and the force reacts .. when .. as if  ipointingto the leff]
it looks like pushing..

181 Int which force reacts.. /

182 Ia the one that is going that way.. [pointingto the right]

183 Int yeah .. and where do you think that force exists in which places .. where .. /

184 Ia well.. there, and there .. on the surface there .. there and there and on the way, OLF>&%m mmg%%f%l{nom
up there and there.. screent] B

185 Int so. do you mean under the wheels .. 1

186 Ia yeah..

187 Int but also there in front ofthe engine

187.5 Ia » yeah it's pushing that way.. [pointing to the right]
188 Int .. and there in the front part of the car.. 1

189 Ia yeah. also..

190 Int all right is that how you think the forces are ../

191 Ia yeah .. the forces that push it (the car) that way.. [pointing to the right]

He discusses his view further by suggesting that the force pushing to the right and the
man's force are somehow "matching" each other and as a result the car remains still

(197). He doesn't explain, though, what the nature of this opposing force is.

195 Ia well that force pushes it (the car) that way and there's a force pushing it uP"ards and then to the
along., the opposite way., and it'd stay still..
196 Int do you mean from the opposite way of the man’s force.. /

197 Ia yeah .. so that's pushing it that way.. and he is trying to push it that way and [pointingto the right and then to the
that'd stay still (the car) .. 'cos that matches it., matches the force .. in a way lefll
orso..

There is only one case of a child (Ph) who seems to recognise some "slight friction"

on the tyres as the man tyres to push the car, in parallel with some pressure exerted on
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them (013). He appears to believe that this slight friction exists "on the bits of the

wheels that are actually touching the ground" (015).

013 Ph yeah . there'll be pressure on the car.. 1 mean on the wheels and stuff .. and
there'll be (cough) and there'll be pressure on the tyres when you try to push
it like if they 're not going to move . he is trying to move it but they don't...
friction around about there .. ish..

014 Int where do you think friction exists here .. /

015 Ph  well .. on the wheels basically., on the bits of the wheels that are actually
touching the ground ... not a very much of it . a slight friction .

016 Int a slight friction .. /

017 Ph yeah.

[pointing under the wheels]

SniertU** Cattf

There is some "grip" at the touching points of the wheels
and the ground but it's not really a force.

The man is not strong enough to push the car forward
Gravity somehow holds the car motionless by "pulling" it
downwards or "forcing" it on the ground

There are "imaginary forces" exerted in the front part of
the car and on the wheels hindering its potential movement
There is some "slight friction" at the touching points of the
wheels and the ground

Table 4.1.1: A synopsis of the groupings of conceptions and alternative conceptions from the analysis of the
""man pushing the car" instance with respective numbers of children's respoases (NoR).

4.1.b. The card with 'the book on the table' instance

Most of the children recognise the force of gravity as a pulling force on the book and
on the table. Only (An) seems to make a distinction between "weight" and "gravity"

in the two cards that refer to the book on the table instances.

Five children (Ha, Da, Jo, And, Pa) appear to express the view that there are no

forces from the table towards the book and most o fthem provide their own reasoning.

For example (Ha) appears to recognise the force of gravity as a pushing force which
pushes down the book on the table. She seems to reason that by hypothesising that if
the book was in space it would float up (028). However, she does not think that there

is any force from the table towards the book (030).

024 Ha there's a book on the table .. do you think there are any forces here. . er .6..
well there's a force on the table . 'cos the book . the book is on it . so it's
pushing it down..

025 Int ummhmm..
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026
027
028
029

030

Int
Ha

Int
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and thats gravity.. I think.. because the book is pushing on the table (cough)
yeah..

and .. (cough) umm ..4.. if it was say., like .. in space it would float up., so it's
now pushed down by gravity..

umm hmm.. do you think there are any forces from the table towards the
book.. /

er ..6.. from the table ..4.. no I can't think of any force there., the book is just
pushing the table., (laugh)..

Similarly (Da) has the opinion that there is no force from the table towards the book

(057).

However, he seems to ascribe a supporting role to the table, which he

describes as a "solid thing" that cannot be passed through (055). Thus, he refers to an

aptitude of the table or the material of the table, without any possible

acknowledgement to an upward force.

049
050
051
052
053

054
055

056

057

Da

Int
Da
Int
Da

Int
Da

Int

there is a book on the table ... do you think there are any forces here... /.. same
again... it's gravity which is pulling it..

umm hmm..

er.4.

why do you think the book stays on the table .. I

umm.. it's because of gravity., and if there weren't.. the table the book would
fall straight down...

yeah.. | see..

a bit like., it can't really go through the table .. 'cos the table is like a solid
thing and the book can't pass through the table., (laugh)

yeah., all right .. do you think there is any force from the table towards the
book../

er.. no I don't think so ..

(Jo) refers to a pushing force on the book and various parts of the table which seems

to be gravity (023 & 025), but she doesnt think that there is a force from the table

towards the book. She appears to be considering that the book stays on the table

because the table is "flat" and "stilted", so the table is just holding it there since the

book cannot go down through it (027 & 029).

023

024
025
026
027

028
029

Jo

Int
Jo
Int
Jo

Int
Jo

the book is pushing on the table., and also the legs of the table are pushing on
the ground., and also the top of the table is pushing on the top of the legs., like
a force .. it's pushing them as well..

. then the book probably would go down through it onto the ground..

ofr '~ ~and theiabief

Two children (la, Ph) appear to he holding a conception ofan upwardforce from the

table towards the hook orfrom thefloor towards the legs ofthe table.
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(Ia) seems to recognise that there are forces pushing downwards and he names them
as "gravity" (046). Furthermore, he appears to be considering forces pushing upwards
at the legs of the table and from the table towards the book, although he says that he

doesn't have a name for them (052).

042 Ia yeah., pushing it ..gra.. there's gra.. /.. a pushing down force.. and on the table gg " n tiS Sw uds wme
.. forces pushing the table., yeah .. and there is also a push on the table that table]
wav.

043 Int

044 la

045 Int

046 la

047 Int

048 la

049 Int

050 Ia

051 Int o

052 Ia [pointing under the book and at the

legs of the table]

(Ph) appears to be placing a lot of emphasis on the fact that "everything is pulled
down" (060) and that gravity is pulling the book "straight down". Although he
initially seems to hold the view that there is no upward force from the table towards
the book (064) he seems to be changing his mind later on in an attempt of the
interviewer to probe him to explain his view. Thus, he refers to a "table force" (066)
which is pushing against the book, or to "two equal forces" (067,5). He appears to
have shifted his initial expression and he seems to have accepted the interviewer's

probe that the second view is a better explanation (071).

059 Int

060 Ph

061 Int

062 Ph
down

063 Int

064 Ph
would crash into the table and onto the floor.. anything like that.,

065 Int all right.. so is there a force then ../

066 Ph  well it's the gravity force and it's the table force .. that just makes it (the book)
stay there., it's like the table is pushing against there .. and gravity is pulling (pointing under the book)
the book downwards., so it usually stays there.. \

067 Int right., but are there two forces now...

067.5 Ph » yeah two equal forces

068 Int

069 Ph

070 Int

071 Ph

Later on, during the course of the interview, (Ph) refers to a "support" from the

ground towards the legs of the table or the things that are on the tabletop and he
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seems to think of this "support" in terms of a force because it is somehow pushing the

table up (082).

075

076
077
078

079
080

081
082

Int

Ph
Int
Ph

Int
Ph

Int
Ph

.. yeah I mean .. do you think there is a force from the ground towards the legs

of the table.. /

yeah., the ground is supporting it a lot.. \

what do you mean., supporting it.. /

yeah a lot of support from the ground., like., the table .. if there was no ground

the table would just fall and fall and fall..

all right..

but since the ground is there it can't really go through 'cos it is supporting it..

like all this stuff on this table which are not falling or .. er..
supporting them ... and the ground is supporting the table-
au right and .. that supporting do you think that it is a force.. /

yeah .. 'cos it’s sort of pushing it up ..

'cos the table is

Two children (Is, An) seem to he holding rather ambiguous conceptions of "reaction"

or "resistance" from the table towards the book.

(Is) indicates that gravity is keeping the book on the table (052) but she also senses

that there is a "reaction" from the table supporting the book (056), but she seems to be

uncertain and rather confused about it being a force (058).

050
051
052
053
054
055
056
057
058

Is
Int
Is
Int
Is
Int
Is
Int
Is

gravity...

gravity ... what is it doing.. /

keeping the book on the table ..

all right... any other forces here.. /
mm., reaction.. \

reaction .. what do you mean .. /
umm .. 4.. there from the table ..\

do you mean reaction from the table..

/

yeah .. that's what I mean., er .. the table supporting it (the book) .. sort of

(pointing upwards from the table
towards the book]

(An) refers to "resistance" from the table (038), but she seems to be differentiating

between "weight" and "gravity" which he views as two different forces. She seems to

be holding the conception that since the book is "heavy for what it is" it "adds to the

ease of gravity pulling it down" (040), which is something that wouldn't happen if it

was lighter.

"light" and "heavy".

038
039
040

041
042

An

Int
An

Int

there's a book on the table., do you think there are any forces here .. /.. umm..
there's the weight and gravity pulling it and the resistance of the table., er..
what do you mean.. the weight and gravity., are they two different forces../
well yeah .. say if the .. the book was very light.. gravity would still be a force
on it.... but if., as there is., umm.. as it is .. well quite heavy for what it is., it

adds to the ease of gravity pulling it down..

umm .. I see .. so these are two different forces .. weight and gravity.. /

yeah..
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Later on, he mentions that the table just resists the book from going down but he

doesn't seem to view this resistance as a force (046).

045 Int umm hmm . I see., that's interesting .. you also mentioned something about the
resistance of the table earlier., what do you mean .. /
046 An yeah the table umm it just resists the book from keep from keep going

down to the ground..

e There is no upward force from the table towards the book
or from the floor towards the legs of the table.
* the table is like a solid thing
¢ the table is flat and stilted

* There is an upward force from the table towards the book
or from the floor towards the legs of the table which
supports the book and the table.

* There is some kind of "resistance" or '"reaction" from the
table towards the book or from the floor towards the legs
of the table which doesn't seem to be a force.

Table 4.1.2: A synopsis of the groupings of conceptions and alternative conceptions from the analysis of the
"book on the tablel instance with respective numbers of children's responses (NoR).

4.1I.e. The card with 'the book on the tilted table' instance

Three children (la, Da, Ha) appear to he considering that the reason why the hook
remains stationary on the table depends on the surfaces or "substances" (Da) that are
in contact with each other. Furthermore, they appear to he thinking of that as an

external or internal characteristic ofthe surfaces.

(1a) seems to be reasoning that the book stays on the table because of its surface (069)
or because of the surface of the table (074). He describes the latter as "uneven" (074)
or a "hard surface" (076) and he appears to be thinking of it metaphorically, in terms
of a tyre which has "grips" and it "is getting into the ground" (078) and stops the book

from sliding (080).

068 Int yeah .. and why do you think that it stays there..

069 la because the surface of the book .. is it..

070 Int the surface .. yeah .. let's see.

070.5 Ia » itcould be that. . or.4.

071 Int . it could be., which surface .. of the book or of the table .. /

072 la the one that is on the table .. the table surface .

073 Int yeah the surface of the table .. what about the surface of the book . that is
touching the surface of the table .

074 Ia umm yeah the surface .5. it's uneven like...it might not go along (laugh)..

075 Int O K... what do you mean it might not go along .. /
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076 Ta well itis like,, er.. like .. er ..4.. if it is like hard surface ..

077 Int umm hmm ..

078 Ia it's., like a tyre it'sgot .. you know., grips like...and it is getting into the
ground..

079 Int umm hmm ..

080 Ia and it stops itsliding ..

Later on, when he is asked what would happen if we lifted the table a bit higher, he
wonders if the book would slide (098) and he mentions that it might, but he also

infers that "it depends on the surfaces" (099).

097 Ia yeah .. if it's rough .. and you pull it a bit higher

097.5 Int » umm hmm

098 Ia [ wonder ifit'd slide .. but., (laugh)

09&5 Int » umm.. yeah../

099 la ..if ..if.. you pull the table a bit higher it might., all right.. I'cos it depends on

the surfaces..

(Da) points out that the surfaces of the table and the book are touching (073) and then
he goes on to suggest that books can have "ripply covers" (075). After that, he
appears to be shifting to "substances" (077) in order to refer to different qualities of
surfaces. Thus, he says he knows that "rubber can hold things", but plastic may let
them "roll down" (077) and when he is asked if he thinks that the surface of the table
has something to do with it, he answers affirmatively, repeating and explaining his
view (079).

072 Int do you think there are any forces there ... where the surface of the cover of the “::::::Tg atthe respective spotatthe
book is touching the surface of the table .. / '

073 Da well. .. yeah, it's touching .. ain't it... it's like ... are there any grips or anything
on the book.. /

074 Int what do you mean ../

075 Da well you know., books can have like., ripply covers., can't they .. /

076 Int yeah .. do you think that could hold the book on the table.. /

077 Da er.. it might do., it depends on the substances., 'cos 1 know .. like rubber can
hold things., but if it was plastic or like., like., it would roll down..

078 Int do you think the surface of the table has anything got to do w'ith it.. /

079 Da yeah., because like .. as I say., it's different substances., this is like., making
roll off a lot easier., or., just hold it back there..

(Ha) seems to indicate the existence of an "imaginary force" from the left pulling the
book upwards along the surface of the table (038), but she does not reveal where this
force comes from and, as she claims, it "just helps the book stay there" (044 & 046).
She suggests though, that if the table was lifted a bit higher then that "imaginary
force", "wouldn't be able" to pull the book up any more and it would start sliding

(040). Nevertheless, she appears to be distinguishing between a "rough" surface of a
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book, in which case it could probably stay on the table longer and a "slippery" or a
"shined" surface of a book (042) which would probably have the opposite effect on it.
She also suggests that it could be the table that has a rough surface and "holds the

book steady" (042).

038 Ha er .4.. a pulling force .. a pulling force from that side., trying to keep the book ipeintins to the nghi. up the table]
there...

039 Int umm hmm .. I see..

040 Ha er.. well if the table was lifted a bit more higher., then that force wouldn't be
able to pull it up., and keep it there .. any more., and the book would slide
down..

041 Int yeah.. I see .. do you think there are any forces at the touching points of the

book and the table... /

042 Ha yeah .. it could have .. well if it was say .. rough then it could probably stay
there for longer., then if it was say a slippery one or a shined book ... or it
could be the table that has a rough surface ... and it holds .. holds the book

steady..
043 Int all right.. I see., do these relate to that pulling force you mentioned earlier.. /
044 Ha well.. no I don't think so that pulling force is another thing...
045 Int what do you mean .. I
046 Ha er.. it'sjust a sort of pulling force there... I can't really explain it.. itjusthelps
.. the book stay there ..

Two children (And, Jo) seem to be sensing a "special effect" ofthe surfaces which
they call "grip" and they suggest that it could be the reasonfor the book to stay still
on the surface ofthe table. Again this is seen as an internal property ofthe surfaces

and there does not appear to be a conception ofit as aforce.

(And) seems to suggest that due to the nature of its surface, the book can grip onto
the table (063) and he takes for example a hardback leather book (065). He does not

seem to have the same opinion for the surface of the table though (067).

063 And yeah., 'cos the book .. the book., it might be just the grip of the book., staying
up on the table ..

064 Int yeah .. what do you mean .. the grip of the book.. 1

065 And say if,, ifit is like a hardback and it's got leather., on the bottom., it would grip
onto the table..

066 Int does that only happen .. on the surface of'the book .. /

067 And er..6.. I don't know about the table..

(Jo) appears to be considering the view that the book doesn't slide because "the table
is not steep enough" (033), but in the same utterance she suggests that "it could be the
grip", which she seems to attribute to the cover of the book for being "rather rough".

To highlight the effect of the grip, she is using the metaphor of "a brake" (035).

032 Int yeah., but why does the book stay there .. /.. and does not slide down ..

033 Jo er .. the table is not steep enough .. or it could be .. a bit., it could be the grip pointing along the surface of the
there again book that is touching the table]
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034 Int the grip there you say .. can you explain that a bit.. 7
035 Jo yeah .. the book., the cover is rather rough and it could., it could grip on the
table., and just hold itselfthere., it's like a brake .. you know..

Four children (An, Pa, Is, Ph) attempt to reason why the hook stays on the tilted
table by using a conception of gravity or '"a downwards pushing force" which
somehow "sticks" or "edges" the book onto the table. One child (Ph) indicates that
there are two components ofgravity, one vertical and one along the surface of the
table and suggests that the book will start sliding if the first component gets stronger

or the latter gets weaker, when the table is lifted a bit higher.

(An) appears to be thinking in terms of gravity as a force which would either pull the
book downwards along the table if it was "more steep", or it would help it stay in its
place (050). Thus, if the table "was slanting more" gravity would pull the book down
easier (052), which is something that doesn't happen in the depicted instance of the
card because "gravity actually keeps pulling it" and as a result it keeps it stationary
(054).

050 An we lift the table up a little bit from one of the sides .. the book does not slide
down .. do you think there is a force keeping it there .., umm ..4.. it depends
.. 'cos if it was a bit more steep gravity would pull it down .. but as it is not on
a very big slant gravity helps it stay ..
051 Int what do you mean by.. slant.. /
052 An well .. if it was slanting more., gravity would pull it down., because it would  [denonstrating it with his hand]
move more easy ,. it would be more steep like that..
053 Int yeah .. 1see.,
054 An but it is staying there .. it doesnt go down.. so gravity actually keeps pulling it
.. to keep it there..

He goes on by referring to his conception of "resistance" again (cf. previous card) and
a notion of "slight grip" (056), which he seems to view as a characteristic of the
bodies when he says that if we put a block of ice, with the same dimensions of the
book, on the table it would "slide down" because "it is absolutely slippery" (058) or
because "there is not much grip on it" (059). He appears to be thinking of this "grip"
as a "kind of pulling force" which seems to be strongly related to gravity or as he puts

it "it kind of goes with gravity" (061).
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056 An
grip .. a slight grip there..
057 Int do you think.. that slight grip.. as you say helps the book stay there.. / [pointing at the top of the table]
058 An well .. it does 'cos if there wasn't any grip that would obviously slide down
'cos it's on a slant .. say .. if you put some ice there .. that is absolutely
slippery and it would just slide down straight away., wouldn'tit..\
058.5 Int » umm hmm.
059 An .. say if there was some ice or something like a block .. same size of the book

same shape., it would slide down .. 'cos there is not much gripon it..

060 Int do you think that., the grip., is a force then.. /

061 An umm.. 4.. it's a kind of pulling force down with., it's the same kind of., well
not actually the same but., it kind of goes with gravity ..

(Pa) appears to be considering gravity as a force which is keeping the book in its
place or in fact "edging it so it can't move" (074). Thus, the book appears to be as if it
is "stuck to the table" (076) due to the force of it "coming onto the table" (078), by
which he probably means the force of gravity, since he attempts to give an
explanation on what he said in the previous utterance. He mentions that if the table is
lifted a bit higher that force "will weaken" and the book will start sliding (080), which

he claims to be his theory (082).

074 Pa er..6.. well maybe that force coming down .. holding the book down .. maybe
.. but there'll be gravity sort of thing., like keeping the book there .. edging it
so it can't move ..

075 Int ummhmm..

076 Pa so .. I think there .. there's a force .. there., just you know,, keeping the book (pointing downwarads,
from going down.. and it's just like stuck to the table .. book™

077 Int what do you mean when you say it's like stuck to the table .. /

078 Pa like.. with the force .. the force of the book coming onto the table like .. then I

think it's like stuck down with that force ..
079 Int umm hmm..

080 Pa so it's not going to move .. unless you lift the table a bit more .. then the force
will just weaken and it'll start sliding down.,

081 Int yes.. 1see.

082 Pa so.4. it's my theory ..!!

There is an interesting case of a child (Ph) who, quite surprisingly, seems to analyse
the force of gravity in two components, one pulling the book downwards to the
ground and one pulling it along the surface of the table (084). Thus, he suggests that
if the table is lifted a bit higher, then the component of gravity pulling the book along
the surface of the table "would get less" (084) or the vertical component of gravity
would get stronger (088) and as a result the book would slide down. He also
considers that if someone pushed the book it would start sliding, because as he

claims, "it's just needing a start" (090 & 092).
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084

085
086

087
088

089
090

091
092

Ph we lift the table up a little bit from one of the sides . the book does not slide
down do you think there's a force keeping it there....... (laugh)... well there's
gravity trving to pull it down that wav  that's towards the ground but
there's also . there's more gravitv pulling it down that wav there's more ...
more if you lift the table a bit more up then grav itv would get a bit more like
this .. 'cos it'd slide down even more, and gravitv would get less here .

Int yeah . but the book does not slide down

Ph doesn't slide  the wav it doesn't slide ... 'cos it's more
force there than the gravitv force there ..

Int all right.

Ph it's pulling down under the table more ... it's not enough to take the weight
this wav .

Int umm hmm .

Ph if somebody ... if somebody would have given it a push then it would have
gone..

Int what do youmean .. . it would have gone

Ph yeah it's just needing a start

there's more gravitv

Pre-Intervention Interview Analysis (England)

[pointing on the inclined surface of
the table]

|lhe represents the table with his
hand]

|[pointing on the inclined surface of
the table again]

[pointing dow nwards first and then
at the surface of the incline d table)

|pointing along the inclined surface
of the table |

Furthermore, when (Ph) is asked to consider if there is any "friction" in the case of

the book remaining still on the surface of the table (since he had referred to a notion

of "friction" in the previously discussed instances), he suggested that there is

"friction" from the book on the table, " 'cos the book is also a bit coming out and it's

sticking itself on the table" (094). He goes on to suggest that somehow "friction" and

gravity are pulling against the book the first upwards, along the surface of the table

and the latter downwards and they both keep the book still (096).

093
094

095
096

|pointing between the surface of the
book and the table]

[pointing upwards along the surface
of the table]

Int right do you think there is any friction there as you mentioned before.,

Ph  umm there's friction from the book on the table .. 'cos the book is also a bit
coming out and it's sticking itself on the table ..

Int 'costhe book  sorrv Ididn't hear that could you speak a bit louder please ..

Ph  veah . the book .there's friction 'cos when the book is on the table .. like the
covers cause a bit of friction and the grav itv pulling against it is slowing it
down kind ofthing now there's friction in between the book there 'cos it's
Irving to pull that wav . and also it's (gravity) trying to pull it down .. so
there's got to be a slight friction in there ..

IntervtenCard

The book remains stationary on the table because of the
surfaces in contact which are "uneven", "hard", "ripply",
or it would slide if they were "slippery" or "shined".
"Grip" seems to be a "special effect”" of the surfaces which
helps the book to remain stationary on the tilted table, but
it would slide dow n if the table was more steep.

Gravity "sticks" or "edges" the book on the tilted table
Gravity has two components, one vertical and one along
the surface of the table which are responsible for the
motionless condition or the sliding of the book.

There is a "slight friction" between the surfaces of the
table and the book which keeps it still.

~

Table 4.1.3: A synopsis of the groupings of conceptions and alternative conceptions from the analysis of the
"book on the tilted table" instance with respectiv e numbers of children's responses (/Noli).
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4.1.d. The card with 'the slow-down of the bicycle' instance.

Three children (Ph, Da, And) appear to he considering gravity, or the weight of the
person and the weight of the bike, as the main reason for the deceleration of the
bicycle. Additionally two of these children (Da, And) seem to recognise the role of

the wind as another reasonfor retarding the motion ofthe bike.

(Ph) seems to indicate that initially there was a push from the person when she was
pedalling but this push has now stopped and that together with gravity will eventually
slow down the rider and the bike (041). He repeats his view in (044), he suggests that
more forces are needed for the bike to move forward (046) and he concludes that "it's

got to stop somewhere" (048).

041 Ph  well.. there was the push when he was pedalling or she was pedalling and that
has given him or her a push and the push is still going and he n il! eventually
slow down .. because the force will not last for ever., and it's gravity which
also slows him down so eventually the rider is just stuck with the bike..

041.5 Int »..yeah..

042 Ph and if he'd stand still.. without riding., say backwards and forth lie'll fall off ..

043 Int why do you think that the pushing you mentioned won't last for ever.,

044 Ph 'cos it is gravity which will slow it down and decrease it.. and there is nothing
to make it go forward any more ..

045 Int all right.

046 Ph it needs more forces to make it go forward.,
047 Int so .. is it gravity that slows it down ..
048 Ph gravity and the fact that there are no more forces making it go forward ... just

going there .. it's got to stop somewhere ..

(And) also seems to recognise the role of the wind as a hindrance in the movement of

the bike, which slows it down (012).

012  And yeah the wind pushing against .. er.. if you 're going pretty fast the wind is
kind pushing against you and it slows you down ..

He discusses it further by suggesting that the body weight of the rider is pushing the
bike down on the tyres (020) or the ground (022) and "that's even more obvious that
gravity will stop it somewhere" (022). Hence he also appears to consider gravity as a

cause for the slow down of the bike.

019 Int umm hmm .. is there anything else you want to add on this one..

020 And emm 4. jour force is pushing even more down on the tyres . 'cos itquite
slops you roll..

021 Int what do you mean when you say jour force ..

022 And well., jour force .. jour bodj weight is pushing down onto the ground., and
that's even more obvious that gravitj will slop it somewhere ..
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Four children (Pa, Is, Jo, An) appear to be ascribing the deceleration of the bike to
the loss of power or to the absence of a force pushing the bike in the direction of its
movement. Two of them (Jo, An) seem to be considering some additional "help"

from the "gripping" of the wheels on the ground.

(Pa) appears to be thinking of the wind or air as an aid for the movement of the bike,
which he refers to as "natural power” (020), but he ascribes the deceleration of the

bike to theabsence of a force "going on the bike, to move" it (022).

020 Pa well there is like ... just like the wind power .. or air., that is making it go., so
the only power there is .. it's like natural power..

021 Int yeah .. but why does it slow down then ..

022 Pa because there's no pedalling so .. and., if you're going down a street.. a road..
then you just like., gradually you will stop because there’s no force going on
the bike ... to move ..

Later on, he attributes the movement of the bike to an aptitude of the tyres, which are
going round all the time (026), but he seems to remain stable in his view that the

bicycle slows down because "there is not enough power in it" (028).

025 Int what happens with the tyres ..

026 Pa they keep going round so., and that's how the bike moves, because the lyres
are moving all the time .. so the bike moves..

027 Int umm hmm .

028 Pa when they slow down it's ... it stops going on because., there's not enough
power init..

(Is) indicates that the bike will slow down because there is no pushing or pulling
force (110 & 112). The contact of the wheels and the ground doesn't seem to play
any role to her reasoning, thus she repeats her view, in a rather straightforward way,

that the bike will slow down because nobody is pedalling any more (114).

109 Int  when you ride your bike., and you stop pedalling .. you do not use the brakes ..
but you slow down and eventually you stop., am idea win that can happen ..

110 Is
111 Int
112 Is
113 Int
do with it
114 Is

(An) appears to be considering the pulling force of gravity and a notion of
"resistance”" from the ground (008) and he also suggests that the bike is decelerating

because "there isn't enough power to keep it going" (010). He indicates that there is a
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grip at the touching points of the tyres and the ground and that grip slows down the
bike (012), but he seems to consider that as the same thing with his notion of

"resistance force" (014).

006 An no brakes .. no pedalling .. slowing down .. is there a force on the bike..  ..yes
there is..

007 Int what sort of force do you think that it is ..

008 An a resistance force from the ground and a pulling force with gravity..

009 Int umm hmm .. what do you think makes the bike slow down and eventually

slop.. 1
010 An weil.. without the brakes .. there isn't just enough power to keep it going ..
011 Int yeah.. do you think there are any forces at the touching points of the tyres and

the ground.. m

012 An yeah .. because when the lyres touch the ground .. they grip., and that grip
slows down the bike ..

013 Int umm hmm .. is that a different force then ..

014 An umm .. not really .. 'cos it's still the same resistance force .. and gravity pulling
it down .. which was there as well. ..

Two children (Ha, la) appear to he considering the existence of "imaginary forces"
exerted on the hike pushing to the right or pulling it to the left and, as a result, they

slow it down.

(Ha) appears to be sensing a pulling force from the left exerted on the bike, in a rather
metaphysical way, since she says that the force "should be" there (080) and that she
doesn't know "where it comes from", but she "just" knows that it must be there (088).
She suggests that the bike needs that "pulling force" to hold it back and slow it down
(080), together with the fact that "nobody is pedalling or pushing or anything" (082).
She also thinks that a rough surface of the road would help that "pulling force" and it

"would slow down the bike easier" (086).

080 Ha well there should be a pulling force here .. at the back of the bike., 'cos if it's
slowing down., and there's no pedalling... then., you see., it needs that pulling
force there .. to hold it back..

081 Int 1Isec., is that why it slows down ..

082 Ha yeah that., and because there's nobody., nobody is pedalling or pushing or
anything., and it's not going very fast either..

083 Int do you think there are any forces there at the touching points of the wheels and
the ground..

084 Ha well ..6.. the pulling force is pulling the bike .. that wa\ ... which is stopping it  Ipoiminguuhc right!
from going., slowing it down and eventually slop it..

085 Int umm hmm..

086 Ha and . if'the surface of the road is sa\.. rough., it .. the bike., would slow down
easier., so 1think.. 1think the rough surface is helping that . the pulling force.

087 Int where do you think this pulling force is coming from ..

088 Ha er .4. it is there., it must be there., it slows it down .. but .. 1can't realh sa\
where it is coming from .. umm.. [just know it must be there .. (laugh)
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(Ia), in an attempt to explain the deceleration of the bicycle, appears to be using a
combination of an "imaginary force” pushing against the direction of the motion of
the bicycle (139) and a notion of "grip" on the tyres due to their roughness and their
contact with the ground (137 & 138). He appears to believe that the grip is a force
which is pushing upwards on the tyres and the "imaginary force" is pushing from the
right (144). Thus, he suggests that "the grips are getting into the road" and they are
pushing the bike up, slowing it down, and the "imaginary force" is pushing from the

left slowing it down "even more". Eventually they are putting the bike to a halt (148).

137 la the roughness on the tyres
137.5 Int » .. the roughness on the lyres ..
138 la yeah.. it's got a grip .. and., it could make it slower 'cos it's touching the floor
and that's making it slower..
139 Int yeah .. umm hmm .. and is that why it is slowing down and eventually it is
goina to stop .. - FT:
140 Ia yeah .. and also the lorces pushing that way .. Tjxtlingtothenghil
141 Int umm is that a different force ..
142 Ia ah .. yeah .. what force ..
143 Int the one that is pushing against the direction of the movement of the bike ..
144 Ia ah .. yeah it is different .. 'cos that is pushing it up and that is pushing it that  {{xIhHing" the ri°tu]
way ..4.. it is a different force ..
145 Int yes .. and do you mean it is a different force from that gripping you said on the
touching surface of the tyres and the ground ..
146 la yeah.
147 Int umm hmm ..
148 la . and .. 'cos that’s pushing it up .. and it's slowing .. er.. on the road .. and it’s ..

the grips are getting into the road and pushing it (bike) up and eventually
slowing .. and that’s pushing that way and it's slowing even more ... the bike (pointingui the right!
and the person get into a halt.. and that's it..

(And) indicates that because the tyres of the bike are touching the ground they will
slow it down "all the time" (016). He appears to be influenced from a video clip he
has seen where he compares the motion of an aeroplane in the air with the motion of
the bike on the ground and he somehow seems to infer that the contact of the surfaces

will slow it down (018).

015 Int do you think there are any forces at the points where the wheels arc touching
the ground..
016 And yeah ... yeah., what it could be is .. 'cos in a clip I've seen., it say s when you're

in the air in an aeroplane., it wouldn't happen so much .. because you arc not
touching the ground and you just kind of float in the air.,but when you are on
the bike .. you ’re actually touching the ground .. so itslows you down all the
time ..

017 Int do you mean the touching of the tyres on the ground ..

018 And yeah .. that slows you down ...

Only one child (Ph) appears to be considering a "slight bit of friction" at the touching

points of the tyres and the ground (050). He seems to suggest that the tyres are
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"catching" a bit of friction because they are touching the ground (050) and since they

are also spinning round they get "hottish" (052) as they rub up (054).

049 Int do you think there arc any forces under the wheels of the hike ..as they are
turning round ..

050 Ph  when they are turning round there's a slight bit of friction . ish . like if it's
going round and it's touching the ground . 1think it's catching friction on the

tyres ..
051 Int yeah .in what way do you think friction will be there ..

052 pPh  well it's just touching the ground it won't be friction . like a burst of tyre., you
see., there'll just be friction.. b\ the touching of the ground . spinning round
makes all wheels hottish . I suppose ..

053 Int hottish .

054 Ph  yeah rub themup ...

wfitterPie&Cutft S i
Gravity seems to be the main reason for the deceleration of
the bike
e the wind can be additional reason for retarding the
motion of the bike.
The bike slows down because there is not enough power to
keep it going or there is no more pushing force
¢ the gripping of the wheels on the ground seems to "help"
as well.
There are "imaginary forces" pushing or pulling the bike
in the opposite direction of its movement and they seem to
be slowing it down.
The "touching" of the tyres on the ground slows the bike
down.
There seems to be a "slight bit of friction" at the touching
points of the tyres and the ground.
Table 4.1.4: A synopsis of the groupings of conceptions and alternative conceptions from the analy sis of the
"slow -down of the bike" instance with respective numbers of children's responses (MV?).

4.1.e. The card with 'the parachute' instance

All of the children recognise the force of gravity pulling the box of medicines and the
parachute down, towards the earth. They appear to be considering a force pushing
upwards slowing down the descent of the parachute, or they seem to be sensing that

the air has certain properties which somehow it affect the phenomenon.

Five children (la, Ha, Da, Is, An) appear to be sensing aforce from the air pushing
the parachute upwards, retarding its downfall and somehow opposing or resisting the

force ofgravity which is pulling it downwards.
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(Ia) appears to be considering that air makes the parachute "go upper" (162) and he

suggests that "if there weren't any air it wouldn't be slowing down" (164). Thus,

according to his view, air is getting inside the parachute pushing it up, slowing it

down and if this wasn't happening it would go down "really fast" (170).

162
163
164
165
166
167
168
169
170

Ia
Int
Ia
Int
Ia
Int
Ia
Int
Ia
parachute) .. and it's getting rushing .. that is if.. there weren't anything., you
know., like force puslnng it up .. that would go really fast down ..

(Is) seems to be suggesting that the parachute goes down slowly because it "catches

the air". She senses that there will be a pushing force (094), but appears to be

reluctant in identifying the source of this pushing force. Finally, she makes a rather

uncertain suggestion that "it could be the force of the air", somehow pushing the

parachute up (100).

089

090
091

092
093
094
095
096
097
098
099
100

Int what happens with the parachute why does it go down slowly .. .. and it does
not go fast.. remember it was thrown from an aeroplane ..
Is because the parachute catches the air .. or something., (laugh)
Int yeah.
Is . and it stops the box from going down fast..
Int umm hmm .. anything else that you would like to add here.. '
Is  well there'll be a pushing force..
Int  where from .. /
Is umm ..8.. dunno.. er.. air maybe .. 'm
Int  a pushing force .. you say., where in which direction can you show me ..

Is there .. |pointing under the parachutej

Int yeah .. what force would that be .. ¢
Is it could be the force of air., sort of pushing it up ..

(An) appears to be recognising the force of gravity (018) and notion of "a resistance

force from the air" that is trapped inside the parachute. He means, quite possibly, that

the "resistance force" from the air is actually "resisting" the force of gravity, pulling

the parachute downwards and "that's why it goes down slowly" (020).

018

019
020

An a box full of food and medicines was dropped with a parachute from an
aeroplane .. it goes down slowly., do you think there are any forces here..
oh .. 4.. there's the weight force pulling it down .. that's gravity again ..

Int do you mean the weight of the box .. '

An yeah .. and the parachute .. and there's a resistance force from the air when the
parachute is coming down .. and it traps the air.. which resists it.. that's why it
goes down slowly..
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Three more children (And, Jo, Ph) appear to he thinking in similar terms referring to
the air pushing the parachute upwards, slowing it down, but additionally, they seem
to he explaining this effect ofthe air on the parachute in a rather graphic way, using

analogical reasoning.

(And) pictures the parachute as a "massive wide space" which is "gettingair into it"
and that's why it will stay up longer (094). Thus, he suggests that the air is pushing
"up onto the top of the parachute" (098) and it is spread all over it, but it appears to

him that if it had a big hole in it would come down faster (100).

094 And yeah .. well .. the parachute is ..4.. getting air into it so it might .. it's gonna ..
it's a massive wide space so .. it'd stay up a bit longer .. than as if just jumping
out of an aeroplane without any parachute ..

095 Int umm hmm .. what do you think is pulling the box down ..

096 And well .. it's gravity .. that's another force here .

097 Int yeah., why do you think the box goes down slowly

098 And because all the air is pushing up onto the top of the parachute ..

099 Int umm hmm...

100 And and it's .. it's spread all over the parachute .. as it conies down .. well it might..

say if it had a big hole in it., in the parachute .. it'd come dow n really quickly ..

(Jo) recognises the force of gravity pulling down both the parachute and the box
(061), but she describes the parachute as if it has "a roof", which is filled up with air
pushing in the opposite direction of its descent, slowing it down (063). In this sense,
she suggests that the air is holding the parachute up longer (065), but she also appears
to be considering the existence of a force from the strings of the parachute which are

holding the box in its place (067).

061 Jo and the box takes down the parachute with it .. gravity pulls them down
together..

062 Int umm hmm .. and they both go down slowly .. whx do you think that happens.,

063 Jo well .. as the parachute is coming dow n .. the air goes under what .. say the

roof of it.,, and stays there., so., it will be going the opposite wax of the
parachute .. it will fill the parachute and eventually slow it down ..
064 Int >eab .

065 Jo so., air is actuallx holding it up longer .. otherwise it would go down., zumm..
(laugh)..

066 Int (laugh).. yeah .. 1see., any other forces here .

067 Jo umm .. yeah the parachute is holding the box up .. bx some sort of strings .. or

whatever is holding it there ..

(Ph) seems to be viewing the air "which is supporting the parachute" and the strings
that "hold it up" as a system for retarding the descent of the parachute, which is
"acting as brakes" (026). Rather surprisingly, he also refers to a notion of "tension"

on the strings of the parachute which he possibly views as a force (028 & 031).
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028 Ph
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030 Ph
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a box full of food and medicines was dropped with a parachute from an
aeroplane .. it gives dow n slowly ..do you think there are any forces here ..
4 yeah., there's gravity pulling the .. box down .. and there's the air which is
supporting the parachute stopping it from falling too quickly .. and if they
(smugs) hold it up., they not hold it. it won't move fast but slowing it
down . like acting . acting as brakes..
oh 1see .. you feel that it acts as brakes anything else .
oh well passed the brakes., there's a tension on these lines.,you've got the
brakes tension on thelines and you've got the gravity .. that's about it
sorry 1didn't get the last bit .. could you please say that again.. it's getting a
little noisy here..
yeah .. you've got the parachute there which is the brakes .. you've got the
tension here on the:: .
»  strings or ropes...

. yeah .. and you've got gravitv from the box full of medicines ... that's about

all the forces you've got here 1reckon

[there's some noise from some
people going out of the classroom

mv d‘H'1

Finally, there is a case of a child (Pa) who seems to be a bit confused and somehow

he views a force "from ground which is giving the air", the air as a force "which is

coming up into the parachute" and a force coming down from the top pulling the

parachute and the box downwards (047), which he thinks is gravity (049).

044 Int so .. how many forces are there ..

045 Pa there's three 1I'd think of .

046 Int three you say .can you name them again please .

047 Pa well there's the one from the ground which is giving the air the air which is
coming up into the parachute .. and there's the force coming down . and
there's like .. the food that's like a force coming down .. 'cos it's heavy so
that's edging it dow n all the time..

048 Int yeah 1see.

049 Pa i think gra gravity is the last one . 1think so .. gravity is coming down from
the top of it and pulling it dow n

050 Int do you mean the box or the parachute

051 Pa both 1euess .

Bmupings ameeptfaw liVo

* A force from the air is held inside the parachute pushing it 5
upwards opposing the force of gravity pulling it
downwards

e Air is getting inside the parachute which is like a "massive 3
wide space" or it looks as if it has "a roof" and slows it
down or its "strings" look like brakes that retard its

pil} descent.

* There is a force from the ground which "is giving the air" 1
and another force which is coming up into the parachute
slowing it down

Table 4.1.5: A synopsis of the groupings of conceptions and alternative conceptions from the analysis of the

"parachute’ instance with respective numbers of children's responses (No/?).
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4.1.f. The card with 'the person on the skateboard' instance

Four children (la, Ph, Pa, Ha) appear to he considering a metaphysical notion ofan
"imaginary force" from the right, in the opposite direction of the motion of the
skateboard, slowing it down. They indicate that this force is exerted on the person,
the skateboard or even on the wheels, but they do not seem to be able to identify its

nature or its source.

(Ph) appears to be sensing that there is a force in the opposite direction of the motion
of the skateboard (110 & 112) and he suggests that it has to be pushing the skateboard
in that direction, otherwise it would "keep going" (114). Thus, he attempts to explain
the deceleration of the skateboard in a commonsensical way, by pointing out that
there "has to be something" pushing it from the right (116). He appears to be
conceiving an analogical relation between that "imaginary force" and the weight of
the person and the skateboard (116). Thus, the more weight is put on the skateboard,

the more "force" will be pushing it to the left.

no Ph and it's also the fact that... it's got to so that wav so it'd stop it., it’s going to (pointingio the right]
have to stop somewhere., so it might., so., oh God gravity is pulling it
down there and also there's a force pushing it that way .. Inot reah pointing somewhere]
in Int
112 Ph
113 Int
114 Ph

that way., or it would just keep going and going and going until gravity would ieftj
stop it somewhere..

115 Int all right .. any idea what sort of force is pushing that way .. .. against the bx'inun§ cotheciert]
movement of the skateboard .

116 Ph  well there'll have to be ... if there were nothing it would keep going that way., (pointing to tiw right]
but like ... there lias to be something pushing it that way .. but even the weight UxMiuinguniwieh]
of the person is going to pull it (the skateboard) back .. there's more ... like
the more weight you put on there it would slow down even more., we are
having gravitv right there ... and the more force we are getting from there ,. (pointinglolhc Icfll

(Pa) appears to be considering a force which makes the skateboard move (092) and
another force from the right (094) which looks as if it is "hitting" the skateboard,

slowing it down or "pushing it off" in a way (096).

092 Pa rolling with the skateboard .. no pushing . slowing down .. dojou think there
are any forces here .. .. wellthere's the force which is making it move .. to
start with..
093 Int umm hmm ...
094 Pa then there'll be a force coming from that side .. 1think .. If'withenjitni
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095 Int do you mean from the opposite side .. '

096 Pa yeah .. then 1think that force is like hitting the skateboard when., like., so
it'll slow down .. but with die other force it'll like hit it but when the other
force is still there .. see .. the force we have here it's like .. just push off.. you
know..

Later on, he appears to be indicating the existence of the same two forces on the
wheels of the skateboard (100). He goes on to suggest that the force coming from the

right is like "hitting the wheels", slowing them down and eventually the skateboard

will stop '

099 Int

100 Pa
how you make it stop ... so J think it's like a force coining from each side
again.,

101 Int yeah .. can you tell me how do you think that the force that comes from that tfomlhen°ht)
way .. as you say., will slow down the wheels .. 1

102 Pa yeah .. it's like hitting .. see the wheels are going round and round and when

you hit.. like hit the wheels and it'll slow... keep going round but slowly., it
(the skateboard) will stop with the force on them .. >.

Then heisasked to explain what he means when he says that the force from the right
"hits the wheels". He claims that the force looks as if "it goes on the wheels"and then
"they slowly go round" till the skateboard stops moving (106). He does not seem to
know where this force comes from (110 & 114), although for a moment he thinks that

it could be the wind (112).

106 Pa
gradually it'll stop .. (the skateboard)
107 Int
108 Pa [pointing to the right]
109 Int
110 Pa
111 Int
112 Pa
113 Int
114 Pa

(Ha) appears to be thinking that the skateboard is decelerating because there is no
more "pushing" (052), while she also indicates that there "must be a pulling force"
from right, which somehow hinders its motion (054), but she seems uncertain about

the source or the nature of this force (058).

051 Int \call ii is now moving slowly .. and ii will gradually slop ... win do \ou think
that happens..
052 Ha er 4. 'cos there is no pushing .. no pushing ... that'll slow it down ..
053 Int yeah ... any other forces here ..
054 Ha \eah ... there must be a pulling force from there .. "f10m Theri?hA
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055 Int do you mean from the right.. !
056 Ha yeah ... it’s stopping it from going...
057 Int do you know where this pulling force comes from .. /

058 Ha no.. Ican't think ofthat...

Three children (Ha, An, Jo) appear to be considering a notion of "gripping" of the
wheels of the skateboard on the surface of the ground and they point out that it could

be a reason for the deceleration of the skateboard.

(Ha) suggests that if the surface of the ground was rough or "rumply" then the
skateboard "wouldn't go without being pushed" and it would slow down more easily
(060). She points out that "it would take longer" for the skateboard to stop on a flat
surface because the wheels "wouldn't grip as much" (062), but as she mentions, she

"just knows" why that happens, probably implying that she has observed it (064).

059 Int all right ... do you think there are any forces there ... at the points that the
wheels of the skateboard are touching the ground .. <

060 Ha well .. if it was a really rough surface ... a really rumply surface .. then it
wouldn't go without being pushed .. and it would slow down .. easily ...

061 Int yeah .. 1 see .. anything else you want to add here .. '

062 Ha yeah ... it would take longer .. for it .. to stop on a Hat surface ... 'cos the
wheels wouldn't grip as much ..

063 Int umm hmm .. I see .. why do you think that happens ..

064 Ha er.4. Ijust know .. I've seen it ...

(An) appears to be a bit puzzled when he attempts to explain why the skateboard
slows down. Thus, he suggests that "it gets heavier" "because of gravity " and since
there is no more force pushing it will slow down or "run out of force really" (026).
Then he refers to the contact of the wheels with the ground (029) and to a "slight bit
of grip" that exists there and prevents the skateboard from sliding "all over the place"
(032). Finally, he mentions that this gripping helps a notion of a "resistance" force

(028 & 034) which slows down the skateboard.

027 Int 1see., why does it slow down then ..

028 An because gravity ,. and the weight of the skateboard .. it gets heavier .. so
without any more force pushing it. .. and with a bit of resistance .. it slows
down .. it runs out offeree really ..

029 Int umm hmm .. do you think there are any forces at the touching points of the
wheels of the skateboard and the ground ..

030 An umm .. if they weren't touching., if there weren't any wheels .. say if it didn't
hm e any., it would still slow down without any force pushing it..

031 Int yes .. 1understand that .. but in this situation that the skateboard docs have

wheels on .. what do you think that happens..
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032 An umm . 4.. well there might be a slight bit of grip., because .. otherw ise if there
wasn't any grip., it would slide abouts all over the place really..

033 Int is that another force then .. /

034 An umm .. no I don't think so .. 1 don't think you can call that a force really .. it's
just a bit of grip .. it probably helps that resistance force .. that’s what 1
reckon...

Two children (Da, And) seem to be discussing "gravity” or the "weight" ofthe person

and the skateboard as a causefor its deceleration.

(Da) appears to be suggesting that gravity, which is pulling the skateboard down, is
the same force that is slowing it down (039). He does not consider any forces at the

touching points of the wheels and the ground (041).

039 Da .. er.. gravity is like pulling it down so., which is stopping it..

040 Int umm hmm.. do you think there are any forces at the touching points of the
wheels and the ground..

041 Da no .. I don't think so...

(And) refers to the force of gravity (083) and he claims that the weight of the person
is pushing the wheels which are touching the ground, exerting "a lot of pressure" on it

and that slows down the skateboard (085 & 087).

083  And well you are standing on it.. so it'sjust gravit} .. er .4..
084 Int what makes it slow down and stop then .. what do you think..
085 And umm .4.. well., it's toucliing .. tire wheels are.touching,the ground .. and so if o
it's ro ?ng there , your., your .. welgf\t is pusfnng on the w eefs S0 .. it's got fort.e w%'mlhe @1&% points of
slow., 'cos.. it mlght slow .. you'd slow down because it's heavy., the wheels is
like putting a lot of pressure on the ground .. so it might slow down that way ..
086 Int umm hmm .. so do you think that the skateboard slows down because of the
pressure of the wheels on the ground ..
087 And yeah .. and your weight..

Two children (Ph, Da) seem to regard "wind" as a force which slows down the

skateboard or pushes it along, depending upon the direction ofits blow.

Thus, (Ph) suggests that if the wind is blowing "in the face" of the person, it will slow
him/her down, while if the wind is blowing in the opposite direction it will push the

skateboard further (129).

126 Int all right.. any other forces here..

127 Ph umm .4 it depends whether it’s winds or not .

128 Int why do you say so..

129 Ph if the wind is blowing in his face., it'll... sa\ catch himround and slow him Ip.«amgtvivhdtiiwper<>n<hot|
down more .. but if it is behind him it’s going topush him there and he'd go a
bit further...
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Similarly, (Da) suggests that if "the wind is blowing behind" the person it is going to
push him/her along (043), but even in that case, he claims that the skateboard will
eventually stop (045). He points out, though, that he cannot explain why this happens
(047).

043 Da well it's the wind .. it depends where it is blowing from... if the wind is
blowing behind him it's like pushing him along same with the bike
044 Int yeah

045 Da but I think that eventually it will stop
046 Int umm hmm... any idea win that will happen
047 Da er. no Ican't really explain this

Only onechild (Ph) appears to be considering anotion of"friction" atthetouching
points of the wheels and the ground (120), but heseems tobe viewing friction asa

force "going against the force of gravity" (123). As he suggests, both of these forces

slow down the skateboard (125).

119 Int yeah . O.K. do you tliink there are any forces at the points where the wheels
of the skateboard are touching the ground

120 Ph friction again ..

121 Int friction again you said

121.5 Ph » yeah ..

122 Int in what way ...

123 Ph  well there's gravity pulling it down . and it's trying to go... it’s trying to ..
it's still going against the force of gravity ... so it's friction on the wheels

124 Int umm hmm do you think that this is the force that . slows down the
skateboard

125 Ph yeah the one . the force of friction .. and .. the fact that gravity is pulling

every thing down  **

Interview Card

- There seem to be "imaginary forces" from the right, 4
pushing against the motion of the skateboard slowing it
down

* The "gripping" between the wheels of the skateboard and 3
the surface of the ground seems to be a reason for its
deceleration

¢ Gravity seems to be a cause for the deceleration of the 2
skateboard

* Wind seems to be a cause for the deceleration of the 2
skateboard

e "Friction" together with gravity seem to slow down the /
skateboard

Table 4.1.6: A synopsis of the groupings of conceptions and alternative conceptions from the analysis of the j
""person on the skateboard" instance with respective numbers of children's responses (.VoR).
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Discussion

Some children appear to be holding a conception of "grip" which is ascribed to
external or internal properties of surfaces that can hold things (book on the tilted
table) or slow down their motion (bike, skateboard). Thus, there is a view that "grip"
depends on the surfaces in contact They may have some "grip" if they are "uneven",
"hard" or "ripply" and they probably don’ have much "grip" when they are "slippery"
or "shined". But also, "rubber" can hold things since it has more "grip", or "plastic"
may let things "roll down". Some children appear to be holding preconceptions about
the role of "roughness" of surfaces in the phenomenon of "grip" by identifying some
aspects of their interdependence. They appear to discuss "grip" in a qualitative way-
thinking in terms of everyday experiences with the nature of materials and their
effects on certain phenomena of surfaces in contact. Nevertheless, "grip" is not

generally considered to be a force, although it can "hold", "pull" or "push off" things.

Some children appear to be considering that "gravity" may "hold things" since it can
"stick" or "edge" them on a surface (e.g. the car on the road, or the book on the titled
table). It can even decelerate the movement of a bike because it is "pulling it down",
"pressing" or "forcing" its tyres to touch the surface of the ground (same with the
skateboard). Perhaps they sense gravity as a necessary condition for the contact of
two surfaces, but they do not appear to be thinking of a way to relate that with a
notion of "grip", which may affect the motionless condition or the deceleration of
moving objects. The latter is usually seen in combination with the "loss of power" or

the absence of a "pushing force".

Some children appear to be sensing the existence of "forces" that are pushing or
pulling against an intended movement (car being pushed) or the motion of an object
(bike or skateboard), in a rather metaphysical way, without being able to describe
their nature or origin. Hence, these forces seem to exist and act in certain directions

in order to explain phenomena or desired outcomes as they appear in the depicted
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instances. It could be claimed that these "imaginary forces" are children's intuition
about the existence of a force which opposes the movement of objects or decelerates

their motion.

Some children seem to be considering that "the wind" is slowing down objects that
move through it (bike, skateboard). In the case of the parachute, the "air” appears to
retard its descent, "pushing” it in the opposite direction of the force of gravity. In this
respect, "air" or "the wind" appear to be seen as a retarding medium for objects that

move through it.

Only one child (Ph) mentions the word "friction". He appears to be suggesting that
there is a "slight friction" between the surfaces in contact that holds things together or
slows down the motion of objects. He appears to be considering "friction" in terms of
a pushing or pulling force closely associated with what other children describe as
"grip" and its effects between surfaces in contact. Quite surprisingly, he also refers to
two equal forces, gravity and a force from the table, which keep the book in its place
(book on the table instance). He also appears to have developed an approach of two
components of weight, one pushing downwards and one along the surface of the
table, which seem to be responsible for the motionless condition of the book or for its
sliding down the tabletop (book on the tilted table instance). These conceptions about
force, gravity and frictional phenomena appear to be elaborated and rather advanced
and indicate a child with a special interest in science. Furthermore, at the end of the
interview, he mentioned that he had read a book about "friction and stuff" and that’s
why he "knew about such things". However, he was not heard to mention anything
about friction during the teaching intervention that followed, or at least the researcher

didn't realise such a thing.
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4.2.0. The teaching intervention in England

The teaching intervention in England was carried out in a Year 6 class, at a primary
school, in Nottinghamshire. It was a series of three teaching sessions which had been
planned by the researcher in collaboration with the teacher, but were mainly taught by
the latter. At certain moments the researcher acted as an assistant teacher helping the
children with their investigations. For most of the time though, the researcher was
sitting in a corner of the classroom and was observing the sessions. There were two
tape recorders in different corners of the classroom, which were used to record most
parts of the classroom debate. Some pieces of children's authentic verbiage are

presented within speech marks in the teaching sessions that follow.

At the time of this teaching intervention the children were exploring "forces and
motion" and they had done several investigations. They had investigated the
movement of "buggies", which were pushed or pulled along the floor or at different
slopes, the resistance of air or water by dropping various pieces of paper of different
shapes, or by observing various balls of plasticine descending inside a container filled
with water. They had also investigated pressure through a rather funny, but most
interesting, problem solving activity where they mainly had to answer the question
"Why doesn't the fakir hurt much when he sits on his bed which is full ofnails? Is it
only kind of "magic" or not?". Generally, they seemed to enjoy science investigations

and most of them seemed to have an interest in exploring "forces and motion".

Before the three sessions of the teaching intervention are described and presented,
there is a reference and a short analysis of the National Curriculum (DES, 1991) on
the concept of friction, which is followed by a description of the specific classroom

setting of this study.
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4.2.1. Referring to the National Curriculum

In the National Curriculum for England and Wales (DES, 1991) the Attainment
Target 4 is on "Physical Processes". In the Programme of Study, the third strand is
entitled "forces and their effects". There we can read that pupils, at this stage of
schooling (Key Stage 2, levels 3-5), should:

.. explore different types of forces including gravity and use measurements to

compare their effects in, for example, moving things and bridge building. They

should investigate the strength of a simple structure. They should be introduced to

the idea that forces act in opposition to each other, that one force may be bigger than

another, or be equal to it, and that the relative sizes and directions of the forces can

affect the movement of an object. They should investigate the factors involved in

floating and sinking. They should explore frictionl and investigate the ways in

which the speed of a moving object can be changed by the application of forces.

This work should be set in everyday situations, for example, road safety, transport

(including cycling and sailing), balancing systems and hydraulic mechanisms in
model making (p. 44)

Thus, pupils should, amongst other things related to forces and movement, "explore
friction", but it is not specified in what way and how this could be achieved. There
are many different ways to explore friction and there are many different
approximations to frictional phenomena, as there are three kinds of friction, namely
static, kinetic or sliding and rolling friction (cf. Chapter 2 & Appendix I). It is,
therefore, a challenge for the teacher and the learners to organise investigative
activities which could promote fruitful and meaningful learning experiences in order

to explore certain frictional phenomena and their nature.

In the NCC consultation report (1991), in the Statements of Attainment for Level 5, in

(e) we can read that pupils should'.

» know that gravitational forces and friction forces affect the movement of an object
(p. 45).

In the Examples which are next to the Statements of Attainment we read that pupils

could:
* use diagrams to show how the forces of gravity and friction act when they cycle

on different gradients and at different speeds (p.45).

1The emphasis in bold characters is added.
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Knowledge about how gravitational forces and friction forces affect the movement of
an object may be achieved or constructed through investigative work and classroom
experimentation. Moreover, learners would probably have to go through some phases
and degrees of conceptual change. It would be more difficult though, to show how
friction acts when a person is cycling on different gradients and speeds. Rolling
friction is a difficult concept (cf. Appendix I) and, in my opinion, it cannot be easily
taught or explained at Key Stage 2. Nevertheless, some questions could be answered
within the "surface roughness" approximation of frictional phenomena, which is

adopted here as an explanatory framework.

In the most recent version of the National Curriculum for England and Wales (DES,
1995), friction appears to be a "type of force" and it is stated that pupils should be
taught:

(c) about friction, including air resistance, as a force which slows down moving
objects (p. 12).

Thus, air resistance appears to be considered as a frictional phenomenon suitable to be
taught and investigated in primary school. A more general, leading conception about
friction appears be that of a "type of force which slows down moving objects", but let
us not forget that friction may also "keep things stationary", and that can be equally
important in many everyday situations (cf. § 2.5.). The latter is not stressed in the

preceding phrase, unless it is included in what should be taught "about friction".

On the other hand, there seems to be some emphasis in the role of air resistance in the
motion of objects. Hence, in Key Stage 3 pupils should be taught:

(e) ways in which frictional forces, including air resistance, affect motion, e.g. the
effect of a descending parachute, the effect offriction between a tyre and a road
(DES, 1995, p. 21).

Thus, rolling friction and relative frictional effects in the interface of "a tyre and a
road" appear to be considered as a more advanced phenomenon to be investigated,
since it is proposed to be discussed in Key Stage 3 and not in Key Stage 2 (DES,
1995). Nevertheless, in Level 4, which most of the primary school children should

have reached by the end of Year 6, pupils should be able to:
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... make generalisations about physical phenomena, such as motion being affected by
forces, including gravitational attraction, magnetic attraction and friction, or sounds
being heard through a variety of materials (DES, 1995, p. 56, emphasis added).

It is not specified what kind of "generalisations" can be made about a "physical
phenomenon" such as "motion being affected"” by the "force of friction". But,
generalisations like "friction slows things down", "friction wears things away", or

"friction creates heat" could be implied.

Within the context of this inquiry, an "exploration of friction" was attempted, through
investigative group work and classroom discussion. Some simple experiments were
organised during the teaching sessions and several everyday instances concerning
frictional phenomena were discussed and analysed. The emphasis was drawn on how
new conceptions or new constructions are built, in relation to the prior knowledge of
the learners, within the framework of constructivist philosophy. This implies "direct
experience with science as a process of knowledge generation in which prior
knowledge is elaborated and changed on the basis offresh meanings negotiated with
peers and teacher" (Watts, 1994, p. 51) and this is what constitutes a challenge for all

the people involved in the educative process.

On the nature of this challenge Watts (1994) comments:

In the United Kingdom's post-National Curriculum era, the 'coverage' of the content
of the statutory 'Programmes of Study' is of immediate importance. The challenge
undertaken has been to meet these legal requirements, while at the same time
fostering a constructivist approach through active problem solving strategies (p. 51).

There is an attempt to meet this challenge here, throughout the various phases of the

teaching intervention that are described later in this chapter.

4.2.2. The classroom setting

The classroom, where Year 6 was situated, was a nice and convenient room of 30 m2
approximately. There was a big window on the left and there were two doors, one on

the left of the room and one at the back of the room (see fig. 4.2.1). A chalkboard
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was situated on the wall, in the front part of the classroom. In the right comer, at the

back of the room, there was a sink which was used for washing, cleaning, etc.

Chalkboard
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(Fig. 4.2.1: This is the 't ear 6 classroom diagram from the school in England. There j
(are some numbers printed on the desks, ranging from 1to 5. They represent the i
| equivalent numbers of the children's working groups and they are used as such in the m
scries of teaching sessions that follow . Hence, Table No. §' is actually 'Group 5', or j
I'the fifth group', with four children, which was situated in the right back corner of the i
classroom

There were cupboards and bookcases in every comer of the classroom where the
children kept their resources, their work and their books and notebooks. The teacher
had his own cupboard and a small bookcase next to his desk, where he kept his

paperwork, some personal items and books.

In the left corner, at the back of the room, there was a separated area with an
ARCHIMEDES computer, where the children could do some project work or they
could play some of their favourite computer games during the school breaks. It was
also used as a "quiet comer", where the children could do some silent reading by
choosing a book from the classroom library which was situated there. Some large
pillows were laid on the floor next to the bookcases, where the children could sit and

relax while they were reading a book or looking for some information.
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The teacher's desk was a rather small table, while the pupils' desks where average-
sized tables with plastic laminate on top. The pupils' tables were put together in pairs,
one next to the other (cf. fig. 4.2.1). Thus, there was plenty of space on the tables for
the children to work conveniently in groups and to perform investigative activities in

science or any other subject.

There were twelve (12) boys and (9) girls in the class. At the time that this research
project was conducted, the children were working in four groups of four and one

group of five, although some changed groups from time to time.

4.2.3. Introductory session

The introductory session was a morning session on a Tuesday in the end of May
1992. It lasted roughly forty-five minutes (45') and the children worked in groups for
most of that time. There was some time devoted on a. plenary orientation and
discussion concerning some explanations in the beginning of the session and some

time for reporting and further discussion in the end of this period.

The main focus of the introductory session was a preliminary orientation of the
learners and an elicitation of their ideas concerning some frictional phenomena as
they were presented within certain "triggering instances" (see Table 4.2.1). Each
"triggering instance" consisted of an initial question or a brief description which
presented the instance. Another question followed, the same for all of the instances,
asking for an explanatory comment. The instances were chosen from everyday life
occurrences and they are considered to be familiar to the children who either had such
personal experiences in the past (questions for Groups A & E) or they could try them
out in class (questions for Groups B, C & D). For example, group A had to deal with
the following "triggering instance": What happens when we try to walk on ice? Why

does this happen?
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The session was expected to trigger and elicit some of the children’s ideas concerning
the specific instances and certain consequences that can be drawn on these, so that the
learners would:

* become sensitised to certain phenomena where friction is present in one way or

another, by trying to guess what the "triggering instances" have in common

» express and become aware of their ideas concerning certain frictional phenomena,

by writing, reporting and discussing their group work with the rest of the class

* develop their communication skills through a whole class discussion in reference
to certain "triggering instances" on frictional phenomena, by reflecting and

receiving social feedback on their exposed ideas.

At the beginning of this session, the children were told that they were going to
investigate a new concept in science. They were not going to be given a name for it
and they were not going to be told what it was about. Instead, they were told that it
was to be kept a mystery and that they had to guess for themselves what the concept
under investigation was. This mystery and guessing about the new concept seemed to

capture their curiosity and to stimulate their interest.

Read the following questions carefully. They deal with situations that have something in
common. FEach group will have to try to answer one question and write down a short
paragraph about it. Each will have to choose a representative who will report the group's

work to the whole d ass.
QUESTIONS

Group A What happens when we try to walk on ice? Why does this happen?

Group s. We gently push a book on the tablq it slides for a short distance, it slows
down and then it stops. Why does this happen?

Group C What happens when we try to write with a piece of chalk on glass?
Why does this happen?

Group D.  What happens when we try to hold a pen and our hands are wet or
sweaty? Why does this happen?
GroupE. What happens when we ride our bike and suddenly we go ova- some oil

which is spread on theroad? Why does this happen?

\9.  children during the introductory session
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After that, each group was given a leaflet, which is reprinted here in table 4.2.1. Each
group had to perform the following tasks:

» tackle and discuss one question respectively in an attempt to give an explanatory

answer

* agree on a written version of their answer and choose one of the members of the

group to report it to the whole class

* consider and think over the remaining questions that the other groups were

working on and try to guess what they have in common.

First they were told to read the leaflet briefly. Then the teacher asked if there were
any questions. Group C asked if they could take some pieces of chalk and try to write
something on the glass of the classroom window and the teacher replied affirmatively,
provided that they would not disturb the rest of the class. One member of group D
said that she wanted to wet her hands in the sink and then try to write with a pen and
see what happens and the teacher encouraged her to do so. One member from group
E remembered that he had seen something about bikes slipping on oil and ice in one
of the books from the classroom library and he went to look for it while the rest of the
group started exchanging ideas and opinions. At that moment, the teacher mentioned
that the children could use any of the classroom resources which they thought that
would be useful and would help them along their task. Group B cleared up the desks
and they started experimenting with books and notebooks pushing them along the
table. One of the members of Group A complained that they didn't have anything
practical to do, but at the same time, another member of the group mentioned that all

of them had slipped on ice and they knew all about it.

By the end of this first round of questions and spontaneous activities which lasted for
about ten minutes, the children had returned to their seats and were discussing their
experiences. The researcher and the teacher were observing these discussions by

moving around the classroom and listening to the children talking to each other.
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All of the members of group A accepted the fact that we may all slip on ice because
we cannot grip easily and each one expressed his or her own experience. Then the
main focus of the discussion was shifted to ways and means that could be used in
order not to slip on ice. One pupil said that she wouldn't slip easily if her shoes were
made of rubber and had a good grip. Another pupil mentioned that he could take
advantage of slipping on the ice if he wore ice skates and he could move a lot faster
without falling down. Another pupil commented that this could happen only on a

frozen lake and not on a road or on a pavement.

The members of group B agreed that the books and notebooks they experimented
with, slowed down and stopped because there was no more force pushing them along
and the table was hindering them in a way. One of the pupils in the group mentioned
that one of the books that had a "bumpy" cover stopped faster than a notebook with a
smoother cover. This, she explained, had to do with the cover of the book because
"the smooth one slipped further along". Another pupil observed that in most of the
times that he tried, the book stopped just before it reached the end of the table, but he
thought that it wasn't relevant to what was going on and "it was a matter of a push
really". Another opinion was that gravity pulls the book down and sticks it on the
table and that is the reason that the book stops sliding. This was also accepted as a

cause by the rest of the group.

Group C was surprised that it wasn't easy at all to write with a piece of chalk on the
window glass. One of them said that he thought that chalk could write anywhere, bul
at the same time another one mentioned that she had difficulties in writing on the desk
with a piece of chalk (the desk was covered with plastic laminate). Another pupil
mentioned that "the chalk does not leave a line on the glass because it is very smooth,
but it leaves a line on the board or the floor, because they are rough". The rest of the

group agreed on that.

Some members of group D tried to hold a pen with wet hands and they observed that

it slipped. Someone mentioned that he had tried to write something down that

145



Chapter 4.2. The Teaching Intervention in England

morning while he had some butter in his hand from the toast he was eating earlier and
he noticed that he had difficulties in holding the pen. Another pupil mentioned that
he also had difficulties in writing with sweaty hands just after playing football in one
of the school breaks, some days ago. He noticed that it happened because his hand
was slippery. Thus, the group agreed that water, sweat or butter make our hands

slippery so we cannot easily hold a pen.

Two of the members of group E had skidded with their bikes due to a slippery road
and they talked about their experience within the group. The pupil that had looked
for the book showed the rest of the group some pictures of bikes and motorbikes
slipping over oily or icy roads. He mentioned that it all happens because the oil
makes the road slippery and as a consequence the bikes cannot have a good "grip” so
"you can't keep balance and you fall". They all agreed that oil on the road is very

dangerous and we must be very careful.
After the group discussions the children spent some time writing down their report.
The teacher reminded them that they had to write about:

* their opinion concerning the reason(s) why the certain phenomena happen, and
* what they thought was the common thing or concept in all of the situations they
had examined.

Their written reports were as follows:

(kotip sA:

When we try to walk on ice we slip over because it is
slippery, smooth and fiat, if we have rubber shoes, iike
trainers, it wiii be more difficult to slip. If we have ice
skates on, we can have an advantage of slipping on the
ice. All the questions are about slipping and gripping.

fir (nip fi:

When we push the book, our force is grater at the start
of our push. One reason why our push gets weaker is
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because gravity pulls it down and that makes it stop.
Another reason is the surface of the table, which sfows
it down. If it is smooth, the book will slide further. The
common thing in the questions is about sliding, grip and
surfaces.

Group C:

The chalk does not write on the glass. The window glass
is smooth and that's why the chalk doesn't leave a line.
If it was rough like the board or the floor the chalk
would leave a line. In all of the given questions gripping
and surfaces are in common.

Group D:

When your hand is wet or sweaty and you try to write
with a pen, your hand slips down the pen. It does this
because the grip is slippery and the hand used to have
grip, but it lost it when it got wet. If your hand is dry it
has a good grip. All the questions are about gripping
and slipping surfaces.

Group E:

When we go over oil with our bikes we slip because there
is no grip. We slip because the oil spoils the grip on the
tyres and it is difficult to keep balance. The same
happens on ice. The common thing is slipping, gripping
and surfaces.

These reports mainly reflect the discussion that took place within the groups. A
representative from each group read the group's report to the whole class and then she
or he went to stick the paper on the wall, so everybody could look at it later on. After
the report of each group was read, the teacher invited the pupils to make some

comments on the ideas that the group had expressed.
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Group A received a comment from a pupil concerning a special kind of shoe with
spikes that some people wear in order not to slip on the ice. She claimed that she had
seen such shoes and they worked effectively because they could make holes in the ice

and grip firmly.

Group B received a comment concerning the surface of the table. Some pupils
noticed that if the surface of the table was rougher the book would slide a shorter
distance with the same push. A couple of other pupils mentioned again the
importance of gravity, because "it is gravity that presses the book on the table and
then the table slows it down". This idea seemed to be plausible and generally

acceptable by their fellow pupils.

The report by group C was accepted with astonishment from the rest of the class,
although they had noticed the earlier activities of the group. Some pupils took a piece
of chalk and tried to write on the window glass. They couldn't believe that the chalk
did not leave a noticeable trace, but as someone mentioned "it could be the chalk, you
know; this one is a bit hard, I have seen some softer ones. They could write on the
glass". Some pupils agreed on that, but looked a bit puzzled. The teacher proposed

that they could try it again when someone would bring a "softer piece of chalk".

Group D received a similar comment, to that of group B, in reference to the surface of
the pen this time. Someone observed that some pens have a very rough surface and it
could be possible to hold them firmly, even with wet or sweaty hands. She
demonstrated her opinion with a of one of those pens. The rest of the class agreed on
her comment. Someone else also had the impression that if we could press the pen
very hard, it wouldn't slip down our hand, but he said that he couldn't show it to the
rest of the class and that "it would be difficult to press hard when your hands slip all

the time".

One comment that group E received was that it is not a matter of keeping balance on a

slippery road, because "without any grip on the tyres, you'll fall anyway; there's
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nothing you can do to stop it". One pupil mentioned that she had slipped with her
bike when the front tyre went over a banana skin. Some pupils agreed that the banana

skin is also very slippery, even when someone walks on the road.

All of the groups seemed to agree that the common "thing" or the common concept
behind the five "triggering instances" was about "gripping", "slipping” and "the nature
of surfaces". During a more general discussion that followed the children made some
generalisations and inferences. They said things like the following:

» if surfaces are "smooth", "even" or "flat" then they are slippery or they slide

easier. If they are rough they grip more;

+ if you don't have good grip you slip and fall down or you can't catch things

because they slip out of your hands;

* ice, oil, water and sometimes a banana skin can be very slippery and may cause

accidents.

These statements were put together on a small poster and they were stuck on the wall,
next to the children's writings, so they could be easily recalled and referred to during
the following lesson. The session ended with the teacher telling the children that they
were going to take a closer look and examine more carefully this "gripping and
slipping" in the following lesson which was going to be held in two days time (on that
following Thursday). He also mentioned that they were going to do some
investigations and try to find out why things grip or slip. The children seemed to like

the idea and the reacted in a rather positive way.

4.2.4. A commentary on the introductory session

It was rather surprising to see the children reacting spontaneously to the "triggering
instances" by organising investigative activities by themselves. They wanted to see
on their own what was happening in the situations they had to examine. During the

break, the teacher mentioned that they often did so if they found something
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interesting and they felt they had to check it for themselves. They would look for
further information or try to investigate a certain situation in order to express an
opinion. He also mentioned that he felt very proud of that achievement, since it took
him a lot of time and effort "to make them act in an investigative and creative way

and feel free to present and exchange opinions and critique".

From what went on in class, it is quite obvious that the children could easily grasp the
idea of "gripping" and "slipping" of surfaces as an everyday phenomenon and they
could also reason about it. Their reasoning was rather intuitive and they thought that
gripping and slipping are related to the nature of surfaces. They proved to be good
observers and they also developed some very creative reasoning to support their
intuitive ideas or they could generate creative alternatives for certain situations.
Some examples of these could be the spike shoes that can grip on ice, the "softer
chalk" that could possibly write on glass, the observed differences on the surfaces of
the sliding book on the table, the banana skin that makes a person's shoe slip, or a
bicycle rider who can't keep balance on an oily road, the case of the special pens that

have a better grip etc.

Their intuitive conception of gripping mainly seems to be a reification since it is
"something that you have and you can hold on or catch on something else" or it is
"something that you don't have and you slip and fall". For example, the hand "lost its
grip when it got wet" or "it has a good grip" if it is dry. They also seem to have this
"reified conception” closely related to the surfaces in contact. Thus, it is "something"
that the surfaces have or have not which gives them gripping qualities or makes them

|

slippery. For example "we slip on ice because it is slippery, smooth and flat" or "the
window glass is smooth and that's why the chalk doesn't leave a line" or the fact that
we slip with the bicycle on an oily road because "the oil spoils the grip on the tyres".
Furthermore, in certain cases, they seem to relate their conception of gripping with

the concept of gravity which somehow "sticks the book on the table", or as they

wrote, "gravity pulls it down and makes it stop".
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The children don't seem to associate explicitly their conception of "gripping" and
"slipping" with the concept of force. They do not appear to be considering that
"gripping" could be a "push" or a "pull", although sometimes in the pre-intervention
interviews they seem to be able to call "gripping" "something like a force" and
identify it in an intelligible way. However, the word "friction" was not mentioned
during the introductory session, although it was uttered in one of the pre-intervention

interviews (cf. what (Ph) says in § 4.1).

4.2.5. The second session

The second session was an afternoon session, two days after the introductory session,
on the Thursday of that week. It was a longer session of approximately one hour and
twenty minutes (1.20") without any break. There was just a short pause on the hour,
for a couple of minutes, to move away from the experimental activities and on to a
whole class discussion period for the last twenty minutes or so. Normally, that last
period of time was used for silent reading, but for the purposes of this inquiry it was

agreed to do science for all of the session.

The main foci of the second session were to:

* elicit some of the children's ideas or alternative conceptions, concerning frictional
phenomena and make them explicit to everybody involved in the learning process

* provide opportunities for learners to question, investigate and experiment on the
nature of frictional force

* encourage learners to acquire new conceptions on frictional phenomena using an

explanatory analogy and apply it in various related instances.

These foci would be achieved by means of a series of teaching events and activities

encouraging the learners to:

* become aware of their intuitive ideas concerning certain frictional phenomena

(e.g. a stationary book on a tilted table) and make them explicit in class by
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expressing and discussing these ideas and possibly by taking a poll at the end of

this process

+ test these alternative ideas, in an investigative way, by conducting experiments
with blocks of wood, which the children would slide on different surfaces on their

tables (e.g. on plastic laminate and on different kinds of sandpaper)

» consider the plausibility of a "scientific explanation" for the nature of friction
(static and sliding) which will be presented through the analogy of ajigsaw puzzle
and attempt to compare this explanation with prior ideas within the context of new

inferences.

* apply the newly acquired ideas to some other similar instances referring to
friction, in order to check their plausibility and support their opinions within the

context of classroom discussion.

The session started with the teacher telling the children that they could find some
pieces of wood and some other equipment like weights and pulleys on their desks.
But before they experimented with them, they would briefly revise what had
happened in the previous session. The teacher mentioned that they were discussing
gripping and slipping and reminded them some of their ideas on the topic, by reading
some of the papers that they had stuck on the wall during the previous lesson. The
children mentioned that they remembered all about it and they wanted to investigate

further these issues as they had already agreed.

After that, he stood behind his table and put a book on it. He

lifted the table a little bit from one of the sides and asked the
Fig. 4.2.2: The book on j ) )
the tilted table. j pupils what they observed. They replied that the book was
stationary on the table and it wouldn't move at all, basically because the table was not
steep enough and there was no reason for the book to start sliding. No other
alternative response was expressed at that moment. Then the teacher lifted the table a
bit more and asked again why the book didn't move on the table towards the end of it

and the children expressed their ideas by producing some answers which were written

on the board by one of them. Here they are presented in the following table:
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Learners' ideas Results of the poll

» the table is still not steep enough; we should tilt it more

for the book to start sliding ?
» gravity is somehow sticking the book on the table and

it can't move because it's pushing it down onto the 6

table
» the surface of the table is somehow holding the book;

it's like the table is pulling it in the opposite direction; 4

some kind of force is holding it up
» the book grips on the table like a tyre of a car on the

road 1
* the book would slide only if we put some rollers under

it, like pens or pencils; it wouldn? stick on the table 1

then

Table 4.2.2: Children's alternative ideas concerning the "book on the tilled table" situation together with the
results of the poll which was held immediately after the elicitation of their ideas.

As soon as these ideas were written on the board the teacher asked the children to put
their ideas to a vote. Each pupil should vote only once. The results of this poll are
presented on the right column of Table 4.2.2. The majority of the children believed
that the book was not sliding because the table was not tilted enough while others felt
that gravity plays an important role in holding the book on the table. Only four or
five of them thought that the surface of the table or the surface of the book had
something to do with the gripping of the book on the table. One of them even
presented some sort of perceptual analogy, that of the gripping automobile tyre.
There was also an alternative idea expressed from one of the children who mainly
focused his attention on proposing a way of sliding, or in fact rolling, the book on the
table with the use of some rollers. The class democratically decided to record this
idea and to include it in their poll, although most of the children felt that it was about

a different kind of problem or at least a different aspect of the problem.

After the poll the teacher moved on to present the material that the children had on

their desks and elicit some ideas for further investigation.
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Apicto.rial

A verbal description ofthe objects on the tables ';fl;’eist;”g"l”;zz szb tlﬁs
three (3) blocks of wood in a cuboid shape (4x8x15 cm), each
weighing approximately 4.5 N. All of these blocks had a
small hook screwed into one of their smallest sides.
one (1) pulley fixed on one edge of each table. It was a
plastic pulley which was attached on the table with the aid of a
G cramp.
some weights in the shape of small disks (10 of IN, 10 of 0.5
N, 100f0.3 N and 15 0f0.1 N)

some pieces of string and a small plastic tray which was used

to put the weights in. The tray weighed approximately 0.1 N.

one newton meter (dynamometer) which could measure the
weight in Newtons. The children were already familiar with
it, since they had already used it in measuring the weight of

objects.

a parallelogram piece of sandpaper was also available on all of
the tables apart from the first one. Its dimensions were
roughly Ira in length and 35¢m in width. The sandpaper was Roos
"fine" or "softer" for two of the tables and "rough" or "harder"

for the other two.
Table4.2.3; The. was available for the children on their tables. J

He stood in front of one of the tables, picked up each of these items, showed it to the
children and briefly described what it was (see Table 4.2.3). Then he asked the
children what they could possibly do with this kind of equipment, in relation to their
previously discussed ideas on "gripping and slipping". Some children said that they
should try to slide the blocks of wood on the table and somehow they should try to
measure their "grip" on the table. Some other mentioned that they could do that with
one, two or three blocks to study the differences. In the beginning, they had
difficulties in finding out about a probable use of the pulley, the tray and the weights.
It seemed that most of the children wanted to start their experimentation on the

sliding of the wooden blocks by using their hands for that task. Then, rather
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unexpectedly, a couple of children came up with an idea in the following, recorded,

short dialogue:

Ljs 1getit../ we can use this piece of string to pull the block this way ...
we can tie it to that.. kind of hook and .. we can pull it with our hand
.. but we can also .. use the pulley ..

T: » hmm ... that's interesting .. in what way ../

Lis well .. we can tie this plastic tray at the end of that string and ... use
the pulley .. I mean pass it over here ... then use the weights to pull
the block along the table ..

[he demonstrated this with his hands and the equipment]

L2: yes .. it will be like .. like we pull it with our hand .. but this way we

can find out how much weight we need to pull it along .. we can
measure it..

T: that's a good idea .. I think we should try that.. we can also use those

pieces of sandpaper and see if things are any different..

At that moment, approximately twenty five minutes had elapsed from the beginning
of the session. The children had briefly discussed and had generally decided how
they were going to investigate the sliding of the blocks of wood on the table by using
the given equipment. The teacher mentioned that he had prepared a leaflet for them,
in an attempt to organise their activities and he distributed it to all of the groups (see
fig. 4.2.3).2 He also provided the groups with blank A4 pages to be used for the
recording of their investigations. He went on to demonstrate how to set up the
experiment according to the respective drawing in the "investigation leaflet". In fact
he helped the children in the first group (Group 1) to tie a piece of string on the hook
of one of the blocks of wood, pass the string over the pulley and tie the plastic tray at
the end of it, where the weights could be placed. Then he asked the rest of the groups
to do the same thing carefully, although they had already started doing that in parallel
with the first group. A couple of minutes later, he briefly described the activities
which were included in the "investigation leaflet" and said that he would answer any

further explanatory questions as soon as the groups started their investigations. He

2 This leaflet was in fact a product of the collaboration of the teacher and the researcher.
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stressed the importance of safety andfair testing by mentioning that they all had to be
very careful, show mutual respect for the effort of each other and that they had to
perform the activities and measure things as attentively as possible. After that, he
started going around the groups in order to help the children with the management of
the available equipment for their investigation. At this stage, the teacher received

some help from the researcher, who participated in this process as a teacher assistant.

INVESTIGATION

There are some blocks of wood on your table. You may tie a piece of string on one of
these blocks and then pass it around a pulley which is fixed at the edge of the table.
You may tie a plastic tray at the end of the string. You can put some weights there
(see the following drawing).

ACTIVITIES

. Weigh your block of wood.

. Add carefully weights on the tray until the block starts sliding gently.

. Note how much weight you have to use in order to slide the block of wood on the table.

. Compare this force with the weight of the block. What do you observe?

. Add another block of wood on top of the one you already have on the table. |
Repeat activities 2 & 3. |

6. Compare the force you had to use in order to slide the blocks of wood on the table

with their weight. What do you observe? Record your observations.

N AW N

Group work
Group leader:
Performer:
Observer(s):
Scribe:
Attention: Add the weights gently on the tray. Try not to move or shake the table
while you are doing your investigation.

Fig. 4.2.3: The leaflet that was distributed to the children during the second session of the teaching ]
intervention. This one is from table 1, where group one was working. They had to slide their blocks o f!
wood on their desk, which was covered with plastic laminate. j

The children worked in five groups as they usually did whenever they had to do some

group work (cf. § 4.2.2). Each group was provided with the leaflet (see fig. 4.2.3)
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with the activities they were about to carry out. The children were used to being
assigned certain roles to perform within the group and they usually wanted to try a
different role every time. They often switched around these roles, from time to time,
during the course of the group work activities. It usually took the children a couple of
minutes to decide what role would be assigned to whom each time. The designated
roles within each group were:

The person who was managing the group by asking people to

*  Group leader do things, having the overall control of the group. He or she

was usually reporting the work of the group.

* Performer The person who was making things happen with the

assistance of the other members of the group.

¢ Observer The person(s) who were responsible for the observation of the

activities and the measurement of the variables.

* Scribe The person who was responsible for keeping records of all of

the data collected by the group.

It was often the case that different groups worked on different aspects of the same
phenomenon or problem in order to gain a more holistic grasp of it. The first group
(Group 1, Table 1) was going to slide the blocks of wood on the surface of the desk,
which was covered with plastic laminate. Groups two and five were going to
experiment on sliding their blocks of wood over a piece, or actually a strip, of "fine"
sandpaper which was stuck on the desk with insulating tape. Groups three and four
were going to slide their blocks of wood on a piece of "rough" sandpaper (see fig.
4.2.4). At this stage, each group had to work independently, record and elaborate
their observations, raise some conclusions and then make a report, which would be

presented in the whole class session for further discussion.
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Fig. 4.2.4: On the left there is a pictorial representation of a table covered with "fine" sandpaper (Groups 2 & 5) |
and onthe right there is another table covered with 'rough' sandpaper (Groups 3 & 4). j

The teacher asked a child in each group to weigh one block of wood with the newton
meter. They did so and they found that each block weighed 4.5 Newtons. Then, he
said that it would be helpful to give them an idea of how they could organise the

recording of their data. Thus, he designed the following Table on the chalkboard:

The learners had to write down the weight of the block(s) which had to be kept
constant. Then, they could gradually add weights on the tray and record their effect
on the sliding of the block(s) by ticking the respective box. At the end of the process,
they would have a complete record of measurements referring to their
experimentation. The scribes of each group copied the table on the blank A4 paper

and they got ready to start recording the observations and measurements of the group.

At that moment, and before the children started their experimentation, the teacher
asked them to predict how much weight they would have to use in order to make the
block of wood start sliding on the desk. The children in the first group said that they
would have to use as much weight as the weight of the block itself, because otherwise
it wouldn't slide. They mentioned that they would need "an equal force pulling the

block along the desk". The children in the second and fifth group ("fine" sandpaper)
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said that they would have to use more weight than the weight of the block bepause
"the sandpaper is rougher and they would need more force to pull it along the desk".
The children in the third and fourth group ("rough" sandpaper) said that they would
have to use even more weight than the children in the previous two groups because
their sandpaper "was a lot rougher" and therefore they would need more pulling force,
because "the block would grip more". The teacher did not express an opinion, but
asked the learners to check their ideas in action and advised all of the groups to
increase the weights gradually in order to be able to make more accurate
measurements. He mentioned though, that it would be better and more fair if they
placed their block(s) at a certain "starting line" before they attempted to slide them
and he suggested that all of the groups should draw a "starting line" on their tables

using a thick marker.

The groups started their experimentation and the scribes started recording the data of
each group. The classroom was filled with the noise of busy children who were
investigating and challenging their ideas. At first, all of the groups experimented with
one block of wood and they were surprised when they found out that the block would
start sliding with a smaller pulling force than its weight. In the case of fine sandpaper
the pulling force from the weights had to be a roughly half of the weight of the block
and in the case of the rough sandpaper the pulling force had to be a bit more than half
of the weight of the block. After they had experimented with one block of wood, they
continued experimenting with two, and in some groups even with three blocks.
During the experimentation the teacher and the researcher were moving around the
groups and they were helping the children, whenever it was necessary. After twenty
five minutes or so, the groups were ready to present their work. The first group came

up with the following Table:
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A 11

Table 4.2.4: Group I A representation of the record they kept when they experimented with one and two
blocks of wood.

The second and fifth group experimented with the sliding of blocks of wood on a
piece of "fine" sandpaper. In the beginning both of the groups experimented with one
block of wood and they came up with roughly the same measurements. These

measurements can be represented in the following Table:
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j Table 4.2.5: Groups 2 & 5. A representation of the record they kept when they experimented with one block of !
| wood on "fine"s a n d P a p e r .
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After both of the groups (two and five) had experimented with one block of wood on
a piece of "fine" sandpaper with roughly the same recorded measurements, the
teacher asked the second group to experiment with two blocks and the fifth group to
experiment with three blocks. The second group produced the following Table, in

their attempt to slide the two blocks of wood:
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j Table 4.2.6: Group 2. A representation ol the record they kept when they experimented with two blocks of
I wood on "fine" sandpaper.

The fifth group produced the following Table in their attempt to slide three blocks of

wood on "fine" sandpaper:
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! Table 4.2.7: Group 5. A representation of the record they kept when they experimented with three blocks of
) wood on "fine" sandpaper.

The third and fourth group experimented with "rough" sandpaper and for one block of
wood they produced roughly the same table of recorded measurements. This Table

could be represented as follows:
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Table 4.2.8: Groups 3 & 4. A representation of the record they kept when they experimented with one block
of wood on "rough" sandpaper.

163



Chapter 4.2. The Teachine Intervention in England

After both of these groups had completed their measurements with one block of wood
and they had roughly come up with the same conclusions, the teacher asked the third
group to experiment with two blocks of wood and the fourth group to experiment
with three blocks of wood. Thus, the second group came up with a Table that looked

like the following:

A 2
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Table 4.2.9: Group 3. A representation of the record they kept when they experimented w'lth two blocks of
wexxi on "rough" sandpaper.
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The fourth group experimented with three blocks of wood and they came up with a

Table that looked like the following:
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Table 4.2.10: Group 4. A representation of the record they kept when they experimented with three blocks of

wood on "rough" sandpaper.

After each group had completed their tasks and had finished their activities, the

teacher asked the leaders of each group to report their results to the whole class and
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then stick the paper with their measurements and comments on the wall, next to the

other posters and papers.

The first group presented their measurements and mentioned that they had found out
that one block of wood would start sliding on the table with a "pulling force" of 1.1
Newtons. They had compared the weight of the block with the "pulling force" of the
weights and the tray and they inferred that it was approximately one fourth (V4) of
the weight of the block and this was rather astonishing, according to their predictions
before the experiments. They thought that the "gripping force"3 would be a "lot
stronger" and that the weight of the block would somehow stick it on the table. They
expected that "a much stronger force" would be needed to pull it along. They were
now convinced that although the "gripping force" holds the block back in its place,
"gravity" or the "weight of the block" just "sticks it on the desk" and the "gripping
force" resists the "pulling force" of the weights "only by one fourth of the weight of
the block". One of the children in this group had the idea to put the block of wood on
some pencils and then try to pull it along the table with the aid of the weights. He
seemed surprised when he found out that it would only take a pulling force of 0.5 N
to start sliding. When he announced that in class, some children commented that it is
always easier to move things when they are on wheels or rollers and for example they
referred to suitcases with wheels, skateboards and bicycles. They concluded that the
block of wood slides rather easily on the desk covered with plastic laminate, although

it would slide a lot easier if it was put on pencils or rollers.

The second group, which had experimented on "fine" sandpaper, found out that one
block of wood would start sliding along the desk with a "pulling force" of 2.4
Newtons. They compared this "pulling force" with the weight of the block and they
inferred that it was roughly half (~1/2) of its weight. They mentioned that they

expected the "gripping force" to be greater and they were rather surprised with their

3 The terms "pulling force" and "gripping force" arc pul in speech marks because they are the terms that the
children used to describe the respective forces.
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results. Nevertheless, they admitted that they were "probably fooled by the gripping
force of the book on the tilted table" which they sensed that was a slightly different
case of the same phenomenon. The fifth group who had also experimented with one
block of wood on the surface of the same kind of 'fine' sandpaper and they came up
with the same final measurement (2.4 N). After that, the teacher asked the children of
the second group to experiment with two blocks of wood and the fifth group to
experiment with three blocks of wood. They came up with analogous measurements
and results. Two blocks of wood, which weighed 9 Newtons, were slid by a "pulling
force" of 4.7 Newtons, which was approximately half of the weight of the blocks
(second group). Three blocks of wood, which weighed 13.5 Newtons, were slid by a
"pulling force" of 7.2 Newtons, which was again approximately half of the weight of
the blocks (fifth group). After both of these groups had exposed their results in class
they inferred that for the "fine" sandpaper they needed a "pulling force" of
approximately half of the weight of the block or set of blocks to make them start
sliding on the tabletop. They recognised that the "gripping force" was hindering the
sliding of the block(s) and that in the case of the sandpaper it was more than in the
case of the plastic laminate surface of the table, mainly due to the "roughness" of the
surface of the sandpaper. They also observed that while the block(s) was sliding
along the surface of the sandpaper, it left a visible trace of "tiny bits of wood" on the
black-coloured surface of the sandpaper. They claimed that these "tiny bits of wood"
actually snap off from its lower surface because "the block can't hold them since the
"gripping force" is pulling on the opposite direction and that tears them to tiny

pieces".

The third group who had experimented with rough sandpaper found out that one
block of wood (4.5 N weight) needed a "pulling force" of 2.7 Newtons to start sliding
on the desk. They compared it with the weight of the block and claimed that it was a
bit more than half of the weight of the block and 0.3 Newtons more than the
respective "pulling force" that the block needed to start sliding on the "fine"

sandpaper. One of the members of the group did more calculations and proved that
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the "pulling force" was "exactly 3/s of the weight of the block". The fourth group
experimented under the same circumstances and came up with approximately the
same results for one block of wood on "rough" sandpaper. While they were
experimenting though, a small problem appeared for a moment, as they had to put 2.8
Newtons for one block to start sliding on the tabletop. The third group had finished
that part of their investigation earlier and somehow their measurement had become
known to the fourth group. They were puzzled for a moment, but the scribe of the
group proposed to repeat the experiment. They did so, and this time the block started
sliding with a "pulling force" of 2.7 Newtons. They thought that something had gone
wrong the first time and they mentioned that "it was a small difference", and that they
"shouldn't worry too much about it". At that time, the teacher asked them to go on to
the next phase of their investigation where they had to try to slide three blocks of
wood (13.5 N weight) on the surface of the table covered with "rough" sandpaper.
After a while, they found out that a "pulling force" of 8.2 Newtons had to be exerted
on the three blocks to start sliding. They compared it with the weight of the three
blocks and they inferred that it was "more than half of the weight of the blocks".
They also did a calculation and concluded that it was approximately 3/s of the weight

of the blocks.

The third group simultaneously experimented with two blocks of wood (9 N weight)
on the same kind of "rough" sandpaper. They found out that the block would start
sliding with a "pulling force" of 5.4 Newtons which was inferred to be more than half
of the weight of the block. They mentioned that the comparison they had made
earlier for one block was still valid, thus the "pulling force" was "exactly 3/s of the
weight of the two blocks". Both of these two groups agreed that the "rough"
sandpaper "had more grip", or that "the gripping force was stronger" and that a the
"pulling force" needed for the block(s) to start sliding was more than any other case.
They also noticed the tiny bits of wood that snapped off from the surface of the
wooden block(s) and they agreed with the explanation that the previous two groups

had given about that phenomenon.
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After all groups had finished the presentation and analysis of their work, the teacher
invited all of the children to discuss further their investigation. He then asked them if
they thought that there was any relation between the "pulling force" and the "gripping
force" or the "grip", as they often referred to it. One child from the first group
mentioned that they were both forces and since they pulled the block(s) in opposite
directions, they were both "pulling forces". There was no objection, so the class
seemed to agree on that. Another child from the fourth group mentioned that the
"gripping force" was strong in the beginning keeping the block in its place, stationary
on the table. But, as they kept adding weights, the "gripping force" was becoming
"weaker", until it eventually "had to let the block go" since "it had to start sliding on
the surface of the table at some time". At that moment, the teacher asked the learners
if they thought that just before the sliding had started, both of these forces ("pulling"
and "gripping" forces) were opposite and equal. They thought about it for a couple of
seconds and then a child from the fifth group agreed that the two forces were equal
just before the block started sliding, but they were pointing in opposite directions. "/
think I get it.." another child from the same group yelled. "Just before sliding .. ifwe
measure .. the pulling force .. it's just like we measure the gripping force .. because
they are equal.. and they should be the same .. although they are pulling the block in
opposite directions"So we know how much .. the grippingforce is then" the first
child added. The rest of the class seemed to agree with that and the teacher

mentioned that it was a very interesting point.

After that, the teacher went on with a short presentation phase and stated that
"friction" is the word that scientists use for the "gripping force" which they had been
investigating so far and put forward some questions about the nature of friction. He
asked the learners how they thought that this gripping occurred and what was actually
happening between the surface of the block and the surface of the desk. The children
mentioned that the surfaces were rough or in some cases very rough and they were
"gripping", "catching" or they were "holding very tight with each the other". The

teacher mentioned that those were all very interesting explanations and proposed an
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analogy to visualise this mechanism of friction. The teacher had prepared the
material for an analogy on friction with two fragments of ajigsaw puzzle which was
horizontally separated in the middle. Both of fragments were glued on pieces of
cardboard of different colour (blue and red) and then cut around (see fig. 4.2.5). In
this form they were put up on the chalkboard, one very close to the other. The teacher
explained that the red fragment could symbolise the surface of the table and the blue
fragment the surface of the book, block etc., referring to cases they had already

examined.

Fig. 4.2.5: A pictorial representation of a teaching analogy with the jigsaw puzzle (cf. § 1.3.2) The analog (or
anchor situation) is the two fragments of the jigsaw puzz.le, the pictures of two surfaces touching each other and
an equivalent enlargement act as bridging cases and the situations of the stationary book on the tilted table (static
friction), the block of wood sliding on the table pulled by some weights (sliding friction) and the moving bicycle

(rolling friction) are various target situations which can be seen through the analogy'(cf. Appendix I."™

The teacher also used two drawings on A4 paper to illustrate this analogy. One of the
drawings depicted two surfaces touching each other. The other depicted an
enlargement of a section of the touching surfaces of the first drawing (see fig. 4.2.5 &
Appendix VII). The teacher put them up on the chalkboard next to the jigsaw and
mentioned that all of the surfaces they had examined so far were rough and they had
"peaks and valleys"5 just like the two fragments of the jigsaw puzzle. When such

~The target situation of the rolling bicycle was discussed in the beginning of the third session, but it is presented
here as a situation rolling friction

~ By saying that, the teacher provided the children with a large scale analogy of the nature of surfaces being like a
landscape with "picks and valleys".
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surfaces come to contact one is getting inside the other and somehow they "interlock
with each other. This creates friction which may hinder the movement ofthe block of
wood despite the pulling force ofthe weights or keep the book stationary on the tilted

table”.

The children seemed to be rather happy with the analogy of the jigsaw puzzle and
they appeared to have grasped the idea of "interlocking surfaces", but a couple of
them mentioned that they were not quite sure about what was happening when the
block of wood was sliding on the surface of the table. They could understand that
there would still be friction on the rubbing surfaces "because you need to keep pulling
the block to slide", or "because the book stops sliding on the table when you stop
pushing it", but they wondered how the jigsaw puzzle could possibly help them
explain that. In other words, they seemed to question the fruitfulness of the analogy

for sliding friction.

The teacher said that he was expecting that
question. He moved to the chalkboard, grasped

Fig. 4.2.6: Two fragments of a jigsaw the blue fragment of the jigsaw puzzle and begun
puzzle. The upper is moving from left

to right, bumping on the surface of the . ]t ke > *
Tower fragmerI;t & to s',c*e from le* to nght, as close to the red

fragment as possible, which was kept stationary
(see fig. 4.2.6). The children could see that the upper, blue fragment was bumping up
and down. The teacher pointed out that it was hindered from moving freely since
some effort was constantly needed to climb up the "peaks" and then slide down the
"valleys". He also mentioned that in real cases some tiny parts of both surfaces snap
off, something which wouldn't normally happen with the jigsaw puzzle. He went on
to imply that friction is created because most surfaces are rough and this appears to be
hindering their movement, when we try to slide one over the other. Friction is
actually the force that slows down and eventually stops things when they are left to

move on their own.
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The children appeared to have grasped the metaphorical meaning of the jigsaw puzzle
analogy for sliding surfaces (cf. § 1.3.2), since they could now explain more easily
situations like a sliding block of wood on the table, a sliding box on the floor, or a
sliding book on the table. They sensed that "friction was using up the pushing force"

or that "the bumpy surfaces slowed down the book on the table".

The teacher then asked if they thought that there was any friction in situations where
wheels (bicycles, cars etc.), or rollers (the pencils they had used in the experiments
with the block of wood) are present. The children replied that although things move a
lot easier with wheels or rollers, there would still be some friction because surfaces
are still "rough" or "bumpy" and they "hit one another" when they come into contact.
But, somebody commented that "surfaces touch on one point.. that's why friction is

not much".

That's roughly where the second session ended. Before the children went out the
teacher had told them to think about all the work they had done and if they had any
questions they could always bring them for class discussion during the next session,

on the following day.

4.2.6. The third session

The third session was held in the morning of the following day (Friday), but it only
lasted for twenty five (25) minutes. For the first fifteen minutes or so, the children
raised a couple of questions and discussed them in class. Then, the teacher presented
some more practical cases of friction from our everyday life and negotiated them with
the children. For the remaining time, they filled in a kind of leaflet, which mainly
referred to the nature of frictional force. This was planned and conducted as an on-

going form of assessment of the teaching intervention.

Thus, the main intentions of this short session were the following:
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* to help the children clarify some ambiguous aspects of friction, by negotiating

them in class.
» to present and discuss some practical aspects of friction from our daily life.

* to evaluate children's understanding on the nature of frictional force, by asking

them to present a relevant drawing and express their ideas in a written form.

In the beginning of the session the teacher asked the children if they had any
questions and a couple of them raised their hands. One child said that she had noticed
that when we put oil or grease on rubbing surfaces the force of friction is considerably
reduced. She said that she could understand that "grease made the surfaces slippery"
but she couldn't understand how that was actually happening. The teacher said that it
was an interesting question and invited the rest of the children to express their opinion
on this issue. A child raised his hand and tried to give an explanation by saying that
when we put grease between two surfaces it is like "filling all the gaps between them
.. and this way we make them smooth .. the peaks are also covered with grease and
that makes them slippery". Thus, "if the surfaces are smoother and more slippery,
friction will be less". The teacher said that it was a very good explanation, but he also
added that grease creates a thin layer between the two surfaces and as a result they do
not actually touch each other or at least they do not interlock as they did, without any

grease between them.

There was one more question about how friction is created when a wheel of a bicycle
or a car is moving. The teacher said that it wouldn't be easy to give an answer
because it is a bit complicated to explain friction on rolling wheels (cf. Appendix I).
He claimed though, that it would be sufficient for the moment, to point out that there
is a small area of contact between the wheel and the ground and that's where the two
surfaces interlock with each other and create some friction. This gripping is very
important for the movement of the bicycle or the car because it actually enables the
wheel to roll on the surface of the ground and not spin around without changing its

position, similarly like the wheels of a car that spin around on an icy road. He also
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mentioned that this gripping slows the bicycle down, when we stop pedalling and
consequently, we stop our effort to overcome it. The interlocking of surfaces still

occurs over the area that the wheel touches the surface of the ground.

The teacher then asked the children what they thought was happening when they used
the brakes while cycling. The children replied that there is a lot of friction between
the brake blocks and the wheel because they "rub a lot". He then asked them if they
had noticed that the brake blocks get hot after braking for a while. They said that
they hadn't noticed that, but one of them said that she had noticed that "the tyres of
the car are very hot after a long journey". The teacher mentioned that it is happening
because the car tyres are rubbing on the surface of the ground and this creates heat,
just like when we rub our hands. Another child said that he had noticed that the brake
blocks of his bicycle get worn and he had to change them once in a while. He said he
could now understand that it was happening "because of rubbing and friction". The
teacher said that it was a very good point and he added that our clothes get worn or
sometimes get holes, because we rub them here and there. He said that it is like the
rubber we use to erase something on a piece of paper. Both the rubber and part of the
paper are rubbed away. He then pointed out that we should all be careful with the
brakes of our bicycles and check them regularly to ensure that they have not been
worn away to a dangerous state. On the other hand, he commented, we should oil the
moving parts of our bicycles for good maintenance and to avoid unnecessary friction

and wearing.
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NAME:

If we magnify a small part of the area of contact of the block of wood and the table,
could you draw how would that look like? Use the space in the circle provided. j

Write, in your own words, how do you think, this interlocking of surfaces (when one
goes into the other), effects friction when we try to slide an object on a surface.

pHig. 4.2.7: The leaflet that lhe tcacher gave lo the leamers at lhc cnd of the leacliing inlcrvention.

At that point, there seemed to be no more questions and the teacher said that he was
going to give them another leaflet where they had to make a drawing and write a short

paragraph about friction (see fig. 4.2.7).

More precisely, they had to draw a magnified section of the touching surfaces of the
block of wood and the table and they had to write in their own words how they
thought that the interlocking of surfaces effected the creation of friction. They
roughly spent ten minutes for this last activity. In an attempt to present an authentic
aspect of children's work, some of their drawings and writing are printed and

commented in the following paragraphs.
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I Figs 4.2.8: Julia's and Anna's drawings and writing

Julia and Anna (see fig. 4.2.8) wrote extensively about their ideas and they both used
the analogy of the jigsaw puzzle to illustrate their understanding of the mechanism of
friction. They described it like "spikes of wood joining together with the table"
(Julia) or "bumpy surfaces that interlock" with each other and this is why they "are
supposed stay together" (Anna). Julia comments that the analogy of the jigsaw puzzle
is "one way of thinking about friction". She probably means that there are other
alternative ways of thinking about it, which had or had not been discussed in class,
but she chooses to think about it "this way", because it probably seems to be more

fruitful or instrumental for her at the moment. They both use the words "rub" or
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"rubbing" which they associate to friction. Their drawings are not very clear,
especially Julia's. Anna's drawing identifies the block of wood and the table, but the

roughness of the two surfaces is not clearly shown.
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Charles' writing ~ o~ ]

Charles claims that the interlocking of surfaces effects friction "because the two
rough surfaces rub together" and then he gives his own meaning to the word "rub" by
referring to the rubbing of hands which you "slide together" if "you want to make
friction" (see fig. 4.2.9). He does not refer to anything else and it seems that he has a

conception of friction mainly related to surface roughness and rubbing.
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Fig. 4.2.10; Philip's and Jonathan's drawings and writing
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Philip and Jonathan made more clear drawings and showed the roughness of the two
surfaces. In Jonathan's drawing the interlocking of surfaces is very well illustrated
(see fig. 4.2.10). Philip claimed that the interlocking surfaces create friction because
"they catch on each other so you need force to move them". He added that
"sometimes the interlocking bits snap off", which is very interesting comment.
Jonathan claimed that "the peaks and valleys interlock and as the force begins to pull
they hold together but eventually the force breaks the peaks and the block moves".
His claim that the pulling force "eventually breaks the peaks" is a good description of
the maximum degree of static friction just before the sliding of the block starts. After

that, static friction becomes sliding friction (cf. Chapter 2).

WWlibe outaft wtmxirvtlne.object kV* f
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isla's writing.

Isla emphasised on the roughness of surfaces and wrote that "when the surfaces are
rough the object will take more force to make it move because the surfaces "catch
together" (see fig. 4.2.11). Thus, she added, "more force" is needed to "get over the
bumps in the surfaces". The first statement seems to be generally true, but the second
is a bit problematic, because when the object starts sliding, less pulling force is
needed to pull it along, because usually sliding friction is less than the maximum
static friction (cf. Chapter 2). This is something quite difficult to present and explain
in a primary science classroom. Probably, the analogy of the jigsaw puzzle has
created a misunderstanding in Isla's case. Unfortunately, analogies may create such

problematic situations (cf. § 3.3.2).
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[Fig. 4.2.12: Anna's writing. j

Anna referred to the jigsaw puzzle analogy pointing out a metaphorical element of the
analogy ("it is like a jigsaw"). She wrote that "both surfaces fit together and when
one moves it bumps up and down which makes friction" (see fig. 4.2.12). Thus, she
brought up the "bumping" of surfaces approach. She appears to be suggesting that
friction is created when they move relatively to each other, probably bearing in mind

the analogy with the moving fragment of the jigsaw, which was presented in class.
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Laura also uses the analogy of the jigsaw puzzle to describe the block and the table
when they are put together ("it is /ike a jigsaw puzzle"). In her words, it is like they
are "joined together" and because "the wood is not smooth", it "makes a friction"
when you try to slide it "along the desk" (see fig. 4.2.13). She concludes that this is
all because "the wood is not smooth". She seems to have accepted the "surface
roughness" explanation of friction, although it is not clear whether she believes that

there is friction even when the block of wood is not moving.
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IFig. 4.2.14; Jennifer's writing.

Jennifer also refers to the bumpy surfaces which have "groves and mounds" which
"click together and you need force for the wood to move out of the groves" (see fig
4.2.14). With this statement, she describes the interlocking of surfaces and she
attempts, quite successfully, to explain the nature of sliding friction, possibly bearing
in mind the jigsaw puzzle analogy. It is very interesting that she uses her own words

to describe the nature of "bumpy surfaces".
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4.3.0. Children’s concept maps and respective comments

Some time and effort is required to introduce concept maps to a class or a group of
children. Novak & Gowin (1984) have presented several strategies for introducing
concept maps (cf. § 1..3.3.c). Some of these strategies were adopted in the study in
England, where children initially constructed some concept maps on a subject they
were interested in (e.g. football, music, etc.). They were told that they had to do their
best to convey their messages to other people. In order to check the extent to which
this was achieved, their concept maps would be commented and reproduced in text
form by a classmate (see some examples in Appendix Via). They seemed to enjoy
this activity and when they had to write their commentaries for classmates' concept
maps, they talked to each other and asked for some explanations. This seemed to

improve their skills in drawing more clear concept maps.

After that, they did another concept map on "pressure", where they had to link some
given terms {pressure, force, weight, contact, area, spreading, bigger, smaller), but
they could always add their own, if they wanted to (see Appendix VIb). The third
concept map they made was the one on friction, where the learners were given a list
of terms related to friction {friction, force, sliding, rubbing, surfaces, smooth, rough,
tops and valleys, interlocking, slow down, not moving) and they were expected to link
them and express possible propositional relationships (cf. § 4.5). The concept maps
on friction were constructed a week after the teaching intervention and the activity

lasted for about fifteen minutes.

In this section, three of children's concept maps on friction are presented and some
comments are given. The connections between words and the respective
propositional links are reconstructed in the form of statements and interpreted. This
aims to reveal some of children's conceptions on friction and frictional phenomena

from a different point of view. Concept maps are also used as an additional source of
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information in the analyses of the two cases of children that follow at the end of this

chapter (cf. § 4.5).

4.3.1. (Jon)'s concept map

Hence, in (Jon)'s concept map, "friction" appears to be a starting point and it "is
created when something is sliding and rubbing" over "another surface". The surfaces
can be "rough" or "smooth". In the case they are "rough", they make things "slow
down" or "stop", because of the "interlocking" of surfaces "on their peaks and
valleys". Thus, he appears to be considering friction within its "surface roughness
approximation". It seems rather difficult though, to interpret his propositional link
between "friction" and "force". It seems to be "friction can't happen without a force"
and he probably has in mind the experiments with the blocks of wood on the table
that needed a "pulling force" to start sliding. Thus, in this concept map, he only
seems to be considering "sliding friction". He does not refer to any situation where

two surfaces are "not moving" relatively to each other.

jFig. 4.3.1: (Jon)'s concept map on friction.
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4.3.2. (Dav)'s concept map

Similarly, (Dav)'s concept map appears to have "friction" as a starting point. It seems

nn

to be explicitly stated though, that "friction is a force" and "it is made when" "rubbing

surfaces", which can be "rough", "interlock" with their "tops and valleys" and they

nn

"are not moving". "Friction" is also "made when" "rubbing" occurs with surfaces that
are "sliding" and it can cause their slow-down. His propositional link "can be",
between "sliding" and "smooth", probably implies that "sliding surfaces can be
smooth", or that "it is easier to slide things on smooth surfaces". Thus, (Dav) appears

to be emphasising on "rubbing" surfaces that create friction, which seems to effect the

slow-down or the motionless condition of bodies.
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4.3.3. (Ph)’s concept map

Likewise, (Ph) appears to be indicating that "friction" is a "force". It seems that
friction is "made" when the "tops and valleys of surfaces", "start interlocking" with
each other and that makes them either "not move" or "slow down", when they are
moving. Also, he seems to be suggesting that "friction is a force", which "makes
rubbing when sliding on surfaces" and this appears to be "more" when they are
"rough" and "less" when they are "smooth". Thus, he appears to be considering a
"surface roughness approximation" of friction, which can be created from the
interlocking of the irregularities of surfaces, or from the "rubbing" of "smooth" or

"rough" surfaces, which effects the condition of stationary or moving objects.

tome
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4.4.0. Post-Intervention Interview Analysis (England)

The purpose of this post-intervention interview analysis is to identify, present, and

interpret groupings of conceptions and alternative conceptions, about friction and/or

frictional phenomena, held by the children who participated in this study, after the

teaching intervention.

concluded with a discussion.

Each card is analysed separately, whereas the section is

4.4.a. The card with 'the person walking along the street' instance

Four children (la, Pa, And, Ha) appear to he consideringfriction through a notion of

"grip" which is created because the surfaces of the shoes and the ground are

"uneven" or "rough".

(Ia) indicates that there is friction at the touching points of the shoes and the ground

(006 & 008). He suggests that because the "shoes are rather rough" and "so is the

surface of the road" or "the floor", they will grip (010) and they will be like the two

pieces of the jigsaw puzzle which go into one another (011) as it was exposed during

the teaching intervention.

006

007
008
009
010

010.5
011

Int

Int
la

walking along the road., is there any Jfriction here.. / .. umm .4.. yeah there's
fiction there., and friction there ..

what do you mean .. 1

er.. there's friction under the shoes of the person .. >

how do you think that friction is created there .. /.. under the shoes as you say..

umm .. the shoes are rather rough .. so is the surface ...the road or the floor
let's call it so ..

» yeah.

.. and 1it's just like those two pieces of the jigsaw puzzle they go into one
another.. and so they grip .. that's why he doesn't slip really.

'(pn'inting under the shoes]

(Pa) seems to suggest that the shoes have "grip" which makes them "sort of stick on

the road" and "that creates friction" (006). He explains that this "grip" is created

because the surface of the road is "not exactly even", or roads are "a bit jagged" and

so are the shoes (008). Thus, the uneven bits of the shoes "get hold off" the uneven

bits of road and that's how they grip (008).
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006 Pa walking along the road .. is there any friction here .. /.. yeah., the shoes would
have to stick .. to the road .. so., the shoes should have grip on it.. which will
make them .. sort of stick on the road., and that creates friction .. so they grip

on the road ..
007 Int umm hmra .. how do you think .. that grip is .. created .. 1
008 Pa er.. it's 'cos the roads .. are not exactly even .. they are a bit jagged and the

shoes are .. like stick to it., 'cos they can get hold off the uneven bits of the
road .. which get into the uneven bits of the shoes .. 'cos they are also a bit
jagged.. you see..

Similarly, (And) points out that there is "the grip" of the soles of the shoes on the road
which creates friction (006) and that's why the person doesn't slip and looksas ifthere
is "a sort of support" when she is walking (008). He suggests that the uneven surfaces
of the shoes "fix together" with the roughness of the road and that creates friction and
support "in way" (010)

006 And walking along the road .. is there any friction here .. /.. er ... yeah .. there’s the
grip of the soles on the road .. that creates some friction ..

007 Int yeah .. what happens with that grip..Z.. could you explain that a bit.. 7

008 And well. if you didn’t have any grip.. you would slip over the pavement and you
wouldn’t have the sort of support that is giving you .. when you are walking ..

009 Int can you describe what you mean when you say .. grip .. /

010 And umm .. the shoes are gripping on the ground .. 'cos .. the shoes have .. like
uneven surfaces .. and they’re kind of .. fixing together with the roughness of
the road .. that creates friction and it’s supporting you when you walk ..
keeping you stable in a way ..

Two children (Ph, Is) appear to be considering thatfriction between the surfaces of
the shoes and the ground is created because they "catch up" on each other. In this

way they appear to be describing, in their own words, the interlocking o fsurfaces.

(Ph) points out that when the person is walking "his shoes are going to catch up the
road" and as a result, they will grip, create friction and wear away (006). He suggests
that the only contact areas are those of the shoes and the ground which are "uneven"
or "rough" and that's the only place where friction is created (007), because the

surfaces "really catch on each other" (009).

006 Ph walking along the road., is there any friction here.. .. umm .. let me see., yes..
on the road .. 'cos when he is walking his shoes are going to catch up the road
.. create friction wear away .. that’s the grip of the shoes .. something like

that...
006.5 Int » ummhmm..
007 Ph .. that’s about all the friction I can see in there., that’s the only contact areas..
008 Int Isee .. how do you think friction is created there .. ’
009 Ph rubbing., 'cos the rough surface of the road., and the .. uneven surface of the

shoes .. so they really catch on each other., and they create friction ..
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(Is) seems to be thinking in a similar way, when he says that the person puts "his feet"
or "his shoes" on the pavement and friction is created because of the uneven surfaces
that "catch on each other" (008 & 010). He suggests that this is happening because

the surfaces have "little hills and valleys" and they "just go into" each other (012).

008 Is well.. when he puts his feel down .. then there’s friction ..
009 Int umm hmm.. could you explain that a bit please .. /
010 Is umm .. when he puts his feet on the pavement.. well his shoes 1 mean really ..

the surfaces are uneven like .. it’s the shoes and the pavement are uneven
surfaces .. and they catch on each other .. that creates friction ..
011 Int what do you mean when you say that.. they catch on each other .. /
012 Is umm .. well .. it’s uneven surfaces .. like .. they have little hills and valleys ..
like my shoes here .. and they just go into the hills and valleys of the pavement (shc is pointing under her shoes]
.. or the road .. something like that happens ..

Three children (Da, Jo, An) appear to be holding a conception thatfriction, between
the surfaces of the shoes and the ground, 'depends on" a possible "dragging",
"scrapping" or "sliding" ofthe shoes on the ground. In this sense, friction seems to
be associated with the "rubbing" ofthe shoes and the ground. Thus, ifthe person is
not dragging the shoes on the ground, there is "very little" friction (Da, Jo) or "not

really anyfriction” (An).

(Da) seems to be pointing out that there is "a little bit of friction" when the person
walks and that it will be more if the person is "dragging" his/her "feet" on theground
because there will be more rubbing in that case (006 & 010), making it "alot more
difficult to walk" (010). On the other hand, he suggests that if the person is walking
"normally" there isn't much contact with the ground and so there is "a little bit of

friction created", just to keep the person going (008).

006 Da walking along (lie road .. is there any friction here ..  yeah .. there’s a little
bit of friction .. it would be more friction if you’re dragging your feel on the
ground .. 'cos they rub more you see ..

007 Int yeah .. but what happens when you don't drag your feet .. / .. when you just
walk normally.. /

008 Da well there’s not really much contact in this case .. or there is some but not
much .. there is just a little bit of friction created .. to keep you going 1
suppose..

009 Int what hapjxms when you are dragging your feet on the ground then .. /

010 Da er .. when you are dragging your feet they hardly get off tire ground .. so they
really rub more and that creates friction .. that’s why .. when I am dragging my
feet.. it makes it a lot more difficult to walk ..

In a similar way of thinking, (An) suggests that friction on the shoes depends on

whether the person is "scrapping" his/her feet or not (006 & 008). Thus he describes
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the process of walking as lifting the feet up and put them back down and push off
again and suggests that "you don't make any friction" in that case, because there is no
rubbing (008) or not much grip (014) with the floor. He seems to claim though, that
if the person is running, then "grip" is needed to "pin" him/her down (010) and that
can create friction, which happens when the shoes rub and "sort of go into the surface

of the ground" (012).

006 An walking along the road .. is there any friction here .. .. umm .. well .. it
depends ..

007 Int on what../

008 An well .. if you're scrapping your feet or not.. 'cos if you are lifting your feet ..

say when you put them back down and you push off again .. you don't make
any friction .. 'cos you are not.. umm running along the floor ..
009 Int what would happen if you run then .. /

010 An well if you run .. you need some sort of grip .. to ..say .. to pin you down on
the floor..
011 Int how do you think that friction is created there .. I

012 An umm .. the shoes .. rub.. sort o f.. say they go into the roughness of the surface
of the ground .. and so they grip a bit..

013 Int 1see .. anything else you would like to add here .. /

014 An no . umm .. tirere's not really friction when we walk .. .. umm .. cos you
don't really have to grip much .. it's not like when you run ... that's .. that's
what I think .. 7

Three children (la, Pa, Is) refer to a special case ofwalking on ice and suggest that
"there is not much friction" or "no friction at all" and they also express their

reasoningfor the phenomenon.

(Pa) points out that the gripping of the shoes on the ground is like "sticking them on
the road", which is something different than walking on ice (010), where "we can't

really walk" since it is "slippery", shoes don't grip or "there is no friction" there (012).

009 Int yeah., do you think that.. this griping .. helps us to walk.. /

010 Pa yeah .. 1think so .. 'cos it's like sticking on Uie road., a bit .so we don'tslip
and fall down., just like we do on ice..

011 Int what hapjjens on ice .. /

012 Pa er.. we can't walk really., we slip on it and we fall down.,'cos our shoes don't
grip .. it's slippery., so there's no friction really there ...

(Is) seems to be quite sure that the person wouldn't be able to walk without friction
(014). She suggests that the person "can't really walk" on ice and she will slip

because it is "sort of greasy" and the shoes won't grip (016).

013 Int all right.. anything else you would like to add here .. /
014 Is umm .. he wouldn’t really walk without friction .. as you can’t really walk on
ice .. you'll slip ..
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015 Int umm hmm .. why do you think that you'll slip when you try to walk on ice .. /
016 Is umm . cos it's sort of greasy .. your shoes can't really grip on it .. so there's
not much friction to keep you on your feel and .. and you'll just slip and fall
down .
InurviewCanl HNS

The "uneven", "rough" or "jagged" surfaces of the shoes
and the ground "grip" and create friction when the person
is walking.

The rough surfaces of the shoes and the ground '"catch up"
creating friction.

If the person is "dragging', "scrapping" or "sliding" the
shoes on the surface of the ground, they rub and create
friction, otherwise there is "very little" or "no friction".
There is "very little" or 'no friction when a person is
walking on ice because it is "slippery” or "sort of greasy"'.

Table 4.4.1: A synopsis of the groupings of conceptions and alternative conceptions from the analysis of the
"person walking along the street” instance with respective numbers of children's responses (NaR)

4.4.b. The card with 'the book on the tilted table' instance

Five children (Da, la, And, Is, Ha) appear to be holding a conception that friction
between the surface ofthe book and the surface of the tilted table depends on the
nature of'the surfaces or on their "roughness" and they express their descriptions and

reasoning for the creation o fthis friction.

(Ia) suggests that the surfaces of the book and the table "grip one into the other". He
demonstrates that by "gripping" two of his fingers and points out that "it all depends
on the surfaces" (028). He attempts to give an explanation by suggesting that if the
surfaces are bit "jagged" or like the "grips on a tyre", they "sort of stick together" or
"interlock with each other" (030) and this is what happening in the depicted instance

which resembles with the two pieces of the jigsaw puzzle when they "fix in together"

(032).

028 Ia umm they grip one into the other like that . and so the book manages t0 1demonarates mwith his fingers]
hold itself up there .. it all depends on the surfaces .. you see ..

029 Int depends on the surfaces .. you say .. what do you mean .. /

030 la ifthe surface is jagged .. or like the grips on a tyre., a bit like that., and the two
surfaces come together. they get a close grip., and they just .. sort of stick
together or., as we said . they., inter, interlock with each other .

031 Int 1see .. is that what happens in this situation then ..

032 la  yeah 'cos both of the surfaces arc jagged here and they .. just like the jigsaw
they just fix in together on both sides they just fix in together., and that stops
it there
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In a similar way of thinking (And) suggests that "the kind of grip depends on the
surfaces" which "sort of weld together" (016). Thus he points out that the book on a
table with plastic laminate would "slide straight down" because there wouldn't be
much friction and suggests that things would be different if the book had a "hard
cover" (018). In an attempt to describe the phenomenon further, he refers to the
analogy with the jigsaw puzzle and says that there are "tiny bits of stuff hanging out
of each surface" which "catch on each other" and that's how two surfaces "weld

together" (021).

016 And well the kind of grip depends on the surfaces that are touching each other .. er
.. the surface that the book and the table is made of .. they sort of weld
together ... and tire book won’t slide down as easy ..

017 Int umm hmm .. I see ..

018 And er .. say if it was a work book and a table like that one .. with plastic laminate [pointingtoa table nearby]
onit. it would slide straight down .. 'cos there wouldn’t be much friction to
keep it there..

018.5 Int » umm hntm..

019 And .. but say if it was one of the big books .. like a hard cover or something .. and
it was on a modern table .. then friction would grip it.. weld them together ..
sort o f.. and the book would stay still..

020 Int I see .. how do you think that the two surfaces weld together as .. /.. as you
said it..

021 And well it’s a bit like the jigsaw puzzle .. two pieces of it coming together .. there
are .. sort of .. tinny bits of stuff hanging out of each surface .. 'cos all surfaces
are uneven .. and so .. they catch on each other..

(Is) indicates that the surfaces of the book,and the table are "uneven" (038) and they
"sort of rub together" (020) because they are "a bit bumpy" and "rough", so they "get

caught with each other" creating friction (022).

018 Is we lift the table up a little bit from one of the sides .. the book does not slide
down .. do you think friction is keeping it there .. /.. umm .4.. yeah .. it is ..
'cos the surfaces are uneven .. and you’d have to lift the table a bit more up ..
to make it go down .. slide down the table ..

019 Int the surfaces are uneven .. you say .. what do you mean .. /

020 Is umm .. well it’s .. the surfaces .. are uneven .. I mean the book and the table ..
and they sort of rub together..

021 Int yeah .. could you explain that a bit please ..

022 Is umm .. it’s 'cos the surfaces are uneven .. say the cover of the book say a big

hardback book .. that would be a bit bumpy .. you can feel it really .. and if

you put it on the .. on the wooden table .. that is also rough ... so you put it [pointingat the inclined table]
there .. and the surfaces rub with each other.. they get caught together.. and
create friction ..

Two children (Ph, Pa) appear to be considering that friction and gravity are closely
related and somehow assist each other in keeping the book stationary on the tilted

table.
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(Ph) appears to be analysing the force of gravity in two components, one pulling
downwards and one pulling along the surface of the table (015). He appears to be
suggesting that friction and gravity are trying to keep the book down steady on the
table and there is only the component of gravity pulling it down along the surface of
the table, to slide it potentially (016). Then he points out that friction is created
because the surfaces are not smooth and they "catch and hold there" (018) or they will

"go into one another" just like the two pieces of the jigsaw puzzle (020).

015 Ph  we lift the table up a little bit from one of the sides .. the book does not slide
down .. do you think that friction is keeping it there .. I .. err., there’s gravity i i
pulling the%(ook this way., and there s a E’it of gravity pulling it that way .. 'cos %%M% mﬂ%ﬁg
the table is in the middle ., you see ..

015.5 Int » umm hmm .

016 Ph . and there's friction there .. friction is holding it there .. so it has no chance to [pointing along the surface of
go down this way., it has to stay where it is .. 'cos friction is trying to keep it contacl of the book andthc lablcl
down .. gravity is trying to keep it down .. so there’s only one force pulling it [pointing first along the surface of
that way and two forces pulling it that way.. tle lable 3141 then downwards)

017 Int umm hmm .. I see .. how do you think that friction is created there .. /

018 Ph  well .. same with the shoes .. rubbing .. like., they are not smooth surfaces ..
and they will catch and hold there .. they've got to catch 'cos they .. you can't
really have smooth surfaces ..

019 Int how do you think that this .. catching of surfaces .. happens .. 7

020 Ph well.. they go into one another just like the pieces of the jigsaw puzzle we saw
the other day., er.. when the book is steady .. say like here., it interlocks with
the surface of the table., that's how friction is created..

(Pa) appears to be considering that there is friction between the surfaces of the book
and the table because they are touching each other just like two hands which are put
together and they are "like stuck" (017). He suggests though, that gravity "helps the
book stay on the table by pulling it downwards", "sticking" it on the table (018 &
022) together with friction which is created due to the "bits and pieces" "hanging out
of" the surfaces which "just get into one another" (020). Hence, he appears to be
considering gravity as necessary condition for two surfaces to be in contact and create

friction.

017 Pa  we lift the table up a little bit from one of the sides .. the book does not slide
down .. do you think friction is keeping it there .. I .. umm .. yeah there is
friction .. 'cos the table surface and the book surface are touching each other
like .. as you put your hands together you can't exactly slide them .. 'cos it's
like stuck..

017.5 Int » umm hmm..

018 Pa . but 1think that also the gravity helps the book stay on the table .. by pulling
it downwards..

019 Int yeah.

020 Pa so .. I think it's the surface of lire book and the surface of the table .. sticking to
each other .. 'cos bits and pieces are hanging out of them ... and they just gel
into one another ... err., but also gravity that is coming down .. makes the book
stick to the table even more ..
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021 Int do you mean that gravity is also another force .. apart from friction .. that helps
the book stay there .. /
022 Pa yeah .. exactly that.

Two children (Jo, An) appear to be differentiating between 'friction" and "grip"
suggesting that there is 'friction" when an object, like the book on the tilted table, is
"sliding" or "rubbing" on a surface and there is "grip" when the object doesn't move
as in the case that the book which remains stationary on the table. It could be
claimed that, in their terms, they appear to be holding a conception about the
distinction between sliding and static friction, or they view "grip" as a characteristic
of surfaces that are stationary to each other and "friction" as a characteristic of

surfaces that are in relative motion with each other..

Thus, (Jo) seems to differentiate between "friction" and "grip" by pointing out that "if
we consider friction as grip" then there is "friction" keeping the book on the tilted
table (017) because it is "gripping", which means that the "roughness ofthesurfaces"
(021) "gets into one another, just like the two pieces of the jigsaw puzzle" (023). She
claims though, that "grip is a kind of friction" but she seems that she would feel more
comfortable to use the term friction in the case that "the book slides down the table"
because it "would be rubbing then". Thus, it could be claimed that she views the
existence of "friction" in the case that there is relevant movement between two

surfaces ("rubbing", 025).

017 Jo we lift the table up a little bit from one of the sides .. the book does not slide
down .. do you think friction is keeping it there .. .. umm .. well if we
consider friction as a grip .. then there is friction keeping the book there ..

018 Int what do you mean .. /

019 Jo umm .. tire book is gripping on the table .. that's the only way that it can slay
there .. as far as 1 can think o f..

020 Int the book is gripping .. you say .. can you explain that a bit..!

021 Jo yeah .. it has to do with the roughness of the surfaces .. 'cosboth ofthe
surfaces are rough here .. I mean the book and the table ..

022 Int what happens then ..

023 Jo they get into one another.. it's just like the two pieces of the jigsaw .. so they
grip .. in a way .. and that's why the book stays there ..

024 Int do you think that grip is different from friction .. /

025 Jo umm .. 1 think grip is a kind of friction .. but I would say therewould be
definitely friction when the book slides down the table .. 'cos that would be
rubbing then .. wouldn't it.. /

Likewise, (An) seems to be pointing out with emphasis that "grip" is keeping the

book steady on the tilted table with gravity "helping" it (016, 018 & 020). He
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suggests that there is "no friction" in that case, because with friction "you can make
heat when you rub things" (018) or the book will be "making friction" when the table

is tilted a bit more and it starts sliding (022).

016 An we lift the table up a little bit from one of the sides .. the book does not slide
down .. do you think friction is keeping it there .. 1.. umm .. grip is .. 1 don't
think friction is though.. er.. I don't think friction is keeping it there..

017 Int umm .. is there a difference between grip and friction .. /

018 An well .. yeah .. with friction .. you can .. what.. just one of the reasons .. you
can make heal with friction when you rub tilings .. but that's not anything I see
with this ... but grip is actually keeping it (the book) there .. 1 think that gravity
is helping it.. and stuff. but there's no friction on that thing ..

019 Int what is happening at the touching surface of the book and the table .. /

020 An it's gripping .. I

020.5 Int » yeah.

021 An 'cos .. if you slant it more it will start sliding .. then it will be making friction..

Three children (la, Da, Ha) appear to be suggesting that there will be less fiction
when the table is lifted a bit higher and the book starts sliding. They also express

their explanations for this.

(Ia) points out that the book will start sliding if the table is lifted a bit higher or if it is
gently pushed, but he suggests that friction "wouldn't be able to hold" it from sliding
down (036) because it "is not really strong enough" (040). Thus, if the table is lifted
higher, gravity will be the only force pulling the book down, along its the surface
(038).

033 Int
someone say gave it a gentle push .. /
034 Ia T think it would slide .. it would slid

pushed it a bit..
035 Int
036 la
book from sliding down ..
037 Int
038 la of Uie tabic]
down .. actually gravity would be the only force pulling it down .. if the table
wasn't in the way.. you know., ..
039 Int
040 Ia

lift the table a bit more up ..

(Ha) appears to be suggesting that there is a "little bit of friction" when the book is
sliding along the surface of the table because "it doesn't go down very fast" or "there

is something holding it back" (022).

021 Int do you think there is any friction when the book is sliding down the table .. /..
when we lift it a bit more up .. as you sa> ..
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022 Ha umm .. well there could be a little bit of fnction when it is sliding . the book
it could cause a tiny bit of friction .. it doesn’t go down very fast .. you see .
so there is something holding it back .. that could be a slight friction ..

IntentewCatd

Friction in the interface of the book and the table depends
on the '"roughness" of surfaces which are "jagged"
"bumpy" or "uneven'" and they "grip", "interlock", "fix"
or even "weld together".

Gravity "helps" friction in keeping the book steady on the
surface of the tilted table by "sticking" it there in a way.
There is "grip" when the book remains stationary on the
tilted table, but there is "friction" when it starts sliding.
There is less friction when the book is sliding along the
surface of the tilted table because '"gravity is pulling it
more downwards" or because it "doesn't go down very
fast".

Table 4.4.2: A synopsis of thc groupings of conceptions and alternative conceptions from the analysis of the
"book on the tilted table" instance with respective numbers of children's responses (Npft).

4.4.c. The card with 'the block of wood on the table' instance

Seven children (la, Pa, Da, And, Is, Ha, Ph) appear to be considering that there is
friction in the interface ofthe wooden block and the table, which 'depends on" the
"roughness" of'the surfaces in contact. They point out that the surfaces "grip", "get
into each other", "fix together", "catch together" or "rub", creating friction, much like
the two pieces of'thejigsaw puzzle (Is, Ha). Furthermore, most ofthe children (Pa,
Da, And, Is, Ha) appear to be suggesting that, apart from friction, another reason for
the motionless condition ofthe block seems to be the fact that "there is not enough

weight" or "not enough force"” to pull it along the surface ofthe table.

(1a) suggests that friction "depends on the surfaces" (044) and indicates that if the
surface of the table is rough, the wooden block will not slide along the table even if
the weights are pulling it. But, if more weights are added in the tray,then the book
will slide (046). Thus, if the surface of the table was not rough then theblock would

not "grip as much" and it would "slide easier", "probably with less weight" (048).

044 Ia there's some weight in the tray which is under the pulley at the end of the
string .. but thc block of wood does not slide on the table .. do you think
friction keeps it there umm 4. it depends on the surface again

045 Int what do you mean .. /
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046 la  well .. if the surface of the table is rough .. it wouldn't go along., even if that
weight is pulling it.. but if we put more weight.. even on this rough surface it
would go., it would pull it along..

047 Int what would happen if the surface of the table wasn't rough .. /

048 la er.. the block of wood wouldn't grip as much., friction would be less .. so it
would slide easier .. even., well.. probably with less weight there ..

(Pa) appears to be considering the roughness of the surfaces, but at the same time he
indicates that "there is more weight" on the piece of wood than in the tray (035).
Thus, there is not enough weight to pull the block along the surface of the table and
"get it away from friction" (036). He seems to suggest that, according to the
investigation which was conducted during the teaching intervention (cf. § 4.2.5),
approximately one fourth of the weight of the block is needed to slide it on the table

(038).

035 Pa there is some weight in the tray which is under the pulley at the end of the
string .. but the block of wood does not slide on the table .. do you think
friction keeps it there .. /.. well it's the roughness of the surfaces of the block
of wood and the table .. but also .. there's more weight on that piece of wood ..
than it is in that tray...

0355 Int » ummhmm...

036 Pa . so .. there's not enough weight to pull it.. to gel away from the friction ..

037 Int yeah .. Isee .

038 Pa so .. even if we have rough surfaces which cause some friction .. it will move
. if.. if.. we put some more weight in the tray .. say .. about one fourth of tire
weight of that wopd.. as we found out the other day ..

(And) appears to be regarding that the surfaces "grip together" because "the little
tinny bits that are hanging off the surfaces get into each other" (025) or they "fix
together" (027) and that "causes friction" (025). He also mentions that there is not
"much weight to pull it (the block) along" and suggests that "one fourth ofthe weight
of the block" is needed for the block to start sliding, if there is no sandpaperon the

table (028).

025  And there is some weight in the tray which is under the pulley at the end of the
siring .. but the block of wood does not slide down .. do you think friction
keeps it there .. / .. er.. it’s a bit like the previous one .. the surfaces grip
together .. 'cos the little tinny bits that are hanging off the surfaces get into
each other .. and that causes friction ..
026 Int there is some weight pulling the block of wood that way .. why do you think  (pointingto the right]
that it doesn’t slide .. /
027  And well .. because of the grip of the surfaces ... they fix together.. sort of .. you
see the wooden table and that piece of wood .. I mean .. and that creates
friction..
027.5 Int » umm hmm..
028  And . but obviously there isn’t much weight to pull it (the block) along ., if we
want it to slide we must pul some more weight there .. err .. and if we don’t [pointingat the tray]
have sandpaper on the table .. we’ll need about one fourth of the weight of the
block .. that’s what we found out last week ..
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Likewise, (Ha) recognises that the surfaces of the block and the table are "rough" and
the table becomes even rougher" when it is covered with sandpaper (028). Hence, the
surfaces are "quite bumpy" and they "get caught on their bumps" or they "fit together
like ajigsaw puzzle" (029). She also mentions that "the block of wood is too heavy
for the weights to pull it along the table" and suggests that if the table was covered
with sandpaper, "a lot more weight in the tray" would be needed for the block to start
sliding (030).

026 Ha umm .. it’s the table and the block of wood that have rough surfaces .. and the
table becomes even rougher when we put sandpaper on it .. like we did the
some days ago..

028.5 Int » yeah.

029 Ha . so .. the block of wood is too heavy for the weights to pull it along the table
.. but also .. because it hasn’t got a smooth surface .. the same with the table ..
they are both quite bumpy and they get caught with each other .. they get
caught on their bumps .. they fit in together like ajigsaw ..

029.5 Int » umm hmm .

030 Ha .. and that creates friction which actually stops it from moving .. as well as it
could move .. and when you have sandpaper .. you need to put a lot more
weight in that tray for that block of wood to start sliding ..

(Ph) indicates that there are four forces on the block, the weight pulling it down
[along the surface of the table], gravity pulling it down onto the table, the table
supporting it and friction which is created because the wooden block is "catching onto
the table" (026). He suggests that the bits of wood, that are "hanging off" the surfaces
of the block and the table, create friction, which would be less if the surface of the
table was covered with plastic laminate because "there are hardly any crannies" on the
surface in that case (030). He discusses it further by giving an example about the
friction created "on the wooden table and the wooden block". He suggests that it
looks like two hands rubbing together, creating "a little" dirt. They catch friction and

they "get warm" (032).

026 Ph er .4.. the weight is pulling the block down., if there was more weight., there
would be more force pulling it down .. gravity is pulling it down and onto the
table., we've got the table supporting it and we've got the wooden block
catching onto the table creating friction..

027 Int
028 Ph
029 Int
030 Ph

everywhere., same with the table., if it is made .. say out of wood ... 'cos if it
was made of plastic laminate like this one here .. the block will slide easily ..
'cos there'll be less friction .. 'cos there are hardly any crannies on this surface
. 50 there wouldn't be as much friction ..
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031 Int what happens with the wooden table then .. 7

032 Ph the wooden table is more .. it is not very smooth ..so., they are catching with
each other .. on thc wooden table and the wooden block .. so that creates
friction .. like if you are rubbing your hands together., you've got a little dirt in
your hands .. so they catch friction.. and if you do it long enough .. your hands
will gel warm .. 'cos of the force they are creating against each other ..

Two children (Jo, An) appear to be differentiating between "friction" and "grip"
suggesting that "grip" happens when the block is pulled but it doesn't slide and
"friction" is created when the two surfaces ofthe block and the table move relatively

to each other and they "rub" in a way.

(Jo) appears to be considering that the block is not sliding because there is not enough
weight in the tray and "there is some gripping as well" (031). This is due to the
roughness of the surfaces (033), from the "little hills and valleys coming out of" them,
gripping with each other (034). Hence, she suggests that there is some friction when
the block of wood is sliding because it "is rubbing on the table", but "there is not
much grip though" (038 & 040). She appears to be differentiating "friction" from
"erip" by saying that "there is grip when the block is stationary", but there is "friction

whenthe block is sliding" because in that case it is "rubbing on the table" (044).

031 Jo umm .. well .. there isn't enough weight in that tray to pull the block of wood
along the table .. and there is some gripping as well..

032 Int what do you mean when you say .. gripping .. in this situation .. I

033 Jo well.. it has to do with the roughness of the surfaces again..

033.5 Int » umm hmm..

034 Jo .. 'cos the piece of wood is rough .. and the wooden table is also rough .. er..

there are some little hills and valleys coming out of each of these surfaces ..
and so they are gripping .. and that's why the block of wood stays there .. and
does not slide along the table ..

035 Int what happens if we put some more weight in tire tray..

036 Jo the block of wood will start sliding ..

037 Int is there any friction then.. /

038 Jo yeah .. there is 'cos the block of wood is rubbing on the table .. 'cos it's sliding
.. and that creates friction .. er.. it doesn't grip much though ..

039 Int what do you mean .. /

040 Jo well.. there is some friction but not much grip..

041 Int are these two different., /

042 Jo yeah .. I think so ..

043 Int in what way ../

044 Jo there's grip when the block of wood is .. stationary .. but then when it is sliding
there is friction .. 'cos then it is rubbing on the table .. that's how it happens ..

(An) seems to be suggesting that the block is not sliding because there is not "enough
force" from the weight in the tray (034) and there is "some grip" (035) "between the

touching surfaces of the table and the block of wood" (037). He appears to be
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differentiating between "friction" and "grip" by saying that when the block is pulled
without sliding then that can be called "grip", but "friction" is when "you move two

surfaces together, one over the other" and they also cause some heat (040).

034 An there is some weight in the tray which is under the pulley at the end of the
string .. but the block of wood does not slide on the table .. do you think
friction keeps it there .. /.. umm .. there isn't enough force from that weight in
the tray .. trying to pull it ( the block of wood ) along the table ..

034.5 Int S » yeah..

035 An .. umm .. and [ suppose there is some grip .. as well ..

036 Int grip..I.. where do you think that it exists .. /

037 An umm .. between the touching surfaces of the table and the block of wood ..

038 Int yeah .. do you think that this grip is related to friction .. 7

039 An well .. 1am not really sure if you can call it friction if you just pull it.. say if
you just pul a block of wood on the table and just pull it .. without doing
anything to it.. without any sliding .. that's grip really .. Idon't think you can
call that grip .. friction.. er..

039.5 Int » ummhmm.

040 An . so . I amnot really sure .. 'cos the main tiling of friction is .. I think .. when
you move two surfaces together .. one over the other., also causing some sort
of heat and stuff..

Five children (la, Ha, Pa, And, Is) appear to he suggesting that part o friction" or
"a little bit" of it is "still" there when the block starts sliding and they attempt to
explain their view mostly within "a surface roughness theory" offriction. Two of
these children (An, Is) point out that there would be "very little" or "nofriction" ifthe

block was slid on ice.

(Ia) points out that "friction can't take it" when more weight is put in the tray and the
block starts sliding (049) and suggests that "a bit of friction is still there" or "part of it
is there" (051). He describes friction between the sliding surfaces of the block and
the table as "two pieces of ajigsaw puzzle" that "go together" and fit, but when one is
moved over the other, some bits are "knocked away", since "all these ups and downs
change place all the time" (053) and they "hit" or "strike over each other", making

"some friction" (055).

049 Int do you think that friction is still there.. /.. when the block will start sliding ..

050 Ia yeah .. if there's a lot., if there's more weight .. then friction can't take it and
the book would slide ..

050.5 Int » umm hmm..

051 la .. now.. 1think., some .. a bit of friction is still there .. when it slides., er .4..
part of it is there .. 'cos the block of wood is going along .. it's moving ..

052 Int  how do you think that part of friction is there .. when the block of wood is
sliding.. /

053 la well .. you know .. when you showed those two pieces of the jigsaw puzzle...
when those two bits go together., they fit., but if you try to move one over the
other.. it knocks bits of the jigsaw away .. all these ups and downs change
place all the time ..
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054 Int yeah , what happens with the sliding block of wood then
055 Ia well .. the ups and downs of the surfaces .. hit .. strike overeach other .. that
makes some friction .. even when it's sliding ..

(Ha) suggests that there is "still some friction" when the block is sliding because it
doesn't go very fast (032) and the "bumps" of the surfaces are "still there" and "they

go over one another" (034).

031 Int do you think there is any friction when the block of wood is sliding on the
table .. 1

032 Ha umm .. yeah . there is still some friction .. 'cos it doesn't go very fast .. docs
it.. /

033 Int well. yeah . itdoesn't go very fast..

034 Ha so .. 1reckon there is still some friction when it is sliding .. cos the bumps arc-

still there . and they go over one another ..4..

(Is) points out that friction "gets weak" when more weight is put in the tray and it
starts sliding on the table (037), but there is still "a bit of friction" because there are
still "bits of wood catching with each other" and "it goes a bit slowly" (039). She also
mentions that the block would slide very fast "if there was no friction", just like in the

case that it is slid on ice (041).

037 Is . but if you put more force .. more weights in that tray .. it will move .. it will
start sliding .. 'cos friction gets weak .

038 Int friction gets weak . what do you mean .. /

039 Is well .. there’s still a bit of friction .. but not as much as .. when it (block of

wood) was not moving .. 'cos if it’s moving there’s still bits of wood catching
with each other .. that's why it goes a bit slowly .. till it reaches the end of the

table .
040 Int umm hmm . Isee .. anything else you would like to add here .. I
041 Int yeah .. when it slides .. if there was no friction .. it would slide really fast ..

just like on ice .. that's all..

- mm.

Interview Curd b=

* Friction depends on the roughness of the surfaces in
contact because they "grip", "fix" or "catch together".

* Hence, they look like two pieces of a jigsaw puzzle
getting into one another.

* Another reason why the block remains steady on the
table is because there is not enough weight in the tray to
start its sliding.

e There is "grip" when the block remains stationary, but
there is "friction" when it "moves" or "rubs" on the table.

e There is "less friction" or "a little bit" of it when the block
starts sliding.

* There is "very little" or "no friction" when the block is
sliding on ice.

ITable 4.4.3: A synopsis of the groupings of conceptions and alternative conceptions from thc analysis of the

j "block of wood on the table" instance with respective numbers of children's responses (NoR).

C35
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44.(1. The card with 'the box on the slope' instance

Four children (And, la, Is, Ha) appear to be holding a conception that the main
reason for the motionless condition of the box on the slope is the roughness of

surfaces which are "uneven" or 'jagged" and they "grip" or "catch" with each other.

(And) appears to be considering the existence of friction "under the box" and at the
touching points of the slope with the floor and the back of the truck (037). He
suggests that if the slope becomes steeper then the box will slide down because "those
tiny picks and valleys" (038) won't grip any more and points out that the "roughness
of surfaces is always important” (040), or that "friction actually depends on the

roughness of surfaces (042).

037 And well. there is friction there .. under the box .. umm .. and there’s some fri'gtion Pﬁmﬁbﬁ% f the
there and mere .. 1 mean .. rhaf s ‘where the slope is touching me surface of the %ﬂhﬂg ol ;io(pe]
road .. and err., the back of me truck ..

037.5 Int » ummhmm..

038  And . butsay .. if mat slope was more steep .. it just wouldn’t have any chance to
grip .. so it would slide down .. cos me box won'’t be able to grip on those tiny
peaks and valleys .. and everything ..

039 Int Isee .. is there anything else you would like to add here .. /

040  And well .. the roughness of the surfaces is always important .. when you have
friction .. say this box is made carbonate .. and it is rough .. but if .. say ..it atthec-irdi
was made out of glass.. then it would probably slide down ..even here .. 'cos  pomingd Lcir
glass is smoother.. isn’t it.. /

041 Int yeah .. Isee ..

042  And that’s what I mean .. when 1 say that friction actually depends on the
roughness of me surfaces ..

Similarly, (Is) points out that the surfaces are "uneven", they "have little hills and
valleys and when they come together" they "catch with each other", much like two
pieces of ajigsaw puzzle (044), the analogy that was presented in class during the
teaching intervention. She also emphasises that there is "a lot" of friction to keep the

box stationary on the slope (044).

043 Is there’s a box left on a slope at the back of a truck .. it is not sliding down .. do
you mink there is an)' friction here .. /.. umm .. yeah .. there is ..

043.5 Int » ummhmm..

044 Is . because .. the surfaces are uneven .. say the wooden box and the wooden

slope .. have little hills and valleys and when they come together .. they catch
with each other .. just like two pieces of the jigsaw puzzle .. and if the box
does not slide down there’s a lot of friction keeping it there ..
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Three children (Pa, Da, Ph) appear to be viewing gravity as aforce that is constantly
pulling the box downwards "helping" friction, in a way, to keep the box steady on the

surface ofthe slope.

(Pa) seems to be suggesting the there is friction "on both of the surfaces" of the slope
and the box (044), but he also indicates that gravity is pulling the box down as "an
extra force all the time" (046). Thus, he regards that the "bits that are hanging out of
each surface", "catch into each other", resembling to two pieces of ajigsaw. That

creates friction which, together with gravity, "stick the box on the slope" (048).

044 Pa there's a box left on a slope at the back of a truck .. it's not sliding down .. do
you think there is any friction here .. / .. (cough) .. yeah .. that part of the
surfaces there .. under that box .. there's friction on both of the surfaces there ..

045 Int yeah.

046 Pa so .. itis quite stable where it is., you see .. also gravity is pulling it down and
that's an extra force all the time ..

047 Int  well .. could you explain a bit .. what happens between the surface of the box
and the surface of'the slope .. I

048 Pa well .. yeah .. there's friction there .. 'cos with friction it's just like stuck
together .. right there .. those bits that are hanging out of each surface .. catch
into each other .. say like the jigsaw .. and that creates friction and that ..
together with gravity .. sort of stick the box on the slope..

(Ph) appears to be analysing gravity in two components, one vertical pulling
downwards and one pulling along the surface of the slope. He suggests that friction is
pulling the box downwards, in the same direction of the vertical component of
gravity, "trying to keep it where it is", because forces "are about equal" (036).
Moreover, he views friction as a phenomenon of surfaces, that are "catching with
each other" (037 & 041) because they have "nooks and crannies" (037) or "hills and

valleys" (039).

036 Ph there's a box left on a slope at the back of a truck., it is not sliding down., do
you think there is any friction here .. /.. yes there is .. 'cos again there is gravity
pulling it that way .. and a bt that way .. forces are about equal .. 'cos friction [jXe'or theslo”and dowmvwds

is also pulling it that way ... holding it trying to keep it where it is .. again|
036.5 Int » umm hmm..
037 Ph . andjust like before .. they are catching on each other .. 'cos there arc nooks

and crannies on the .. on the wood of that slope .. and nooks and crannies on
that box .. so they are catching with each other..

038 Int what do you mean when you say .. nooks and crannies .. /

039 Ph  nooks and crannies .. you know ..just like hills and valleys ..

040 Int all right .. and how do you think that they .. catch with each other.. as you
mentioned before.. /

041 Ph  well .. they are catcliing on each other., like .. the ones coming down from the
box catching on the ones going up from the slope., yeah., something like that..
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Two children (Jo, An) appear to be differentiating between "grip" and "friction" and
suggest that when the box is steady on the slope, it is "gripping", whereas "friction" is
"caused" when the box starts sliding, "rubbing" with the surface of the slope.
Moreover, they both mention that the box remains stationary because "the slope is not

steep enough" and gravity keeps pulling it downwards.

(Jo) appears to be considering that the box remains "steady" because it "is gripping"
on the slope which is made of wood and "it's not really steep either" (050). If the
slope was steeper then the box would slide down, rub on the wooden slope and "that
would cause some friction" (052). Hence, when the box is sliding, there is gravity
pulling it down and "there is more rubbing" causing "friction" (054), which appears to

be different from "grip", in the case of the stationary box on the slope.

050 Jo the box is gripping on that slope .. say .. if the slope is made of wood ... then it
is rough .. so the box can grip on it.. and stay steady on it.. it's not really steep

either..
051 Int what would happen if the slope was more steep .. /
052 Jo the box would slide down .. then it would rub on the wooden slope .. and that

would cause some friction ..
053 Int do you think that the box is gripping when it is sliding down the slope .. /

054 Jo umm .. there is a bit of gripping .. but there's more rubbing .. 'cos gravity is
pulling the box down .. and that rubbing causes friction ... that's .. that's what 1
think..

(An) points out, right from the beginning that, as he thinks, "there is no friction" in
the case of the stationary box on the slope (047) and he suggests that gravity keeps
the box there (049 & 051) because the slope is "not steep enough" and the box does
not slide. He appears to be considering that if the box starts sliding then it "will cause
friction" (051 & 057) because gravity is pulling it down. He seems to recognise some
"grip" when the box is stationary on the slope, which looks like the two pieces of the
jigsaw (056), but he doesn't seem to ascribe to it an important role for the explanation
of the phenomenon. On the contrary, he appears to be considering as more important
the force of gravity and a notion of "resistance" from the slope which holds the box in

its place without bending (054).

047 An there is a box left on a slope at the back of a truck .. it is not sliding down .. do
you think there is any friction there .. I.. no .. 1 don't think there is any friction
here ..

048 Int why do you think that the box is staying there then .. /

049 An gravity .. i
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050 Int how do you think that gravity keeps it there .. /

051 An well .. as it is just a certain slant.. it's not steep enough for the box to slide ..
gravity actually pulls it down to keep it in the same place .. but if it is slanting
more .. gravity will be able to pull it down .. so .. the box will slide .. and that
will cause friction..

052 Int any idea what is happening at the touching surface of the box and thc slope ../  { iti a” cardl
.. in this situation that the box is not sliding .. /

053 An umm .. it depends .. there will most probably be grip .. but there's mostly
gravity helping it stay there ..

053.5 Int » umm hmm..

054 An .. and there is always the resistance .. from that slope .. 'cos say if it was a very
weak resistance thc box would be bending it .. say .. if that slope was made of
paper then that box would go right through it .. 'cos .. its weight .. gravity
would pull it down through it..

055 Int yeah .. I see .. you mentioned something about grip at the touching surface of
the box and the slope .. could you explain that a bit.. I

056 An yeah .. there's probably some grip there .. when the box is put on the slope ..
just like the pieces of'the jigsaw ..

056.5 Int ¢ » yeah.

057 An .. but I still think that friction is caused only if the box is sliding .. 'cos gravity
is pulling it down ..

Three children (Is, Ha, Pa) appear to be suggesting that when the slope is lifted
higher, the box will start sliding and friction will be "less", or it will get Wweak"
because gravity is pulling the box more down and the slope "is getting out of the

”

way".

(Is) appears to be suggesting that if the slope gets steeper the box will slide down and
there will be "less friction" in that case, because "the slope gets out of the way" and
"gravity is pulling the box more down", weakening, in a way, the force of friction
(040).

046 Is well.. if the slope was steeper the box would slide down .. and there would be
less friction in that case cause there’s more force pulling the box downwards ..
and when the slope gets steeper .. it sort of gets out of the way .... and gravity
is pulling the box more down .. er.. 4.. so friction can’t really hold it back..

Similarly (Pa) suggests that the box will slide if the slope is lifted a bit higher because
"friction cannot keep it there" and the force of gravity is pulling it "more down" (050)

because "the slope is getting out of the way" (052).

049 Int Isee .. what will happen if we lift up the slope a bit more .. /

050 Pa the box will slide 'cos friction cannot keep it there and gravity is pulling it
more down ..

051 Int why do you think that.. gravity would pull it a bit more down then .. /

052 Pa 'cos if you lift the slope a bit more up .. it will get a bit like that.. and it will  (representing it with his hand]
sort get out of the way .. and the box will have to go down .. 'cos gravity is
always pulling it .. and now even more .. 'cos the slojxi is getting out of the
way..
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Interview 11HII

* The roughness of surfaces is the main reason for the 5
motionless condition of the box on the slope because the
"uneven'" or "jagged" surfaces "grip" or '"catch" with
each other.

e Gravity appears to be "helping" friction in keeping the box 3
stationary because it is constantly pulling it downwards,
"sticking" it on the table, in a way.

¢ There is "grip" when the box is steady and "friction" when 2
the box is sliding" or "rubbing" on the surface of the slope.

* When the slope is lifted higher, the box will start sliding 3
because friction becomes '"less" or '"weak', gravity is
pulling it more and '"the slope is getting out of the way".

Table 4.4.4: A synopsis of the groupings of conceptions and alternative conceptions from the analysis of the
"box on the slope” instance with respective numbers of children's responses (NoR).

4.4.ej. The card with 'the person going down the slide' instance

Five children (Da, Jo, Ha, An, Pa) appear to he thinking offriction between the
person and the slide, in terms of "rough", "rubbing surfaces”, which seem to be

slowing him/her down.

(An) appears to be considering that there is friction "on the actual points that the body
is touching the slide" referring to the "shoes" and the "buttocks" of the person (061 &
063). This happens because "there is a force" which holds the person back, slowing
him/her down and he "reckons" that it is friction. She suggests that the person

"actually rubs" herself on the slide when she is sliding and this causes friction (065).

061 An yeah .. A .. coming slowly down the slide .. do you think there is any friction
here .. /.. yes .. 1do .

062 Int where abouls .. /

063 An well .on the surface of the slide .. and on the actual points that the body is
touching the slide .. that is .. at the shoes .. and under his buttocks ..

064 Int all right .. how do you think that friction is there ... 1

065 An umm 'cos you can't really go fast down the slide there's a force holding you
back a bit.. slowing you down .. that's friction 1 reckon .. er and you actually
rub yourself on the slide while sliding .

(Ha) seems to be suggesting that there is "a bit of friction" at the places that the
person is "touching" (052) and "rubbing" (054) the surface of the slide. She indicates
that friction "is stopping the person from going fast" (052), or holds him back "a little

bit" (054). She discusses it further by pointing out that the person would slide down
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faster if the slide was longer, blit even then, there would still be "a bit" of friction

because the person would "still be rubbing" on its surface (058).

050 Int yeah .. coming slowly down thc slide .. do you think there is anyfriction here
.. 1. umm .A., yeah .. Ireckon there’s a bit of friction here ..

051 Int  where abouts .. /

052 Ha umm .. at thc two places that the person is touching the slide .. that’s the shoes
. and at the buttocks .. and that’s stopping the person from going fast..

053 Int yeah .. how do you think that friction is stopping thc person from going fast
down the slide .. /

054 Ha because that person.. because he touching the slide .. and he is kind of nibbing
onit. as he goes down .. that creates some friction .. holding him back .. a
little bit..

055 Int Isee .. anything else you would like to add here .. /

056 Ha well .. yeah .. I think he would go down faster if the slide was .. say a bit
longer.. that would help him go down faster..

057 Int

058 Ha

(Pa) appears to be thinking in terms of "rough surfaces" which are "rubbing together"
(060) at the touching points of the person and the slide (058) creating "a bit of

friction", which holds him/her "backwards" (056).

056 Pa yeah .. .A .. coming slowly down the slide .. do you think there is any friction
here .. / .. yeah .. there is friction .. on the slide and on the body .. soit's like ..
striking together .. that's why the person does not go very fast down .. it goes
down slowly you see .. so there's a bit of friction holding him backwards .. sort

of'thing..
057 Int umm hmm .. where do you think that friction exists here .. /
058 Pa well .. as he is sliding down .. there's friction on the slide .. and there .. under

his buttocks .. and on his shoes .. those arc the touching points ., 1 reckon ..
059 Int Isee .. how do you think that friction is created there .. ¢
060 Pa er. same again we've got rough surfaces .. rubbing together .. as he slides
down .. and that creates friction ..

Two children (Is, Ph) seem to be regarding that, the "rough " surfaces in contact

appear to be 'catching on" each other, creating friction.

(Is) appears to be indicating that the person is "sort of catching on" the slide (050)
because the "shoes" and the "trousers" are "rather rough", they are touching on the
surface of the slide, and as a result "he is catching friction" (052). She suggests that

friction slows down the person otherwise he/she "would go down very fast" (053).

050 Is yeah .. coming slowly down the slide .. do you think there is any friction
here.. /.. umm .. well .. yeah .. because as he is going down the slide .. he is
sort of catching onit.. abit. 'cos he is sliding ..

051 Int well.. what do you mean .. can you explain that a bit please .. /

052 Is umm .. as he is sliding down he is catching friction .. on his trousers .. there ..
and on his shoes .. that are touching thce slide .. which is a rather rough surface
..and.. so he is catching friction

052.5 Int » umm hmm .. Isee .

053 Is .. and the friction slows him down a bit .. 'cos if he didn’t he would godown
very fast..
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Similarly, (Ph) suggests that the person's "feet", "buttocks" or "trousers" are "catching
on the slide while going down" (047). This creates friction which is "trying to hold"

the person stationary, but because he/she is sliding, it "slows him down a bit" (049).

047 Ph well.. while he is going down slowly., his feet are catching .. and his buttocks
are catching., his trousers., whatever., that's creating friction., er.. 'cos he is
catching on the slide while going down..

048 Int 1see., anything else you would like to add here.. /
049 Ph yeah .. and there’s gravity pulling him dow'n that way .. and there's friction[pointing towards the ground)

holding., trying to hold him where he is., but because he is sliding .. it just
slows him down a bit..

Two children (la, And) point out that there will be "a little bit" o ffriction because the

person is sliding or the surface ofthe slide is rather "smooth".

(Ia) appears to be recognising that there is friction at the touching points of the person
and the slide (067 & 069) where they grip (069). She suggests that "all the surfaces
touch each other", "go one into the other" and create "a little bit of friction" because,
in this case, the person "is sliding" (071).

067 la yeah., going slowly down the slide .. do you think there is any friction here.. /  [pointingat the points of contact

yeah .. there and there .. W11LICslidel
068 Int umm hmm .. could you explain a bit what you mean .. /
069 la yeah .. I mean there is friction at the touching surface of the of the person and

the slide .. that's there .. where he is sitting., and also there., where the shoes
are touching the slide .. and they grip ..

070 Int what happens when the person is sliding.. I

071 Ia well .. same again all the surfaces .. touch each other., go into one another ..
and they create .. er.. a little bit of friction .. 'cos he is sliding you see..

(And) appears to be considering that "there is friction" at the touching points of the
person and the slide (044 & 046). He suggests that there is "not much friction"
though, because slides are "normally very smooth" and there will not be "many tiny

bits hanging out of its surface", so "grip" will be difficult (047).

044  And yeah .. coming slowly down with the slide .. do you think there is any friction
here .. / er.. there is friction here ..

045 Int where abouts .. /
046 And on the slide .. where he is sitting .. and onhisshoes ..that are touching thc
slide..

046.5Int » umm hmm..

047 And .. and the slide is probably made out of metal .. andslides are normallyvery
smooth .. so there aren’t many tiny bits hanging out of its surface .. err.. 1 think
it will be difficult to grip .. on his trousers and on his shoes .. so there’s not
much friction here really ..
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Sfytmv'kty Card 111 ®!!
¢ There is friction at the touching points of the person with 5
the slide because the surfaces are '"rough" and they are
"rubbing".
* When the person is sliding, "rough" surfaces are "catching 2
on" each other creating friction.
e There is a "little bit" or '"mot much" friction because the 2

person "is sliding" or the slide "is normally very smooth".

Table 4..4.5: A synopsis of the groupings of conceptions and alternative conceptions from the analysis of the 1
j "person going down the slide" instance with respective numbers of children's responses (NoR).

4.4.e2 The card with 'the person holding steady with the hands up on the

slide' instance

Five children (Pa, Ph, la, Da, And) appear to he suggesting that the person manages
to remain steady up on the slide because he/she is "gripping" on its surface, at places
of contact like the "shoes", the "buttocks" and the "hands". The latter seem to be
gripping "a lot more", in this case, because they are also "forced" at the sides ofthe

slide or the person puts "a lot ofpower" on them.

(Pa) appears to be indicating that the person's "shoes", "hands", which is "probably
the strongest part of the body" (064), and "buttocks" (062) are "gripping" with "a lot
of power" and that creates "a lot of friction", keeping the person "steady" on the slide
(064).
062 Pa umm .. B .. holding steady with the hands at the sides of the slide .. no sliding

.. do you think there is any friction here .. / .. yeah .. there is . 'cos you've got

the shoes touching on the slide his buttocks . and also with his hands there
. he is gripping .. he creates a lot of friction .. keep himself steady on thc
slide..

063 Int what do you think that is happening with his hands there .. I

064 Pa well .. the hands are probably the strongest part of the body .. and that's
stopping him from going anywhere with his hands been there gripping on
the sides .. with a lot of power .. that creates a lot of friction .. enough to hold
him steady ..

Similarly, (Ph) suggests that the feet, buttocks are "gripping" creating friction (051),
but also the person's hands are "gripping" at the sides of the slide and "that's one more
friction" which "holds" the person on the slide, "because it has to be stronger than

gravity" (052)
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051 Ph holding steady with the hands at the side of the slide., no sliding., do you think
there is any friction here.. /.. yeah there is., there's gravity., across., emm..
there's some friction as in that drawing (B) .. with his feet.. and his buttocks.,
griping., and with his hands trying to hold himself up there..

051.5 Int » umm hmm..

052 Ph .. so .. there's friction with his hands ..they are griping at the sides of the slide..
stopping him from sliding., and that's one more friction there., because it has
to be stronger than gravity .. to hold him where he is., this type of thing..

(And) appears to be using an example to explain the phenomenon by saying that it is
like when he is trying to push his hands on the surface of the table and they can't
move easily because they grip (053). Hence, he suggests that because the palms "are
rather rough surfaces" and they are also forced at the sides of the slide, the "grip"

becomes "a lot stronger", holding the person steady on the slide (055).

053 And umm .. well.. it’sjust like me trying to push my hands .. like that on this table |represents it with his hands O the
.. Urey grip and I can't move them easily .. same Uring with him Urere .. ublcl

054 Int  how do you think that his hands are gripping at the sides of the slide.. /

055 And umm .. our palms .. they are rather rough surfaces .. so they can easily grip on
other surfaces .. and if we also force Uiem .. as he does here .. Uren we make
Urat grip .. a lot stronger ., that’s what I reckon ..

Two children (Is, Ha) appear to he considering that the person is "catching friction"
at the various points ofcontact ofhis/her body with the surface ofthe slide. Hence,
the person isforcing his/her hands by putting a lot of "pressure" or "power" on them

in order to "catchfriction" or "grip" and remain motionless up on the slide.

(Is) appears to be indicating that the person's hands "are catching a lot of friction" and
since the "weight" is pulling the person down, "he has to catch more friction" in order
to "stay up" on the slide (057). Thus, the person is "catching friction" because "he is
forcing" his hands, "putting a lot of pressure at the sides of the slide", creating "more
friction" and, she suggests that, it will be more friction, just like the case when two

blocks are slid on the surface of the table instead of one (059).

057 Is oh . yeah .. 1see .. well .. his hands are catching a lot of friction then .. 'cos his
weight is pulling him down .. and if he wants to stay up on that slide .. he has
to catch more friction on it..

058 Int catch more friction on it.. what do you mean .. /

059 Is well he is catching more friction with his hands there .. 'cos he is forcing them
.. putting a lot of pressure at the sides of the slide .. and that creates more
friction .. like there would be more friction if you put two blocks of wood on
the table .. one on top of the oUier.. as we did a few days ago .. that sort of
thing..

‘Ipointing af the person’s hand’s]’
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Similarly, (Ha) appears to be suggesting that the person's "shoes", "buttocks" and
"hands"are "catching and gripping a lot" in order to hold the person steady(060).

Hence, she points out that the person is "actually forcing his hands" by putting "a lot
of power on them" in order to "grip really strong at the sides of the slide" and "catch

very much friction" (062).

060 Ha holding steady with the hands at the sides of the slide .. no sliding .. do you
think there is any friction here .. I.. yeah .. there is friction here .. 'cos he is ..
his shoes are catching on the slide .. his buttocks are catching .. sort o f.. and
also his hands are catching and gripping a lot.. holding him steady .. right
there..

061 Int how do you think that his hands are gripping .. I

062 Ha well.. he is actually forcing his hands to hold him up there .. he is putting a lot
of power on them .. so they grip really strong at the sides of the slide .. so he’s
catching very much friction there .. 'cos he is gripping a lot..

Two children (Jo, An) appear to be differentiating between "friction" and "grip" by
suggesting that in the case ofthe person staying steady on the slide there is "grip" but
not "friction". They appear to be suggesting that there will be "friction” only in the

case that the person is going down the slide.

(Jo) suggests that there is "a lot of grip" (065 & 070) because the person is "gripping
with his hands at the sides of the slide" (065) by "forcing" them there (068), whereas
gravity is pulling the person down. But, she appears to be emphasising that "there is
no friction" because the person is not sliding down. Instead "he is holding himself up

there" and she claims that "you can't say that grip is friction really" (070).

065 Jo .. holding steady with the hands at the sides of the slide .. do you think there is
any friction here .. I.. well.. there's a lot of grip .. 'cos he is gripping with his
hands at the sides of the slide ..

065.5 Int » yeah.

066 Jo .. but 1think there is no friction .. 'cos he is not sliding down .. he is just
holding himself up there ..

067 Int how does he manage that.. /

068 Jo umm .. he is forcing his hands at the sides of the slide .. holding them with all
of his strength really .. so gravity can't pull him down .. and so he stays there ..  [pointingat B situation]

069 Int Isee .. but you think there is no friction here .. is that what you mean .. 1

070 Jo yeah .. no friction 'cos he is not sliding .. it's just a lot of grip .. and ... umm ..
you can't say that grip is friction really ..

Likewise, (An) points out that since the person "is holding himself" motionless,
without "any sliding", "there is no actual cause to make friction" (067) and he
explains that "there is only grip" (070) because the person is "grasping the sides of the

slide with his hands" (069), but his "shoes" and "buttocks" are also "gripping" in
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order to "beat" gravity (070). Hence, he appears to be suggesting that there would be

friction only if the person was sliding.

067 An .. B .. holding steady with the hands at the sides of the slide .. no sliding .. do
you think there is any friction here .. /.. well as he is holding himself up there
.. without any sliding there is no actual cause to make friction ..

068 Int 1 see .. what about his hands that are holding steady at the sides of the slide .. /

069 An umm .. no friction there .. just the grip 'cos he is grasping the sides of the
slide with his hands .. umm ...

069.5 Int » yeah.

070 An .. same thing with his shoes and his buttocks touching the surface ofthe slide ..
but since there is no sliding .. there's no friction .. there's only grip .. and
gravity .. pulling him down .. but he manages to stay up because .. he is
putting a lot of force there with his hands .. umm .. to beat gravity .. 1
suppose..

In the question "Where do you think there is more fiction? In A or in Bsituation?”
all of the children responded that there is more friction in B situationandthey

attempt to explain it in various ways such as those thatfollow.

For example (la) mentions that in 4 situation "there is not much grip" because the is
sliding, but in B situation "his hands give him an extra grip" and that creates more

friction to keep the person "still" (077).

076 Int umm hmm.. I see .. do you think there is more friction in B situation or in A.. /

077 la umm .. really on A there is not much grip., it's only his shoes and his buttocks
that are touching .. a bit really., that's not enough so he is sliding., er.. in B..
his hands give him extra grip., so that's more friction .. so he can stay still...

Likewise, (Is) appears to be suggesting that the person "has to grip a lot more" in B

situation to manage to stay "steady up there" (059).

oSS Int where do you think that there is more friction in A orin B situation/
059 Is umm .. in B .. 'cos he has to grip a lot more to keep himself steady up there .. [pointing at the slide in B drawing |

(Da) suggests that "there are more points of contact" and thus "there are more places

for friction" which keeps the person up on the slide in B situation (061).

060 Int 1see .. in which case do you think there is more friction .. /..inAorinB ../
061 Da in B .. 'cos there are more points of contact .. and he is staying up there steady
.. so there are more places for friction .. to go .. that’s it..

(Pa) appears to be rather sure when he says "it's definitely B situation" because there
is "more grip" with the person's hands (066) and he also points out that "the power
from his hands and friction" somehow manage to "beat the force of gravity" and keep

the person still up on the slide (068).
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065 Int umm hmm ... in which situation there is more friction then . in Aorin B .. /

066 Pa in B situation .. 'cos he is not sliding .. he is steady .. and you've got more grip
there .. with his hands err . it's definitely B situation

067 Int all right .. anything else you would like to add here .. /

068 Pa yeah .. lthink in situation B .. the power from his hands and friction .. beat the
force of gravity .. sort of thing .. so he manages to stay steady on the slide ..
without sliding down .

(Ha) indicates that since in B situation the person "is not moving", there "has to be a

lot more friction to beat the force of gravity" which pulls him/her down (064).

063 Int where do you think there is more friction in A or in B situation ..

064 Ha umm . in B situation .. 'cos he is not moving .. so there has to be a lot of
friction to beat the force of gravity .. that is pulling him down .. 'cos he is
staying up there .. you see., yeah that’s it

[
Interview Cat4 Grouping* mmxptiam and atterm tive cm ceptmm Sall

e The person is "gripping" more at the contact areas with 5
the slide and especially with the hands that are "forced" at
the sides of the slide or the person is putting a lot of
"power on them" in order to stay still.

* The person is "catching friction" at the contact areas with 2
the slide in order to remain stationary up on it.

e There is "gripping" when the person is motionless up on 2
the slide, whereas there is "friction" when he/she is sliding.

¢ There is more friction when the person is stationary up on 9

the slide because there is "extra grip'", there are '"more
points of contact" for friction, or it just "has to be more
grip" to have that effect.

| Table 4.4.6: A synopsis of the groupings of conceptions and alternative conceptions from the analysis of the |
\1"Rerson holding stead}: with the hands up on the slide" instance with respective numbers of children's responses ]

4.4.f. The card with 'the slow-down ofthe bicycle' instance

Five children (Pa, Ha, Jo, Is, la) appear to he considering that there are two reasons
for the deceleration of the hike, which they prohahly view in combination to one
another. Hence, there is "no more power" or "no more pushing force" to move it
along, hut at he same time they seem to recognise the existence offriction at the

touching points ofthe tyres and the ground as a causefor the slow-down ofthe hike.

(Pa) appears to be considering that the bike is slowing down because there "is no
more power to push it forward" and because there is "friction on the tyres" (070)

which are "rough surfaces" and they have "sort of crannies" that rub on the "rough"
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surface of the road (071). He suggests that "it's like the crannies of the tyres are

hitting the rough bits of the road" (072) and that creates friction (073).

070 Pa no brakes .. no pedalling .. slowing down .. do you think friction slows down
the bike .. I.. yeah .. well the bike is slowing down 'cos there is no more power
to push it forward so it'll stop soon .. there is also friction on the tyres that are
spinning round .. and they rub on the road ..

071 Int yeah., what do you mean when you say that the tyres are rubbing on the road../

072 Pa well the tyres are made to be rough .. they have rough surfaces .. they have
sort of crannies .. and they rub on the road .. err which is also rough .. it's like
the crannies of the tyres are hitting the rough bits of the road ..

072.5 Int » ummhmm.

073 Pa . sothatcreates friction which slows down the bike ...

Similarly, (Ha) indicates that "the tyres are rubbing on the ground" because they have
"rough surfaces" and the road is "bumpy" so "they hit the bumps of the road" creating
friction (066 & 069). She points out though, that the bike will stop moving because

"there is also no more power from the rider to keep it going" (067).

066 Ha no brakes .. no pedalling .. slowing down .. do you think friction is slowing
down the bike .. / .. umm .. yeah .. 'cos the lyres are rubbing on the ground
when they are going round ..

066.5 Int » umm hmm..

067 Ha . so., that will slow down the bike and eventually stop it.. 'cos there is also no
more power from the rider to keep it going ..

068 Int yeah .. how do you think the lyres are rubbing with the ground .. 1

069 Ha umm .. the road is bumpy .. and the tyres have rough surfaces .. and when they
roll on the ground .. they just hit the bumps of the road .. they rub on them
while going round .. and that creates friction that slows down the bike ..

Also (la) suggests that the tyres of the bike are "uneven" and they have some sort of
"scratches" which are catching on the "ups and downs" of the "rough" surface of the
road creating friction (083). But, at the same time, he says he knows that the bike is
slowing down because "the rider is not pedalling any more" and consequently "there

is no more power" to keep the bike going (085)

083 la well .. the tyres of the bike .. are uneven like., they've got scratches like., and
they catch on the road., 'cos the road is rough as well ..you see .. it has ups and
downs., and the scratches from the tyres get into them and they kind o f.. hold
the bike back .. 'cos they create friction ..

084 Int do you think that slows the bike down .. /

085 la yeah .. the friction on the tyres .. 'cos the rider is not pedalling any more., so
there's no more power from there., and.. I know it's slowing down .. so it must
be friction from the tyres., that holds it back and it'll slop soon..

Two children (Ph, An) appear to be putting some emphasis on the roughness of'the
surfaces of the tyres and the ground, which create "a lot o f' friction when they are

"rubbing" or 'getting into one another".
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Thus, (Ph) appears to be rather certain that “friction on the tyres" slows down the bike
(058) because the tyres are made of "a rough surface" and as they are rolling they
appear to be getting into the road. The road is also "very rough" and "it'll sort of
strike" the tyres (062), but things happen "the other way round" as well (060). This,
as he suggests, will create "a lot of friction" and will make the tyres hot because they

are rubbing (062).

058 Ph  no brakes no pedalling slowing down .. do you think friction is slowing down
the bike.. /.. yeah .. it's definitely the friction on the tyres that slows it down ..
059 Int what do you mean.. /

060 Ph er.. the tyres have a rough surface., they are made that way ..so when they arc
rolling round on the road., they are sort of getting into it.. and also the other
way round..

0611nt » umm hmm..

062 Ph 'cos the road is also very rough., and it will gel into the tyres a bit.,it'll sort of
strike them .. as they're rolling on it.. that creates a lot of friction which slows
down the bike., and also the tyres get a bit hot., 'cos they rub on the ground..

Similarly (An) appears to be "quite sure" that friction on the tyres is the reason for the
slow-down of the bike (074) because the tyres are "rubbing on the road" since they
have "rough surfaces" with "crannies" and the road has "some sort of grooves". Thus,
when the tyres "hit on those grooves" it creates "too much friction" which slows down

and eventually stops the bike (077).

074 An no brake .. no pedalling .. slowing down .. do you think friction is slowing
down the bike .. I.. umm ,. yes .. 1 think so .. friction on the tyres .. I'm quite
sure..

075 Int what do you mean .. /

076 An well .. the tyres are rubbing on the road  'cos the bike is still moving .. but
they also have rough surfaces .. some sort of crannies I could say ..

076.5 Int »..yeah.

077 An .. and the road is also rough .. it has grooves .. sort of., and when the tyres are

touching it.. rubbing on it.. they actually hit on those grooves .. that creates
too much friction .. which slows down the bike .. and it stops it sooner or
later..

Two children (Da, And) are pointing out some properties o f"rubber" which, as they
seem to believe, ascribe special characteristics to the tyres and they attempt to build

their reasoning for the slow-down ofthe bike around that conception.

Hence, (Da) appears to be suggesting that the friction on the tyres is slowing down
the bike (065) and this is because the road is "bumpy" and has an "uneven surface".
But also the tyres are "rough" and have "kind of crannies" and they "grip on the

bumps of the road" (067). He points out though, that the "material of the tyres" which
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are made of "rubber" (067), appears to be an important element, since "rubber is
rather sticky" and that increases the friction, because the tyres "are gripping a lot

more". It wouldn't be the same if they were made out of wood for instance (069).

065 Da no brakes .. no pedalling .. slowing down .. do you think friction slows down
the bike .. /.. well yeah .. friction on the tyres .. that slows it down ..

066 Int can you describe how do you think that happens .. I

067 Da well .. the road is bumpy you see .. 'cos it’s always an uneven surface .. and
the tyres .. they are sort of rough .. and they have kind of crannies .. that grip
on the bumps of the road .. and slow down the bike .. and eventually stop it ..
er 4. it’s also the material of the tyres .. 'cos they are made of rubber you
sec..

068 Int why do you say that about rubber .. /

069 Da well .. rubber is rather sticky .. 1 suppose .. that would increase friction
wouldn’t it .. / .. 'cos it will be gripping a lot more .. than say wood or
something like that..

Likewise, (And) indicates that the tyres are made of "rubber" and they "have sort of
crannies", which "get into the roughness of the road" and slow down the bike (061).
He discusses it further, by mentioning that rubber tyres "help" create more friction
because "rubber holds things" (063) and "puts more grip" on the tyres (064). On the
contrary though, he suggests that if they were made of wood they would slip on the

road (064).

061 And well .. there’s friction on the tyres .. 'cos they are made of rubber .. and they
have sort of crannies on them .. so the get into the roughness of the road .. and
that will slow down the bike and it will soon stop moving ..

, 062 Int why did you mention that the tyres are made of rubber ... does that make any
difference here.. §

063  And yeah .. rubber tyres help friction really .. sort of .. they create more of'it.. 'cos
rubber holds things .. ina way..

063.5 Int » umm hmm..

064 And . 'cos say if .. if.. the tyres were made out of wood .. they would probably slip
on the road .. but rubber puts more grip on them ..

Most of the children (Ph, And, Is, Pa, Ha, Jo, An) appear to be sensing the existence
of friction at various other places of the bike, apart from the tyres. Thus, they suggest
that there is friction at the handlebars, where the hands of the person hold tight, at the
saddle, where the person sits, at the pedals, where the shoes are rubbing, at the brakes,
when they are used and even at the chain of the bike, which they advise that has to be

kept oiled.

Hence, (Ph) suggests that there is some friction on the saddle of the bike because the
person’s trousers are rubbing on it and on the pedals where the shoes "are creating

some friction" (064).
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064 Ph  umm . yeah., there's some friction on the saddle where the rider is sitting ..
'cos his trousers are rubbing on it .. and also there is friction on the pedals ..
where his shoes are creating some friction .. umm that's all the friction I can
see here..

Likewise, (An), keeping in mind his differentiated conception between "friction" and
"orip" (cf. analyses of previous cards), indicates that there is "some grip" at the
touching points of the shoes and the pedals, but also at the saddle and the person, to

avoid possible slippage in both cases (079).

078 Int yeah .. Isee .. anything else you would like to add here .. /

079 An yeah .. there is some grip .. at the shoes and the pedals .. so the shoes don't slip
when they are on them .. and also .. at the saddle there.. there must be a bit of [pointingat the saddle]
grip .. so he doesn't slip offit.. that's what 1 reckon ..

(And) points out that there is some friction on the pedals and some grip on the
handlebars, but also a "bit of friction" on the chain, where oil must be put to "make it

turn round a lot easier" (066).

065 Int all right.. I see .. is there any more friction anywhere here .. /

066 And er .. yeah .. at the pedals his shoes that are touching the pedals .. I mean also at
the saddle .. where he sits .. and he is also gripping with his hands on the
handlebars., umm .. there’s a bit of friction at the chain as well .. that’s why
you put oil there .. to make it urn round a lot easier .. that’s all 1 suppose ..

(Pa) is indicating that there is friction at the saddle and at the pedals,butalso at the
brakes when they are used to slow down the bike "faster" (075). Hepointsout that
they "catch on the wheel", making a "funny noise sometimes" and they "wear away"
because of rubbing (077 & 079), so they need to be changed "from time to time"
(077).

074 Int Isee .. anything else you would like to add here .. /

075 Pa yeah .. there is also friction on the saddle ... and on the pedals .. and also at the
brakes .. when he is using them to slop .. faster ..

076 Int umm hmm .. yeah ..

077 Pa er .. you see with the brakes .. they catch on the wheel .. they make a funny
noise sometimes .. they wear away 'cos they rub too much .. so you have to
change them from time to time ..

078 Int do you think friction wears them away ..

079 Pa yeah .. friction .. rubbing .. same thing here ..

Two children (la, Ha) appear to he considering the role ofthe "wind" or "air" as a

retarding medium in the slow-down o fthe hike.

Thus, (la) appears to be suggesting that "the air creates a little bit of friction" (086)

because as the person and the bike move through the air it is like "pushing" them
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backwards, a push that will be stronger if it is "windy" (089). Hence, the air is like
"hitting your body" slowing you down and, as he appears to conclude, "it must be

friction" (091).

086 Int

087 la

088 Int

089 la
can feel it on your face. err., air is like pushing you backwards., say a little bit
. and if it is windy .. that will be a stronger push .

090 Int do you think that this is any sort of friction from the air then .. /

091 1a yeah .. 'cos . it's like., air hitting your body . that slows you down . so it must

be friction .. that's what 1reckon .

Similarly, (Ha) appears to be implying that the wind could slow down the bike faster
"if it is blowing from the front of the rider" (071), but she seems a bit hesitant to
recognise it as friction and she feels more comfortable to say that the wind "is

resisting the movement of the bike really" (073).

070 Int all right.. anything else you would like to add here .. /

071 Ha yeah .. the wind .. if it is blowing from the front of the rider ..that would slow
him dow n .. faster.

072 Int is there any more friction here then .. 7

073 Ha umm . I don’t know ..it’s just like .. the wind is like hitting him . dragging

him back a little bit .. it is resisting the movement of the bike really .. you
might call that friction

I

The bike is slowing down because there is friction at the

touching points of the tyres and the ground, but also there

is ''no more power" or ''no more pushing force" to keep it

going.

The roughness of the tyres creates "a lot of friction" with

the ground because they are '"rubbing" or "getting into

one another".

Tyres have "crannies" and are made of rubber which is

"kind of sticky'" or "holds things" and that creates friction.

There is also friction at the handlebars, the saddle, the

pedals or even the chain.

The wind could be also slowing down the bike or

"resisting" its movement.
Table 4.4.7.: A synopsis of the groupings of conceptions and alternative conceptions from the analysis of the

j "slow -down of the bicycle” instance with respective numbers of children's responses (A/0™).

Discussion

All of the children in this study appear to have developed and elaborated their

conceptions on frictional phenomena within a "surface roughness" theory of friction
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(cf. § 2.2), which has strongly been promoted and investigated during the teaching
intervention (cf. § 4.2). Thus, friction is "caused" or "created" because surfaces in
contact are "uneven", "rough", "jagged" or "ruffled" and they are "like stuck together"
or they "get into one another", just like two pieces of ajigsaw puzzle, the analogy that
was presented and discussed during the teaching intervention (cf. § 4.2.5). The
asperities of the surfaces, or in children's words the "hills and valleys", "tiny picks
and valleys", "little tops and valleys", "ups and downs", "tiny bits hanging out of the
surfaces", "bumps", "crannies" or "the nooks and crannies", interlock with each other
creating friction. Most of the surfaces that children get in touch with in their
everyday life are rough and "surface roughness theory" of friction appears to be an
intelligible, plausible and fruitful approximation for children, of this age, to explain
various frictional phenomena. At least they manage to do so quite successfully in the

depicted instances of the interview cards.

Many times children relate friction with "gripping" and "rubbing", and they appear to
be using all three terms in the same context for phenomena that happen in the
interface of two objects in contact. Hence, they mention that "friction is when two
things "rub" or "grip" together. According to children's responses, this can happen
when the surfaces are in relative motion to each other on even when they are
stationary. This is a finding that does not agree with the findings of Stead & Osborne
(1981), who claim that children hold the view that "friction only occurs between
moving surfaces" (p. 53). Their interviews though, covered a wider range of learners

and were conducted independently from any sort of teaching intervention.

Nevertheless, there are two cases of children (Jo, An), who, throughout their
interviews, appear to be holding a differentiated conception between "grip" and
"friction". They seem to consider that "grip" is when two things are in contact (e.g.
book on the tilted table) and remain motionless, whereas "friction" is created only
when two objects are in relative motion with each other (e.g. the book sliding down a

more tilted table). They are rather hesitant in recognising "grip" as "friction" and they
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feel more comfortable in holding separated conceptions. This could be interpreted as
a "premature conception" or a "preconception" relative to the distinction between
static and sliding friction, since similarities in the ascribed meaning of terms could be
drawn between "grip" and "friction" respectively. Alternatively, it could be also
claimed that, for these children, "friction" is strongly associated with movement,

which is similar to one of the findings of Stead & Osborne (1981, p. 53).

Some children appear to be thinking of "gravity" as an assisting force to friction,
because it pulls things towards the ground and somehow "sticks surfaces together",
when they are in contact, and this in turn "helps" the interlocking of surfaces, which
creates friction. Hence, they are probably viewing gravity as a presupposition for the

contact of surfaces and the creation of friction.

It seems that most of the children generally accept that when things are sliding on a
surface (e.g. a block of wood on the table, a person going down the slide) there is still
some friction, but it appears to be considered "less" than the friction of a stationary
body (e.g. a motionless block of wood on the table pulled by some weights).
Furthermore, it is suggested that the friction along the interface of two sliding
surfaces becomes "weak", or it is reduced to "a little bit". Nevertheless, they appear
to believe that "some" is still there because the surfaces are "still rough" and they
have to go over the protuberances of each other. If it is considered that the maximum
static friction is less than the sliding friction (cf. § 2.3), say for the block of wood on
the table, then this conception appears to have a scientific basis, although it would be

rather naive to claim that children thought of it in this way.

n

Some children appear to be viewing the "air" or the "wind" as a retarding medium.
Thus, if the wind is blowing against objects, or when they are moving through it, it
slows them down, but this is not really considered as "friction". Some children also

mention that there will be "very little" or even "no friction" if objects are slid on ice.
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4.5.0. Highlighting some aspects of children’s conceptual
change: Two cases (Jo, Da)

In this section there is an attempt to present and discuss two cases of children on the
basis of an overview and comparison between some of the conceptions they expressed
in the pre-intervention interviews (Pre-I.I.) and those expressed in the post-
intervention interviews (Post-I.1.). It is anticipated that this will highlight some
aspects of their conceptual change, in reference to friction and/or frictional
phenomena. Some information is also drawn from concept maps, which children
made after the teaching intervention which can be related to the interview data in
order to view children's conceptions from a different perspective. Some propositional
links between certain words-concepts, which are involved in the concept maps, are
reconstructed and commented on. Both of these cases of children are considered to
be indicative and they have been chosen because they represent some very interesting

aspects of children's conceptual change.

4.5.1. The case of (Jo)

Throughout the pre-intervention interview, (Jo) appears to be using the word "grip"
in terms of "something" that "just" happens in certain instances, in a rather
commonsensical way. It seems that "grip" has to do with the surfaces, or it appears to
be a property of some surfaces and/or objects. She does not consider "grip" to be a
force, but she mentions that it "holds things" preventing them from "slipping", or even
slows things down. Thus, she appears to be holding a notion of "grip" which could be
characterised as an intuitive preconception of static friction, although this does not
necessarily mean that she thinks of it in this way. She does not point out any further
description about the nature or characteristics of the "gripping" surfaces, although she
discusses "grip" in reference to a "rough" cover of the "book on the tilted table"

instance.
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Hence, in the 'man pushing the car’instance she mentions that "his shoes are gripping

on the ground", so the person can push and not "just slip and fall down" (011.5).

011.5

Jo

» . also the man's legs are pushing away .. his shoes are gripping on the
ground .. so .. he can push really .. and notjust slip and fall down .. (laugh) the
shoes push on the ground and hold him there..

She also suggests that there is "a bit of grip" on the tyres, and that could probably

make it difficult for the man to push the car, since she mentions that "there is always

grip on the tyres" (013). But, she does not appear to consider this "grip" as a force,

and she suggests that the shoes and the tyres are "just gripping on the ground" (015).

013

014
015

Jo

Jo

makes it difficult for him to move it.. you know., there's always grip on the
tyres..

Int isthat. grip .. a force then .. 1
umm .. no you can't really call that a force .. the tyres .. his shoes also .. are
just gripping on the ground ..

umm ..4.. there must be a bit of grip there as well .. maybe that grip .. that grip [P inU»8 at the lvresl

In the 'hook on the tilted table'instance she points out that there is "grip again",

which, together with the fact that the table "is not steep enough", keeps the book

stationary on the tabletop (033). Because the cover of the book "is rather rough", it

"could grip" and "hold itself there" (035). She appears to relate it metaphorically with

"a brake" and that is probably a characteristic representation of her intuitive

preconception of "gripping".

032
033

034
035

Int yeah., but why does the book stay there .. /.. and docs not slide down ..
Jo er .. the table is not steep enough .. or it could be .. a bit. it could be the grip

there again

Int the grip there you say .. can you explain that a bit.. /
Jo yeah .. the book .. the cover.. is rather rough and it could., it could grip on the

table., and just hold itself there., it's like a brake .. you know..

[pointing along the surface of the
book that is touching the table!

In the 'skateboard’instance she also considers "grip" on the wheels "while they roll"

(049), but again she does not view it as a force (051). She points out that "grip"

makes it "difficult" for the skateboard to move, although she also mentions there "is

not really any power to keep it going" (053).

049
050
051

052

053

Jo
Int
Jo
Int

Jo

well same as the car .. they (The wheels) grip a bit.. while they roll here .. you
know that soil of thing ..

eventually stops it../

umm . 4.. it makes it a bit more difficult to move .. 1 am not really sure .. 1
think it slows down 'cos the person .. there's not really an)’ power to keep it
going., no more pushing force from there ..
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She appears to be thinking in a similar way for the 'slow-down ofthe bicycle' instance
when she points out that the bicycle slows down because there is "no more power to
keep it going", but also because there is "a bit of help from the grip on the tyres as
well" (080), which is "not really a force" (078). Hence, she appears to be recognising

a helping role of "grip" in the slow down of moving objects.

078 Jo no . it'sjusl that bit of gripping on the wheels touching the ground., not really
a force .. their weight is pressing down the wheels on the ground .

079 Int Isee. why do you think that the bike slows down and eventually stops .71

080 Jo well .there's no more power to keep it going., no pedalling or anything . a bit

of help from the grip on the tyres as well . that's it

(Jo)'s preconception of "grip", as it appears to be in the Pre-I.I., or at least as it is

interpreted by the researcher, could be represented in a schematic way as follows:

rather book on the
rough tilted table
a brake
o N prevenfN,! man pushing
Qiold things*)-a"d" *\shpping)/ the car
~ —m '‘make it —for 1
can difficult
help the' 'nindering a bike or a
slow-down The motion 'skateboard
force there is no 'wheels’

more power.  °F tyres

Throughout the post-intervention interview, (Jo) appears to have developed a
differentiated conception between "grip" and "friction". Hence, she regards that
"friction" is when "two things rub together" or when they are in relative motion to
each other, whereas "grip" is when two things catch on each other and they remain
stationary. She describes "grip" as an effect of rough surfaces with "little hills and
valleys" that get into one another, much like two pieces of a jigsaw puzzle, and
friction as two "rough" surfaces that "rub" together and move or slide over one

another.

In the person walking along the road' instance she indicates that "friction is when

two things rub together" (008 & 013). She suggests that when a person walks on the
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road, the shoes do not "really rub on the floor", instead they are "just touching" and
that "could cause a little bit of friction" (008 & Oil). She points out though, that if
the person is "sliding" his/her shoes on the ground then they are "rubbing" more,

creating more friction (009).

008 Jo well.. to start with .. friction is when two things rub together .. but his shoes
do not really rub on the floor .. when he walks .. umm .. they're just touching
really .. that could cause a little bit of friction ..

008.5 Int » ummhmm..

009 Jo . er..there could be more friction .. if he is sliding his shoes along the road ..
'cos then he is actually rubbing on the road .. yeah .. that would create friction,

010 Int yeah .. but do you think there is any fiiction .. when we just walk around the
room for instance .. 1

011 Jo umm .. Hg«:}h .. but only when you slide your feet on the floor .. when you're
just walking .. your shoes are touching the ground .. and the ground is
s%()rﬁngt em .. there's not really much friction there .. that's what 1 think ..

012 Int ¥1 . /but you think there is friction only when you slide your feet on the

oOr..

013 Jo yeah .. that causes friction .. 'cos friction is when two things rub together ..

In 'the book on the tilted table' instance, she points out with emphasis that the book is
"gripping" and that's how it remains stationary on the table (019), but she also appears
to suggest that "grip is a kind of friction (025). She seems to be rather certain that
there is friction in the case that the book starts sliding on the tabletop, because "it

would be gripping then" (025).

019 Jo umm .. the book is gripping on the table .. that's the only way that it can stay
there .. as far as 1 can think of.

025 Jo umm .. I think grip is a kind of fiiction .. but 1 would say there would be

definitely friction when the book slides down the table .. 'cos that would be

rubbing then .. wouldn't it.. i
Furthermore, she describes her conception of gripping as a phenomenon "of the
roughness of surfaces" that "get into one another" and "grip", like "two pieces of a
jigsaw puzzle" (021 & 023).

020 Int the book is gripping .. you say .. can you explain that a bit.. 7

021 Jo yeah .. it has to do with the roughness of the surfaces .. 'cosboth of the
surfaces are rough here .. 1 mean the book and the table ..

022 Int what happens then .. /

023 Jo they get into one another .. it'sjust like the two pieces of the jigsaw .so they
grip .. in away .. and that's why the book stays there ..

Similarly, in the 'block ofwood on the table' instance she suggests that the block is
"gripping" on the table (031) and this is due to the "roughness of surfaces" and the

"little hills and valleys coming out of each of these surfaces" (034) (cf. § 4.4.c).
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When the block is sliding she points out that there will be "some friction but not grip"
(040). She suggests that there is "grip" when the block is "stationary", but there is

friction when "it is rubbing on the table" (044).

038 Jo yeah .. there is 'cos the block of wood is rubbing on the table .. 'cos it's sliding
.. and that creates friction .. er.. it doesn't grip much though..

039 Int what do you mean .. /

040 Jo well.. there is some friction but not much grip ..

041 Int are these two different .. /

042 Jo yeah.. 1think so ..

043 Int in what way ../

044 Jo there's grip when the block of wood is .. stationary .. but then when it is sliding
there is friction .. 'cos then it is rubbing on the table .. that's how it happens ..

Likewise, in the 'box on the slope' instance she suggests that there is "grip" when the
box is stationary because the wooden surface of the slope is "rough" (050). She also
points out that there is "a bit of gripping" when the box is sliding down the slope, but

there is more "rubbing" in that case, which "causes friction" (052 & 054).

050 Jo the box is gripping on that slope .. say .. if the slope is made of wood ... then it
is rough .. so the box can grip on it.. and stay steady on it.. it's not really steep

either.
051 Int what would happen if the slope was more steep .. I
052 Jo  the box would slide down .. then it would rub on the wooden slope ..and that

would cause some friction ..

053 Int do you think that the box is gripping when it is sliding down the slope ..

054 Jo umm . there is a bit of gripping .. but there's more rubbing .. 'cos gravity is
pulling the box down .. and that rubbing causes friction ... that's .. that's what [
think..

In the person going down the slide' instance she points out that there is "friction" at
various "touching points", such as the shoes and the trousers, because the person is

"rubbing on the surface of the slide" (058).

058 Jo yeah .. coming slowly down the slide .. is there any friction here .. /.. yes there
is friction here .. 'cos he is rubbing on the surface of the slide ..

059 Int where do you think that friction exists .. /

060 Jo umm .. at the touching points .. I mean .. at his shoes., and where he is sitting ..
at his trousers., let's say .. er ..4.. he is rubbing himself there .. so that’s causing
friction ..

In the ‘person holding steady with the hands up on the slide' instance she indicates
that there is "a lot of "grip", because the person "is gripping with his hands at the
sides of the slide" and remains unmoved (065). She points out though, that there is

"no friction" because the person "is not sliding down" (066).
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065 Jo .. holding steady with the hands at the sides of the slide .. doyou think there is
any friction here .. i .. well.. there's a lot of grip .. 'cos he is gripping with his
hands at the sides of the slide ..

065.5 Int » yeah.

066 Jo .but 1 think there is no friction .. 'cos he is not sliding down .. he is just
holding himself up there ..

Thus, she suggests that there is "just a lot of grip", but she doesn't appear to recognise

"orip" as a kind of friction, or as she puts it "you can't say that grip is friction really"

(070).
069 Int 1see .. but you think there is no friction here .. is that what you mean .. 1
070 Jo yeah .. no friction 'cos he is not sliding .. it's just a lot of grip .. and ... umm ..

you can't say that grip is friction really ..

In 'the slow-down of the bicycle' instance she suggests that there is friction on the
tyres, but additionally, as she has also mentioned in the Pre-I.1., there is "nobody
pedalling any more" (074). She describes the phenomenon referring to the tyres of
the bike, which are made of "rough rubber", like some sports shoes, and they get into

the "bumps" of the ground "as they are going round" (076 & 077).

074 Jo no brakes .. no pedalling .. slowing down .. do you think friction is slowing
down the bike .. /.. yeah .. friction on tire lyres .. that's slowing the bike .. and
the fact that nobody is pedalling any more ..

075 Int what do you mean when you say friction on the tyres .. I.. can you explain that
a bit please .. /

076 Jo umm .. well . tire tyres of the bike are made of rough rubber .. it's just like
some sports shoes .. and the ground is always rough .. and bumpy ..

076.5 Int » ummhmm..

077 Jo . so . the tyres .. as they are going round .. they get into these bumps of the
road .. and that slows them down .. and tire bike is going to slop soon ..

On the whole, (Jo) seems to have retained her preconception of "grip" in the Post-I.1.,
but she appears to have extended it by adding more accurate descriptions of the
phenomenon of "gripping surfaces". Her explanatory descriptions appear to be based
on the "roughness" of surfaces and their interlocking, with the aid of the analogy of
the jigsaw puzzle. A new conception of "friction" appears to have formed, which
effects the slow-down of "rubbing" or "moving" surfaces. Although there is a rather
explicit differentiation between "grip" and "friction", the first referring to stationary
situations and the latter referring to situations where motion is involved, she seems to
be a bit indecisive whether to consider "grip" as "a kind of friction" (cf. Post-I.1.,

025), or not (cf. Post-1.1., 070).
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(Jo)'s conceptions of "grip" and "friction", as they appear to be in the Post-I.1., or at
least as they are interpreted by the researcher, could be represented in a schematic
way as follows:

person steady

up on the slide
book on the
tilted table

into one ittlé4hﬂlsN and”/re
another eysy v/ taitiona
might be a to their
kind of Aroughness two pieces of a
jigsaw puzzle
fricti rouglfitouch S 'rub and/ / ide oneoverhand /skm
riction and  \together/ or  x[]the other
due to

person walling sliding box  peison going
along the stmeet on the slope down the slide
he bumps 0?

\the groundJ slow down
the bike

rubber

Fig.4.5.2: A schematic representation of some of (Jo)'s conceptions from the Post-L.1.

In her concept map, (Jo) appears to be considering that "rubbing can cause friction"
which is when "tops and valleys interlock" with each other (see fig. 4.5.3). This can
have an effect in the motionless condition of a body or "it can slow it down". This, in
its turn, happens because "the surfaces are rough". On the other hand, if the surfaces
are smooth they can "make things slide". Hence, the surface roughness
approximation of friction appears to be explicitly expressed. The propositional link
"can be" between "force" and "friction" might be interpreted in two ways at least.
Either "friction can be a force" or "a force can be friction". There appears to be a link
between these two concepts but it is not clear what the intended meaning of this link
is. Although the children were told to feel free to add any other words-concepts that
they thought should be included. (Jo) does not refer to the word "grip", or any other
word related to her conception of "grip". It seems to be a "string" concept map
(Novak & Gowin, 1984), with a beginning ("rubbing") and an end (a full stop),

without any cross links between words.
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Ruti*

am

|Fig. 4.5.3: (jo)'s concept map about friction.

4.5.2. The case of (Da)

Throughout the Pre-L.1., (Da) appears to be holding a conception that "gravity" is
responsible for holding things together or for slowing things down because it pulls
everything downwards. He also appears to be holding a conception that various
frictional effects, between two surfaces in contact, depend on the "substances" of the
bodies that are touching each other. Thus, "rubber" can hold things, whereas "plastic"

may let them "roll down".

In the 'slow-down ofthe bicycle' instance, when he is asked whether he thinks there
are any forces at the touching points of the wheels of the bike and the ground, he
appears to be sensing that "there must be forces", but he is not sure if "that's stopping
the bike" (016). Thus, he prefers to think in terms of a more familiar conception, that
of "gravity" (010), or the "weight" of the person, which "is actually pulling" the bike

down, probably implying that it effects its motion (010 & 016). He also appears to
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consider the wind as an aid to the rider if it is blowing from the right and as a
hindrance if it is blowing from the left, in which case, the bike will slow down

"faster" (018).

010 Da well .. it's like .. the gravity is like .. pulls it down .. it's trying to stop it and
it's like tire force of the weight ofthe man .. is pushing the bike along ...

013 Int yeah ...do you feel there are any forces at the touching points of the ground .. I 1P°ntin&at thetyres)
014 Da yeah .4.
015 Int what do you mean.. /
016 Da well .. there must be forces but.. I don't know if that's slopping the bike .. it's
just the weight actually pulling it down..
017 Int any other forces here .. 1

018 Da umm .. the wind .. if it.,, ifit is blowing behind of him it'll speed him up a little  |pointing at the opposite direction,
bit .. and if it's blowing this way .. it'll slow down faster 'cos it's pushing him behind the rider]
back...

In the bkateboard' instance he appears to be holding the same kind of conception that

"gravity is like pulling it down" and that is stopping it from moving (038 & 039).

038 Da er . he is not pushing .. umnr.. well it's basically same as the bike really 'cos..
038.5 Int » yeah..
039 Da . er.. gravity is like pulling it down so .. Which is stopping it..

In the 'hook on the tilted table' instance he appears to be considering thatgravity
would pull the book "along the table and down" but he observes thatitdoes not
happen (071). Thus, he considers the possibility of the existence of"grips" onthe
surface of book, since books "can have ripply covers" and that might holdthe book on
the table (073 & 075). Then, he suggests that "it depends on the substances" and he
points out that "rubber can hold things", whereas "plastic" would let them "roll off a

lot easier" (077 & 079).

072 Int do you tliink there are any forces there ... where the surface of the cover of the al The resPective sbe at the
book is touching the surface of the table .. 1

073 Da well. .. yeah., it's touching .. ain't it... it's like ... are there any grips or anything
on the book.. /

074 Int
075 Da
076 Int
077 Da

hold things., but if it was plastic or like., like., it would roll down.,

078 Int do you think the surface of tire table has anything got to do with it.. /

079 Da yeah., because like .. as 1sa\.. it’s different substances., this is like., making
roll off a lot easier., or., just hold it back there..

In the man pushing the car' instance he suggests that the car remains motionless
because the wheels "are being held down onto the ground" (087) due to "gravity"

(089), which is "like a big Hoover that sucks everything down onto the ground" (091).
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087 Da well .. the wheels are like being held down onto the ground
088 Int how do you think that happens .. 1
089 Da er.4 with gravity..

090 Int in what way do you think gravity holds the wheels down onto the ground
091 Da in what way .. /.. 'cos it's like a big Hoover that sucks everything down onto
the ground..

When he is asked whether there are any forces at the touching points of the wheels
and the ground he moves back to his conception about "the different substances" and
the "rubber wheels" which are "like jammed" (093) and the ground is "rough" and
that holds the wheels "in place", because "they would get more into it" or they would

"grip more" (095 & 097). He doesn't explain how he understands this "grip" though.

093 Da well as 1said before., it's like the the different substances., 'cos it's rubber
wheels., and it's like sort o f.. well., it's like jammed ..
094 Int  umm hmm

095 Da and if it is like a rough ground . it holds the wheels in place
096 Int what do you mean ../
097 Da they would get more into it .. they would grip more ...

(Da)'s conceptions about "gravity" and "substances", with some ascribed frictional
characteristics, as they appear be in the Pre-I.1., or at least as they are interpreted by

the researcher, could be represented in a schematic way as follows:

inder the” _ of a car
pulls Amotion| ) being pushed
everything
downwards /can * /slow things\ bicycle or
down J skateboard
: book on the
C _______ . \ 8r1ps cove tilted table
Alold thm gs\ rubber
ytogethery ~ wheelsy on
. rubber acar
,'V /Iﬂlake thlngs > lastic book on the being pushed
I reoll off easier” tilted table
jFig. 4.5.4: A schematic representation of some of (Da)'s conceptions from the Pre-1.1. j

Hence, in the Pre-I1.1., (Da) appears to be ascribing "frictional characteristics" to
"gravity", such as hindering the motion of bodies or slowing things down. He also
appears to be holding a parallel conception of "substance dependent" frictional
effects. Thus she suggests that different "substances" may "hold things together", or
"make things roll off easier". These conceptions could be characterised as intuitive

preconceptions of friction and/or frictional phenomena, although they are not named
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as such. They constitute intuitive or spontaneous ways of constructing explanations
of certain phenomena, even when proper nomenclature is not at the moment available
to the learner. Such preconceptions, when tested throughout a teaching and learning
process, may help the learner in constructing more advanced explanations, or may
equally hinder this process of change by acting as "epistemological obstacles"

(Bachelard, 1938; Souque, 1988; cf. § 1.1.1.).

In the Post-LI.I., (Da) has maintained his conception about the role of gravity in
pulling things downwards, "sticking" the surfaces together in a way, "helping" the
force of friction. His conception of "friction" appears to depend on the nature of the
"surfaces" in contact. Thus, he has somehow changed the term "substances" that he
used in the Pre-I.I. to the term "surfaces" to refer to special characteristics or
properties that they may have. He appears to feel quite comfortable to develop
explanations about frictional phenomena within the "surface roughness"
approximation of friction, but he also involves the force of gravity in these

explanations. He also appears to relate "rubbing" to friction.

Hence, in the person walking along the street' instance he suggests that there would
be "more friction" if the person "is dragging" his/her "feet on the ground" because

they would "rub more" (008).

008 Da .. it would be more friction if you’re dragging your feet on the ground .. 'cos
they rub more you see ..

In the 'book on the tilted table'instance he points out rather explicitly that friction
"depends on the surfaces" (016). He suggests that the book and the table are "rough"
and they "are kind of sticking together" due to their roughness. This wouldn't happen
if the table was "smooth" and the book was "plastic", because the book wouldn't grip
as much and it would slide down (018). Nevertheless, he also mentions that "first
there is gravity holding the book onto the table", "and then" the book grips onto the
table surface due to the "little things there" that create friction (020). Thus, he has

kept his conception of the role of gravity, but he now also considers the role of
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friction, in the motionless condition of the book, which depends on the roughness of

surfaces.

016 Da we lift the table up a little bit from one of the sides .. the book does not side
down .. do you think friction is keeping it Uiere .. / yeah .. it depends on the

surfaces ..
017 Int yeah .. what do you mean .. /
018 Da say if the table surface is rough .. and the cover of the book is also rough .

then .. they’re kind of sticking together .. the roughness does that.. but say .. if
it was smooth and .. say the book was made of plastic .. then it wouldn’t grip
as much .. so it would slide down ..

019 Int 1see .. how do you think that .. the roughness of the book keeps it there .. I

020 Da well.. it’s hard to explain that.. first there's gravity holding it onto the table ..
and then .. if the table is a bit rough .. it will have all these little tilings there ..
and the book would grip on it .. that would create some friction that would
help the book stay still..

Moreover, he appears to be holding the view that the higher the table is lifted, the less
friction there is in the interface of the book and the table because gravity is pulling it
more "and so it slides" (024). He claims that gravity is pulling the book more towards
the ground when it is lifted higher because "it wants to go down immediately",

attributing rather anthropomorphic characteristics to the book (026).

024 Da well .. the higher the table is .. the less friction is there .. ‘cos then gravity is
pulling it (¢he book) more down .. and so it slides ..

025 Int why do you think that gravity is pulling the book more down .. if we lift the
table a bit higher.. /

026 Da 'cos it’s getting higher off the ground .. so it (the book) wants to go down
immediately.. 1 suppose..

Similarly, in the box on the slope'instance he suggests that there is friction keeping it
stationary up on the slope, but there is "also gravity" (042). He describes the
phenomenon with a metaphorical representation of "little tops and valleys" that
"interlock" with each other. But, there is also the force of gravity that "kind of sticks"
the box on the slope and, in that way, "it helps it grip more" (044 & 046). Hence, he

contends that "friction and gravity are just keeping the box there" (048).

042 Da there’s a box left on a slope at the back of a truck .. it is not sliding down .. do
you think there is any friction here .. / ..yeah .. this is very similar to the table
and the book .. kind of thing .. so there’s some friction here., but also gravity ..

043 Int what do you mean .. '.. could you describe that a bit.. please .. /

044 Da well .. all the points of contact those little tops and valleys .. inter., er ..
interlock with the slope .. that means the)' gel into one another .. kind of tiling
.. and that holds the box there .. and also because of gravity ..

045 Int what happens with gravity then ..

046 Da er .. it pulls that box down .. but it kind of sticks it on the slope .. 'cos that’s in
the way .. you sec .. so it helps it grip more ..

047 Int yeah .. I see .anything else you would like to add here .. 1

048 Da no .. that’s all .. friction and gravity are just keeping the box there ..
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In the person going down the slidelinstance he suggests that as the person is sliding,
"he is rubbing his jeans and his shoes on the slide" (050). This "rubbing" resembles
to the rubbing or two hands which "grip", or "sort of catch on each other", and that's
why some "dirt" appears after rubbing them for a while (052). Hence, the person's
"buttocks" are rubbing on the surface of the slide and if it was longer "he would feel

like burning" (053), just like the hands get warm after rubbing them (055).

050 Da yeah .. A .. coming slowly down the slide .. do you think there is any friction
here .. / .. yeah .. there is friction here .. 'cos as he is sliding down .. he is
rubbing his jeans and his shoes on the slide .. that creates friction and slows
him down a little bit..

051 Int how do you think that rubbing creates friction here .. i

052 Da well you know .. rubbing .. just like when you rub your hands .. they grip ..
'cos they sort of catch on each other.. J suppose .. lhat’s why you get a bit of
dirt in your hands after that..

052.5 Int » umm hmm .. 1see ..

053 Da .. and what happens here is that his buttocks are rubbing on the surface of the
slide .. and say if that (the slide) was a longer one .. he would feel like burning
soon .. 'cos he will get hot from ail that rubbing (laugh)..

054 Int all right (laugh) .. why do you think that he would get hot then .. /

055 Da well Iris buttocks would get hot.. just like your hands when you rub them .. 1
don’t know really .. it just happens ..

He also points out that there is more grip in B situation than in A, because there are
"more points of contact" and thus, "more places for friction" (061). Hence, it could
be claimed that this is another aspect of his conception of friction being surface

dependent.

061 Da in B .. 'cos there are more points of contact.. and he is staying up there steady
.. so there are more places for friction .. to go .. that’s it..

In the 'slow-down ofthe bicyclelinstance he suggests that the "uneven surfaces" that
have "kind of crannies" grip on the "bumps" of the road, create friction and slow
down the bike (067). Thus, he remains within the surface roughness approximation
of friction, but he also points out a characteristic property of "rubber", the substance
that tyres are made of, which is "kind of sticky " and may "increase friction" (067 &
069). Hence, in this case, he appears to be thinking in terms of the "material" that the
tyres are made of, which can be claimed that is a more clarified conception from the

notion of "substances" that he used in the Pre-1.1.

067 Da well .. the road is bumpy you see .. 'cos it’s always an uneven surface .. and
the tyres .. they are sort of rough .. and they have kind of crannies .. that grip
on the bumps of the road .. and slow down the bike .. and eventually stop it ..

er .4.. it’s also the material of the tyres .. 'cos they are made of rubber you
see..
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068 Int why do you say that about rubber .. /

069 Da well .. rubber is rather sticky .. I suppose .. that would increase friction
wouldn’t it .. 7.. 'cos it will be gripping a lot more . than say wood or
something like that.

(Da)'s conceptions of "friction", "gravity" and relevant "surfaces dependent"
phenomena, as they appear be in the Post-1.1., or at least as they are interpreted by the

researcher, could be represented in a schematic way as follows:

Ssltlll'cf!;l(;gs book on the
tilted table
y togetherJ together
box on the
can help slope
can help also with the
help of can be
! > (Sul‘faceS which little tops Interlocking with
& valleys ch other
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of contact down

to " creates more person walking

rubbing riction along the street

person steady

up on the slide

ubber P ;

bbing yo person going

which is hands down the slide
ind of
sticky

ie. 4.5.5: A schematic representation of some of (Da)'s conceptions from the Post-I1.1

On the whole, it seems that his preconception of "gravity" with the attributed
frictional characteristics does not appear to act as an "epistemological obstacle",
hindering the formation of a new conception of "friction". Thus, "gravity" has
maintained its "pulling downwards" characteristic, but a notion of a new
characteristic, that of "sticking surfaces together", is added. It is with this
characteristic that "gravity" is related to friction as a "helping" force. The new
conceptions of "rubbing-related friction" and "surfaces dependent friction" appear to
be strongly influenced by the teaching intervention. The latter seems, more likely, to
have connections with the preconception of "substances dependent grip" and the

ascribed frictional characteristics, that were considered in the Pre-I.1.

In (Da)’s concept map. "friction" appears to be a central concept (see fig. 4.5.6). It
"concerns surfaces" which can be "rough or smooth" and "can interlock", "which
means" that their "tops and valleys " get together. This interlocking appears "to be"

friction as well. "Friction is made when you slow down", but also "sliding makes
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friction". Thus he appears to be consistent with his "surfaces dependent" conception
of friction although he does not refer to the role of "gravity" at all. The propositional
link between "force" and "friction" seems to be that of "friction includes force" or
"force includes friction", which could be probably interpreted as "friction is a kind of

force".
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233



CHAPTER 5

The Study



Cluivter 5.1. Pre-Intervention Interview Analysis (Greece)

5.1.0. Pre-Intervention Interview Analysis (Greece)

As it has already been stated in the previous chapter, the purpose of the pre-
intervention interview analysis is to identify, present and interpret groupings of
conceptions and alternative conceptions, about frictional phenomena held by the
children of this study, before the teaching intervention and within a context of
conceptions of "force". The two cards that were added for the study in Greece, are
also analysed here. Each card is treated separately, whereas a discussion is written at

the end of this analysis.

5.1.a. The card with 'the book on the table' instance

All of the children (Ge, Ba, Ni, Jn, Geo, Bi, Nt, Ka, Joli, Di) appear to be
recognising the "force of weight" of the book and the table. Only one child (Di)
though, discusses a conception of "action" and "reaction" between the book and the
table. The rest of the children do not recognise any force from the table towards the
book. They appear to be viewing the table mostly as a "supporting medium" without
considering that to be a force. The book stays on the table and that seems to be

something that happens "naturally", without any exerted force.

Thus, (Nt) for example recognises the weight of the book "holding it on the table" and
the "weight of the table" (008). She suggests that the table "supports the book and

holds it in its place" (010), but she seems rather uncertain to consider it to be a force
(012).

008 Nt yes .. for the book .. there is its weight.. which is holding it on the table .. also
there is the weight of the table ..

009 Int yeah .. do you think there is any force from the Lable towards the book that
holds it there .. 1

010 Nt er ... yes if there wasn’t the table the book wouldn't be able to slay there on
its own .. the lable is supporting it.. holding it in its place ..

011 Int yes .. and do you think this is a force ..

012 Nt umm .. Ithink not.. am not sure ..

Likewise, (Jn) recognises the "force of weight" of the book and the table (008) but he

suggests that "the table is made of hard material" and the book does "not go inside it"
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or "doesn't sink into it" (010), but he doesn’t consider it to be a force (012). He points
out that there are no more forces in this instance, because "there is no force to move

or to push" the book or the table (014).

008 Jn er . yes . there is the force of weight.. of the book and the table ..

009 Ini Isee .. do you think there is any force from the table towards the book .. I

010 Jn umm .. no .. the table is made of hard material and .. so the book doesn't go
inside it.. it doesn't sink into it..

011 Int do you think this is a force .. /

012 Jn er . no. itis nota force ..
013 Int umm hmm .. do you think there are any other forces here .. /
014 Jn no .. because there is no force to move .. or to push the book .. or the table ..

(Ka) recognises the "force of weight" of the book and the table, but she suggests that
the book remains in its place because "the table is placed on the floor" and
"everything holds steady" (010) without moving (012). He doesn't appear to consider

any force responsible for that though (014).

009 Int do you think there is any force from the table towards the book .. I

010 Ka no .. 1 don't think there is .. the book remains in its place because .. the table is
also placed on the table .. er .. and so everything holds steady ..

011 Int hold steady ../what do you mean .. /

012 Ka er . steady .. they dont move ..

013 Int umm .. do you think this has to do with some force ../

014 Ka no.. this is not a force .. that's how it seems tome ..

Only one child (Di) points out that the book and the table have some weight but he
also appears to be holding a conception of "action" and "reaction" forces, which he
considers as two different forces (014). Hence, he points out that the book exerts an
action on the table and the table exerts a reaction towards the book (010). He also

suggests that the same happens with the legs of the table and the ground (012).

008 Di er .. when the book is on the table it has some weight .. er.. and the lable that is
on the earth .. has also some weight..
009 Int Isee .. do you think this lias to do with some force .. '

010 Di er .. the book with its weight remains on the table .. and .. so the book has the
action and the table that supjiorls it has the reaction ..

011 Int umm hmm .. do you think there are any forces at the point where the legs of
the table are touching the ground .. 1

012 Di yes .. the table with its weight is exerting the action and the earth that is
supporting it exerts a reaction ..

013 Int

014 Di
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There is the "force of weight" of the book and the table,
but there is no foree from the floor tow ards the legs of the
table or from the table towards the book. Everything
appears to stay in its place rather "naturally".

There is an "action" exerted from the book on the table
and from the table on the floor but there is also a
"reaction” from the floor and the table respectively.

j Table 5.1.1: A synopsis of the groupings of conceptions and alternative conceptions from the analysis of the
j "Ixxrk on the table” instance with respective numbers of children's responses (MV?)

5.1.b. The card with ’the book on the tilted table’ instance

All of the children appear to be recognising the "force of weight" of the book and the
table, which is pulling them downwards. They do not seem to be considering any
force from the table towards the book or from the ground towards the table, apart
from the case of (Di) that discusses again his conception of "action" and "reaction"
forces. Some children even mention the "weight of the box" that "supports" the table

form the side that it is lifted a bit higher.

Most of the children (Ni, Ge, Ba, Bi, Nt, Jn) appear to be recognising that the
"weight" or the "force ofweight" is responsible for keeping the book stationary on the
tilted table. Thus, they appear to be ascribing a "frictional characteristic” to their
conception of "weight", which somehow "holds", "sticks" or "presses" the book on the

surface of'the table.

For example (Ni) appears to be thinking in terms of the book being "heavy" (022) and
thus, its "weight" prevents it from sliding down, holding it "immovable" on the table
(024).

022 Ni  the book .. as it is heavy .. it holds itself on the table and does not slide
because it is heavy

023 Int what do you mean with this ..

024 Ni  well that is ... because it is heavy it won't slide down its weight is holding
it immovable .
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(B1) appears to be regarding that there is a "force" along the area of contact of the
book and the table which holds the book stationary (020 & 022). She suggests that
this force is probably the "weight of the book" which "presses" the table and "holds"
it there (022). This happens also because the table doesn't "sink in", since it is made
of "hard" material (024 & 026). Thus, she is also referring to a characteristic of the

surface of the table.

020 Bi umm .. yes il has a force holding it..

021 Int what do you mean .. /

022 Bi I think there is a force exerted over here .. because it doesn't fall.. it doesnt [pointingalongthearea of contact of
slide down the table .. er .. it is probably the weight of Uie book which presses lhe book!Ud the Inblcl
there and holds it in that place ..

023 Int what do you mean .. it presses there .. 1

024 Bi umm .. to push downwards .. and because the table doesn't sink in .. er .. it
remains in its place ..

025 Int the lable doesn't sink in .. is that a force .. /

026 Bi umm .. no the material of the table .. is hard .. that's what 1think ..

(Nt) considers the weight of the book as the main reason for its motionless condition,
but she also differentiates between a "heavy" and a "light" book (016 & 017). Hence,

a "big", "thick" book which is "heavy", would easily hold on the tilted table, while a

'

"light" one "wouldn't have much weight to press" on the table, or "it wouldn't have

much force on it". Consequently it would "press the table less" and probably "slide

down" (019).

016 Nt er .. well if the book was big and thick .. then it would be heavy and so .. its
weight would hold il easily there .. in its place ..

016.5 Int » umm hmm

017 Nt .. but if the book was light.. then there wouldn't be much weight to press .. er
.. to press the table to hold it where il is ..

018 Int why do you think that a light book wouldn't hold on the table .. /

019 Nt er .. because the light book .. er .. does not have much force on it .. that is its
weight is a little bit .. so il presses the lable less .. er .. and it will probably
slide down..

Three children (Joh, Geo, Ka) appear to be considering that apartform the weight of
the book which is "holding" it on the surface of'the tilted table, another reasonfor the
motionless condition of the book is that the table is not lifted "high enough"for the

book to start sliding, or even because the table is not moved at all (Ka).

(Geo) suggests that the reason why the book "stays in its place" is because the table is
not lifted "high up" (029 & 030), but also because "its weight presses the table and
holds there steady" (032 & 034).
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029 Geo yes .. the book .. it's is not lifted very high .. er .. 1 mean the table is not lifted
high up .. and the book stays again in its place ..

29-5 Int » umm hmm
030 Geo and it can't move ..
031 Int do you think there are any forces between the surface of the book and the

surface of the table .. /

032  Geo any force er.. yes the force of the book .. that is its weight..

033 Int why do you think that the book stays in its place and does not slide down the
table.. I

034 Geo er .. because its weight.. its weight presses the table and holds it there steady ..

(Ka) points out that the book stays motionless on the table because they are both
"held steady" (020), but if someone "pushed" the book or "moved the table then the
book would start sliding (022). She also suggests that there is a "force" which holds
the "table steady" and the book stationary on the tilted table and that force is "the
weight" (024).

020 Ka er .. 1think that .. er .. the weight of the book is holding it in its place .. and
also the fact that the table does not move .. although it lifted high up .. this box (pointingat the box under the tabiej
is holding il steady .. and so the book is held steady ..

021 Int what do you mean when you say that the book is held steady ../

022 Ka if the table was moved .. if somebody pushed it there .. then the book could {P™jtllBat Ihe i,fted s,de tr The
fall down .. er .. I mean .. if the table was moved .. the book would also be
moved .. and it wouldn't be able to hold itself up there .. now it is as if a force

is holding il..

023 Int what force do you think that is .. 1

024 Ka er .. the force that is holding the table steady and the force that the book  has ..
that is the weight ..

Only one child (Di) appears to be sensing a "force" (018 & 022) which is holding the
book in its place, but he suggests that the book would slide if the table was lifted
higher (020). He appears to be considering that this "force" has to do with the nature
of the surface of the table (022 & 024). Thus, if the table is "wooden" then the book
would "grip" on its surface and "hold up there", whereas if the table was made of

"plastic laminate" the book would probably slide even if it wasn't lifted higher (026).

018 Di yes there is a force ..

019 Int what do you mean ../

020 Di because for lhe book to fall .. (here must Pe.. er .. we must lift it a bit higher ..

021 Int umm hmm .. why do you think that we have to do that.. /

022 Di because .. even here .. it cannot slide down .. because something must be [pointingat the card]
holding it..

023 Int what do you think that it is .. /

024 Di er .. the table ..

025 Int how do you think that the table holds the book steady in its place ..

026 Di er .. it depends from what it is made of .. er .. from wood .. if Ihe tablewas

wooden then .. somehow .. the book grips on it.. and holds up there .. but if it
has plastic laminate on here then il may even slide .. even if we don't lift it [pointingat the surface or the ubici
very much ..
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Inwn'iew (Ewaf W m
The "weight” or the "force of the weight" of the book
appears to be responsible for its motionless condition on
the tilted table, because it somehow 'holds", "sticks" or
"presses " it there.

Apart from this "frictional characteristic" of the weight,
the book remains steady because the table is not lifted
"high enough" or because "everything is steady".

There appears to be a force which is holding the book
stationary and it probably has to do with the nature of the
surface of the table . Hence, if it is a wooden table then the
book would grip more than on a table covered with plastic
laminate.

Table 4.1.2: A synopsis of the groupings of conceptions and alternative conceptions from the analysis of the j
"book on the tilted table” instance with respective numbers of children's responses (A/ort). ]

5.1.e. The card with 'the man pushing the car' instance

All of the children appear to be recognising the "force from the man" pushing the car
and they all claim that he is not strong enough to move the car or that "extra help will
be needed" (Geo, Di). All of the children are also suggesting that the car is "heavy"

and that seems to be another reason for the its motionless condition.

Five children (Ge, Ba, Jn, Bi, Ka) do not appear to he considering any forces at the
touching points ofthe tyres and the ground, apartfrom the force of weight" of the
car, which is falling on" those points, holding the car steady. Thus, it appears that
they are ascribing africtional characteristic to the "force ofweight", hut this doesn't

necessarily mean that they are thinking ofit in this way.

Hence, (Jn) indicates that there is a force exerted by the man on the car and he
suggests that although "we cant see it", "we believe that it exists", just like when a
wall is being pushed (029). He points out though, that the car is not moving because
the man is "on his own" and "usually cars are heavy" (031). He appears to believe
that there is only the "weight" of the car at the touching points of the tyres and the

ground and "nothing else" (033).
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029 Jn er .. the man is exerting a force to the car .. and that you can't really see .. it
doesn't even move anything .. but we believe that it exists .. just like me
pushing lhe wall it will not move but I'll keep pushing il.. and exerting a small

force to it..
030 Int 1see .. why do you think that the car is not moving .. /
031 Jn er.. because the man is on his own .. and he doesn't have enough force to move

it.. and usually cars are very heavy ..
032 Int do you think there are any forces at the touching points of the tyres and the
ground .. /
033 Jn there .. it is the weight of the car .. which is towards the earth .. nothing else .. [pointing at the tyres]

(Ka) indicates that the car is difficult to be moved because the engine is not working
and man "cannot move it on his own", despite the exerted force (029). She considers
that the only force at the touching points of the tyres or the man’s shoes with the
ground is the "weight" (031). But, she points out that the weight is "holding them

steady" at their place (033).

029 Ka well . because the engine is not working .. and il is difficult to move .. err ..
also because the car is too heavy .. and the man cannot move it on his own ..
umm .. although he is exerting a force..

030 Int yeah .. do you think there arc any other force here ..

031 Ka yes .. there is the force of weight of the car which is touching with its lyres on
the ground .. er .. and the weight of the man ..

032 Int do you think there are any forces at lire touching points of the tyres and the
ground .. / or at the touching points of the shoes of the person and the ground ..

033 Ka no .4.. 1don't think there are any forces there .. er.. only the weight of the car

.. and the weight of tire person .. holding them steady there .. 1 think ..

Four children (Ni, Geo, Joh, Nt) appear to be considering that the ground is
“supporting" or "holding" (Nt) the tyres in their place, but they do not discuss further

what this "supporting" can be, or any possible explanationfor the phenomenon.

Thus, (Joh) points out that the man and the car are "stepping on the asphalt" (029),
which is something "steady" and because this happens, "cars are able to move" (032).
He doesn’t consider that to be a force though, but he mentions that he has observed it
happening this way (034). Nevertheless, he appears to be considering that the ground

"supports the car and the man” and somehow "holds" them "steady" (036).

029 Int do you think there are any other forces here .. /

030 Joh umm .. the man and the car are stepping on the asphalt

031 Int hmm .. what do you mean with this .. ./

032 Joh if this didn't happen then the cars wouldn't be able to move .. if they didn't step
on something steady .. like asphalt.. er .. it's because they have tyres and they
are stepping somewhere steady .. that they can move easily ..

033 Int and .. do you Uiink this is a force .. *

034 Joh er.. no but 1 have observed it happens this way ..

035 Int do you think there are any forces at the touching points of the tyres and the
ground.. 1

036 Joh umm .. possibly not .. only the ground supports the car .. and the man .. er ..
how to say it.. il holds them where they arc .. steady ..
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Similarly, (Nt) points out the that the "weight" of the man and the car is "held on the

road" and it seems that she considers it to be a force (027). She appears to be

suggesting that there would be "a force form the car" if it was moving (028). but the

man 1S "<
026 Int
027 Nt
027.5 Int
028 Nt
029 Int
030 Nt

road .. and the weight the man is held on the road .. umm .. I don't see any
other forces..

» umm hmm .
ah .. I.. there would be another force only il the car was moving .. but now
there isn't the force of the car .. because it doesn't move .
why do you think that the man cannot move it .. /
er . because he is not strong enough .. he can’t exert that much force to move
it .. and the car is too heavy . that's what 1 think .

(Di) recognises the "weight" of the car and the "weight" of the man (038), but he also

points out that the man cannot move the car because it has "more weight" than him.

so he will need help (036). He also discusses his conception of "action" being the

weight of the car and the person exerted on the tyres and the road respectively and

"reaction", being exerted from the ground (040).

036

037

038

039

040

Di

er .. because the man is pushing the car with his forces but .. it has a more

weight from the man .. and so il is difficult for him to move it on his own ..he -«

will probably need more people to help him

1see . any other forces here .. '

umm .. yes .. it is the weight of the man and the weight of the car 1 justsaid

before .

do you think there are am forces at Lhe touching points of the lyres with the

ground.. /

yes because there at the tyres .. and at the shoes of the person . an action is [pointing at the tyres and the shoes]
exerted .. er .. from the weight .. and a reaction is exerted from the earth

Interview Cart 2% t#

®

e The ”force of the weight” of the car is "falling” on the 5
tyres of the car which are touching the ground "holding
the car steady

e The ground is "supporting" or "holding" the car in its 4
place, but it is not explained how this happens.

O J 4 e There is an "action" front the weight of the car and the 1

weight of the man and there is a "reaction" front the earth
at the respective points of contact.

! Table 5.1.3: A synopsis of the groupings of conceptions and alternative conceptions from the analysis of the j
j "man pushing the car" instance with respective numbers of children’s responses (MVf).
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5.1.d. The card with ’the children playing with the tennis ball’ instance

All of the children appear to be considering the "force" of the child "on the tennis
ball", which is making it move through the air, from one child to the other. Thus they
appear to be regarding that there is a force acting upon the ball in the direction of its
movement (cf. Watts, 1983b). Furthermore, all of the children seem to be recognising
the "force of weight of the children" and the ground which is "supporting them", but
they do not regard this to be a force. Strangely enough, none of the children refers to

the air as a retarding medium in the movement of the tennis ball.

Five children (Ba, Bi, Di, Ka, Geo) seem to he regarding that, apartfrom "theforce
from the child", there is also theforce ofweight, when the tennis hall is moving in the

air.

Thus for example, (Bi) is indicating that "the force from the child" appears to be
transporting the tennis ball from one side to the other. Thus, she considers that it has
"moving force" (045). She also appears to be recognising the force of "weight" of
each child (047), but she suggests that there is no force from the ground towards the

children, because "the ground doesnt have any force" (049).

045 Bi er.. yes .. it’s the force from the child .. that has thrown it and it is going ..
almost straight .. to the child over the other side .. so it has a moving force ..
umm ..4.. also the weight the ball has ..

046 Int Isee .. do you think there are any other forces here .. 1

047 Bi umm .. yes the weight each child has .. which is toughing the earth .. the
ground..

048 Int is there a force from the ground to the children .. /

049 Bi no .. because the ground doesn't have any force ..

Four ofthe above children (Geo, Ka, Ba, Di) appear to he considering the weight of
the tennis hall when it is in the air. But, they also point out that it goes over the other
side and not towards the ground because there is "more force" from one child

pushing it over to the other child and not immediately towards the ground.

For example (Ka) points out that the children "are giving a force" to the ball which
makes it "move forward", otherwise that ball "wouldn't move on its own" (039). She

suggests that when the ball is in the air, it has the "force of the child" and its "weight",
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but "because the force form the child is greater, it goes more over to the other side"

and "less towards the ground" (041).

039 Ka yes .. the way the children are throwing the ball .. the)' are giving a force to it..
which makes it move .. er .. to move forward .. whereas if they didn't throw it
.. if they didn't give it that force .. then the ball wouldn't move on its own .. to
go from one child to the other..

040 Int when the ball is in the air .. do you think there are any forces exerted .. 1

041 Ka er .. it is the force of tire child who threw it .. umm .. and its weight .. but

because the force from the child is greater .. it goes more over to the oilier side
.. and less towards the ground ..

Similarly, (Ba) appears to be recognising the force that the child is "exerting" to the
ball and the "weight" of the ball. But since the "force" that the child is "giving" to the
ball "is greater", it goes "over to the other side" and not downwards, "only a little bit

in the end" (037).

035 Ba er .. there is the force that the child is exerting when she throws the ball ..
036 Int do you think there is any other force at the ball ../
037 Ba er .. also its weight .. but with the force the child is giving to it .. which is
greater .. it goes over to the other side and not downwards .. er .. only a little
bit in the end ..
Two children (Ni, Jn) appear to he pointing out that the tennis hall has "some"

weight when it is in the air or it has "a hit" o fweight because it is in the air.

Thus, (Ni) also recognises the "force of the child", but she suggests that the ball has
"weight", because "if it wasn’ heavy" the child wouldn't be able to throw it "easily"
(038 & 040). She points out though, that the ball has "some weight" which appears to
be different from its weight "when you hold it in your hand" for example. In the
depicted instance, she suggests that the weight f the ball is "a bit less" because it is "in

the air" (042).

038 Ni er . the force from the child helps it to move .. also .. it has weight .. because
if it wasn't a bit heavy .. it wouldn't be thrown easily ..

039 Int now that the ball is in the air., do you think there are any forces exerted to it.. /

040 Ni er .. the force that the child has given to it.. in order to move .. to go high .. er
.. and it also has some weight..

041 Int what do you mean .. also some weight.. i

042 Ni  when you hold it in your hand .. it has weight.. but here that it is in the air., il
also has weight.. but a bit less .. because il is in the air ..

Likewise, (Jn) appears to be relating the "weight" of the ball with the direction of its

intended motion. Thus if the ball is thrown upwards, "it has a lot of weight", whereas
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if it is thrown "with a straight forward force” it has some weight, "blit less” because

"it doesn’t throw all of its weight that way” (041).

041 Jn er .. when the ball is in the air .. umm ..4.. it also has some weight in the air ..
it has .. but we throw it with a straight forward force .. to the child opjrosite ..
whereas if we threw' it upwards .. tire ball would have a lot of weight.. but we
now throw it straight ahead .. and it also has some weight.. but less .. because
we are throwing it straight ahead and it doesn't throw' all of its weight that way

Three children though (Ge, Nt, Joh), do not appear to he considering that the tennis
hall has “weightllwhen it is in the air. Somehow it appears to he losing its weight in

the air or theforce ofweight does not appear to he exerted any more.

Thus, (Nt) seems to be regarding that the child "has given a force" to that ball and it
keeps moving "with” that force (038). She suggests though, that the ball doesnt have
any weight because "it is in the air” (040) and she ascribes the downwards direction at
the end of its trajectory to the same force which becomes "less”, causing this effect
(042).

038 Nt since the child is throwing the ball .. the ball keeps moving .. with the force
that it has .. the one that tire child has given to it..

039 Int does the bill have weight when it is in the air .. /

040 Nt no il doesn't have .. because it is in the air..

041 Int why then is it going a bit downwards when il reaches the other child .. /

042 Nt er .. because the force that the other child has given it becomesless., that's the
force that it had from before.. which made it move ..

In a similar way, (Ge) appears to be suggesting that the ball has some weight when
"you have it in your hand” (051), but when it is in the air, that force, does not seem to
be exerted any more (053). He points out that the only force in that case is the one

exerted to the ball "from the child” (053).

051 Ge er .. the ball has some weight.. when you have it in your hand .. you can feel it
..er..

052 Int now that il is in the air.. /

053 Ge umm .. there is not that force now .. because in the air it only has the force of

the child .. or the force from the child ..
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* There is the force from the child and the force of the 5
weight on the tennis ball.
* there is more force from the child and that's why the ball 4

goes over the other side and not downwards.

* The tennis ball has "some" or "a bit" of weight when it is 2
in the air.

e There is '"no weight" or the force of weight does not 3
appear to be exerted any more when the ball is in the air.

| Table 5.1.4: A synopsis of the groupings of conceptions and alternative conceptions from the analy sis of the
j "children playing with the tennis ball" instance with respective numbers of children's responses (Wo/?).

5.1.e. The card with ’the person dragging the chair' instance

All of the children appear to be considering the force exerted by the child who is
dragging the chair along the floor. This is mainly a muscular force, exerted by the
"hands and legs" of the child. The weight of the chair and the weight of the person
are also forces which are recognised by all of the children. Most of the children are
considering the support from the ground on the child and the chair, but they do not

seem to regard it as a force.

Thus for example (G eo) appears to be recognising the force from the child pulling the
chair, the weight of the chair (058) and the weight of the child (060), but he does not

consider any other forces on the child or the chair coming from the ground (062).

058  Geo the child that is pulling the chair . that’s a force .. the chair that has weight ..
and its weight is touching the floor .. 1 don't think there is any other force .

059 Int do you think there is any force from the lhx>r towards the child .. .

060 Geo the child is walking along the floor .. I don't see any force there .. apart from
his weight .. 1 don't think there is any other force ..

061 Int do you think there is any force from the floor towards the chair .. /

062 Geo the chair it's being dragged on the fkxir . the child is dragging it.. itdoesn't
have any other force . apart from that of the child . that is pulling it with his
hands.

Similarly, (Ni) recognises only the force from the child pulling the chair (046), the
weight of the child and the weight of the chair (048). She does not appear to be

considering any forces from the ground towards the chair or the child (050).

046 Ni er the child that is pulling the chair is exerting a force . because he can pull
the chair .
047 Int any other forces here
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048 Ni yes .. the child has weight.. the chair has also weight.. er ..4..

049 Int do you think there is any force from the ground towards the c h air o r the
child.. /

050 Ni no .. I don't think so .

Four of'the children (Bi, Ka, Joh, Jn) appear to be suggesting that the weight ofthe
chair is somehow "split" or "divided" between the pulling force ofthe child and the
floor that is supporting it, or the floor takes "some" (Joh) or "most" (Ka) of the
weight of the chair, making it easier for the child to drag it. Most of the children
though, (Bi, Ka, Joh, Jn, Joh, Di) appear to be suggesting that the chair is moved
easier when it is dragged instead of lifted. Hence, rather intuitively, or by using
everyday experience, they appear to have the view that things are moved easier when
they are dragged or slid instead of lifted, because despite the caused friction, not all

ofthe weight is lifted.

Hence,(Bi) indicates that there is a force exerted from thechild on thechair (053).

She also recognises the force of weight of the chair andthe child(055) and she
suggests that it would be easier for the child to drag the chair, instead of lifting it up,
because its weight is "divided between the pull of the child and the ground" (057).

On the other hand, if the child lifts it up, he/she will "take all of the weight" (057).

053 Bi yes the child must exert a force with her hands and tegs .. to pull the chair ..

054 Int 1see .. any other forces here .. /
055 Bi  the force from the chair ..  mean its weight .. which is touching a bit there .. (pointing al the points that the legs
umm ..4.. its also the weight of the child .. of the chair arc touching the floor]

056 Int if the child lifts up the chair .. instead of pulling it .. to move il.. will that be
easier for the child .. /

057 Bi it would be easier for the child now that he is dragging it .. because he is
dragging a bit of its weight.. because it is divided between the pull of the child
and the ground .. and so it will be easier .. but if he lifts it up .. thenhe will
lake all of his weight .. and it will be more difficult for him ..

Likewise, (Ka) recognises a "moving" force from the child (049), the weight of the
chair and the weight of the child (051). She suggests that it will be more difficult for
the child to lift the chair in order to move it instead of dragging it along the floor. In
the latter case, the floor appears to be helping her (053). This is because "most of the
weight" is lifted by the ﬂoor\,] whereas if the chair is lifted with the hands a lot more

force will have to be exerted (055).
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049 Ka
move the chair somewhere else .. a bit further .
050 Int Isee.. do you think there are any other forces here .. /
051 Ka yes .. the weight that the child has .. and the weight ol
touching the floor..
052 Int when do you think that the child will exert more force .. /'
the chair to move it or when she is dragging it just like now
053 Ka er .. when she is going to lift il.. because then she will lift
whereas now the floor is helping her..
054 Lit
055 Ka
. to pull it.. because most of the weight is lifted by the floor., but she is going
to lift it with her hands she will have to exert a lot more force .. of course ..

Similarly, (Jn) suggests that the child would exert a greater force if the chair was
lifted up (050) and thus, "the magnitude of the force that the child is exerting to lift
the chair will be greater". On the contrary, when the chair is dragged not all of the
weight is pulled and it becomes easier for the child to move it. He also indicates that
if the ground has "pebbles", then it will be more difficult for the chair to be dragged,

just like on the beach, but he does not explain why that happens (053 & 055).

050 Jn  umm .. the child would exert a grater force if she lifted the chair .. and this is
because then she is lifting all of the weight of the chair and it is heavier that
if she is dragging i1.. because then she is not lifting all of its weight..

050.5 Int » umm hmm ..

051 Jn that is the magnitude of the force that the child is exerting to lift the chair will
be greater .. than when she is trying to drag it..

052 Int I see .. do you think there are any forces at the touching points of the chair
with the ground ../

053 Jn  umm .. no .. only some of the weight of the chair.. that is touching the ground
is there .. but is the ground has some pebbles .. then it is more difficult to pull
the chair..

054 Int do you think there is any force there then .. /

055 Jn no. but it has happened to me when 1 pull a chair on the beach ..

Only (Di) seems to be regarding an "action" from the legs of the child because "he is
walking" and an "action" from the chair on the ground. He also considers a "reaction"
from the ground towards the chair, because "it is also moving" (066). Thus, he
appears to be thinking of "action" as a force related to movement (068). He suggests
though, that it will be easier for the child to drag the chair instead of lifting it. This is
because "the earth is exerting a reaction force" to the weight of the chair and he

claims that it "helps the child" (070).

066 Di  well .. with his legs there is an action .. and the earth has a reaction .. because
here he is walking .. er .. also the child has a force with his hand .. he is pulling
the chair .. but also the chair has an action on its leg and the earth has a
reaction .. because it is also moving ..

067 Int  where the child is pulling the chair ... what force do you think there is ..'

068 Di  umm .. it's the action because .. il is helping it to move ..
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069 Int 1see .. when do you think that the child is exerting more force now that she
is dragging it.. or when she is lifting it up .. to move it ..J
070 Di er .. now that she is dragging il .. because when she is lifting it up . she is

lifting all of it weight so she will have to exert a greater force .. whereas now
. the earth is exerting a reaction force to its weight (chair) and that helps the
child .

HHi
* The weight of the chair is ”split" or "divided" between the 4
pulling force of the child and the floor which takes '"some"
or "most" of the weight.
* Most of the children appear to be suggesting that the chair 7
is moved easier when it is dragged instead of lifted.
* There is an "action" from the chair towards the ground, 1
% which appears to be related to the movement of the chair
and there is a "reaction" from the ground towards the
chair, which "helps the child" to move it.

]Table 5.1.5: A synopsis of the groupings of conceptions and alternative conceptions from the analysis of the j
"child dragging the chair" iastancc with respective numbers of children's responses (Noli).

5.1.f. The card with ’the parachute’ instance

All of the children appear to be recognising the force of weight of the box, which is
pulled downwards due to gravity and the weight of the parachute, although they
suggest that it is "not much". They appear to be considering a force from the air
which is pulling the parachute upwards and most of the children (Ge, Ba, Ni, Bi,
Geo, Nt, Ka, Joh) point out that it "pumps up" the parachute and consequently it is

retarding its descent.

Hence, (Joh) for example, points out that the parachute "is getting air inside", which
"pumps it up" and as a result the parachute comes slowly down, or it can "hold in the
air" (060). He also recognises the weight of the box and "a bit of weight that the
parachute has". They are both pulled downwards by the "earth", whereas "the force
of the air" is pushing the parachute "upwards" (062) and he suggests that without the

parachute the box would be destroyed (064).

060 Joh the parachute is getting air inside .and as it goes down and the air is getting
inside il . it pumps it up . and so it can hold in the air .. the box with the drugs
and the fexxl.

061 Int Isee .. any other forces here ..
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062 Joh er .. the weight of the box .. and a bit of weight that the parachute has .. the
earth is pulling them down .. er .. and the force of the air that is pushing the
parachute upwards .. and so it holds it more in the air ..

063 Int do you have anything else to add here .. I

064 Joh umm .. if the parachute didn't exist .. the box would fall down with a great
force .. and the food and medicines would spread all over the place ..we
would have a very bad landing .. (laugh)

Similarly, (Ka) appears to be recognising the weight of the box and the weight of the
parachute, "although parachutes are light" they still have some weight (063). She
points out that "the force of the air" makes the parachute move slowly towards the
earth (065) because it is pushing it upwards and it "pumps it up" like "a balloon"
retarding it descent . She suggests that if the air didn't exist then the parachute

"would come straight down" damaging the box and its goods (067).

063 Ka yes .. the box has weight.. but also the parachute has some weight .. although
parachutes are light.. it has some weight though ..

064 Int Isee .. why do you think that the parachute is going lowly downwards .. /

065 Ka itis .. the force of the air .. which makes it move slowly towards the earth .

066 Int what doe you men when you say .. the force of the air .. '

067 Ka it is giving it air .. it pumps it up .. like a balloon .. er .. it is getting inside it
and it is like pushing it upwards .. and so it comes slowly down lire earth .
whereas if the air didn't exist ..then the parachute would come straight down ..
it wouldn't fall nicely and the things would be damaged .. and they will never
reach their destination..

Also, (Geo) seems to be considering "the force of weight" of the box and the
parachute (080) and points out that the air is retarding the downfall of the parachute
(082). This is because it "is getting" inside the parachute and "it pumps it up" and

that holds it in the air, following the directionthat the wind is blowing (084).

080 Geo yes .. lhe box has the force of weight .. and this is pulling it straight
downwards .. that is if it didn't have the parachute .. which also has some
weight.. it would fall down and break ..

081 Int how do you think that the parachute is going slowly downwards .. /

082 Geo er .. as the air is getting inside it ..inside the parachute .. il can't fall down
quickly.

083 Int why do you think this happens .. /

084 Geo cr .. it works with air .. always .. and the air is getting inside it and it pumps it

up .. and that holds it up .. and il goes wherever the wind is blowing .. so if the

wind blows south .. it will go south ..
Nevertheless, (Jn) appears to be thinking in terms of air "passing through" the
parachute, slowing down its "impetus" (063), which the parachute seems to have

gained due to the downwards pulling force of the weight of the box (061 & 063)

061 Jn  the box with the food and medicines has some weight and so with this weight
it falls towards the earth .. with the parachute .. this is a force .. it is gravity ..
that is exerted from the earth .. because the box and the parachute are
constantly changing place .. they are moving ..
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062 Int 1see . why do you think that it goes slowly towards the ground ./
063 Jn er . with the parachute .. as it goes down .. the air that is passing through it .
slows down its impetus .. the impetus of the weight of the box as it goes down

(Di) also indicates the weight of the box and the parachute (076) and suggests that the
air is getting inside the parachute and it is being held in there retarding its descent
(078). Furthermore, he appears to remain consistent with his conception of an
"action" which seems to be exerted by the weight of the box and a "reaction" exerted
by the "strings" of the parachute, which look as if they are "pulling in the opposite

direction" (080).

076 Di cr. it's the weight of the box. and the force of the parachute which is holding
the air inside it .. and the box doesn't fall straight down ..

077 Int what do you mean .. / how does it hold the air .. 1

078 Di cr . as it falls downwards .. the air is getting inside the parachute .. and it is as
if it is pushing it upwards .. and it is holding it in the air .. and so it goes
slowly towards the ground .. er .. it holds the air inside it and it doesn't fall
quick!} .. with great force ..

079 Int Isee .. any other forces here .. /

080 Di umm 4. there with the strings .. it is as if .. the box with its weight has an
action and the parachute .. it is as if it is pulling it in the opposite direction
and so there is a reaction

- —_ . .
- -H B o= mmi
e The force of the air is pushing the parachute upwards 10
retarding its descent.
e it is as if the air "pumps up" the parachute slowing it 8
down.
* The air is passing through the parachute slowing down the 1
"impetus" that it has, due to the pulling force of gravity.
* There seems to be an "action" exerted by the weight of the 1

box and a '"reaction" exerted by the "strings" of the
parachute that appear to be "pulling in the opposite
direction.

1Table 5.1.6; A synopsis of the groupings of conceptions and alternative conceptions from the analysis of the
I "parachute” instance with respective numbers of children's responses (N 0 /7).

5.1.g. The card with 'the slow-down of the bicycle' instance

All of the children appear to be recognising the "force of weight" of the child and the
bicycle, which are both pulled downwards. The ground, which is "supporting" their
weight, is not considered to be exerting a force. Thus, the only force they appear to

be recognising at the touching points of the tyres of the bicycle and the ground, is the
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"force of weight", which "falls onto" the tyres . Nevertheless, they do not appear to

think of "weight" as a "force" that "has to do with" the slow-down of the bike.

Hence, five children (Ge, Ba, Ni, Jn, Geo) appear to be indicating that the main
reasonfor the deceleration ofthe bike is that "the child is not pedalling any more", or

"no moreforce is exerted by the child".

(Ge) seems to be recognising "exerted forces" on the tyres of the bike when it "goes"
(080), but he does not clarify their nature. He points out that the bike will stop
"somewhere", as soon as the child stops exerting "some force on the pedals" (082 &
084). The "weight" of the child and the bike is the only force that he appears to be

considering at the touching points of the tyres and the ground (086 & 088).

080 Ge there are forces exerted on the bike with its tyres .. that is .. when it goes on
the road .. its tyres are moving and so it goes ..

081 Int yes .. but here .. the bike is moving slowly and soon it is going to stop .. why
do you tliink that it is going to stop..

082 Ge ina while .. because the child is not pedalling .. somewhere .. sometime .. il is
going to stop .. whereas if the child continued to pedal it wouldn't slop and it
would keep going..

083 Int do you think that the bike will stop because the child will stop pedalling .. /

084 Ge yes because the child is exerting some force on the pedals and it makes the
bike move .. as soon as it stojrs .. the bike will stop ..

085 Int Isee .. do you tliink there are an)’lorces here .. ¢

086 Ge yes .. the weight of the bike and the weight of the child .. on the tyres which
are touching the ground ..

087 Int do you think there are any forces at the points that the tyres are touching the
ground.. /

088 Ge er..no [ don't think so .. the bike .. the tyres arc going round on the road ..
there is no force there though ..

(Jn) appears to be thinking in terms of "the impetus" that the child "has given" to the
bike to make it move (069) and he suggests that since the child is not pedalling any
more the bike gradually "looses its impetus" (071), which means that there is no more
"force exerted by the child" (073). he also recognises the weighFof the child and the
bike exerted at the touching points of the tyres and the ground and he suggests that
the ground is supporting them. He mentions that because the ground is "asphalt", it

supports the bike rather "easily", whereas if it was sand, it "would sink in" (075).

069 Jn it is the impetus that the child has given it.. ever since he pedalled ..

070 Int yes .. but now the child has stopped pedalling can you explain why .. it slows
down and eventually it is going to stop .. /

071 Jn umm .. because the child is not pedalling any more .. she is not exerting any

more force with her legs to move il.. and so it gradually loses its impetus ..
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072 Int what do you mean loosing its impetus .. /

073 Jn er . it's loosing the force that the child has given to it .. who is not pedalling
any more

074 Int I see .. do you think there are any forces at the touching points of the lyres
with the ground .. 1

075 Jn no .. only the weight of the bike and the weight of the child are pressing there

.. and the ground is supporting them .. easily .. because it is asphalt.. if il was
sand .. it wouldn't move easily because it would sink in ..

Two children (Joh, Ka) appear to he considering that the hike stops because the child
stops pedalling and consequently the hike runs out of "mechanical energy" or "a
kinetic force". Although they are referring to such terms, they quite possibly mean

that the hike is running out o f'a moving agent" which makes it decelerate.

Thus, (Joh) points out that the "mechanical energy" from the "pedalsand thechain"
will gradually "run out" and as a consequence the bike will stop moving(073). The
weight of the bike and the child is the only force he recognises at the touching points

of the tyres and the ground, which "falls on them" (075).

073 Joh it will stop .. because the mechanical energy that the pedals and the chain have
.. will run out gradually and so the wheels won't be able to move and the bike
will slop sometime..

074 Int I sec .. do toy think there are any forces at the touching points of the tyres and

075 Joh the ground ../
er .. that's where the weights of the child .. and the bike .. falls on them .. umm
.. J don't tliink there is any oilier force ..

Likewise, (Ka) appears to be suggesting that because the child is not pedalling any
more, there is no more "kinetic force" to keep the bike going and it will stop
somewhere (071). She also considers the weight of the bike and the child as the only

force on the tyres (073).

071 Ka er .. the bike will stop because the child is not pedalling any more ..and then
the bike .. will not have a kinetic force any more .. to move it er .. and it will
slop going in a while ..

072 Int do you think there are any forces at the touching jioinls of the tyres with the
ground.. /

073 Ka no there are no other forces there .. apart form the weight of the child and the
weight of the bike ..

Two children (Bi, Nt) appear to he thinking in terms of a 'surface effect" that the
road might have for the slow-down of'the hike. It seems to he a characteristic of the

surfaces, or ofthe nature ofthe road and they do not really consider it to be aforce.
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Hence, (Bi) points out that if the road is "bad" or has "potholes" (079), then the bike
will stop "a lot faster", because "the tyres are getting into the potholes" and that
appears to be "hindering" the motion of he bike (081). She doesn’ seem to consider
that to be a force, although she mentions that "it is something like a force" which

makes the movement of the bike difficult (083).

078 Int do you think there are any forces at the touching points of the tyres with the

ground../
079 Bi no.. I don't tliink so.. er .4.. only whenthe road is bad .. and it has potholes
080 Int what will happen then .. /
081 Bi er .. the bike is going to stop a lot faster.. because die tyres are getting into the
jxotholes and they are hindering its motion
082 Int and .. do you think it is a force... I
083 Bi umm . it is something like a force ..how can I say it.. it makes it difficult for

the bike to move ..

Similarly, (Nt) appears to be considering the nature of the surface of the road as a
hindrance in the motion of the bike. Thus, if the bike is moving on a "dirt road", it
will stop faster, whereas if it is moving on the "asphalt" it "will go a bit further" (073).

Shedoes not consider that to be a force though (075).

072 Int do you think there are any forces at the touching points of the tyres with the
ground.. /

073 Nt umm .. maybe .. if we .. say that the road was .. a dirt road then the bike would
stop a lot faster .. whereas on the asphalt it would stop later .. it will go a bit
further..

074 Int do you think that this has to do with any force .. /

075 Nt er.. probably not.. it has to do with the road the bike moves on .. that is not a

force really ..

(Di) points out that apart from the child who stops pedalling, "the earth does not let"
the bike "move freely” (092). Thus, he is the only child who seems to be thinkingin
terms of "rubbing" tyres on the surface of the ground which are retarding themotion
of the bike (094). He does not consider it to be a force, but rather intuitively, he

suggests that if the road has "stones or potholes" the bike will stop faster (096).

091 lilt 3see .. in this case the bike goes slowly and sometime it is going to stop.. why
do you think that happens .. /

092 Di  because the child stops pedalling and .. since he is not using die brakes .. then
the bike will slop slowly on its own .. but also because the earth does not let il
move freely..

093 Int what do you mean .. tire earth does not let it move freely .. 1

094 Di er . it is because the tyres of the bike are rubbing on the ground .. and it won't
go an> further.. it might run into a stone and stop suddenly .. or it might even
fall down..

095 Int 1see .. do you think this has to do with any force .. /

096 Di  umm .. no .. it looks like this to me .. and if the road has stones or jxitholes ..

then it will slop a lot faster ..
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- - M o MoK

* The bike slows down and will soon stop moving because the 5
child "is not pedalling any more" or there is '"no more
force exerted" by the child.

* The bike will stop moving because there is no more 2
"mechanical energy" or "kinetic force".

* The surface of the road might effect the slow-down of the 2
bike. Thus if the road is "bad" or has '"potholes" it is
hindering the motion of the bike.

* The ground does not let the bike move freely because the 1
tyres are rubbing on its surface retarding its motion.

j Table 5.1.7: A synopsis of the groupings of conceptions and alternative conceptions from the analysis of the
"slow-down of the bicycle iastance" instance with respective numbers of children's responses (NoR).

5.1.h. The card with 'the skateboard' instance

All of the children appear to be recognising the "force of weight" of the child and the

skateboard which is pulling them dowmwards, "pressing" the wheels onto the ground.

Five children (Ba, Jn, Bi, Nt, Ka) appear to be suggesting that the skateboard will
slow down and stop because "the child is not pushing any longer" or "the child is not
exerting any more force". Furthermore, they appear to be viewing that force as a
moving agent for the skateboard, which stops "existing" when the skateboard stops

moving, or the other way round.

Hence, (Ba) for example points out that since the child "is not giving" any more force

to the skateboard, it is going to slow down and "stop soon" (084).

083 Int why do you think that the skateboard gees down slowly and it will stop
sometime .. /

084 Ba er because the child is not giving it am more force .. because she is not
pashing withher leg . so there is no more force to move it ahead cr. so it's
probably going to stop stxin

Likewise, (Jn) indicates that if the force exerted by the child "stops existing" (084),
because the skateboard "is loosing it gradually" (086), then it will stop moving. He
recognises the weight of the child and the weight of the skateboard (086), but he
doesn’t think that there are any forces at the touching points of the wheels and the

ground (088).
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084 Jn
skateboard with his leg .. when he is pushing it.. er .. this force stops existing
when the skateboard stops moving

085 Int

086 Jn
gradually .. it is the weight of the child and the weight of the skateboard which
is touching the earth ..

087 Int
ground..

088 Jn

Four children (Ge, Ni, Geo, Di) appear to be considering that the weight ofthe child
and the skateboard is "pressing” or "pushing" on the ground, or on the wheels, and in
that way, it is hindering its motion. This is seen in combination with the fact that the
child is "not pushing any more". Thus, they seem to be attributing a frictional

characteristic to "weight", which effects the slow-down ofthe bike.

Hence, (Ge) points out that the skateboard will stop soon because there will not be
any more pushing force from the child (092). But, he is also suggesting that another
reason for the deceleration of the skateboard is that its weight and the weight of the
child "are pushing the ground" (094) or "pressing the floor" (096) and hinder the
motion of the skateboard. He is also suggesting that the heavier the child is the

sooner the skateboard will stop (096).

092 Ge er. because he is not pushing any more with his leg .. the skateboard is going
to stop soon..

093 Int can you explain why this hapjrens .. /

094 Ge because .. with the weight that the skateboard has .. and the weight of the child
.. they are pushing the ground and make it gradually stop ..

095 Int how do you think that this happens .. /

096 Ge well.. let's say .. my weigh is pushing down since 1am not pushing any more
.. my weight is pressing the skateboard .. which is pressing the floor .. and it
stops .. if there was somebody heavier than 1 am .. then it would stop faster ..

Likewise, (Ni) is indicating that the skateboard will stop moving whenthere "is no
more force" from the child (078), but she is also ascribing a "frictionalcharacteristic"
to the "weight" of the child and the skateboard, which "is pressing the wheels", which
in their turn "are pressing the ground" and that slows down the bike (080). She
suggests that the heavier the child is the "sooner and easier" the skateboard will stop
(082).

077 Int and when the child stops pushing .. / what will happen .. I

078 Ni er .. then .. there is no more force and it will stop going ..

079 Int do you tliink there are any forces at the touching points of the wheels and the
ground.. >
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080 Ni er .. only the weight.. the weight of the child and the skateboard .. which is
touching on the skateboard .. and that is touching ..and pressing the wheels ..
wliich are pressing the ground .. and that slows it down ..

081 Int Isee .. anything else you want to add here .. <
082 Ni er.. yes .. the heavier the child is the sooner and the easier the skateboard will
stop..

Two children (Bi, Ka) appear to be suggesting that the nature of the surface of'the

road may have an effect on the motion o fthe skateboard.

(Bi) points out that if the road has "potholes" then "it will be dangerous for the child"
but also the skateboard will stop a lot faster (091). She does not seem to consider that

to be a force though (091).

090 Int do you think there are any forces at the touching points of the wheels and the
ground .. 1

091 Bi  no .. except if .. like tire bike .. if there are potholes on the road .. then it will
be dangerous for the child .. er .. and he will stop a lot faster .. but again this is
not a force .. 1 don't know ..

Similarly, (Ka) suggests that if the ground is "uneven" then the skateboard will "stop
a lot faster", because it looks as if the surface of the ground is "holding it back in a

n

way". If the skateboard is on the "asphalt”", which is "flat" then it will probably "go

further" (083).

082 Ka do you think there are any forces at the touching points of the wheels of the
skateboard and the ground .. /
083 Int er .. only if the ground is uneven .. and not flat like asphalt .. it will go further

.. then the skateboard will stop a lot faster .. because the ground is holding it
back in a way ..

Only (Joh) appears to be considering the role of the "force of the wind" (090) in the
motion of the skateboard. Thus, if the wind is blowing from the back of the person,
then it will give him/her "mechanical energy" and the skateboard will move further.
On the other hand, if it is blowing in the opposite direction the skateboard will "stop a

lot faster" (088).

088 Joh well .. also when lhe wind is blowing .frombehind of him ..il is giving him
mechanical energy .. and he will go a bitfurther . whereasif the wind is
blowing from the front.. the skatelroard will stop a lot faster..

089 Int do you think this is a force .. /

090 Joh yes .. it is the force of the wind ..

256



Chapter 5.1. Pre-Intervention Interview Analysis (Greece)

Interview Curd ul

e The skateboard slows down and will stop moving soon 5
because the child "is not pushing any more" or there is "no
o more force exerted 1 by the child.

* The weight of the child and the skateboard is "pressing" or 4
"pushing" on the wheels, which are touching the ground
A . and this is hindering the motion of the skateboard.
* The nature of the surface of the road may hinder the 2
motion of the skateboard and slow it dow n faster.
* The wind might also help the slow-down of the skateboard. 1

| Table 5.1.8: A synopsis of The groupings of conceptions and alternative conceptions from the analysis of the j
i "skateboard" instance with respective numbers of children's responses (NoR).

Discussion

Some children appear to be considering that "gravity" or the "force of weight" is
responsible for "sticking" or "holding" things on surfaces. Thus, the "weight" of the
book "holds" or "presses" it on the surface of the tilted table, or the weight of the car
keeps it steady on the road, despite the push from the man. In this way, a "frictional
characteristic" appears to be attributed to the "weight" of these bodies, but it could not
be claimed that the children are necessarily thinking of it in such a context.
Nevertheless, they appear to be using this conception of weight to explain "frictional

phenomena" depicted in the interview cards.

Similarly, in the cases of the 'slow-down of the bicycle' and the 'skateboardsome
children appear to believe that the weight of theses bodies is "pressing" or "pushing"
their wheels on the surface of the ground and this is hindering their motion. Some
children appear to be indicating that the nature of the surface of the road may also
hinder the motion of the bike and the skateboard, especially when there is no more
"power" or "kinetic force" to keep them going. Thus, if the road is "bad" or has some
"potholes" the bike or the skateboard will stop a lot faster. Only (Di) appears to be
suggesting that apart from the "rough" road, which does not let the bike "move
freely", the tyres are also "rubbing" on the surface of the ground, slowing it down

faster.
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Strangely enough, there is no reference to air resistance in the ‘children playing with
the tennis hall' instance. Instead, it is suggested that the tennis ball has "little" or "no
weight" when it is in the air. Furthermore they seem to consider that the "force from
the child" is exerted upon the tennis ball when it is in the air. All of the children point
out though, that the air is pushing the parachute upwards, retarding its descent. Thus,
they appear to be viewing "air" as a retarding medium for objects that move through
it. Nevertheless, only (Joh) seems to be indicating that "the wind" might also "help"

the slow-down of the skateboard.

In the person dragging the chair instance most of the children appear to be
considering that the chair is moved easier when it is dragged instead of lifted. In this
way, they seem to be sensing that, despite the friction caused at the interface of
surfaces in contact, things are moved easier when they are dragged on the floor or on
the ground. Some of the children seem to attribute this to the weight of the chair,
which is divided between the pulling force of the person and the floor that is

supporting it.
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5.2.0. The Teaching Intervention in Greece

The teaching intervention in Greece was carried out in an E' Grade (Year 5) at a local
primary school in Rethimno, Crete. It was a series of two teaching sessions which
had been planned by the researcher in collaboration with the teacher, but were mainly
taught by the latter. At certain moments the researcher acted as an assistant teacher
helping the children in their investigations. For most of the time during the teaching
sessions the researcher was sitting in a corner of the classroom, observing what was
happening. There were two tape recorders, installed at different corners of the
classroom, which were used to record most parts of the classroom debate. Some
pieces of children's authentic utterances are presented within speech marks in the

teaching sessions that follow.

At the time of this teaching intervention the children were exploring "mechanical
phenomena", according to the national science textbook for E' Grade. Thus, before
the unit that refers to the force of friction they had been taught about the concept of
force an how forces are represented with arrows. They had heard for instance that
forces have a point of application, a direction and a magnitude, or that forces can
change the shape or the "kinetic condition" of a body. Moreover, they had heard
about "action and reaction" and that forces "appear in pairs". Since the beginning of
the thematic unit on "mechanical phenomena", not much experimentation was
conducted in class, apart from pushing and pulling some objects and "measuring
physical strength as a force". Sometimes a force meter was used to measure a
"pulling force". The investigation which was organised for the concept of friction,

was the first one that the learners did within this thematic unit (cf. § 5.2.1).

Before the two sessions of the teaching intervention are described and presented,
there is a reference to and a short analysis of the national science textbooks for the
learner and the teacher, followed by a description of the specific classroom setting of

this study.
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5.2.1. Referring to the "Curriculum", the National Textbooks and the

Teaching of Primary Science in Greece.

In Greece there is no such document as "The National Curriculum" for science in the
primary school. There is "a form of Curriculum", which has been published in "The
Government's Newspaper". It is very brief and it mainly refers to:

» the aims for teaching a certain subject (e.g. science), and
* the framework of General Units, which is split into:

* intentions or aims of the general units,

» presentation of sub-units,

* objectives of each sub-unit, and

e basic elements of content for each sub-unit

Thus, for example, the "Science Curriculum" for E' Grade (10-11 years) was
published in The Government's Newspaper in 1985 (Leaflet No. 140, pp. 2257-2261)

and it is still valid today!

The curriculum is mainly put into practice through the national textbooks, which exist
for almost all of the subjects, throughout the primary and secondary education. In
most of the times they are accompanied by a (national) teacher's book which provides
further information about the content and some ideas for teaching and assessing the
various units and sub-units of a certain subject. The national textbooks are produced
by The Hellenic Pedagogical Institutel and they are the same for all of the children,
all over Greece, in public and most of the times even in private schools. It has been
claimed that the national textbooks have actually replaced the curriculum documents,
since teachers very rarely refer to the latter, or seek for some advice from them
(Flouris, 1991)2. Thus, in the "teacher's book" (1986), which supports the learner's

science textbook for E' grade, it is stated that:

1The Hellenic Pedagogical Institute is affiliated to the Ministry of National Education and Religions.

2 As Flouris (1991) contends "... it is often the case that units which are contemplated in the curriculum, are not
fully presented or are completely absent from the textbook which was written for its fulfilment ... the pupil's
textbook, which was written to complement the curriculum, actually abolishes it through the book-centred
behaviour of the teacher... the teacher's book which is restricted to methodological clarification and guidelines for
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The aim of the book [the learner’s textbook] is to broaden the pupils' interests about
the natural world, and to help them develop the skills of observation,
experimentation and investigation in order to understand and assimilate the
concepts which are introduced in each teaching unit. The book also aims to
develop the creative abilities of the pupils and their critical thinking, (pp. 5-6,
emphasis in the original)

In the Greek primary school, science is introduced as an individual subject, mainly in
the fifth and sixth grade (10-11 and 11-12 year-old children respectively), through a
two-volume series of national textbooks for each of the two grades respectively.
They are entitled "I Investigate the Natural World" and they include information and
knowledge from main science disciplines such as physics, chemistry, biology, human
biology, geology, etc. Each unit presented in these textbooks, contains verbal
definitions of basic science concepts (e.g.: force, work, energy), pictorial and verbal
descriptions of simple experiments and/or investigations (e.g.: the measurement of
friction for a block of wood which is slid on various table surfaces), brief information
about the life and achievements of famous scientists (e.g.: Newton, Archimedes) and
at the end of each unit, some questions or problems for self-assessment and/or
classroom discussion, usually entitled as "think and answer" or "I check what I learn"

(e.g.: Why do cars slip easily, when the roads are dump or covered with snow?).

The general units of the first volume of the science textbook for E' Grade are the
following four:

A. Matter and energy
B. Thermalphenomena andphenomena oflight
C. Mechanicalphenomena

D. Phenomena ofelectricity and magnetism

The C unit which is on "mechanical phenomena" is of particular interest for this

inquiry. It has the following sub-units and teaching units:

the use of the school textbook without promoting the selection of alternative teaching subjects, actually worsens
this situation instead of improving it." (p.224).
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Ci. Getting to know about forces C2. Gravitation of the earth
1. Forces around you 1. The force of gravity
2. How we represent forces 2. QGravitational forces in space
3. Action and reaction 3. Humans in space
4. The force of friction C3. Work and mechanical energy
5. Bodies have inertia 1. A force produces work

2. Mechanical energy

The first sub-unit (Ci) presents the general context where the teaching unit "the force
of friction" is presented. This is basically the framework of forces being pushes or
pulls, which are represented with arrows (vectors), the forces of action and reaction
and finally inertia, which is presented as a characteristic of bodies. The
predetermined structure of the teaching units within the textbook presupposes that the
learners should be taught units 1 to 3 before the get to the fourth one (the force of
friction)3. Usually, each teaching unit is taught during one teaching hour
(approximately 45 minutes). But if teachers wish to extend that period of time they
may do so. For instance, they may decide to spend some more time for an
investigation, despite the fact that the time limits for the teaching of a unit may seem
to be, more or less, fixed. In principle, with such a structured teaching material
included in a national textbook, they do not seem to have considerable teaching
freedom, but in practice they may develop their own policy and deal with the
textbook in their own "creative way", although this is not often the case (Flouris,

1991).

The concept of "the force of friction" is supposed to be "taught and investigated"
within one teaching hour, but for the purposes of this inquiry and because of the
sensitivity of the teacher in teaching and learning issues, this time was considerably
extended in two morning sessions of approximately one hour and twenty-five minutes

(1.25" each. Investigations with blocks of wood were part of the unit in the textbook

3 For a complete presentation and a full translation of the teaching unit "4. The force of friction" see Appendix
VIL
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(pp. 126-127) (cf. Appendix VIII) and they were conducted in the classroom although
more emphasis was given in the sliding of block(s) on the surface of a table covered
with plastic laminate and sandpaper. Some additional "triggering instances", to those
existing in the textbook (p. 126), were used in the first session and some additional
every day applications of friction (to those presented in p. 128 of the textbook) were

discussed in the second session.

There are quite a few points in the science textbooks which can be criticised and
characterised as problematic and misleading for the children (Traianou & Tsagliotis,
19914) Here, there is only a reference in the teaching unit "4. The force of friction"
(see Appendix VIII for immediate reference), where some of these points need to be

highlighted and commented. They are the following:

+ Strangely enough, force is measured in Kp (kiloponts) and not in N (Newtons).
The force meters that are depicted in pp. 126-127 and used for measurements are
graduated in Kps and not in Newtons. For the present inquiry, this was arranged
though, and from the beginning of the unit on "mechanical phenomena" the

learners were introduced to the idea of measuring forces in Newtons.

* On p. 126 after the children are invited to take a piece of wood and put it on the
table, on one of its sides, they are asked to "pull it with a dynamometer in a way
that the body will obtain constant velocity". It is quite difficult for the children to
understand what to do since (a) they have not previously been introduced to the
concept of velocity5, (b) they might only have an intuitive idea of what constant
velocity is and (c) after all, it is difficult to find a way to move the block of wood
at constant velocity, especially by pulling it with your hand (Traianou &
Tsagliotis, 1991, p. 17).

* In the teacher's book (1986, p. 66; see Appendix VIII) it is stated that "the nature
of the lesson inclines the teacher to place great emphasis on the need for
experimental proof for each case referred in this unit". But, the first experiment

of the unit, which is with the block of wood sliding on its three different sides in

41'his is a manuscript which came out of a research project funded by The University of Crete (Code Number 177)

which focused on "a contribution to the formation of a proposal for the teaching of physics in primary education
aiming to upgrade the respective textbooks from the point of view of physics and pedagogy". The co-ordinator of
the research project was Prof. Dr. Demelris Ploumbidis.

5 In fact, the concept of velocity is not introduced at all throughout the C unit on "mechanical phenomena"!
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order to show that "the force of friction is independent of area of the touching
surfaces" (p. 126), is quite difficult to conduct successfully, especially when force
meters are used to pull the block and measure the force of friction. Furthermore,
the concept or property which is supposed to be "revealed" seems to be rather
difficult and surprising for the children (cf. Session two, in this section). Thus,
during the teaching intervention, this experiment was conducted as a presentation
with the guidance of the teacher and it was simultaneously commented and
discussed with the learners (cf. § 5.2.4).

This is basically the context in which the teaching intervention was conducted in
Greece. The preceding points of critique will be considered again in the final chapter.

The classroom setting and the two sessions of the teaching intervention come next.

5.2.2. The classroom setting in Greece

The classroom where the teaching intervention with E' Grade (5th year 6) took place
was a rather small room of 20 m2 approximately, which was used as the school
laboratory (mainly by the 5th and 6th year). There was a small window in the front
part of the room and a small door next to the window, on the left (see classroom
diagram in fig. 5.2.1). There were two cupboards next to the wall, on the left, which
were mainly used for storing science equipment. The chalkboard was at the back of

the room, behind the teacher's table.

There were five desks in the room which had the shape of hexagons and were situated
in the room as seen in fig. 5.2.1. They were constructed according to UNESCO
standards (UNESCO, 1980) and they had recently been installed in the room, roughly
at the time that this inquiry was in progress. Each child occupied one side of the
hexagon table and they usually left one side free, which faced the centre of the

classroom.

~T;or more information on the Greek educational system see the respective diagram in Appendix VIII
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-Window

Cupboards

Chalkboard Pupil
TeacherJ

: The diagram of the classroom, which was also the science laboratory of the schixil

In the E' grade there were 23 children (11 boys and 12 girls) and they usually worked
in groups. There are letters A-E printed on the desks in fig. 5.2.1 which indicate the
respective groups of children. Thus, for example, group A, was situated in the front

side of the classroom on the left next to the door.

5.2.3. The first session

This session was a morning session on a Tuesday in the middle of December 1992. It
lasted for about one hour and twenty-five (1.25") minutes. Normally this is a
continuous morning session, which is used for the teaching of language, but for the
purposes of this study it was used for the teaching of science. More precisely an
experimental investigation on the concept of friction was organised and conducted.
From the beginning of the session the children sat in three groups of five and two

groups of four, in the classroom that was used as the science laboratory of the school.

The main foci of the session were to:

+ elicit some of the children's ideas or alternative conceptions, concerning frictional

phenomena and make them explicit to all involved in the learning process
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» provide opportunities for learners to question, investigate and experiment on the
nature of frictional force
* encourage learners to acquire new conceptions on frictional phenomena using an

explanatory analogy and apply it in various related instances.

These foci would be achieved by means of a series of teaching events and activities

encouraging the learners to:

* become aware of their intuitive ideas concerning certain frictional phenomena
(e.g. a stationary book on a tilted table) and make them explicit in class by

expressing and discussing these ideas, writing them down on a poster and possibly

by taking a poll at the end of this process

+ test these alternative ideas, in an investigative way, by conducting experiments
with blocks of wood, which the children would slide on different surfaces on their

tables (e.g. on plastic laminate and on different kinds of sandpaper)

+ consider the plausibility of a "scientific explanation" for the nature of friction
(static and sliding) which will be presented through the analogy of ajigsaw puzzle
and attempt to compare this explanation with prior ideas within the context of new

inferences.

* apply the newly acquired ideas to some other similar instances referring to
friction, in order to check their plausibility and support their opinions within the

context of classroom discussion.

The session started with the teacher presenting an experimental activity which aimed
to stimulate children's interest and elicit some of their alternative conceptions. He put
a science textbook on one of the edges of the table and then he lifted the table up from
that side. The book remained stationary even when the table was lifted higher. The
children were asked to explain the phenomenon and most of them said that the book
was not "heavy enough" to slide down the table or that gravity was not "strong
enough" to pull it downwards. One child from D group appeared to consider that this
may be true, but she mentioned that "the book also grips on the surface of the table
and that is how it gets hold steady in its place". She went further by pointing out that

"the cover of the book is catching and gripping on the surface of the table" and that
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creates a "holding force" which keeps the book motionless. Some children seemed to
agree with this view, while some other children expressed some doubts and said that
"gravity is somehow sticking the book on the surface of the tilted table", or that
"gravity holds it steady" and that "gravity gets rather weak when the table is lifted
higher and then the book starts sliding". The view that the table "is not steep enough"
and therefore the book does not slide down, was also expressed. At that moment the
teacher said that they should write down these ideas on a poster and then put them to
a vote in order to have a better view of what the class thinks about this phenomenon.

Each pupil should vote only once. The results of this poll are in table 5.2.1.

Learners' ideas Results of the poll
» the book is not heavy enough or gravity is not strong 8
enough to pull it down the table
» there is a "holding force" from the surface of the table 7

that keeps the book stationary

» the table is not steep enough for the book to start 3
sliding

* gravity is somehow sticking the book on the surface of 3
the table

e gravity is not strong enough to pull it down the table, 2

but also the table is not steep enough

Table 5.2.1: Children's alternative ideas concerning the 'book on the tilled tablelsituation together with the
results of the poll which was held immediately after the elicitation of their ideas.

Thus, most of the children appeared to believe that gravity is not "strong enough" to
pull the book down the table. An almost equal number of children suggested that
there is "a holding force" which keeps the book in its place. The rest of the children
expressed slightly different views (see table 5.2.1). After the poll the teacher said that
these were all very interesting ideas and proposed to stick the poster on the wall, in

order to discuss it again later.

The teacher moved on with another activity in order to elicit some more of children's

alternative conceptions on frictional phenomena. He put a science textbook on his

267



Chapter5.2. The Teaching Intervention in Greece

table and then gave it a gentle push. The book moved forward for a short distance
and then it stopped moving. He repeated the same thing for two more times and he
asked the children to observe the phenomenon carefully. A volunteer was invited to
perform the same activity and this time the book stopped near the edge of the table.
The teacher then asked the children to express their ideas on the phenomenon, and
more precisely "why the book slows down and eventually stops m ovin g Some of the
children expressed the opinion that there was "no more force from the push" that
made the book move forward, so the it would slow down and stop as soon as the
"force from the push died away". In this respect, some children mentioned that if the
book is given a "strong push" then it will travel further, whereas a "weak push", will
only make it travel a short distance. Two children from B group had a different view
and they mentioned that the book "rubs" on the surface of the table and that slows it
down. Moreover, they appeared to consider that this "rubbing" depends on the
surfaces of the book and the table. Hence, they mentioned that the book they had
been experimenting with, so far, had a carton cover and "it rubbed a lot" on the table
surface. They suggested that the same book with a plastic cover would slide further
because "plastic rubs less with wood", or with "the surface of the table". The rest of
the class found this view very interesting and started considering it seriously. At that
moment, the teacher found another science textbook decorated with a plastic cover
and invited one of the children to test their view experimentally by pushing both of
the books, with an equal force, on the surface of the table, in order to test which one
would travel further. Before that, he had asked the children to predict the outcome of
the experiment and most of them seemed to be convinced that the book with the
plastic cover would travel further. Then the child conducted the experiment by
pushing both of the books two or three times. The book with the plastic cover moved
further all the times. The children tried to explain this by saying that "plastic creates
less rubbing" or that "the plastic cover is more slippery than the carton cover of the
textbook". The teacher said that these were all very interesting ideas and that they

were going to do some similar investigations with the equipment they had on their
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tables. He mentioned that the investigations would be with blocks of wood, which
they would attempt to slide on the surfaces of the tabletops. In this way, they would

investigate the phenomenon further.

Most of the equipment that the children used for these experiments was similar to the
one that the children in England had used (cf. § 4.2.5). In Greece, the blocks of wood
were a bit heavier (5 N, instead of 4.5 N they weighed in England) although they had
the same dimensions, and a reel was used instead of a pulley. A nail was passed
through the hole of the reel and then it was fixed on a piece of wood. Then that piece
of wood was fixed on the table with a G clamp (see fig. 5.2.2). The weights were also
different. They were small cylinders with hooks on both of their ends, so they were
hung at the end of the string, instead of using a tray to hold them. Again two of the
tables had a strip of "fine" sandpaper, whereas another two had a strip of "rough"
sandpaper and only one table was used as it was, with its plastic laminate cover.

Force-meters were also available on all of the tables.

[Fig. 5.2.2?/\pictonaGepresentatKiToMIHMnedianisn"*
[wood on the surface of the table, in the investigations conducted b\ children in Greece.

The children spent some time in getting familiar with the equipment. Then the
teacher gave them a leaflet that explained the various activities they were about to do
(see fig. 5.2.3). The teacher went though each of the activities, that were presented in
the leaflet and answered some explanatory questions, that the children asked. Then

he said that in each group there had to be a leader, a scribe, a performer and an

269



Chapter 5.2. The Teaching Intervention in Greece

observer or observers, although all of the children should try to perform some
experimental activity. He then explained the task that each member of the group had
to do and mentioned that after the end of the investigation of each group, the results

should be announced in class for further discussion.

4>vMo Ecr/aaias

Y TKXQXEI rva xo|X|xaxi tjuXo Jiavto axo XQarr.P*i. Eivai ouv6Ej.ir.vo jjip pvu xojifidxi
ajtayyo Jtou Jieovd yuqw otco jxia xQoxaXux xai xaxaXfiYPio. jxia 0T|Xeid, ojtou
IUT.oqoujic Va XQEfidjip. Stdcpoga fkxQrj.

L3 [ LX)
AoaoTtiQiotiiTes:

1. ZuYiote xo xojijxaxi xou tjuXou jiou PQiaxpxai jxdvco axo XQ(m.1t,i.

2. Kgejidaxe jCQooExxixd (vxqt) oxt) 0TjXeid jxpxqi xo EjuXo va aQxiori va xoouXdri apyc
xai axa0EQd,

3. Jxooo |3dpoc; 0a gjiqgtjep va XQW-li0jrOLTiaeTe Yia va aQ Xiapi xo EuXo va
xaouXdPi aQYd xai axalee>d

4. sdyxqivexe xo 0dgoq xou “uXou pie xo [3«Qog jtoxi X Q Tjaijiojroiiiaaie yia va agxiaei xc
SjuXo va xoouXd a.g/& xai axaGppd. Ti jnaQaxTjQslE;

5 nooo0QeoxF aXXo eva xojxjidxi %0x o jr.dvw 0 auxd jtou exrxe flbrl axo XQOjreti.
ETiavaXd(5EXE xic; bQaoxTiQidxTiXEe; 2 & 3.

6. SuYXQivexe xo (kigoc, siou crorsxe va X0>Fi[xo3ToiEiaexe yia va xaouXrjaouv xa
xojxjiaxia ajro £uXo rcavco axo tqcux& i, pie Xo (M qo~ xxov £uXtov. Ti JxaQaxTjOEixe;

(K] L3 L o °
Ojia6ixi] cQY«wia:
KaOE ojiaba va EQYaoxei ouXoYixa. £x0 xeXoc; xrig FQYaoiac;, pva<; exrrQoocoTToc; X14¢;
ojidbac; va avaxoivibopi xa ajr.OTeXeajiaxa ajr.o xic; 6Qaax'r]Qi6xT)iF.c xtic; ojtdbac;.
npoffo/n:
N a xQEjtdxp xa Othi 0xQooexxixd xo eva xaxco card xo dXX0. Mr|v xouvaxe xo xoojieli
oxav jT.QoajT,a0ctxe va BXJT.XrjQdXTEiBiic; jxaQajrdva) 0QaoxTiQiOxrlip.<;.

jFig. 5.2.3: The leallel that was distributed to the children during the first session of the teaching
linterventions in Greece.

The investigation started with the teacher asking one child in each group to weigh a
block of wood. They all came up with the same measurement, that the block of wood
weighed 5 Newtons. He then asked the children to predict how much force would be
needed for the block of wood to start sliding on the surface of the table. Two children

from B group claimed that a "pulling force" equal with the weight of the block would
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be needed for it to start sliding along the surface of the table, “otherwise it would grip
and it wouldn't slide". Most of the children appeared to agree with that view, apart
from one child from £ group who mentioned that if an equal force was needed for the
block to start sliding "it would be the same as if we lifted it". He mentioned that as he
had observed, at his father's warehouse, that it is always easier to move a big, heavy
box by sliding it on the floor instead of lifting it up and then move it. So he claimed
that less force from the weight of the block will be needed for its sliding because "the
table is also lifting some of its weight". The rest of the children found this idea a very
interesting one although some had their reservations. At that moment they couldn't
wait to see who was right and who was wrong. The teacher told them to start their
investigation, but also advised them to add the weights gradually and carefully, in
order to have a fair test and to keep a better record of measurements. Likewise the
study in England, the same format for recording of data was used (cf. §4.2.5.). While
the children were conducting the investigations the researcher was moving around the
tables, acting as a teacher-assistant, helping the children to organise their activities

and record their data.

The teacher asked group B to experiment with one block of wood on the tabletop
covered with plastic laminate. They started adding weights gradually and the scribe
was keeping the record. They were surprised when they found out that the block of
wood started sliding with a "pulling force of 1.3 Newtons" (see Table 5.2.2). They
expected that a greater force would be needed to "break the grip of the block of wood
and the table and start it sliding". One of the children of this group observed that the
block does not slide very fast on the tabletop and she explained that it happens
"because the block is rubbing on the tabletop when it slides and this slows it down".
She went further to make a more general statement by saying that "things that move
slow down when they rub, like the book on the table". The rest of the group seemed

to agree with that observation.
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j Table 5.2.2: Group D. A representation of the record they kept when they experimented with one block of
| wood on a tabletop covered with plastic laminate.

Then the same group went on to experiment with two blocks of wood. They found
out that a "pulling force" of 2.5 Newtons was needed for the blocks to start sliding.
The scribe wrote down that this was "exactly V4 of the weight of the blocks" and he
mentioned that this is also "nearly correct for one block of wood" (see Table 5.2.3).
The leader of the group mentioned that when they use two blocks of wood, one on top
of the other, they need "a double pulling force" from the weights to start them sliding

on the tabletop.
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Table 5.2.3: Group B. A representalion of the record they kept when they experimented with two blocks of
wood on a tabletop covered with plastic laminate

Groups A and C first experiment with one block of wood which they tried to slide on
a strip of "Fine" sandpaper, which was stuck on their tables. Both of the groups found
out that they needed a "pulling force of 2.5 Newtons" to start the sliding of the block
(see Table 5.2.4). The leader of group C mentioned that this was exactly half of the
weight of the block. The children in group 4 mentioned that they expected the
"pulling force" to be greater because "the block would grip more on the sandpaper

than on the plastic laminate".
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Table 5.2.4: Groups A &C. A representation of the record they kept when they experimented with one block ol

wood on a tabletop covered with "line”” sandpaper.
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Then the teacher asked group 4 to experiment with two blocks of wood. They found
out that a force of 5 Newtons was needed for the set of two blocks of wood to start

sliding on the tabletop covered with "fine" sandpaper (see Table 5.2.5).
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i Table 5.2.5: Group A. A representation of the record the) kept when they experimented with two blocks of
! wood on a tabletop covered with "line" sandpaper.

Group C used three blocks of wood to experiment on the surface of "fine" sandpaper

and found out that a force of 7.5 Newtons was needed for the blocks to start sliding
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on the tabletop (see Table 5.2.6). Again this was "half of the weight of the blocks", as

the scribe mentioned.
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Table 5.2.6: Grtmp C. A representation of the record they kept when they experimented with three blocks of j
wood on a tabletop covered with "fine" sandpaper o j

Groups D Si E experimented on a strip of "rough" sandpaper. First the teacher asked
both of the groups to experiment with one block of wood. They did so and they
found out that the block would start sliding with a "pulling force" of 2.8 Newtons (see
Table 5.2.7). This was calculated to be nearly 3/5 of the weight of the block. The

children mentioned that they expected it to be a lot more, because the sandpaper was
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"very rough" and the block would "grip" or "catch" on it with "a lot of power",

hindering the movement of the block.
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Table 5.2.7: Groups D & E. A representation of the record they kept when they experimented with one block of
wood on a tabletop covered with "rough" sandpaper

P 5 « | 1]

Group D experimented with two blocks of wood on "rough" sandpaper and they

found out that the blocks would start sliding when a "pulling force" of 5.8 Newtons
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was exerted on them (see Table 5.2.8). This force appeared to be nearly 3/3 of the

weight of the blocks.
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I Table 5.2.8: Group D. A representation of the record they kept when they experimented with two blocks of
I wood on a tabletop covered with "rough" sandpaper.
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Group E experimented with three blocks of wood on the same surface of "rough"
sandpaper and they found out that a "pulling force of 8.8 Newtons was needed for the
set of blocks to start sliding (see Table 5.2.9). Again this was calculated to be

approximately  of the total weight of the blocks.
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I Table 5.2.9: Group E. A representation of the record the\ kept when the) experimented with three blocks of |
j wood on a tabletop covered with "rough” sandpaper.
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This investigation took roughly half an hour. After all of the children had finished
their activities, the teacher invited the leader of each group to announce their thoughts

and conclusions to the rest of the class.

Group B mentioned that they now support the opinion that the table is lifting most of
the weight of the block, therefore a force of only V4 of its weight can slide it on the
table. But, they also claimed that there is some kind or "resistance" pulling the block
in the opposite direction of the intended movement, which doesn't allow it to be
moved with a smaller force. They suggest that this force has to do with the nature of

the surfaces in contact which can "grip more or less with each other".

Both groups 4 & C mentioned that they expected the block(s) to slide with a greater
force, since they thought that there would be "more grip with the surface of the
sandpaper". But, they also appeared to be sensing that the table "holds some of the
weight of the block when it is pulled" and in this way "it somehow helps the pulling
force, which doesn't have to be that much". Group C mentioned that they had
observed that when the block(s) slid on the table, it left a visible trace on the
sandpaper. They explained it by suggesting that these "little pieces of wood snap off
from the surface of the block when it rubs on the sandpaper”. After all, they indicated
that "sandpaper is used for purposes like that". Group 4 mentioned that gravity is
pulling the block(s) down onto the table and that helps the "grip", which doesn't let
the block(s) to move with a smaller force. They indicate that "gravity somehow helps
the block to stick on the surface of the table". Group C agreed on that last point of

group A.

Groups D & E mentioned that they expected the need of a "great pulling force" in
order to pull the block(s) on the tabletop covered with "rough" sandpaper. But they
also claimed that the table "supports the block, in a way" and in this respect the
"pulling force of the weights does not have to lift all of the weight of the block".
Group D suggested that the grip which "holds back" the block when the "pulling force

is not yet enough" has to do with the "kind of surfaces that are touching each other".
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Thus, rather intuitively, they indicated that "rough surfaces would create more grip
than smooth surfaces". Group E appeared to be sharing this idea, but they also
mentioned that "the weight of the block helps it to grip on the table, because it is

pressing it on its surface".

The teacher mentioned that these were all very interesting ideas, but he put forward
another question: "How does the block of wood grip on the surface of the table
whether it is plastic laminate or sandpaper?"”. The children replied that "gravity" or
"the weight of the block" "press" or "stick" the block on the surface of the table. One
child suggested that "it is as if the two surfaces are holding and catching with each
other". At that moment the teacher presented the analogy with the jigsaw puzzle (cf.
§ 4.2.5). He stuck the two fragments of ajigsaw puzzle on the board and explained
that the two surfaces of the block of wood and the table "get into one another" in a
similar way. It is as if they "interlock" and in this way they "grip" or they "create
friction". He mentioned that "friction" is the word that scientists use to refer to
phenomena dealing with surfaces in contact that grip with each other. The children
seemed to find the analogy with the jigsaw puzzle a fruitful way to explain the

phenomenon under consideration.

One of the children from D group pointed out that she thought that friction had to do
only with "rubbing", but now with the jigsaw puzzle she understands that "there can
still be friction when two surfaces do not rub with each other". Another child pointed
at the poster that was on the wall and said that "the same thing happens with the
textbook on the tilted table, or with the block of wood before it starts sliding". At the
same time though, she wondered what happens with the surfaces or with "the two
pieces of the jigsaw puzzle when one of them starts moving". The teacher took the
upper fragment of the jigsaw puzzle and moved it on top of the lower. He then asked
the children what they observed. They replied that the upper fragment of the puzzle
moved up and down on the "little projections and crannies" of the lower fragment of

the puzzle. The teacher pointed out that a similar thing happens with the two surfaces
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of the block and the table when they are in contact and one slides over the other. The
"roughness" of the surfaces or "the little hills and valleys" that they have, get into one
another and "sometimes some bits of the surfaces snap off". One child suggested that
the same thing happens with the "small bits of wood" that they could see on the
sandpaper when the block was sliding on top of it. The teacher asked that child if he
thought that there was still friction when the block slid on the tabletop. The child
replied affirmatively and explained that the surfaces would still "get into one another,
but they can't hold with each other because "the pulling force from the weights is
greater". Another child added that if there was no friction "the block would slide
along the table a lot faster, so friction slows it down a bit". A third child suggested
that it is as if "the roughness of one surface is hitting the roughness of the other and

that can create friction".

At that moment, the teacher asked the children what direction they thought that the
"arrow" of the force of friction had. Most of the children suggested that it should
have a direction opposite to the motion, or the intended movement of the block,
because it is "as if friction is holding the block back and doesn't let it go". Some other
children expressed the opinion that there should also be some "little forces of
friction", at the points of contact where the "projections and cavities" of the block of
wood and the table "get into one another". They suggested that the force of friction

can be "all of these bits of friction together".

Nearly at the end of the session, the teacher asked the children to summarise some of
the points that came out of their investigations or were discussed in class. The
children came up with a list that the teacher wrote on another poster:

» there is more friction when the weight of the block(s) becomes more (we add

more blocks) because a greater pulling force is needed to slide the block(s) on the
table;

» the surfaces get into one another because they are rough and they interlock like

two pieces of ajigsaw puzzle with their small "projections and cavities";
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» when the block is sliding there is still some friction because the "little hills and

valleys" of its surfaces are "hitting" the "roughness" of the surface of the tabletop;

* the arrow of the force of friction is in the opposite direction the motion of the
block.

That's roughly where the first session ended. The teacher mentioned that in the
following session they would do some more experiments on the concept of friction

with the blocks of wood.

5.2.4. The second session

This session was conducted in the following day, again during the morning session

and it lasted for approximately one hour and twenty-five minutes (1.25").

The main intentions of the session were to:

to help the children clarify some ambiguous aspects of friction, by negotiating

them in class.

to investigate with an experiment and discuss the notion that friction (for rough

surfaces) is independent of the area of contact of two surfaces.
* to present and discuss some practical aspects of friction from our daily life.

* to assess children's understanding on the nature of frictional force, by asking them

to present a relevant drawing and express their ideas in a written form.

The session started with the teacher reminding the children about the investigations
on friction they had conducted the previous day, with the blocks of wood they slid on
their tables. He also asked two of the children to read the posters that the class had
written. After that he took a block of wood and put it on his table. He asked the
children on how many different sides the block could stand. They replied that there
are three possible sides that a block can stand on the table. The teacher then reminded
them that in the experiments they had conducted on the previous day they had used

the blocks of wood with their largest side touching the tabletops. He went further to
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ask them how much pulling force would be needed for the block to start sliding if it
stood on one of its other sides. Most of the children replied that "the smallest the area
of contact" would be, "the less friction the block would create with the tabletop".
Hence, they expected that a smaller force would be needed for the block to start
sliding, if it stood on the its two "smaller sides". Some children expressed some

doubts but they claimed that they didn't know what was going to happen.

[Fig. 5.2.4; The block of wood on its three different sides.

The teacher placed the block of wood on his table and stood it vertically on its
smallest side (see fig. 5.2.4., the drawing in the middle). He then asked two children
to hang some weights at the end of the string and to keep a record of their
measurements on the board. The children seemed to be very surprised when the
block of wood started sliding with a "pulling force of 1.3 Newtons", which was the
same force it needed when it was placed on its largest side (see fig. 5.2.4., the
drawing in the middle). The children looked a bit puzzled for a moment and they
couldn't explain the phenomenon. Then one child suggested that "the block hasn't
changed, it is still the same block". Another child indicated that "the weight of the
block hasn't changed either" and she pointed out that "it's just the same weight of the
block which is spread on a smaller area, therefore nothing has changed". The rest of
the children found it to be an interesting idea and they expressed their curiosity on
whether the same pulling force would be needed for the block to start sliding when it
is placed on its other side. The teacher invited two other children to conduct the
experiment, at his table and the rest of the class watched carefully (see fig. 5.2.4., the
drawing on the right). They found out that the same pulling force of 1.3 Newtons was

needed to slide the block of wood on the tabletop, covered with plastic laminate.
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They seemed to be happy that their explanation proved to be correct, also for this
case. The teacher asked them to form a conclusion referring to the experiment they
had just conducted in order to add it on their poster. The children came up with the

following:

» friction is independent of the area of contact of a certain object (block) with a
surface (tabletop), because the same weight of the object is spread over the areas

of it different sides; therefore there isn’t any change.

After that, the teacher posed a different question: "How could you make the block
slide easier on the tabletop, that is, with less pulling force?". The children came up
with two ideas. One was to use some kind of rollers, like pens or pencils, and the
other was to put some oil or grease on the surface of the tabletop to "ease the way of
the block". The teacher invited the children to put their ideas into practice with the

block of wood that was on his table.

Hence, one child put three pens under the block of wood and started to hang some
weights carefully, at the end of the string. The block started sliding with a pulling
force of approximately 0.6 Newtons, nearly half of the force that block needed to start
sliding. The child suggested that it happened as she had expected and she also
claimed that "it is easier to move something on rollers or wheels instead of sliding it".
The rest of the class appeared to agree with the idea, and the teacher asked the child to
add it on their poster. Then he asked the class if they thought that there was any
friction at the points that the rollers (pens) are touching the tabletop, when the block
of wood is rolling. One child replied that there would still be some friction, because
"the block of wood needs some pulling force to start it sliding and there is still some
area of contact between the pens and the tabletop". Another child added that "friction
would be a lot less if they used wheels, which are perfectly round and the area of

contact is even smaller". The rest of the class seemed to share these beliefs.
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Then the teacher invited another child to put some oil on the tabletop and under the
block of wood and then try to slide it. The child found out that a pulling force of 0.8
Newtons was needed for the block to start sliding. Thus he clamed that "oil helps the
block to start sliding and make less friction with the surface of the tabletop". Another
child indicated that there would be even less friction if they used grease because
"grease is more slippery than oil". There was no grease available in the classroom so
the teacher said that they could test it some other time. Nevertheless, he asked the
children how they thought that friction "becomes less" when there is oil in between
the surfaces in contact. One child suggested that the "projections and the cavities of
the surfaces get oily and they become very slippery". Another child mentioned that
when grease is used, "it is difficult for the surfaces to come to contact" and claimed
that "a similar thing could happen with oil". The class found these ideas very

interesting and they decided to write them down on their poster.

After that, the teacher asked them to mention some cases where they have seen such
ways of minimising friction to be used. One of the children referred to a case where a
boat was pushed into the water by using big logs to move it across the beach.
Another child mentioned that he uses oil to "have less friction" in many cases like "on
the doors, in order not to get stiff", or the "various parts of a machine, or a bicycle", in

order to "work in a smooth way".

Then they were asked if they knew any cases where "we need to have a lot of
friction". One of the children suggested that the cars need to have good tyres "to grip
on the road and create friction", when they run very fast. Another child mentioned
that the same should happen with our shoes. If they are made out of rubber, like
trainers, they grip on the road and "create a lot of friction", where as if the "sole of the
shoes is made out of leather, which is not very rough, we may slip and fall a lot

easier".

For the last fifteen minutes or so, the children were given a translation of the

"drawing and writing" test, that the children in England had filled in (cf. § 4.2.6. and
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Appendix VIII). Some of the children's responses are presented and commented

below.
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Fig. 5.2.5; (Ka)’s and (TheVs drawings and writing.

(Ka) and (The) made very nice drawings representing the two surfaces of the block of
wood and the table that come to contact and get into one another (see fig. 5.2.5).
(The) has even written what each part of his drawing represents. (Ka) has written
that "when we attempt to slide a piece of wood, friction is difficult because the
surface is not so smooth and so friction gets more difficult". She appears to be
considering friction as "something" or an "entity", which "gets more difficult"
because the surface "is not so smooth". Thus, although she seems to hold a
conception that rough surfaces create friction, she doesn't seem to have a clear
conception on how friction is created. On the contrary (The) claims that "the
projections and the cavities will be rubbing with each other or will be hitting each
other and this will make it difficult for the block to move". He appears to be holding
a very clear conception about the interlocking of surfaces and how that creates

friction.

287



Chapter 5.2. The Teaching Intervention in Greece
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|Fig. 5.2.6: (He)'s writing

(He) suggests that "the projections of the block of wood are hindering its movement
because it gets stuck on the table and so it can't move" (see fig. 5.2.6). (He) appears
to be considering that the irregularities of the block interlock or "get stuck" on the
surface of the tabletop and this creates friction, which "hinders the movement of the

block".

*a, o, A

TV net

Likewise, (Nou) points out that "the projections and the cavities are hitting with each

other and they make the movement difficult" (see fig. 5.2.7).

0Ol UotfS m ox 9+

Fig. 5.2.8: (Ya)'s writing.

In a similar way, (Ya) indicates that "the projections and cavities will be hitting each

other hindering the motion" (see fig. 5.2.8).

X im i ot reM &

|Fig. 5.2.9: (Ba)'s writing . j
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(Ba) suggests that "because the projections and the cavities are grasping with each
other the movement becomes difficult" (see fig. 5.2.9). She is using the expression

"grasping with each other" perhaps to indicate a notion of the interlocking of surfaces.

cfro <*wei Mi fW/

jFig. 5.2.10; (Ge)'s writing. ]

(Ge) appears to be describing the interlocking of surfaces in a better way when he
points out that "the projections are getting inside the cavities and this is how the

motion is hindered" (see fig. 5.2.10).



Chapter 53. The "draw the arrow of friction1l test

5,3.0. The ”draw the arrow of friction” test (Greece)

This was a kind of picture test, which presented six instances where friction (static,
sliding or rolling) was present (see fig. 5.3.1 and Appendix VIII). The test was given
to the children a week after the teaching intervention and it mainly aimed to collect
information about children’s ideas in reference to the direction that the "arrow" of
friction has, in the depicted instances, which were the same or similar to the interview
instances. Thus, the children were asked to draw "the arrow of friction" wherever
they thought that it existed, but as they commented in the beginning of the activity,
"there can be instances that two arrows of friction can be drawn". Their responses are

represented here in three groups.

Hence, the children of the first group (9 out of 23) appear to believe that the force of
friction is pointing downwards, in a vertical direction and in this way, it somehow
"sticks" the surfaces together, makes things "hold" on surfaces, or it "slows things
down" (see (a) in fig. 5.3.1). Thus, for example in the person walking along the
street' instance they represent friction with two arrows pointing downwards, one for
each of the shoes of the person respectively. They probably consider friction in this
way, because it looks as if it is "keeping the person on the road" (cf. Post-Intervention

Interview analysis, § 5.4.b.)

The children of the second group (5 out of 23) symbolise friction with an arrow
pointing in the opposite direction of the motion, or the intended movement of bodies
(see (b) in fig. 5.3.1). Thus, for example, in the skateboard moving down the road'
instance, they symbolised friction with two arrows, one for each wheel respectively,
pointing upwards to the left, along the surface of the road and in the opposite
direction of the motion of the skateboard. This is possibly implying that they
consider friction as a force that is hindering the motion of the skateboard, or the bike

slowing them down (cf. Post-Intervention Interview analysis, § 5.4.e.).
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The children of the third group (7 out of 23), appear to be using two arrows to
symbolise friction in each case (see (¢) in fig. 5.3.1). Thus, in the 'book on the tilted
table' instance, for example, they use one arrow pointing downwards, at the interface
of the book and the table, and another arrow pointing upwards, again at the area of
contact of the book and the table. They appear to have in mind the interlocking of
surfaces, which are "getting into one another", creating friction. Hence, they probably
represent the "interlocking" of surfaces, in this case. Perhaps they are also influenced
by the analogy of the jigsaw puzzle which may have created this alternative and

unexpected conception (cf. Post-Intervention Interview analysis, § 5.4.a.).

Only two (2) children appear to be using a combination of all three cases described
above to represent friction. Their answers are miscellaneous and they can not be put

to any of the three groups.



Name:

1) Here are some pictures which are also described with a sentence. Could you
draw the arrow of the force of friction, wherever you think it exists?

m

a. Tlie IxHtk does not slide on tlie taMe. b. There is a box on the slope and it docs

not slide down.

c. The bicycle Is going slowly ami li will snip

. . d. Mooving I'usi d th d
soon. The person is nol pedulling. ooving fust down the roa

e. Coming down the slide. f. Walking along the road.

Name: (h)
Here are some pictures which are also described with a sentence. Could you
draw- the arrow of the force of friction, wherever you think it exists?

a. Tlie Ixiok does not slide on the tnMe. b. There Is a box on the slope and it does

not slide down.

c. The hleydffTs going slowly anti it sSl slop

soon, the person Is nol pedalling. d. Mooting lust down the road

c. Coming down the slide f. Walking along the road.

Name: (a)
Here are some pictures which are aiso described with a sentence. Could you
draw the arrow of the force of friction, wherever you think it exists?

a. Tlie txiok does not slide on the taMe. b. There isa (fix on the slope and it does

not slide down.

c. The btiycle is going slowly ant It will stop

soon. Twgperstm is not pedMtkagw he road

c. Coming down the slide. f. Walkin;alnfg the road

Name: (c)
Here are some pictures which are also described with a sentence. Could you
draw the arrow of the force of friction, wherever you think it exists?

a. The txiok does not .slide on the taMe b. There Isa boxVin the slope and It docs

not slide down.

c. The
soon, issssmersun

will stop lust tit# it ihe ritud

c. Coming down the slide I. \Valkldgiil<i& the road

Fig. 5.3.1: The three groups of children’s responses in the “draw the arrow of friction” test (Greece).
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5.4.0. Post-Intervention Interview Analysis (Greece)

Likewise the study in England, the purpose of the analysis of the post-intervention
interviews is to identify, present, and interpret groupings of conceptions and
alternative conceptions, about friction and/or frictional phenomena, held by the
children who participated in this study, after the teaching intervention. In most of the
cases, the children in Greece where asked to represent the force of friction with an
arrow referring to how they thought it was exerted in the depicted instances and their
responses are presented at the end of the analysis of each card respectively. The

section is concluded with a discussion.

5.4.a. The card with 'the book on the tilted table' instance

Four children (Ge, Ba, Ni, Joh) appear to he considering friction between the
surface of the hook and the surface of the table in terms of "rough"” surfaces that

interlock or get into one another.

(Ni) for example appears to be considering that since the table is not "smooth" or
"flat", it holds the book there because it "grips" with the surface of the book which is
also "rough" (006 & 008). Thus, "friction is exerted", due to "little hills and valleys"

that the surfaces have, which "catch on each other" (008).

006 Ni er 4. yes .. friction is holding it there .. because the table is not smooth .. flat
.. er.. it has some asperities .. and it can hold the book ..

007 Int how do you think that it holds tlie book .. I.. as you say ..

008 Ni cr. the book ... its cover.. it is not smooth also., it has a rough surface .. and
with the rough surface of the table .. somehow they grip together and so
friction is exerted .. er.. tlie surfaces have little liills and .. valleys .. and so they
catch on each other..

In a similar way (Joh) appears to be suggesting that because the table and the book
are "rough", they will "hold" on each other (008). He points out the analogy of the
jigsaw puzzle and says that the same thing happens with the "irregularities" of the
table that "get into the little valleys of the book" (010). He mentions though, that if

the table was made of "ice", the book would slide "very easily" (011).
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008 Joh er .. because the table is rough .. but also the book .. er .. so it will hold .. er..
the book will hold on the table ..

009 Int can you describe .. how do you think that it happens .. /

010 Joh er .. it looks like the jigsaw puzzle .. er.. but because the book is not totally
smooth .. it is as if it has some little lulls and valleys .. the same hap|)ens with
the table .. so the irregularities of the table get into the little valleys of the book
and the opposite .. so tlie table will hold the book..

010.5 Int » ummhmm..

011 Joh . but if the table was made of .. ice .. the book would slide very easily .. but
now that it is wooden .. it can hold tlie book ..

Three children (Geo, Bi, Nt) appear to he considering that the weight of the hook
somehow "helps" friction to hold it stationary up on the surface of the table.
Moreover, (Nt) emphasises on the role ofweight in holding the book motionless and

considers "friction as a helpingforce".

Thus, (Geo) points out that the "weight of the book", "together with friction" keep the
book stationary on the table (008). She appears to be considering that friction is
created due to the roughness of the surfaces of the book and the table. Hence, the

rough surfaces "interlock" with each other (008), or "fix a bit", creating friction (010).

008 Geo er .. there is some friction .. but there is also the weight of tlie book .. which
has some weight.. but together with friction .. that the wood of the table has ..
because it is not smooth .. it is rather rough .. and tlie book .. er .. its cover .. it
is nol smooth either .. and so they interlock .. that is the book cannot move on
the surface of'the table ..

009 Int what do you mean when you say that they interlock .. what happens then .. /

010 Geo yes .. er .. the wood might tie like this .. also the cover of tlie book might be Iyully"fm'crT" °n 116
like this .. so the cover .. it is as if it fixes a bit .. so friction is created .. and it
can't slide down..

Similarly, (Nt) appears to be suggesting that the weight of the book holds it stationary
on the surface of the tilted table (010). Furthermore she also attributes a "helping"
role of friction (012). Thus, she points out that the "rough" surfaces of the table and
the book are "rubbing" together (014), or the "little hills and valleys" of the "rough"
surfaces are "catching together" and it is "as if they are stuck". This creates friction,

which hods the book in its place (016).

010 Nt
Oil Int
012 Nt
here., which helps it hold up there ..
013 Int
014 Nt

smooth .. er.. tlic book also has some rough surface .. on its cover .. and these
surfaces .. it is as if they are rubbing.. and friction is created ..
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015 Int can you describe how do you think that they are rubbing .. /
016 Nt er .. the book with it force .. er .. its weight .. with the weight that it has .. and
that is touching on the table .. with its cover .. which is heavier than a page ..
and it looks as if it has little hills and valleys .. and somehow they are touching
the rough surface of the table .. and it is as if .. it is catching like this .. as if it m represent u with her
gets stuck and holds itself there ..

Two children (Jn, Di) are indicating that the nature o fsurfaces in contact seems to he
an important element for the creation offriction. Thus, for them, friction is

considered to be surface dependent.

Hence, (Di) appears to be suggesting that the materials that the book or the table are
made of, is an important factor in the creation of friction, but "it also has to do with
the surfaces" (006 & 007). Thus, if the table is "wooden" the "hills and valleys" of
the surfaces "get together" or "interlock with each other" and that hinders the motion
of the book (009 & 011), whereas if the table has "plastic laminate" on top it is
"smoother" and there is "a greater chance" for the book to slide (013). He also

suggests that if the table is lifted higher then the book will start sliding (013).

006 Di ..it dejiends on what the book is made o f.. /

006.5 Int » umm hmm..

007 Di . on whether Uie book is smooth .. or .. whether it is rough .. and this is also
same for the wood .. of the table .. it also has to do with the surfaces

008 Int and what happens here .. / can you describe it.. /

009 Di er .. because if the table is wooden .. and it must be wooden here .. since the
book does nol move .. umm .. the book cannot move and the table needs to be
lifted higher..

010 Int what happens between the surfaces then .. /

011 Di er.. the book is touching on tlie table .. but its weight is pulling it downwards ..
and so tlie wood of'the table is hindering its motion .. because it is not smooth
.. it has little hills and valleys .. which get together .. and it is as if they
interlock with each other.. and so friction is created ..

012 Int and what if the table was not wooden .. but it had plastic laminate like this one
.. / what would happen then .. /
013 Di  er .. there would be a grater chance to slide down .. because the plastic

laminate is smoother than wood .. but it also depends on how' high the table is
lifted .. because if we lift the table higher.. then the book will start sliding ..

Likewise, (Jn) indicates that there is friction on the stationary book on the tilted table
and this depends on the surfaces. Thus, he points out that friction is created because
the surfaces of the book and the table are "rough", whereas if they were "smooth" like
"plastic laminate" or "very well planed wood" there wouldn’t be "much friction"
(010). He points out that friction is created because "the projections of one surface

are getting into the cavities of the other" (012).
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008 Jn
downwards .. er .. yes .. and liere we have friction .. which depends on the
surfaces..

009 Int

010 Jn

.. and so friction is created .. if they are smooth there won't be much friction
like a table with plastic laminate.. or very well planed wood ..

Oil Int

012 Jn
surface .. er.. here that the book is touching the table .. it is as if it holds the
book nol to side down ..

[pointing at the respective partof the

Only one child (Ka) appears to be suggesting that there is no friction keeping the
book stationary on the tilted table. Thus, the book remains still because it is not
pushed, or the table is not shaken or moved (009). She appears to be considering that

friction will only be created when the book starts sliding on the tilted table (007 &

0il).

005 Ka
006 Int
007 Ka

still .. it doesn't slide downwards .. so it cannot create friction ..
008 Int and how do you think that.. it remains still.. /

009 Ka er .. because we don't push it .. or we don't move or shake the table .. it is
motionless .. something like stuck ..

010 Int  do you think this has to do with friction .. /

011 Ka no .. only if we move the table .. or push the book ...and the book will start

sliding .. only then we will have some friction ..

Five children (Ge, Ni, Geo, Nt, Ka) appear to be regarding that when the table is
lifted higher the book will start sliding because its "weight will start pulling it more"
downwards and the table "won't be able" to hold it any longer, or friction becomes
"weaker" and. "can't hold it any more". Flence, they appear to be attributing an

anthropomorphic characteristic tofriction.

For example, (Ge) points out that when the table is lifted higher the book will start

sliding (014) because the table "can't hold it any more" and it will "un-grip” (016).

013 Int Isee .. if we lift the table a bit higher.. what will happen .. /

014 Ge the book will start sliding ..

015 Int why do you think dial happens .. /

016 Ge cr .. because the table can't hold it .any more .. and it will .. un-grip .. it will
go .. it will slide downwards ..

Likewise, (Geo) appears to be suggesting that when the table is lifted higher the book
will start sliding because its weight "is pullingit downwards" and the "rough

surfaces" can't "hold" it motionless up on the table any longer (013).
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011 Geo .. but if we lifted the table higher..
012 Int what would happen then .. /
0.13 Geo if we lifted it higher then the book would start sliding.. it should start sliding
.. because the book has some weight.. and if we lift the table high enough ..
then their rough surfaces., cannot hold the book in its place .. and its weight is
pulling it more downwards ... and so it will start sliding ..
Two children (Joh, Di) appear to he considering some friction at the touching points

ofthe legs ofthe table with the ground and!or the box.

For example, (Di) points out that there is "some friction" at the touching points of the
legs of the table with the ground, because they are "holding" the table "at a certain

point" and they don't let it "slip" (017).

016 Int Isee .. is there anything else you would like to add here .. /

017 Di umm .. yes .. there is also some friction at the legs of the table .. which are
touching the ground .. because they are holding themselves at a certain point
and they don't slip .. otherwise the table wouldn't be able to hold on the box ..
umm .. nothing else ..

Three children (Ba, Geo, Di) appear to be symbolising friction with an arrow that is

pointing downwards, becausefriction somehow "sticks" the book onto the table.

For example, (Ba) is indicating that the arrow of friction should be pointing

downwards because "friction is like sticking the book onto the table" (015).

014 Int Isee .. if I asked you to symbolise friction with an arrow .. which way would
that arrow point to .. 1
015 Ba er .. probably this way .. because friction is like sticking tliec book onto the finger’

table .. that's what I think ..

(Joh) appears to be using two arrows, one pointing downwards and one upwards, to
symbolise friction, because he suggests that not only the book is being held on the

table, but the "irregularities" of the table also "help" it to remain stationary (017).

016 Int If 1 asked you to symbolise friction on the book with an arrow .. how would
you symbolise it.. /

017 Joh er .. probably like this .. downwards .. because I think that tlie book is bein,
held on the table this way .. umm .. but also ..4.. T will draw an arrow upwar?s
.. because the irregularities of the table are also helping the book to hold
stationary ..

. I
\I'orminvgeleth s finger two arrows

Only (Bi) is indicating an arrow pointing upwards along the surface of the table
because she claims that friction is "resisting" the weight of the book which "is pulling

it down the table" (014).
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013 Int if 1 asked you to symbolise friction with an arrow .. which way would that
arrow point to .. /
014 Bi er.. that way .. up the table .. because it is resisting the weight of the book that

is pulling it dow'n the table ..

pointing upwards along the table]

imtmrn MMI
There is friction along the interface of the book and the
table because they are rough surfaces and they "interlock"
or '"get into one another".

The weight of the book somehow "helps" friction to hold it
stationary on the surface of the tilted table.

Friction depends on the nature of surfaces in contact.
Thus the book will slide down easier if the table is covered
with plastic laminate or if its surface is well planed.
Friction will only be created when the book starts sliding.
If the table is lifted higher, then the book will start sliding
because its weight is pulling it "more downwards" or
"friction won’t be able to hold it back" any more.

| Table 5.4.1: A synopsis of the groupings of conceptions and alternative conceptions from the analysis of the
| "book on the tilled table" instance with respective numbers of children's responses (NoR)

5.4.b. The card with ’the person walking along the street’ instance

Most of the children (Ge, Ni, Jn, Geo, Nt, Bi, Di) appear to he thinking o ffriction
between the surfaces of'the shoes and the ground in terms of "gripping", "catching"
or "fixing" together, due to their roughness. Two children (Bi, Di) are referring to
the analogy of the jigsaw puzzle in order to describe what happens between the

surfaces.

Thus, (Ge) appears to be considering that there is friction between the shoes of the
person and the ground because they are "rough surfaces" with "little hills and valleys"
and they "grip" together (026 & 028). Hence, friction is exerted and the child

manages to walk on the road (030).

026 Ge er .. there is friction . at his shoes and the fhx>r er .. on the nvtd that he is

walking .
027 Int what do you mean .. /.. how is friction there
028 Ge er. with his shoes .. as he is walking . the shoes have a rough surface just like ipointing ac nis shix-si

mine .. it is as if the have little hills and valleys and they grip on the road ..
029 Int what do you mean .. the shoes grip on the road .
030 Ge er .. the shoes .. and the road has little hills and valleys .. it has a rough surface

. and the shoes grip on it . and lhc\ are exerting some friction . and the child
can walk on the road ..
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Similarly, (Bi) points out that the shoes are "rubbing" on the groundandtheyare
"gripping" (020). This is because "there are no perfectly smooth surfaces"because
they are "full of cavities and projections", which appear to be gripping just like "the

jigsaw puzzle" (022).

020 Bi er.. as he is walking it is like .. the shoes are rubbing on the ground ..er..
because the shoes are gripping on tlie ground and so he doesn't slip ..

021 Int can youdescribe.. how do you think that tlie shoes are gripping .. /

022 Bi er.. because there are no perfectly smooth surfaces .. so the shoes and the road

.. are full of cavities and projections .. andas the shoes are touching the
ground .. it is as ifthey are gripping .. just likethe jigsaw puzzle .. that's how it
happens ..

(Nt) indicates that there is friction "exerted" between the surfaces of the shoes (024) &
and the ground which has "crannies and valleys". She suggests that they "interlock"

with each other, creating friction, which "enables" the person to walk (026).

024 Nt er .. at his shoes .. as he is walking .. a friction is exerted at his shoes .. there..  Ipointingunder the shoes]
025 Int how do you think that friction is exerted there .. /
026 Nt er .. with his shoes .. umm .. his shoes .. have a rough surface .. with crannies

and valleys .. and tlie road has little hills and valleys .. because it is never very
smooth .. and it is as if the interlock a bit .. the person does not slip to fall
down .. there is friction which enables him to move ..

Three children (Ba, Ka, Joh) appear to be considering the "rubbing" ofsurfaces as
an important elementfor the creation offriction along the interface ofthe shoes and

the ground.

Hence, (Ba) appears to be suggesting that the shoes of the person are "rubbing" on the
surface of the ground "creating friction", but she also points out that it depends on
"what kind of shoes we are wearing" (021). Thus, "sports shoes" appear to be having
"crannies" and they "rub and grip a lot" on the ground, whereas normal shoes don't
grip as much (023). She suggests that the same happens with the ground, which

means that it will be easier to slip on "polished marble" than on the "asphalt" (026).

021 Ba er.. with her shoes .. as we are walking with our shoes .. they are rubbing on
the road creating friction ..4.. it also depends on what kind of shoes we are
wearing..

022 Int what do you mean .. <

023 Ba er .. sports shoes for example .. they have like crannies .. and they can rub and

grip a lot on the ground .. more than normal shoes .. they hold on .. and it is
more difficult to slip with the sports shoes ..

024 Int 1Isee . any thing else you would like to add here .. /

025 Ba er . the ground ..

0255 Int » what happens with the ground ..

026 Ba . er. that also holds us tetter if'it is asphalt.. whereas we can slip more easily
.. like on polished marble .. when we play at home ..
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Likewise, (Ka) appears to be pointing out that the shoes of the person are "rubbing"
on the ground creating friction, because the person is moving ahead (019 & 021).
This is because the surfaces of the shoes and the ground are "rough" and they are
"rubbing" as the child is moving, or somehow they "catch and fix" with each other
(023).

019 Ka er .. when the person is walking .. somehow the shoes are rubbing on the
ground .. and so he can move ahead .. whereas if he wouldn't be able to move
there wouldn't be any friction created ..

020 Int Isee .. can you show me the points that you think that friction exists here .. /

021 Ka er . yes . there is friction there and there .. KrStaliwUMtegraS* ~  ***
022 Int  what do you think that happens there .. /

023 Ka er . there is friction .. that means .. the shoes of the child are rubbing on the

ground .. while he is moving .. because wc have two rough surfaces .. that [representing it with two fingers]
somehow catch and fix with each other .. like this .. and .. that's how friction is
created..

Five children (Ge, Jn, Geo, Joh, Di) appear to he considering thatfriction is reduced,
when the road has oil (Ge, Di) and!or water (Jn, Joh). Similarly, when the person is

walking on ice it is very easy to slip andfall, due to very littlefriction created (Geo).

For example, (Jn), appears to be suggesting that "there is not much friction" when the
road is covered with "oil or water" (019), because the surfaces seem to be "losing
their roughness" (021). Thus, the shoes are not "touching firmly" on the road and as a

result the person will slip (023).

019  Jn er.. the person might slip and fall .. when tlie road is covered with oil or water
.. it has happened many times ..
020 Int whathappens then .. /

021 Jn then .. there is not much friction .. because the surfaces .. it is as ifthey are
loosing their roughness .. and so we slip ..

022 Int what do you mean .. they are losing their roughness .. /

023 Jn er . as we learnt .. friction depends on the roughness ofsurfaces that are

touching each other .. er .. and when the road has oil .. it is as if our shoes are
not touching firmly and so we slip .. umm . that's what 1 think ..

Similarly, (Di) indicates that the shoes are "gripping" on the ground because the
"projections of one surface are getting into the cavities of the other" and so friction is
created (024). But, when the road is covered with oil, it will be difficult to walk,
because it looks as if the surface of the road becomes "more smooth" and there will be

"less friction" (026).
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024 Di er . il is as if the shoes are gripping .. as if they are catching with their
roughness .. because the projections of one are getting into the cavities of the
other .. and tlie opposite .. just like the jigsaw puzzle .. we saw when we did
those experiments on friction .. and that's how frictionis created .. and wc can
walk .. otherwise we wouldn't be able .. we would slip and fall.. just like when
there is oil on the road ..

025 Int what happens when there is oil on theroad.. /

026 Di umm .. then it is like .. it becomes more smooth .. and so friction becomes less
.. and we slip..

(Geo) is referring to the case of ice and points out that "ice is very smooth", but most
importantly, it becomes smoother due to melted water on its surface and this makes

shoes slip on it (025).

025  Geo when he is walking on is .. ice is very smooth.. and tlie water that melts makes
it even smoother .. and if the person loses his balance .. his shoes will slip ..
and he will fall down for sure ..

Three children (Nt, Ka, Di) appear to he symbolising friction with an arrow that is

pointing downwards, alongside with the weight ofthe person.

Thus, for example (ISf) is indicating that the arrows of friction at each of the shoes of
the person should be pointing downwards (028), because "that's how the weight of the
child goes", which is "holding him on the road". It appears to her, that friction should

also be pointing that way (030).

027 Int 1 seeb ..l_if 1 alslked y/ou to symbolise friction with an arrow .. how would you ) o

S olise 1t here .. !%@%1 two al{ﬁew%
028 Nt .. like this .. and like HIiS .. person respeciively’ ©
029 Int umm .. downwards .. why do you symbolise them this way.. /
030 Nt er .. because that's how the weight of the child goes .. the weight is holding

him on the road .. since the road is hard .. and it supports the child .. and so it
is like the shoes are sticking onto the road .. and so friction is exerted .. but
when he lifts one leg to walk.. there is no friction on that shoe then ..

Only (Bi) appears to be suggesting that the arrow of friction is pointing in the
opposite direction of the movement of the person, because that is where "he is

touching on the road" (023).

022 Int if 1asked you to symbolise frictionwith an arrow .. how would yousymbolise
it here .. m
023 Bi umm .. that way .. in the opposite directionthat tlie person is going . er . [}2%%% pt&z}%) arrows  at the

there under his shoes .. because that's where he is touchi.ng on the road ..
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fatetview Co**/ SIIBli
e There is friction along the interface of the shoes and the 7
o) ground because they are 'rough" surfaces and they
"grip", "catch" or "fix" together.
* The '"rubbing" of the surfaces of the shoes and the ground 3
A seems to be an important element for the creation of
friction.
¢ Friction is reduced when the road has oil, water or ice. 5

Table 5.4.2: A synopsis of the groupings of conceptions and alternative conceptions from the analysis of the 1
"person walking along the street" instance with respective numbers of children's responses (NoR)

5.4.c. The card with 'the box on the slope’ instance

Most of'the children (Ge, Ba, Ni, Jn, Bi, Joh, Di) appear to he considering that the
box remains stationary up on the slope, because the surfaces are "rough" and they

"grip", "fix" or "interlock together".

Thus, (Ni) indicates that because the board is "rough" and has "little hills and valleys"
the box "grips" and remains motionless (031). She describes this gripping with the

"little hills of the board", getting into the "little valleys" of the box "and the opposite"

(033).

031 Ni  here .. /. umm .4. because the surface of the hoard is rough . il has like litlle
hills and valleys .. and the box . it has also a rough surface .. and then .. er .
because the board is steady and the truck doesn't move er . somehow the
box grips and stays there

032 Int what do you mean when you sav that tlie Ixvx grips .. /

033 Ni er . with the little hills of the board .. they get into the little valleys of the box

and the opposite . and so the box stays up there

Similarly, (Bi) suggests that the box would probably slide down, but friction at the
interface of the box and the slope "doesnt let it" (027 & 029). Thus, the "projections”
of the box are getting inside the "cavities" of the slope interchangeably and friction is
created (031).

027 Bi yes there is friction here .. it's the box that would probably slide down but
friction doesn't let il slide

028 Int where do you think there is friction here

029 Bi er . at the surface of the box that is touching the slope

030 Int why do you say that. friction doesn't let it slide ..

031 Bi er it is like the table and the book . the projectionsof the box are getting
inside the cavities of the slope umm or also tlie opposite . and so friction
is created.
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(JOh) is indicating that in this instance, there is a "similar friction" to that of the
"book on the table" instance, since the "interlocking" of the "hills and valley" is

happening "again" (033).

031 Joh yes .. there is friction here .. because the wood can hold the box .. as we said in
the case of tlie table and the book.. so here we have a similar friction ..

032 Int whatdo you mean .. /

033 Joh umm .. as we can see here the board is not so smooth the same with the box ..

it is not so smooth either.. so it holds the box and it cannot slide down .. again
the hills and valleys of the surfaces .. interlock with each other ..

Two children (Geo, Nt) appear to be considering that the weight of the box 'is
sticking" it on the slope, by pulling it downwards and in this way, it is probably

implied that it "helps" friction.

Thus, (Geo) appears to be suggesting that the weight of the box is "kind of sticking it
on the slope" and since the wood of the slope is "always rough" and the slope is not
steep enough, it remains stationary (031). Hence, the two surfaces "get fixed"
because their "asperities and bumps" are getting into one another, creating friction
(034).

031 Geo because the weight of the box is kind of sticking it on the slojie .. and the
wood of the slope is rough .. il is always rough .. no matter how well planed it
is .. and because the slope is not high enough .. because if it was higher .. die
box would slide .. because its weight is pulling il downwards .

032 hit what do you think is hapjiening at the points of contact between the box and
the slope ../

033 Geo  er .. as 1said before .. the board is rough .. and the box is also rough and when
they come in contact.. that is .. when we place the box on the slope ..

0335 Int » ummhmm..

034  Geo .. er. itis as if it gets fixed there .. the asperities and the bumps are getting
into one another .. they fit together and friction is created .. so Uie box stays
where w'e left it..

Likewise, (Nt) is indicating that the box remains motionless up on the slope because
its weight is pulling it downwards and the surfaces in contact are "rough" (038).
Thus, they "stick together a bit" because they are "getting into one another", creating
friction (041).

038 Nt er . the box that is on the slope has some weight pulling il downwards .. and
with this weight and because the bottom of the box is touching the slo]>e .. it
has roughness .. like little hills and valleys ..

038.5 Int » umm hmm ..

039 N1 . the same with the slojie .. which is usually wooden .. and so they stick
together., a bit.. and friction is created .

040 Int what do you mean when you say .. they stick together a bit..'

041 Nt er .. il is like one surface getting into the other creating friction .. and so the

box can hold steady and .. il does not slide down ..
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Four children (Ge, Ba, Ni, Bi) appear to be indicating that if the slope is lifted
higher, the box will start sliding because "friction cannot hold it steady any longer"
or its "weight is pulling it downwards". They seem to be suggesting though, that

there will still be some friction when the box is sliding.

Thus, (Ba) for example points out that the box will start sliding if the board is lifted
higher because "friction will become less" and it "won't be able to hold it there any
longer" (031).

031 Ba er .. yes .. if we lift tlie board a bit higher .. then the box will start sliding ..
because friction will not be able to hold it.. because il will become less .. you
see., and won't be able to hold it there any longer .. also its weight will pull it
towards the ground ..

Similarly, (Bi) indicates that there will still be some friction when the box starts

sliding down the slope because "it gets hold a bit" and "it will move rather slowly"

(032 & 034).

032Bi umm .. if we lift the board a bit higher the box will start sliding ..

033 Int and .. when it starts sliding is there any friction then .. /

034 Bi umm .. yes 1say there is .. because again the box gets hold a bit.. on the slope

.. and il won't fall quickly straight down .. it will move rather slowly ..

Five children (Ge, Jn, Geo, Nt, Di) seem to be considering thatthere isfriction at the
tyres of the truck, but also atthe two edges of  the board thatare touchingonthe

ground and on the back door ofthe truck.

For example, (Geo) indicates that there is "a bit of friction" at the tyres of the truck
which are "rough" and somehow they "fix" with the ground (036). He is also
considering "some friction" at the touching points of the board with the back door of

the truck and the ground, again because they are "rough" (037).

035 Int 1sec .. is there anything else you would like to add here .. '
036 Geo yes .. here .. at the tyres of the truck .. there is a bit of friction .. because the ipoIMMEat the eyres Ofthe track]
lyres is also rough .. and il is as if it fixes on the ground .. and holds the truck
still ..
036.5 Int » ummhmm..
037 Geo .. er .. there is also friction at the back door of the car where the board is
touching il .. mid there is also some friction at tlie points that the board is
touching the ground .. because the road is rough .. there is some friction
exerted there..

303



Chapter 5.4. Post-Intervention Interview Analysis (Greece)

(Di) appears to be expressing a more holistic opinion and he suggests that there are
"four friction forces", which seem to be exerted at the tyres of the truck, at the two
edges of the slope touching the ground and the back door of the truck and along the

interface of the box and the slope (034).

034 Di er .. there is friction at tyre of the car .. there where the board is touchingat the Ipointing at the respective points on
back door of the truck .. here that the box is touching on the board .. and here the cara) ’ ’
that the board is touching the ground .. so we have one .. two .. there .. four
forces of friction here ..

Only (Ka) appears to be suggesting that there is no friction holding the box on the
slope because there is no relative motion or "rubbing" between the two surfaces for
friction to be created (030 & 034). She mentions that the box remains motionless on
the slope because "people have made it to be that way", or the slope is "fixed" in a

way that prevents the sliding of the box (032).

030 Ka I don't think there is any friction here .. because the box is not sliding on the
surface of the slope .. it is not rubbing on it..

031 Int  umm hmm .. how do you think that die box remains still..

032 Ka umm .. it's maybe because people have made it to be that way .. they have
fixed the slope .. so the box cannot fall or slide on it..

033 Int what do youmean .. /.. they have fixed it..

034  Ka er. they have put il properly .. so the box cannot slide down .. if they put is a
bit higher .. lets say .. then the box would start sliding .. and then friction
would happen .. because the surfaces would be rubbing then ..

Three children (Ba, Jn, Nt) appear to he suggesting that the arrow offriction is
pointing downwards, alongside with the arrow o fweight because somehow it"sticks"

or 'helps to stick" the box on the slope.

Thus, (Jn) for example, points out that the arrow of friction has a downwards
direction because it pushes the box alongside with the weight and it is "as if it sticks it

on the slope" (033).

032 Int if 1 asked you to symbolise with an arrow .. the friction on the box .. how
would you symbolise it ..J

033 Jn  umm .. probably like this .. because it is as if it pushes the weight of die box , Kich i vointi
downwards .. as if it sticks it on the slope - and does not let it slide Hownwigas) " "t 1 pointne
downwards..

(Bi) appears to be considering that the arrow of friction should be pointing upwards

along the surface of the table because "it is holding the box there", preventing it from

sliding (045).
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Int if 1asked you to symbolise friction on the box .. with an arrow .. how would
you symbolise it .. /

Bi this way .. pointing up tlie table .. because again .. er il is holding Uie box [cs“tivedirection]0" " *
steady there .. and it doesn't let it slide .

(Greece)

(Joh) seems to be symbolising friction with two arrows, one pointing downwards and

one pointing upwards. The first seems to be related with the weight of the box and

the latter with the surface effect of the slope (035).

034

035

Int well . if 1asked you to symbolise friction .. on the box .with an arrow . how
would you symbolise il../

Joh umm

this way . and that way .. because il is the weight which is holding it u°wards

and the slope .. which is also holding it . downwards]

The box remains stationary up on the slope because both of
the surfaces are "rough" and they '"grip", "fix" or
"interlock" together.

The weight of the box is "helping" friction by sticking it on
the surface of the slope.

If the slope is lifted higher the box will start sliding because
"its weight is pulling it downwards" or "friction cannot
hold it steady any longer". Nevertheless, there will still be
"some friction".

There is also friction at the tyres of the truck and at the
points of contact of the slope with the ground and the back
door of the truck.

There in no relative motion or "rubbing" between the box
and the surface of the slope, so there is no friction keeping
it stationary.

and “n'tT pointinl-

W m

Table 5.4.3: A synopsis of the groupings of conceptions and alternative conceptions from the analy sis of the

"box on the slope" instance with respective numbers of children's responses (NoR).

5.4.d. The card with 'the block of wood on the table' instance

Most ofthe children (Ge, Ba, Jn, Geo, Bi, Nt, Di) appear to he considering that there

is friction at the area of contact, between the block of wood and the table, which

"helps" it to remain stationary. They are also suggesting that the pulling force from

the weight, hanged at the end of'the string, is not enough to initiate the sliding of'the

block.

Thus, (Ge) points out that friction is "exerted" by the table and it is "keeping" the

block stationary, because there is not enough weight to start it sliding (043). This is
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because the surfaces are "rough" and they "grip" one over the other (045). He
suggests that the block will start sliding if it is pulled with one fourth of its weight and
when the table is covered with sandpaper, the pulling force must be "more than half

of the weight of the block" (047).

043 Ge er . friction is keeping it on the table .. which is exerted by the table .. but also
because the weights that we have hung are not enough to pull it along the
surface of die able ..

044 Int how do you think that the friction exerted by the table .. as you say .. keeps it
there.. /

045 Ge er .. the surfaces are rough and they grip .. one over the other .. and so friction
is created..

046 Int why do you think that the weight we have hung cannot pull the block on the
surface of the table .. /

047 Ge er . because it is not enough .. as we experimented in class the oilier day .. we
found out that the weight we have to hang is about one fourth of the weight of
the block .. and if we have sandpajier it is more that half of the weight of the
block .. otherwise it cannot start sliding..

Likewise, (Ba) indicates that the block of wood and the table "are not smooth
surfaces" since they have "little hills and valleys" and so they "grip on each other".
She also suggests that there is not enough weight to start the sliding of the block and
that seems to be another reason for its motionless condition (039). Hence, "more
weights" need to be added for the block to start sliding (040), especially on

sandpaper, because there, the surfaces are "very rough" and they grip more (042).

039 Ba er. at the points that the block is touching the table .. there is some friction
because .. er .. the block and the table are not smooth surfaces .. they have
little hills and valleys .. and so .. it is as if they grip with each other .. but .
also the weight that we have hung there is not much .. and it cannot pull the
block with alot of force ..

039,5 Int » umm hmm .

040 Ba . er .. and so it cannot slide on the table .. umm .. and if the block is on
sandpaper .. it is even more difficult to move .. we need to add some more
weights .. because the block rubs more on the sandpaper .

041 Int  why do you think that the block rubs more on the sandpajrer .. /
042 Ba er.. because it is rougher .. er.. the surfaces are very rough and they grip more
.. that's what I think ..

(Nt) is also indicating that one fourth of the weight of the block is needed for it to
start sliding on the surface of the table, but there is also friction that is "helping" it to
remain motionless (050). Hence, the "rough" surfaces of the block and the table have
"little hills and valleys" and they "grip", just like "the two pieces of the jigsaw puzzle"
(052).

050 Nt er. the weight cannot pull the block along the table .. if we want to slide it we
have to add some more weight.. about one fourth of the weight of the block ..
as we did some days ago .. but also friction is helping it..
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051 Lit 1see .. liow do you think that friction is helping it.. /

052 Nt umm .. the block of wood has a rough surface .. with little hills and valleys ..
and if we have sandpaper there are more of these.. and they grip .. just like die
pieces of the jigsaw puzzle .. and so friction is created .

Two children (Ni, Joh) appear to he considering that the weight of the block is
holding it stationary on the table, because the block is "heavier" than the pulling

force ofthe weights. In this way, it is more or less "helping” friction.

(Ni) appears to be indicating that the block remains motionless because the block of
wood is "heavy". Also, there is not enough weight to pull it along the table and the
surfaces are rough, so "some friction" is exerted (041). Hence, he suggests that the
block of wood "can hold" the pulling exerted by the weights, "with its weight" (043)

and in this way, it can "help" the block remain stationary, more than friction does

(045).

041 Ni because the block of wood is heavy and the weight that we hang .. not so much
. the block cannot move .. er .. also the table has a rough surface .. same as the
block .. and where they touch .. and some friction is exerted .

042 Int why do you think that the block does not move from its place .. /

043 Ni er .. because the block is heavy and the weight we have hung is not heavy
enough to pull it .. the block 1 mean .. it can hold the weight ... er .. with its
weight..

044 Int umm hmm .. and the friction you mentioned before .. '

045 Ni umm . friction is as if it helps it a bit to hold there .. but I think thatits weight

is helping it more to stay there .. because it presses the block on the table ..

In a similar way, (Joh) points out that the block of wood is "heavier" than the pulling
force of the weights, and nearly one fourth of the weight of the block is required for it
to start sliding (048). Hence, it is "its weight and friction" that keep the block

motionless on the table (050).

048 Job er ..4.. we can observe that the block of wood is heavier than the weight we
have hung .. so it cannot move the block .. only if we hang some more weight.,
nearly one fourth of the weight of the block .. then Lite block will start sliding..

049 Int what do you think .. holds the block motionless ., 1

050 Joh er .. its weight and friction ..

Only (Ka) appears to be hesitant in recognising "a little bit", or "some" friction (050)
along the interface of the block of wood and the table (048 & 050). Thus, there will
be "some friction" when the block starts sliding (046), but in this case it remains
stationary because "there is not enough weight" to pull it (048). Also, the weight of

the block somehow "sticks" it on the table (050).
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046 Ka
weight of the block .. then the block will start sliding .. and then there will be
some friction..

047 Int what about now .. that the block is not moving on the table although there is a
pulling force exerted to it.. /

048 Ka er .. 1don't think there is that much friction .. maybe a little bit that is helping
it hold on the table .. but J think that it doesn't move because there is not
enough weight pulling it.. to start sliding ..

049 Int
on the table .. 1

050 Ka yes . and also its weigh! .. which is as if it sticks it on the table.. but there
might be some friction there as well 1 am not really sure .

Three children (Jn, Geo, Di) seem to he indicating that the arrow offriction is
pointing downwards alongside with weight, becausethey are both '"pressing" or

"sticking" the block on the surface of'the table.

For example, (Di) is suggesting that the arrow of friction should be pointing
downwards because it looks "as if it is pressing” the block downwards, together with

its weight and in that way it is “resisting” the pulling force "from the weight we have

hung” (050).
049 Int how would you symbolise the force of friction here .. /
050 Di umm . like this pointing downwards .. because it is as if it is pushing the block 1*vnwaiUsj3" ai rovPoilU,n8

of wood on the table .. as if it is pressing it together with its weight downwards
. 8o itis resisting to the force from the weight we have hung .

Two children (Ge, Joh) appear to be regarding that the arrow o ffriction should be

pointing to the left, in the opposite of'the potential movement o fthe block.

For example (Joh) indicates that the arrow of friction should be pointing "in the
opposite direction of the pulling force of the weight", because it is "hindering" its

potential movement, in a way.

051 Int if I asked you .. to symbolise friction with an arrow how would you symbolise
it./

052 Joh er .. it will be an arrow this wa> .. in the opposite direction of the pulling force j* min£ an ar,ow PollUm? lo 1IC
of the weight.. because friction is hindering it from moving that way ..
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N, ini& rten Cwt and akern& iv* wm tptfam IM 1
e There is friction at the points of contact of the block of 7
wood with the surface of the table which '"helps" it to
maintain its motionless condition. Also, there is not
, u enough pulling force from the weight.
e The weight of the block is "helping" friction to keep it 2
stationary on the surface of the table.
* There might be some friction, but the block remains 1
unmoving because there is not enough pulling force and its
weight is "sticking" it on the table.
I Table 5.4.4: A synopsis of the groupings of conceptions and alternative conceptions from the analysis of the j
[ "block of wood on the table" instance with respective numbers of children's responses {NoR). j

5.4.e. The card with 'the slow-down of the bicycle' instance

All of the children appear to he considering that there is friction at the touching
points of the tyres and the ground, which is retarding the motion of the hike and
eventually 'puts it into halt". They are also suggesting that since the person is not
pedalling any more the bicycle will slow down faster. Five children (Ba, Bi, Nt, Joh,
Di) describe the phenomenon by pointing out that the “"crannies" of the "rubbing”

tyres are "hitting" on the 'projections" or "irregularities" of the ground, and thus

friction is created.

For example (Ni) indicates that there is friction at the tyres because they have
"crannies" and as they "spin round", they rub with the "rough" surface of the road

(051), "catching" with each other. In this way, they rub and create friction (053).

051 Ni cr . there is friction because . the tyres have .. like crannies .. and the road is
also rough .. and so they rub .. when they spin around .. and if the child has
stopped pedalling then the bike is loosing its speed and the bike will
gradually stop .

052 Int how do you think that the tyres are rubbing .. /.. as you say .

053 Ni er.. as the bike goes .. the tyres are rolling on the road .. er. and since they are
both rough surfaces .. er it'sas if how can 1say it as if the catch with each
other .. and so they rub . creating friction

In a similar way, (Ba) points out that the tyres are rubbing with the ground, as they
are spinning round (048), which means that the "cavities" and the "little hills" of the
tyres are "hitting" on the roughness of the road, so the bike will gradually "lose" its

speed, provided that the child is not pedalling any more (050). She is also
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considering that if the road is "bad", or a "dirt road", the tyres will be "hitting a lot

more with its roughness" and the bike will stop "a lot faster" (052).

048 Ba er .. because as the tyres are rubbing .. as they are spinning and .. they touch
the ground .. er .. they make it go slowly .. and then stop .
how do you think that the tyres are rubbing as you say .. / can you describe
that a bit.. /

049 Int er .. the tyres of the bike .. are also very rough .. they have cavities and .. like
little hills .. and they interlock with the rough surface of the road .. and it is as

050 Ba if they are hitting on the roughness of the road .. and so the bike is gradually
loosing its speed .. that is if the child-has stopped pedalling ..

051 Int 1see anything else you would like to add here .. 1

052 Ba umm .. yes if the road is bad .. or a dirt road .. er.. then tire tyres are hitting a
lot more with its roughness .. and the hike will stop a lot faster .. 1 have
observed it happening this way ..

Likewise, (Bi) seems to be regarding that since the tyres are "rubbing" on the road
and the child is not pedalling any longer the speed of the bike will be reduced (054).
This rubbing occurs when the tyres are "hitting" the "projections" of the road and they
are slowing down "bit by bit" (056). She points out though, that if the personuses the
brakes, the bike will stop "faster". This is because the brakes "grasp" thewheel,

slowing it down "faster" and "easier" (058).

054 Bi yes .. if is reducing the speed of the bike .. because the tyres are rubbing on the
road .. and the child is not pedalling any more .. or using the brakes ..

055 Int what do you mean when you say dial the tyres are rubbing on the road .. /

056 Bi er.. as they spin., they rub .. I mean .. it is as if they are hitting the projections

of the road and they are slowing down bit by bit.. and gradually the bike will
stop moving .. umm of course it would stop faster if he used the brakes .

057 Int what would happen then ..

058 Bi then .. a lot of friction would be exerted from the brakes on the wheel.. as the)'
grasp it.. and they will stop the bike faster and easier..

There is one child, (Ka) who is suggesting that the bike "wouldn't be able to move" if
there was no friction at the tyres, which are "constantly rubbing" on the ground,
reducing the speed of the bike (053), since the person is not pedalling any more (056).
Thus, this rubbing of the tyres on the ground, enables them to "keep moving", but at
the same time, the friction which is created because of the "rough" surfaces that "fix

together" (055), is hindering the motion of the bike (056).

053 Ka cr .. if there was no friction the bike wouldn't be able to move forward .. but
because the tyres are constantly rubbing .. as they turn round and touch the
ground .. the speed of the bike will become less for sure .. it cannot keep
moving for ever..

054 Int 1see .. what do you mean when you say the lyres are rubbing on the ground .. /

055 Ka er .. as the lyres are rubbing on the ground .. because of that the bike can keep
moving .. but also Uiis friction is happening because we have rough surfaces
just like the tyres and the ground .. and as they touch they fix together .. and so
friction is created..
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055.5 Int » umm hnim..
056 Ka er .. but this friction .. is also hindering the bike to move ..and gradually it
will stop .. since the child is not pedalling any more ..

Only (Jn) is indicating that apart from the friction on the tyres, which is created due
to their rubbing with the ground (049), it is “also the weight" of the bike, which is
constantly keeping it "in contact with the ground". In this way, the "weight" appears

to be creating the necessary conditions for friction to "exist", at the areas of contact

(050.5).

049 Jn er . it because the tyres of the bike are touching on the road .. and as they spin
round .. they rub .. because the road is not smooth .. and so the bike will stop
going .. since die child is not pedalling any longer .. so he doesn't give it any
more force to move ahead ..

050 Int Isee..

050.5 Jn » itis also the weight of the bike .. which is constantly keeping the bike

in contact with the road .. and so friction can exist there .. between the tyres
and the ground..

Six children (Jn, Geo, Nt, Ka, Joh, Di) are also considering the existence offriction
at various points ofsurfaces in contact, such as the saddle, the pedals, the handlebars

and the chain.

For example (Geo) appears to be considering friction at the pedals, because they are
"rough" and they create friction with the shoes, which are also "rough" and so, they
don't slip on the pedals (056). He is also suggesting that there is friction at the saddle
and if the person used the brakes there would be "another friction" there as well. This
is because the "little pieces of rubber", that the brakes have, "grip" on the wheel and

create friction, which "will stop the bike a lot faster" (058).

055 Int umm.. do you think there is friction anywhere else in this case .. /
056 Geo yes .. as the child is stepping on here .. the pedals .. they are rough ..same as
our shoes .. and so friction is created .. that's why our shoes don't slip on the [pointing at the pedal*)

pedals.
056.5 Int » ummhmra..
057 Geo . er . there is also friction at the saddle where the child is sitting .. and so he

doesn't slip to fall down .. also if he used the brakes there would Ire one more
friction there .. because the little pieces of rubber that the brakes have .. they
are gripping on the wheel and there is friction created .. and the bike will slop
a lot faster..

Two children (Geo, Di) appear to be suggesting that the arrow of friction will be

pointing downwards, alongside with the arrow of weight, under both of the tyres.
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(Di) for example, is suggesting that the two arrows of friction, one for each wheel
respectively, should be pointing downwards, because "again friction is pushing the

bike on the ground together with its weight" (059).

058 Int if 1 asked you to symbolise friction with an arrow .. how would you symbolise
it here .. /
059 Di er . I would symbolise it with two arrows .. one this way for this wheel and ™M AT"fo eachP°whed

one the same way for the other wheel because again friction is pushing the respectively)
bike on the ground together with its weight..

(Geo) appears to be symbolising friction with two arrows on each tyre, one pointing
downwards and one pointing upwards, "from the ground", because they are

"catching" on the ground (054).

053 Int if I asked you to symbolise friction at the wheels of the bike .. with an arrow
how would you symbolise it here .. /

054 Geo er .. with two arrows .. one pointing downwards . from each tyre . and one  “ecyvdv'f al’"S*r Gh'yR
pointing upwards .. again from each tyre .. from the ground . as they are
catching on the ground ..

NiMf

There is friction at the touching points of the tyres and the Jo

ground, which slows down the bike and eventually stops its

motion.

e This is because the crannies of the tyres are "hitting" on 5
the "projections" or "irregularities" of the ground.

The bike wouldn't be able to move without friction and the J

constant "rubbing" of the tyres with the ground.

The weight of the bike is constantly keeping the tyres in 1

contact with the ground, providing, in this way, the

necessary conditions for friction to be created.

There is also friction at the saddle, the pedals, the

handlebars and the chain.

Table 5.4.5: A synopsis of the groupings of conceptions and alternative conceptions from the analysis of the
""'slow-down of the bicycle" instance with respective numbers of children's responses

5.4.fj. The card with 'the person going down the slide' instance

Seven children (Ba, Ni, Jn, Nt, Ka, Joh, Di) appear to he considering that the child is
"rubbing" with the slide, at the respective points of contact. This creates friction

which slows down the sliding ofthe child.

For example, (Jn) is suggesting that there is friction at the points of contact of the

child with the slide (054), that is "at his shoes and where his buttocks are touching the
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slide" (056). He points out that the clothes and the shoes are "rubbing" with the slide

and they create friction (060), which slows down the child, "as if it holds him back a

bit" (058).

054 Jn yes .. there is friction at the points of contact of the child with the slide ..

055 Int where do you mean .. /

056 Jn er.. at his shoes .. and where his buttocks are touching the slide ..

057 Int so .. what do you think is happening there .. 1

058 Jn er .. they rub .. the clothes and the shoes are rubbing with the slide ..and so ..
that slows down the child .. to reach the end of the slide .. it as if itholds him
back a bit..

059 Int what holds him back .. /

060 Jn er.. friction of course ..

Likewise, (Nt) appears to be suggesting that there is friction at the "rubbing" surfaces
of the child with the slide (070), that is "the trousers and her shoes" (072). So friction
is created because the trousers have a "rough" surface and they are "rubbing" or
"hitting a bit" with the slide, which is also not "smooth" or has "little hills and

valleys" (074).

070 Nt er .. there is friction .. between the child and the slide .. I mean .. at the points
where the child is rubbing when she is sliding down ..

071 Int at which points .. I.. can you describe .. /

072 Nt yes .. at the trousers of the child .. and at her shoes ..

073 Int how do you think that friction exists there .. /

074 Nt er .. the troasers of the child have a rough surface .. er .. the slide is also a

rough surface .. it might look smooth but it has little hills and valleys .. and the
trousers that are rubbing on the slide .. it is as if they are hitting a bit .. on the
surface of the slide .. and so friction is created ..

Two children (Ge, Geo) appear to he considering that the weight of the child is
somehow pushing him or her on the slide, and in this way, it is "helping" friction,

which slows down the sliding o fthe child.

Thus, (Ge) is indicating that when the child is sitting on the slide his/herweight is
making him/her "touch" on the surface of the slide, because the weight ispulling
him/her downwards (063). Furthermore, because of the weight and the "rubbing" of
the child on the surface of the slide, friction is exerted at the points of contact with the
slide (065), which "doesn't let the child go down very quickly" (063). Hence, he
appears to be viewing "weight" as a necessary condition for the contact of surfaces

and the creation of friction.
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063 Ge umm .. when he is sitting on the slide .. the weight.. er.. friction is happening
because of his weight which is making him touch the slide .. because it is
pulling him downwards .. and so friction doesn't lei the child go down very
quickly .. he is rubbing .. so with the help of the weight of the child some
friction is exerted.. some friction with the slide ..

064 Int where do you think that this friction is exerted .. /

065 Ge er .. on the slide .. as the child is going down .. er.. at his trousers . and his
shoes .. er .. at the points of contact of the child with the slide ..

(Geo) seems to be regarding that the weight of the child "is pulling him downwards"
and somehow it is "sticking him on the slide", but there is also friction exerted, due to
"rubbing" surfaces, which "only slows him down a bit" (063). He points out that
friction is created because the slide is "never absolutely smooth". It has some
"crannies" and that is where friction is exerted. This wouldn't happen on ice, because

"there is very little friction" there (064).

063  Geo wumm .. the trousers of the cliild are rubbing with the slide .. and his shoes .

they are exerting a bit of friction as well but because the weight of the child is

pulling him downwards.. kind of sticking him on the slide.. he starts sliding ..

and friction only slows him down a bit..
063.5 Int » ummhmm..
064  Geo . er .. because the slide is never absolutely smooth .. it has some crannies ..

and so friction can lie exerted .. whereas if he slid on ice .. then he would go

further .. because there friction is very little .. and he may also hurt himself

badly.. {cough)
Only (Bi) appears to be suggesting that friction depends on the length of the slide
(062). Thus, when the slide is a long one, friction "will be less", because the child
will be going down with a lot of speed, so "he will be rubbing less". On the contrary,
if the slide is a "small" one, the child will be going down slowly, because there
doesn't seem to be enough time to "go down faster" and consequently, he/she will be
"rubbing more" (064). She is also the only child who, in this instance, is symbolising
friction with an arrow pointing upwards along the surface of the slide because "it is

kind of stopping the child from going down fast" (068).

062 Bi yes Ihere is friction here .. but it depends on how' long the slide is ..
063 Int why do you say that.. /
064 Bi er. because if the slide is a long one .. then the child will slide down with a

lot of speed and so .. there will be less friction .. because he will be rubbing
less .. whereas if the slide is a small or a short one .. the child will slide slowly
.. he doesn't have time to go down faster .. and so he rubs more ..

065 Int 1see .. where do you think that friction exists.. !

066 Bi cr .. at the points of contact of the child and the slide .. that is the shoes .. and
where he is sitting ..

067 Int how would you symbolise friction with an arrow here .. /

068 Bi umm .. like this .. because it is kind of stopping the child from goingdown (fwm%w&
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Five children (Ba, Jn, Ka, Joh, Di) appear to he symbolising friction with an arrow

pointing downwards, which is somehow "sticking" the child on the slide, alongside

with the weight.

For example (Joh) is symbolising friction with an arrow pointing downwards because

he suggests that it is somehow "sticking" the child on the slide "together with" his/her

weight (074).

073
074

it here .. I

Int er.. probably like this because together with the weight of the child . it is as
if it is sticking it on the slide .

Joh if I asked you to symbolise friction with an arrow .. how would you symbolise

fo{rringi  from the child
]L)mtmg (;vl:mvnvrarl?crs] rom

Similarly, (Di) is symbolising friction with a downwards pointing arrow because it is

as if "it is sticking him, a bit, on the slide" (066). But, he appears to be suggesting

that friction is different from weight, because it is pulling the child "as if it is holding

him back", whereas the weight is pulling the child "only downwards" (068).

065
066

067
068

Int how would you symbolise friction with an arrow here .. /

Di this way .. downwards .. because it is pushing the child as if il is sticking him

a bit .. on the slide ..

Int is friction then different from the weight of the child .

Di yes .. because it is pulling it as if it is holding him back . whereas the weight

is only pulling the child downw ards .. that's what I think ..

/4

andatoerm tiw

friction, which slows down his/her sliding.
* The weight of the child is somehow pushing him/her on the 2

slide and in this way, it is "helping" friction.

[forming an arrow from the child
PeininSdownwards]

liil

¢ The child is "rubbing" on the surface of the slide, creating 7

¢ Friction depends on the length of the slide. Thus, friction 1
will be less for a "long slide" because the child will be
going down fast and consequently "he will be rubbing

less".

54f2* The card with 'the person holding steady with the hands up on the

slide' instance

Eight children (Ba, Ni, Jn, Geo, Bi, Nt, Joh, Di) appear to he considering that there

isfriction exerted at the points ofcontact ofthe child with the slide, hut especially at
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the hands ofthe person, which are "held" and 'pressed" at the sides o fthe slide, "with

lot offorce”, creating morefriction.

For example, (Jn) is indicating that there is friction (066) at the "points of contact" of
the child and the slide, that is, the shoes, the buttocks and the hands, where "a lot of
force" is exerted to hold the child steady up on the slide (068). Hence, the child is
"holding tight" at the sides of the slide, with "a lot of force", or "he is pressing"
his/her hands with "a lot of strength" and they "grip", creating "one more friction"

than the previous case (070).

066 Jn  yes there is friction here ..

067 Int where do you think it exists .. /

068 Jn er . at the points of contact with the slide . 1 mean his shoes .. his buttocks
and his hands .. where he is exerting a lot of force to hold himself up on the
slide..

069 Int what do you think happens there ..at his hands .. /

070 Jn er.. as he is holding tight on tire slide .he is exerting a lot of force .. he is
pressing them with a lot of strength and it is as if they are gripping on the slide
.. and so friction is created .. one more friction from the previous picture ..

Similarly, (Nt) is suggesting that the child is exerting "some friction" at the sides of
the slide, because "she is holding with her hands" there (076). Thus, she points out
the that the child "has to reinforce friction a lot" by exerting "a lot of force" with the

hands "otherwise she will slip" (078).

076 Nt er .. there is friction here because he is holding with her hands at the sides of
the slide .. and so she is exerting some friction which helps her to remain

motionless..
077 Int how do you think that friction is helping her.. 7
078 Nt er.. with her hands she has to reinforce friction a lot to remain still.. umm she

has to exert a lot of force .. at her hands .. otherwise she will slip

(Ge) appears to be consistent in considering the "helping" role of weight in the
contact of surfaces and the creation of friction. Thus, he suggests that because of
weight, the child "is touching on the surface of the slide" and in this way "she is
rubbing a bit". But, there is also some friction exerted by the hands, which are

holding at the sides of the slide (067).

067 Ge er .. yes there is some friction here .. because again with the help of weight ..
the child is touching on the surface of the slide .. and so she is rubbing a bit ..
but she is also holding with the hands exerting some friction on the slide ..

Only (Ka) appears to be suggesting that there would be friction only if the child was

sliding, so she seems hesitant to recognise the existence of friction when the child is
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motionless up on the slide (072 & 074) . She points out that the child has to "grasp"
the sides of the slide "with a lot of force", in order to remain stationary. Nevertheless,
there will "definitely be some friction" in the case that the child slides a bit, under the
pull of his/her weight (074).

072 Ka Tdon't think there is any friction here .. because the child is stationary .. she
doesn't go down the slide .. and because of this there is no friction created ..

073 Int I see .. and how do you think that, she manages to stay still up on the slide .. /

074 Ka umm . she is grasping the sides of the slide with a lot of force .. umm .. [ am
not sure .. but maybe there is some friction there because with the weight ..
which is pulling the child downwards .. she might slide a little .. and then there
will definitely be some friction .. and then she lias to exert some more force
with her hands at the sides of the slide .. if she wants to remain still.. and not
slide any further..

Four children (Ba, Jn, Geo, Di) appear to be considering that there is morefriction
inB situation because there are more points ofcontactfor friction to be exerted, but

also because the child remains motionless up on the slide.

For example, (Ba) is indicating that there is more friction in B situation because there
are more points of contact, since the child is touching more on the slide, but also

because "he is not sliding at all" (069).

068 Int 1see .. where do you think that there is more friction here .. Iin A or in B
situation.. /
069 Ba er .. here in B .. because it has more points of contact.. more points where the

child is touching the slide .. for that.. and also because he is not sliding at all..

In a similar way, (Jn) points out that there are more points of contact in the second
situation, since the child "needs a lot of friction to manage" to "remain still up on the
slide" (072).

071 Int where do you think that there is more friction here .. / in A or in B situation .. 7

072 Jn umm .. in pjcture B .. because we have more ppints of contact and also Iqinun§ ai the points of contact of
because the child remains still up on the slide .. and he needs a lot of friction ehild with the stided
to manage that..

Two children (Nt, Joh) appear to be suggesting that there is more friction in B

situation, because "there is one morefriction" than in A situation.

Thus, (Joh) for example is indicating that the friction at the shoes and the trousers of
the child is the same in both situations, whereas the friction that is exerted by the
hands of the child at the sides of the slide, is "one more friction" in B situation, since

"he has to exert more friction to remain motionless" (077).
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076 Int I see . where do you think that there is more friction here .. / in A or in B
situation ../
077 Joh umm 4. the last two frictions are the same .. 1 mean .. at the trousers .. and

the shoes . but here is B situation . he is exerting one more friction .. the third
friction .. which is with his hands at the sides of the slide .. so he has to exert
more friction to remain motionless .. up on the slide ..

Two more (Ge, Ni) children point out that there is more friction in B situation,
because the child has to "increase" his/her friction to remain stationary, up on the

slide.

For example (Ni) appears to be suggesting that since in B situation the child does not
slide down "friction must be more" because the child has to "increase friction a lot

more", in order to remain motionless up on the slide (069).

067 Int where do you think that there is more friction here .. / in A or in B situation .. /

068 Ni er .. here in the second case .. because it like the first . but the child does not
slide down .. so friction mast be more ..

068 Int why do you think this happens in the second case .. /

069 Ni er .. because the child has to exert a lot more force with his hands .. in order
not to slide downwards .. so he has to increase his friction a lot more ..

There is only one child (Bi), who suggests that there is more friction in 4 situation
because the child is sliding down and "he is rubbing more", whereas in B situation the
child remains motionless, and consequently "he is rubbing less", creating less friction

(078). In this sense, "rubbing" appears to be her criterion of reference.

077 Int where do you think that there is more friction here .. / in A or in B situation .. I

078 Bi umm .. in A situation because he is sliding and rubbing more .. whereas in B
situation the child remains motionless and so he is rubbing less . that's what 1
think .
3 tiftem & iive eym e-ptwm | mwH
* There is friction exerted at the points of contact of the child 8

and the slide, but there is more friction at the hands of the
child, which are '"held" or '"pressed" at the sides of the
slide.

e The weight of the child is "helping" in the creation of J
friction, because it is making the child '"touch" on the
surface of the slide.

* There might be some friction in this case, but there is 1
"definitely some friction" when the child is sliding.
¢ There is more friction in B situation, because:

\ * there are more points of contact 4

e because "there is one more friction" than in A situation 2

e the child has to "increase" his/her friction to remain 2
stationary

¢ There is more friction in A situation, because the child is 1

"rubbing'" more on the slide.

j Table 4.4.7: A synopsis of the groupings of conceptions and alternative conceptions from the analysis of the |
[ "person holding steads with the hands up on the slide" instance with respective numbers of children's responses f
j (Ahft). '

- J
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Discussion

All of the children in this study appear to have developed and elaborated conceptions
about friction and frictional phenomena within the framework of "surface roughness"
theory (cf. § 2.2), which has been investigated and discussed during the teaching
intervention (cf. § 5.2). Hence, children appear to be suggesting that friction is
"created" because surfaces in contact are "rough" or "uneven" and they have
"asperities", "little hills and valleys", "crannies", "projections and cavities", which
"get into one another", "grip", "fix", "catch", or "get stuck" with each other. In this
way, friction can hold things in their place (box on the slope, book on the tilted table,
block of wood on the table), or slow things down when, for example, the crannies of
the tyres are "hitting" on the "projections" or "irregularities" of the ground (bike). In
this sense, the nature of the surfaces in contact plays an important role in the creation
of friction. For example, some children claim that the book on the tilted table will

start sliding easier if the tabletop is well-planed or made of plastic laminate.

Some children appear to be relating friction explicitly with "gripping" and "rubbing".
They seem to be using these terms within a context of describing frictional
phenomena that happen in the interface of two objects in contact. Thus, for example,
children appear to be considering the "rubbing" that occurs along the interface of the
shoes and the ground as an important element in the creation of friction. Likewise, in
the person going down the slide' instance some children appear to be suggesting that
the "rubbing" of the person with the surface of the slide creates friction which slows
down his/her sliding. On the other hand, this conception appears to have a negative
effect for (Ka) who seems to be suggesting that there is no friction in the absence of
"rubbing", or relative motion of two surfaces in contact (e.g. the box on the slope, the
person holding steady with the hands on the slide, book on the tilted table). It needs
to be noted that in Greek the words "rubbing" and "friction" have a common root and

similar meanings and connotations (cf. § 2.1). In the context of everyday language,
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both of these words mostly refer to phenomena of surfaces in contact, which are in
relative motion with each other and they "rub" together. Perhaps this can be a source

of confusion for (Ka) and other children.

In many instances, (book on the tilted table, box on the slope, block of wood on the
table, the slow-down of the bicycle, or the person going down the slide) the children
appear to be considering the force of weight as an assisting force to friction because it
makes the contact of two surfaces possible. Thus, it "sticks" or "fixes" two surfaces
together by pulling the upper surface downwards and this "helps" their "interlocking",
which creates friction. This is corroborated by the fact that in many instances,
children symbolise friction with an arrow pointing downwards alongside with the

force of weight (cf. § 5.3).

In instances of sliding (block of wood on the table, person going down the slide) most
of the children appear to be considering that there is still some friction because the

surfaces are still "rubbing", or objects "don't move very fast".

Some children are indicating that friction is reduced when oil or water exists in the
interface of the surfaces in contact, because it looks as if they are "loosing their
roughness" and become "smooth". An interesting view is expressed by (Geo) who
suggests that ice becomes very "smooth" and slippery due to melted water on its

surface.
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5.5.0. Highlighting some aspects of children’s conceptual
change: Two cases (Bi, Di)

In this section there is an attempt to present and discuss two cases of children on the
basis of an overview and comparison between some of the conceptions they expressed
in the pre-intervention interviews (Pre-1.I1.) and those expressed in the post-
intervention interviews (Post-1.1.). It is anticipated that this will highlight some
aspects of their conceptual change, in reference to friction and/or frictional
phenomena. Both of these cases of children are considered to be indicative and they
have been chosen because they represent some very interesting aspects of children's

conceptual change.

5.5.1. The case of (Bi)

Throughout the Pre-1.1., (Bi) appears to be considering that the force of weight is
"pressing” and "holding" things (book, car) motionless on surfaces like a tilted table
or the ground. She considers that things are more easily dragged than lifted because
their weight is "divided" between the ground and an exerted pulling force. She views
the air as a retarding medium slowing down the descent of objects like a parachute,
but she makes no such reference for the tennis ball in the respective instance. She
also points out that the nature of the surface of the road might have an effect in the
slowing down of the bike and the skateboard. Thus, she is ascribing a "frictional

characteristic" to the surface of the road.

In the hook on the tilted table instancelshe points out that there is a "force" exerted
along the interface of the book and the table. She seems to suggest that it is
"probably" the "weight" of the book, which "presses" it on the table and "holds" it
there (022). Furthermore, she indicates that since the table is made of "hard material"

(026), it doesn't "sink in" and in this way, it can hold the "push" of the weight of the
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book (024). Thus, she appears to be ascribing a "frictional characteristic" to "weight",

but she also considers an effect that the material of the surfaces in contact can have.

022 Bi I think there is a force exerted over here .. because it doesn't fall .. it doesn't , P
slide down the table .. er .. it is probably the weighit of'the book which presses — (he'booit andthe taier " "t °F
there and holds it in that place ..

023 Int what do you mean .. it presses there .. /

024 Bi umm .. to push downwards .. and because thetable doesn't sink in .. er .. it
remains in its place ..

025 Int the table doesn't sink in .. is that a force .. 1

026 Bi umm .. no the material of the table .. is hard .. that'svvhat 1think ..

Similarly, in the lman pushing the car!instance, she seems to be indicating that "a
force" may resist the intended movement of the car (034 & 036). That force seems to
be its weight, since the car is "heavy" and its weight "is holding it" on the ground
(037). Moreover, the only force she appears to be recognising, at the touching points
of the tyres and the ground, is the weight, which "falls" on the tyres and "holds them

on the ground" (039).

034 Bi er .. because it lias a force thal resists it..

035 Inl how do you think .. that it resists .. 7

036 Bi er .. as the man is pushing it and .. the car does not move ..

036.5 Int » umm hmm ..

037 Bi . er . because it has a force and it resists .. er .. itis heavy .and it weightis

holding it .. er it makes it difficult for theman to move the car .. Irecause ..
he is not so strong either .. he must be very strong to manage to move it on his

own..

038 Int do you think there are any forces at the touching points of the lyres and the
ground.. /

039 Bi umm .. no ..it's only the weight of the car .. thal falls on the lyres .. umm .. the

same with the shoes of the man .. that where all of his weight falls and holds
them on the ground ..

In the 'child dragging the chair' instance, she is recognising the force of the child
pulling the chair and the weight of the child and the chair (053 & 055). But, she also
points out that it is easier for the child to drag the chair instead of lifting it up. Thus,
she indicates that when the chair is dragged, its weight "is divided between the pull of
the child and the ground" and this makes it easier for the child to move it (057).
Hence, she appears to be considering that things are moved more easily when they are

dragged instead of lifted.

056 Int ifthe child lifts up the chair .. instead of pulling it .. to move it .. will that be
easier for the child ../

057 Bi it would be easier for the child now that he is dragging it .. because he is
dragging a bit of its weight.. because it is divided between the pull of the child
and the ground .. and so it will be easier .. but if he lifts it up .. then he will
take all of his weight.. and it will be more difficult for him ..
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In the parachute’instance she appears to be suggesting that the box is coming slowly
down because the parachute is "pumped up" by the air and in this way, it "is retarding
its downfall" (067). She describes it to be "like a brake" using a familiar instance as
an analogy. Hence, she appears to be holding a conception of "air resistance"”, or a

view that air may be a "retarding medium" for bodies that move through it.

066 Int I see .. how do you think that the parachute is going slowly down to the
ground.. /

067 Bi er .. it's because with the parachute the box is coming slowly down .. that's
because the air is getting inside it and .. it pumps it up .. and that is slowing it
down .. it is like .. air is retarding its downfall.. like a brake .. sort o f.. 1 can't
explain it any better ..

In the ‘slow-down ofthe bicycle' instance, she suggests that the bike will stop moving
because the child is not pedalling any longer, so there is "no more force" to keep it
moving (077). She does not consider any forces at the touching points of the tyres
and the ground, but she points out that if the road is "bad" or has "potholes", affecting
the tyres then the motion of the bike is hindered, so it will stop faster (081). She
considers this to be "something like a force" (083). Hence, she recognises that the

nature of the surface of the road might have an effect on the motion of the bike.

078 Int do you think there are any forces at the touching points of the lyres with the
ground.. /

079 Bi no .. I don't think so .. er ..4.. only when the road is bad .. and it has potholes

080 Int what will happen then .. /

081 Bi er .. the bike is going to stop a lot faster .. because the tyres are getting into the
potholes and they are hindering its motion

082 Int and.. do you think it is a force /

083 Bi umm .. it is something like a force .. how can I'say it .. it makes it difficult for
the bike to move ..

Likewise, in the bkateboard' instance, she is indicating that if there are "potholes" on
the road then "it will be dangerous for the child" and the bike will stop "a lot faster"

(091). However, this effect of the road is not considered to be a force.

090 Int do you think there are any forces at the toucliing points of the wheels and the
ground.. /

091 Bi  no .. exceptif .. like tire bike .. if there are potholes on the road .. then it will
be dangerous for the child .. er .. and he will slop a lot faster.. but again this is
not a force .. [ don't know ..

Some of (Bi)'s preconceptions discussed above could be represented in a schematic

way as follows:
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Ihe table

a force doesn't sink

probabh

which bookonthe
tilled table
d thi i weight
is divided the car "¢ t on the \boeati ght | o
between is heavy ground 11he

the pull oN and ~ /tiie gldhﬁd/\mam_s r t‘!ﬁéeﬂg]‘lﬁ5\because," £1?2° “JL

the child

/jSHSN  w Cpamps up th”\ because /isgettineN and * /tt is retarding child dragging
parachute J it \inside if / VIts downfall” the chair
brake parachute
f (W _] . A /Vyi“ stop a\ pecause
tef&e read yjot faster/

the skateboardJ /\indering'NoL/\ r-"- |
\the motion/the

which is"

methin
like a force

(Fig. 5.5.1: A schematicrepresentation ol some of (BO”conception”lrom the Pre-I.1.

Throughout the Post-1.1., (Bi) appears to be suggesting that friction depends on the
"roughness" of surfaces which have "cavities and projections" and they "grip" or
"interlock" with each other. In the case of the Mook on the tilted table' she is
considering a "helping role" of the weight in the creation of friction, but she does not
refer to it in the 'box on the slope’ instance. She also appears to be holding a
conception of friction closely related to "rubbing" surfaces and she points out that
there is still "some friction" when the surfaces are in relative motion with each other
(block of wood sliding on the table). Furthermore, she is the only child, from those
interviewed, who in most cases symbolises friction with an arrow pointing in the
opposite direction of the motion or the intended movement of bodies. Nevertheless,
she is also the only child who claims that there is more friction when the person goes
down the slide attributing this conception to the "rubbing" of surfaces. Hence, her
conception of friction being dependent on the "rubbing" of surfaces doesn't seem to
be in harmony with her conception of friction being dependent on the nature of the
surfaces in contact. At least she appears to be using a different conception for

different contexts.
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In the book on the tilted table' instance, she points out that friction "has to do" with
the surfaces of the book and the table, which are "touching one over the other".
Moreover, she appears to be suggesting that the book, has a "potential movement"
along the surface of the tilted table, when she says that it is "about to slide down".
This is attributed to the pulling force of its weight, which is "also helping it to hold on
the table", because it is making it "touch with the table" (008). But, friction is also
created, since the surfaces are rough and they "interlock" or "grip" (009) with each

other, keeping the book stationary "in its place", up on the surface of the table.

008 Bi er .. friction is stopping it where it is .. it doesn't let it move .. umm .. because
.. it has to do with the surfaces .. which .. are touching .. one over the other ..

007 Int what do you mean .. /

008 Bi er .. as the book is about to slide down .. because its weight is pulling it .. its

weight is also helping it to hold on the table .. because it's making it touch
with the table .. on the surface of the table .. and that's where friction is created
.. because both of the surfaces are rough .. and it looks as if the interlock with

each other..
008.5 Int » umm hmm ..
009 Bi . and that's how the book remains in its place .. it's as if it grips and it stays

still.. that's how I think of this ..

In the ‘person walking along the street'instance, she is considering the "rubbing" of
the shoes on the ground and suggests that they are "gripping" on the surface of the
ground. This happens because "there are no perfectly smooth surfaces". Instead they
have "cavities and projections", which are gripping with each other, much like "the
jigsaw puzzle" (022).

020 Bi cr .. as he is walking it is like .. the shoes are rubbing on the ground .. er .
because the shoes are gripping on the ground and so he doesn't slip ..

021 Int can you describe .. how do you think that Uie shoes are gripping .. /

022 Bi er.. because there are no perfectly smooth surfaces .. so the shoes and the road
. are full of cavities and projections .. and as the shoes are touching the
ground .. it is as if they are gripping .. just like the jigsaw puzzle .. that's how it
happens ..

In a similar way. in the box on the slope' instance, she is suggesting that friction is
created along the interface of the box and the slope because the irregularities of the
surfaces "are getting inside one another" (031). In this case though, she does not refer
to the "helping role" of the "weight" of the box, as she had previously referred to it, in

the 'book on the tilted table’ which is a similar instance.

027 Bi yes .. there is friction here .. it's the box that would probably slide down .. but
friction doesn't let it slide ..
028 Int where do you think there is friction here ..
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029 Bi er.. at the surface of the box that is touching the sloj>e ..

030 Int why do you say that.. friction doesn't let it slide .. /

031 Bi er .. it is like the table and the book .. the projections ofthebox are getting
inside the cavities of the slope .. umm .. or also the opposite.. and sofriction
is created..

In the block ofwood on the table linstance, she points out that friction is holding the
block stationary on the table, until it is pulled by a "greater weight" to start sliding
(044). This happens because "there are cavities and projections” on the surfaces of
the block and the table and they "grip", creating friction (046). Thus, the block
remains stationary, despite the pulling force of the weight. She also points out that
there will still be "some friction" when the block is sliding along the surface of the
table, because it "doesn’t go very fast" (050). Hence, she appears to be considering

that friction is also retarding the motion of objects.

044 Bi yes .. friction is holding it there .. until we put a greater weight .. so the block
will start sliding on the table .. as we experimented in class some days ago ..

045 Int yes .. 1see .. how do you think thal friction is keeping the block stationary .. in
this case.. /

046 Bi er .. there are cavities and projections on the surface of the block and the table
. and when we have sandpaper .. they are even more .. er .. and they grip
together .. and so friction is created .. keeping the block stationary .. despite
the weight pulling it over tire other side of the table ..

047 Int what will happen if we add some more weight.. /

048 Bi er.. the block will start moving on the table ..

049 Int do you think there is any friction when the block is moving on the table .. '
050 Bi yes there is still some friction .. because it doesn't go very fast on the table ..

In the 'slow-down ofthe bicycle' instance, she appears to be suggesting that friction is
"reducing the speed of the bike", due to the "rubbing" of the tyres on the ground. But
also, the bike will stop soon, because "the child is not pedalling any more" (054). She
describes this "rubbing" of the tyres with the ground "as if they are hitting the
projections of the road", when they are "spinning" round, and that slows them down,
decelerating the motion of the bike. She also points out that if the child uses the
brakes, the bike will "stop faster", because the brakes are "grasping" the wheel,

creating "a lot of friction" (058).

054 Bi yes . it is reducing the speed of the bike .. because the tyres are rubbing on the
road .. and the child is not pedalling any more .. or using the brakes ..

055 Int what do you mean when you say that the tyres are rubbing on the road .. '

056 Bi er.. as they spin .. they rub .. 1 mean .. it is as if they are hitting the projections
of the road and they are slowing down bit by bit.. and gradually the bike will
stop moving .. umm of course it would stop faster if he used the brakes ..

057 Int what would happen then ..

058 Bi then .. a lot of friction would be exerted from the brakes on the wheel.. as they
grasp it.. and they will slop the bike faster and easier..
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In the going down the slide’ instance, she is expressing a rather unusual conception
about friction being dependent on the length of the slide. Thus, she suggests that if
the slide is a “shortl or "small” one, there will be more friction. This is because the
child is going down "slowly", since the "appropriate time" to develop some speed is
not available, due to the short length of the slide. Consequently "he rubs more" on its
surface, creating more friction (064). She symbolises friction with an arrow pointing
in the opposite direction of the motion of the child, that is, upwards, along the surface
of the slide. She suggests that it is this way because "it is kind of stopping the child

from going down fast" (068).

062 Bi yes there is friction here .. but it depends on how long the slide is ..
063 Int why do you say that.. /
064 Bi er .. because if the slide is a long one .. then the child will slide down with a

lot of speed and so .. there will be less friction .. because he will be rubbing
less .. whereas if the slide is a small or a short one .. the child will slide slowly
.. he doesn't have time to go down faster .. and so he rubs more ..

065 Int Isee .. where do you think that friction exists .. 1

066 Bi cr .. at the points of contact of the child and the slide .. that is the shoes .. and
where he is sitting ..

067 Int how would you symbolise friction with an arrow here .. /

068 Bi .. like this .. b it is kind of stopping the child fi ing d Hormi inti
i th%}én ike this .. because it is kind of stopping the child from going down WQ%W

In the ‘person holding steady with the hands up on the slide'instance she seems to be
considering that there is also "some friction" at the points of contact of the child with
the slide. She points out though, that "the child is grasping the sides of the slide with
a lot of force", creating friction there as well (074). Thus, the child "can grip up on
the slide" because he/she is using "a lot of strength" in order to remain motionless up

there (076).

072 Bi yes .. there is also some friction here .. there .. where the child is touching on ll&;)}%%% at gﬁlethme respective

the surlace of the slide ..

073 Int where do you mean .. /

074 Bi er.. at his shoes .. at his trousers .. here he is sitting and at his hands .. where
he is grasping the sides of the slide with a lot of force ..

075 Int how do you think that there is friction at his hands .. as you say ../

076 Bi er . his hands .. as he is grasping the slide and .. he doesn't slide .. it is because
he is exerting a lot of force .. and so he can grip up on the slide .. with a lot of
strength .. so there must be some friction there that is holding him stead) ..

She is the only child that suggests that there is more friction in A4 situation because the
child is "sliding and rubbing more", whereas in B situation the child is motionless and

therefore he/she is "rubbing less", creating less friction (078). Thus, the extent of
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"rubbing" appears to be her criterion in deciding in which situation there is more
friction. Moreover, this is the only case that she symbolises friction with three arrows
pointing downwards, at the respective points of contact of the child with the slide,

because she suggests that it is "as if it is pushing the child to grip on the slide" (080).

077 Int  where do you think that there is more friction here .. /in A or in B situation .. /
078 Bi umm .. in A situation because he is sliding and rubbing more .. whereas in B
situation the child remains motionless and so he is rubbing less . that's what 1
think
079 Int 1 see .. if 1 asked you to symbolise friction with an arrow . how would you
symbolise it .. /
080 Bi 1would S}jnbolise it with three arrows . one here . and another one there and (forming three arrows JIn
ownwards, one at the hands nf the

there .. pointing downwards .. because it is .. as if it is pushing the child to grip person another at the shoes and a

on the slide third one at the buttocks of the child]

In most of the other instances {"hook on the tilted table', 'person walking along the
street’, 'box on the slope', and 'the child going down the slide') she symbolises friction
with an arrow that points in the opposite direction of the movement or of the intended

motion of bodies (cf. § 5.4).

Some of (Bi)'s conceptions of friction and relative phenomena could be represented in

a schematic way as follows:
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On the whole (Bi) appears to have retained her initial conception about "weight"

being responsible for the motionless condition of objects, but now. she also appears to
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consider friction as a force that has such effects. Nevertheless, she still attributes a
"helping role" to weight in bringing the surfaces to contact and create the necessary
condition for friction to occur. Her preconception that the nature of the surface may
affect the slow down of the bike and the skateboard appears to have developed to a
surface dependent notion of friction which is basically related with characteristics of
"roughness" and "grip". Friction is also closely related to the rubbing of surfaces,
which appears to be a conception mostly used in contexts where a surface is sliding

over another (e.g. person going down the slide).

5.5.2. The case of (Di)

Throughout the Pre-1.1., (Di) appears to be considering several issues that are related
to friction and frictional phenomena. Thus, he appears to be sensing "something" or
maybe a "force" that holds the book steady on the tilted table. Then, he suggests that
it could be the nature of the material of the surfaces in contact. The "earth" seems to
be retarding the motion of the bike, or the skateboard, because it has a "rough
surface"” with "stones or potholes". Thus a "frictional characteristic" is ascribed to
"earth", or the nature of the surface of the ground. Furthermore, the "weight" appears
to be "helping" the slow-down of the skateboard because it is "pressing" the wheels,
but it also seems to be "holding" the children on the ground. He is also using a
conception of "action" and "reaction", where the latter is mainly associated to

movement, but it is not ascribed any "frictional characteristic".

In the book on the tilted table' instance he appears to be sensing a "force" (018), or
"something" that "must be holding" the book on the tilted table (022). Thus, he points
out that "it" is probably related with the table, or better, the nature of the material that
it is "made of". Hence, the book would "somehow grip" on a wooden table, whereas

it would slide on a table covered with plastic laminate, even if the table is not lifted
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018 Di
019 Int
020 Di
021 Int
022 Di
023 Int
024 Di
025 Int
026 Di

Some Aspects of Children's Conceptual Change (Greece)

yes there is a force ..

what do you mean .. /

because for the book to fall.. there must be .. er.. we must lift it a bit higher ..
umm hmm .. why do you think thal we have to do that.. /

because .. even here .. it cannot slide down .. because something must be
holding it..

what do you think that it is .. /

er.. the table ..

how do you think that the table holds the book steady in its place .. /

er .. it depends from what it is made of .. er .. from wood .. if the table was
wooden then .. somehow .. the book grips on it.. and holds up there .. but if'it
has plastic laminate on here then it may even slide .. even if we don't lift it
very much..

[pointing at the card]

[pointing at the surface of the table]

In the man pushing the car'instance the only "forces" that he appears to be

considering, at the touching points of the tyres of the car and the shoes of the person

with the ground, are the weight as an "action" and "a reaction exerted by the earth"

(040). He does not refer to any surface effect though.

039

040

Int

Di

do you think there are any forces at the touching points of the tyres with the
ground.. 7

yes .. because there at the tyres .. and at the shoes of the person .. an action is
exerted .. er.. from the weight.. and a reaction is exerted from the earth ..

|pointing at the tyres and the shoes]

In the children playing with the tennis hall' instance he suggests that the weight of

the children is keeping or "holding" them on the ground and they don't "slip" (052 &

054). The shoes also appear to have some role here, but it is not discussed further.

Thus, he seems to be ascribing a "frictional characteristic" to weight.

052

053
054

Di

Int
Di

er .. the children with their shoes .. umm .. their legs .. let's say .. that is with

their weightthey cannot go away .

what do you mean .. /
the child with his legs .. I mean with the shoes that he is wearing and he

doesn't slip .. and the earth that is holding him with the weight that he has ..

In the 'childdragging the chair' instance he is indicating that there is an "action" from

the child who is "walking", and from the legs of the chair on the ground. He suggests

that the earth is exerting a "reaction" (066) which appears to be closely related to

movement (068). He seems to be considering that the chair is moved easier when it is

dragged because "the earth is exerting a reaction force to its weight" and that is a

"help" for the child (070).

066

067
068

Di

Int
Di

w ell.. with his legs there is an action .. and the earth has a reaction .. because
here he is walking .. er .. also the child has a force with his hand .. he is pulling
the chair .. but also the chair has an action on its leg and the earth has a
reaction .. because it is also moving .

where the child is pulling the chair... what force do you think there is .. -
umm .. it's the action because .. it is helping it to move ..
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069 Lit Isee .. when do you think that the child is exerting more force .. now that she
is dragging it.. or when she is lifting it up .. to move it../
070 Di er .. now that she is dragging it .. because when she is lifting it up .. she is

lifting all of its weight.. so she will have to exert a greater force .. whereas
now the earth is exerting a reaction force to its weight (chair) and that helps
the child.

In the ‘parachutelinstance he suggests that air is getting inside the parachute and "it is
as if it is pushing it upwards", "holding" it in the air. This seems to be retarding the
downfall of the parachute. Thus, he appears to be considering a notion of "air

resistance" for bodies that move through it.

078 Di er .. as it falls downwards .. the air is getting inside the parachute .. and it is as
if it is pushing it upwards .. and it is holding it in the air .. and so it goes
slowly towards the ground .. er .. it holds the air inside it and it doesn't fall
quickly.. with great force..

In the ‘slow-down ofthe bicycle'instance he points out that apart from the fact that the
child has stopped pedalling, it is also the earth that "does not let the bike move freely"”
(092). This is because the tyres are "rubbing" on the ground and this appears to be
hindering the motion of the bike (094), He does not consider that to be a force
though, but he seems to be indicating that it is common experience for him, since he
suggests that the bike will stop faster if the road has "stones or potholes" (096).
Hence, he is ascribing "frictional characteristics”" to the "rubbing" tyres and to the

nature of the surface of the ground.

091 Int Isee .. in this case the bike goes slowly and sometime it is going to stop.. why
do you think that happens .. /
092 Di because the child stops pedalling and .. since he is not using the brakes .. then

the bike will slop slowly on its own .. but also because the earth does not let it
move freely..

093 Int what do you mean .. the earth does not let it move freely .. 1

094 Di er.. it is because the tyres of the bike are rubbing on the ground .. and it won't
go any further .. it might run into a stone and stop suddenly .. or it might even
fall down..

095 Int Isee .. do you think this has to do with any force .. /

096 Di umm .. no .. it looks like this to me .. and if the road has stones or potholes ..

then it will stop a lot faster

In the bkateboard' instance he seems to be considering the absence of an exerted
force by the child as a reason for its deceleration. Furthermore, he points out that the
weight of the child is "pressing" the skateboard and then the ground (103) and if the
child is heavy then the skateboard "might stop faster" (105). He appears to be

suggesting though, that the earth is somehow hindering the motion of the skateboard
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(107). But, he seems to be viewing that in relation to the weight of the child, which is

"pressing" on the wheels (109).

103 Di
because the child is not pushing any longer with his leg .. er .. it is going to
stop in a while .. and because the child with his weight of the child is pressing
the skateboard and that is pressing the ground .

104 Int

105 Di
faster..

106 Int anything else you want to add here .. /

107 Di yes .. for the skateboard to move on the child has to exert a forcewith his leg ..
all the time .. otherwise the earth does not let it move .. /

108 Int what do you mean .. the earth does not let it move .. /

109 Di er .. with the weight of the child .. it is pressing the wheels .. and it willstop ..

it can't happen in another way ..

Some of (Di)'s preconceptions analysed above could be presented in a schematic way

as follows:

book on the
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In the Post-1.1., (Di) appears to have maintained his conception about the frictional
properties of the nature of the surfaces in contact, together with a "helping role"
ascribed to "weight" for the creation of friction. He considers that friction is created
because the surfaces are "rough" or "not smooth" and the "cavities and projections" of
one are getting into the other, or they "interlock", "catch" and "grip" with each other,
just like two pieces of a "jigsaw puzzle". He seems to be suggesting that without the

existence of friction, the person wouldn't be able to walk on the street, or the cars
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wouldn't be able to move on the surface of the ground. He also points out that friction
is retarding the motion of objects or it "is holding them back", slowing them down, or

preventing their movement.

In the book on the tilted tablelinstance he suggests that friction depends on the nature
of the material of the surfaces in contact (006 & 007). Thus, the table "must be
wooden" since the book does not slide down, and this is because the book is touching
on the table (009). Also, its weight is pulling it downwards onto the table and in this
way it seems to be creating the necessary conditions for friction to be exerted along
the interface of the book and the table. This is because the surfaces are "not smooth"
and they have "hills and valleys" that "get into one another" (011). Thus, he appears
to have kept his conception of the "helping" role of weight in the creation of friction.
He also points out that the book would slide down easier on plastic laminate because

it "is smoother than wood" (013).

006 Di . itdependson what the book is made of.. /

006.5 Int » umm hmm..

007 Di . on whether the book is smooth or.. whether it is rough .. and this is also
same for the wood .. of the table .. it also has to do with the surfaces

008 Int and what happens here .. / can you describe it .. /

009 Di er . because if the table is wooden .. and it must be wooden here .. since the
book does not move .. umm .. the book cannot move and the table needs to be
lifted higher..

010 Int  what happens between the surfaces then .. 1

011 Di er.. the book is touching on the table .. but its weight is pulling it downwards ..
and so the wood of the table is hindering its motion .. because it is not smooth
.. it has little hills and valleys .. which get together .. and it is as if they
interlock with each other.. and so friction is created ..

012 Int and what if the table was not wooden .. but it had plastic laminate like this one
../ what would happen then .. /

013 Di  er .. there would be a grater chance to slide down .. because the plastic
laminate is smoother than wood .. but it also depends on how high the table is
lifted .. because if we lift the table higher .. then the book will start sliding ..

In the person walking along the street' instance, he appears to be describing how the
person manages to walk and he points out that the ground is pushed with the person's
shoes or better "the earth is pushed backwards". Then the rough surfaces of the shoes
are "gripping" or "catching" with the "projections and the cavities" of the ground
interchangeably, like two pieces of ajigsaw puzzle (024). He points out that "we can

walk" because friction is created along the interface of the shoes and the ground
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(024), otherwise "we would slip and fall". Similarly, a road that has oil spread on it

surface its surface becomes "more smooth" and slippery (026).

021 Di er .. in the way the person is walking he is pushing the ground .. with his
shoes .. so he can move .. pushing the ground .. /

022 Int can you explain thata bit.. /

023 Di er.. heis lifting his feet up and then he is touching them back on the ground ..
pushing the earth backwards .. and this is because his shoes are touching the
ground.. which is rough and not smooth at all.. er.. same with the shoes ..

023.5 Int » umm hmm..

024 Di er . it is as if the shoes are gripping .. as if they are catching with their
roughness .. because the projections of one are getting into the cavities of the
other .. and the opposite .. just like the jigsaw puzzle .. we saw when we did
those experiments on friction .. and that's how friction is created .. and we can
walk .. otherwise we wouldn't be able .. we would slip and fall.. just like when
there is oil on the road ..

025 Int what happens when there is oil on the road .. /

026 Di umm .. then it is like .. it becomes more smooth .. and so friction becomes less
.. and we slip..

In the box on the slopelinstance he is considering four places where friction exists,
that is, at the tyres of the truck, along the interface of the box and the slope and at the
two edges of the slope touching at the back door and the ground respectively (034).
Again this is because the surfaces are "rough" (036) and the "projections and cavities"
of one are getting into the other, so friction is "exerted", keeping the box "steady" up
on the slope (037). Similarly, he is considering that the slope is "gripping" at its
edges which are touching the back door and the ground, but also its weight and the
weight of the box appear to be helping this "grip" once more (039). He also seems to
be suggesting that the truck will be "able" to move because its tyres will be gripping

on the road (039).

036 Di er .. here the surfaces are rough .. the surface of the box .. if its made of paper
or wood .. but also the surface of the slope .. which is made of wood ..

036.5 Int » umm hmm ..

037 Di .. and the projections and the cavities of one are getting into the projections

and the cavities of the other .. just like the book on the tilted table .. and so
their surfaces grip .. and there is friction exerted .. which keeps the box stead)'
in its place..

038 Int Isee .. and at the points of contact of the slope with the back door of the truck
.. that you mentioned .. what happens there .. /

039 Di er . there is friction again .. again it is as if the board is gripping on the back
door of the truck .. and with its weight and the weight of the box .. it manages
to hold at the edge of the back door .. and not fall down .. er.. also when the
truck starts moving .. it will also have some friction on its tyres .. because the)'
will be gripping on the ground .. in order to enable the truck to move

In the 'block on the table’ instance he is indicating that the movement of the block
depends on the weight that is hung at the end of the string. Thus, if "one fourth" of

the weight of the block is hung, the block will start sliding. In the case that the table
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is not smooth, or it is covered with sandpaper, more weights needs to be hung, "over
half of the weight of the block" (047). He is considering though, that friction will still
be there, when the block is sliding on the table, because it appears to be "a bit

difficult" for it to slide and it looks "as if friction is holding it back" (049).

045 Di  well.. if the block moves here or not.. it depends on the weight we have hung
.. just like what we did in class .. we weighed the block and then we hung
some weights.. and we found out that the block needs .. about one fourth of'its
weight to start sliding ..

045.5 Int » ummhmm..

047 Di er .. it depends if the table is smooth or rough .. I mean .. whether it is made of
wood .. or whether we have covered it with sandpaper .. then it will have a lot
more friction .. and we will have to hang more weights .. over half of the
weight of the block to start sliding ..

048 Int in the case that we have hung some weight and the block doesn't slide .. do
you think there is friction there .. /

049 Di  umm .. yes .. there is friction .. and so it will be a bit difficult for the block to
slide .. because it is as if friction is holding it back ..

In the blow-down of the bikelinstance, it seems to him that the tyres have some
difficulty "to roll on the ground" because they "rub" and that is decelerating the bike.
This happens because the tyres have "rough" surfaces with "crannies" and "little
valleys" and it looks as if "they hit" the "projections of the road", or they fall into "its

potholes" and if the potholes are "big", the bike will stop faster (056).

054 Di but because the tyres as they spin .. they rub on the ground .. I mean it looks as
if it is a bit difficult for them to roll on the ground .. and that's why the bike
will gradually loose its speed and some time it will stop .

055 Int do you think there is friction at the tyres .. /

056 Di er. since the tyres have a rough surface .. they have crannies and little valleys
.. and as they roll on the ground it is as if they hit on the projections of the
road .. or as if they fall into its little potholes .. and if the road has bigger
potholes then the bike will stop faster..

In the person going down the slide' instance he is indicating that "children" are not
going down the slide with a "great speed". This is because, despite the outlook
smoothness of the surface of the slides, they are always "rough" (064.5). Hence, the

children are "rubbing" on them at the respective points of contact and friction is

created (063 & 064.5).

063 Di yes there is friction in this case .. at the points of contact of the child with the
slide .. I mean the shoes and the trousers ..

064 Int 1see. and ..

064.5 Di » all.. no matter how smooth the slides are made for the children .. to
slide easily .. they always have .. they are always rough .. and so as the
children are sliding .. they are always rubbing .. and that’s why they don't slide
down with a great speed .
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In the person holding steady with the hands up on the slide'instance, he points out
that the child is "as if he is sticking his hands on the slide" and so a lot of friction is
exerted at the points of contact (070). This is because "he is pressing with his palms
at the sides of the slide", which means that "friction is happening at his palms". This
resembles to a "sucker" and it "helps" the child to remain motionless up on the slide

(072). Hence, he is also using an analogy to describe friction in this case.

070 Di  er .. yes there is friction here .. because apart from the shoes and the trousers ..
the child.. itis as if he is sticking his hands on the slide .. and so he is exerting
a lot of friction ..

071 Int  what is happening with his hands .. 1

072 Di er. heis holding tight.. and as he is pressing with his hands .. er .. with his
palms at the sides of the slide .. it is as if he is sticking .. his hands .. like a
sucker on the slide .. and this helps him stay there .. that means that friction is
happening at his palms .. something like this .. I cannot find a better way to
describe it..

In all of the cases that he was asked to symbolise friction, he formed an arrow
pointing downwards alongside the direction of the arrow of weight (cf. § 5.4). Thus,
for example, in 'the person walking along the street' instance he suggests that friction
can be symbolised with two arrows pointing downwards, one under each shoe
respectively. This is because "friction is helping the child touch the ground and
walk", as weight, in a similar way, helps the child "to be on the ground", due to the
pulling force of gravity (028). Hence, in this context, he appears to be holding a
conception of friction closely related to weight, with slightly different characteristics

and/or effects.

027 Int 1see .. if I asked you to symbolise friction with an arrow .. how would you
symbolise it here .. /
028 Di  er.. like this and like that.. with two arrows .. here at the shoes of the person .. j*vnwards]™ arrQ,vs pointin®
because it is as if friction is helping the child touch the ground and walk .. just
like the weight of the child helps him to be on the ground .. because gravity is
pulling him downwards

Some of (Di)'s conceptions of friction and relative phenomena could be represented in

a schematic way as follows:
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Fig. 5-5.4: A schematic representation of some of (Di)'s conceptions from the Post-1.1

On the whole (Di) appears to have maintained his preconception of "weight" as a

reason for the motionless condition of objects in certain instances, due to its "holding"

or "pressing" effects on the surfaces in contact (e.g. book on the tilted table).

Furthermore, in the Post-1.1., he seems to have associated this conception of weight

with friction by considering it as a necessary condition for the contact of surfaces. In

this sense the weight of objects appears to be an aid to friction. She seems to have

developed a surface dependent conception of friction extending a similar conception

he had in the Pre-1.1. about the nature of the surface of the road which may affect the

slow down of the bike and the skateboard. He also appears to have developed a

conception of friction closely related to "gripping" and "rubbing" of the interlocking

irregularities of surfaces in contact.
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Chapter 6 Findings. Conclusions and Comments

6.0. Introduction

In this final chapter there is an attempt to discuss the findings, to reflect on some
issues that concern the research methods and to express some considerations and
limitations of substance and scope of this research project. The chapter is concluded

with a self-critique and some implications for future research.

6.1.1. An overview of conceptual change with reference to the concept of

frictional force

As it has been argued in Chapter 1 (cf. §§ 1.2.1, 1.2.2.), conceptual change is seen as
a change in children’s conceptions from spontaneous and intuitive to more elaborated
and advanced. The overall framework of this inquiry does not orient itself towards a
radical form of conceptual change or a strong restructuring of children's conceptions
focusing on radical shifts and replacement of "misconceptions" or "preconceptions"”
with "correct" scientific conceptions. In my opinion, such major changes in the way
of seeing and interpreting the world may occur rather rarely and reflect broader
frameworks of conceptions that act as explanatory systems. In this sense, a shift from
Newtonian physics to Einstein's relativity may represent a radical form of conceptual
change which affects not only the "peripheral” conceptions but also the "hard core" of
an interpretative framework (cf. Lakatos, 1970). Nevertheless, such a form of
conceptual change does not appear to be the case for primary science education,

where basic concepts of physics are approached by young children.

Within the context of this inquiry, a notion of a "weak form" of conceptual change or
restructuring of children's conceptions is adopted. Thus, moving from a primitive to a
more sophisticated conception about a certain phenomenon is not considered to be a
radical shift, but "a gradual and piecemeal affair" (cf. Watts & Bentley, 1987). In this
sense, children appear to be collecting and testing new pieces of information and

knowledge in relation to what they already know, or what already exists within their
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"conceptual ecologies". A change in the way they construe the world appears to be a
change in the way of viewing things from a different standpoint, which is considered
to be more plausible and persuasive. Prior knowledge and experience appear to play
an important role in the process of conceptual change. Children are strongly
encouraged to express and discuss their preconceptions in order to become aware of
them and to receive social feedback from other children and the teacher in a class.
Teaching interventions seem to be promoting conceptual change by organising and
discussing investigative activities which put children's alternative conceptions to test,
or provide counterintuitive and unexpected experiences. This aims to challenge
children's preconceptions and often create conceptual conflict, which may be resolved
through further discussion and testing, or by presenting alternative explanatory
schemes such as analogies, metaphors or models. The latter need to be linked
explicitly with conceptions or representations that already exist in learner's minds in
order to be effective in the bridging of preconceptions with new ideas and/or pieces of
information (cf. § 1.3.2). Hence, children may be persuaded to adopt a new
conception and use it within a particular context, but this does not necessarily mean
that at the same time they will abandon all of their preconceptions, or that they will
use the new conception in all similar or differentiated contexts. Quite often children
seem to reconcile older conceptions with new ones by extending some of their
characteristics, or they incorporate them in new explanatory frameworks by enriching
them with new properties. It appears to take time for new conceptions to become part
of the conceptual ecology of a child and have a more generalised usage. It may often
be the case that a new conception needs to be reconsidered and reconstructed several
times within different situations and for an extended period of time, in an

evolutionary rather than a revolutionary mode.

At this point, it needs to be noted further, that most of the theoretical perspectives
and/or models of "strong" or "radical" forms of conceptual change (for example
Posner et al., 1982; Strike & Posner, 1992), which have been discussed in chapter 1

(cf. § 1.2.1) are mainly emphasising on major conceptual shifts, which appear to be
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more applicable to secondary or even University science education. Thus, they
appear to make no necessary distinction for primary science education, which has
several peculiarities in the teaching and learning of certain concepts and phenomena
to young children. Moreover, it could be claimed that if one attempts to apply these
models to teaching practice they turn out to be difficult to follow, or perhaps they
tend to be more messy rather than useful. This seems to happen because they are
basically learning models, which deal with a theoretical interpretation of learners'
attempts to construe the world, through a logical (mostly from the standpoint of the
curricularist) or rationalistic (mostly from the standpoint of the researcher) sequence
of phases and/or aspects of conceptual change. Hence, if a "weak form" of
conceptual change is to be adopted for primary science education, then perhaps a
more "loose approach" towards a learning model needs to be considered, whereas its

projections and/or links with teaching practice need to be further researched.

6.1.2. A discussion of findings

In the two indicative cases of children, which have been examined in each of the
studies in England and in Greece, some aspects of a "weak form" of conceptual
change have been identified and presented. An overview and a discussion of some

findings is attempted here.

In the Pre-L.I. there appears to be a conception that "gravity" (mostly for the study in
England) or the "force of weight" (mostly for the study in Greece) is considered to be
a reason for holding things motionless in their place, or for retarding the motion of
objects (cf. the cases of Da, Bi, Di). In this way, it is claimed that children seem to
attribute to gravity (or the force of weight) some "frictional characteristics", in order
to explain and interpret relative phenomena (e.g. the motionless book on the surface
of a tilted table or the slow-down of the bike). Hence, they appear to use conceptions
that they feel more comfortable with, when they attempt to explain these phenomena,

or at least they have preferred to use a more familiar and well established
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nomenclature to express their ideas. Nevertheless, this conception of weight or
gravity, being attributed frictional characteristics, appears to be still present in the
Post-1.1., where children seem to ascribe a "helping role" to it, in the creation of the
force of friction. Thus, things are "stuck" on surfaces due to the force of weight
which is "pressing" one surface onto the other, helping friction in a way. They appear
to be suggesting that gravity creates the necessary condition for two surfaces to get in
contact and for friction to occur in the interface. This is quite true, because friction is
created due to surfaces that come into contact in one way or another. Moreover, they
appear to have found a way to reconcile their preconception of the role of gravity or
weight in the description and explanation of frictional phenomena, within the surface
roughness approximation of friction, which has been acquired after the teaching

interventions.

In the Pre-1.1., children appear to be considering an intuitive conception of "grip"
(Jo), which can be closely related to the nature of surfaces in contact (Da, Bi, Di) and
can hold things stationary, retard their motion, or even hinder their potential
movement. These frictional properties ascribed to "grip", or the nature of surfaces in
contact, appear to constitute a set of conceptions which have been retained and
enhanced in the Post-I.I.. The use of the analogy of the jigsaw puzzle with the
consequent description of the interlocking of the "roughness", or of the "projections
and cavities" of the surfaces in contact, appears to have played an important role in
modelling interpretations about frictional phenomena. Thus, children appear to
express more accurate descriptions and more fruitful explanations in the Post-LI.
using conceptions of "gripping", "rubbing" or "interlocking" of surfaces in contact as
intrinsic characteristics of friction. Moreover, they appear to have retained their
earlier conceptions of "grip" as an observed phenomenon, or the property of rough
surfaces, which may keep things stationary or slow down objects, incorporating new
characteristics to it. Nevertheless, it could be claimed that there are several
anthropomorphic elements within the meanings of words like "grip", "catch" and

"grasp", which are often used in the interviews. This seems to be strongly related
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with the everyday experience of using hands to hold things tight and move them with
control. Hence, this appears to generate anthropomorphic conceptions of frictional
phenomena, which refer either explicitly or implicitly to this notion of "grip having to

do with human activities", which is often expressed in the interviews.

Throughout the Pre-L.I. children have used words like "gripping" and "catching" (for
the study in England) or "rubbing" (mostly for the study in Greece) to explain some
frictional phenomena. These words appear to refer to surface effects possibly coming
out of everyday observation and language, but they are not considered to have a
"pushing" or "pulling" characteristic of a force. Hence, they appear to be "natural"

(cf. Watts & Taber, 1996) properties of surfaces which appear to have various
frictional effects, or at least they are used to explain relevant phenomena. In the Post-

L.I., words like "gripping", "catching" and "rubbing" are still used, but they seem to
be synonymous to a certain extent, or closely related to the word "friction". Hence,
children seem to have enriched the meanings of such words and extended their
connotations and/or their frame of reference. Moreover, in the Post-I.I. "friction"

appears to have obtained a "pushing" or "pulling" characteristic of a force and it is not
merely considered to be a "natural" property of surfaces in contact. The task of
explanation of relevant phenomena appears to have moved to the use of a conception
of friction with the interlocking of the roughness of surfaces and the relative teaching
analogy of the jigsaw puzzle, as a common point of reference. Only (Jo) seems to
hold a differentiated conception of "grip" and "friction", with the first referring to
frictional phenomena of static situations, whereas the latter refers to sliding situations
with surfaces in relative motion to each other (cf. §4.5.1). Hence, she appears to be
thinking of friction in terms of "rubbing" surfaces, but at the same time she has
extended her preconception of "grip" to enclose relevant frictional effects of static

situations.
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6.1.3. A discussion about how language may affect the construction of

meanings

If conceptual change is considered to be a "change in the way of seeing something"
(Marton, 1990), meaning a change in the way of construing it and constructing
conceptions about it, then language appears to play an important role in this human
endeavour. The ways words are used in language and the meanings that are ascribed
to them, within various contexts, appear to constitute our conceptions and "conceptual
ecologies". On the meaning of words Wittgenstein (1953) writes:

For a large class of cases -though not for all- in which we employ the word meaning
it can be defined as thus: the meaning of a word is its use in the language (p. 20).

Hence, children appear to ascribe certain friction-related meanings to words like
"gripping", "grasping" /'holding", "catching", "hindering" and "rubbing", which in
their turn have various meanings within their use in different situations and contexts.
Conceptions that emerge from the interrelations of these meanings attempt to work as
explanatory schemes or systems, which allow children to view the world, or various
phenomena, in one way or another. As Sutton (1992) points out:

Words steer perception both positively and negatively, and also they influence what
people do or do not do as well as what they see or miss seeing (p. 40)

In this sense, Sutton (1992) claims that "learning science involves learning to see in
new ways" (p. 41). Hence, seeing friction as a force that keeps objects stationary,
decelerates the motion of objects, or even hinders the potential movement of bodies,
is quite different from seeing friction as a plain surface effect, without being able to
describe it, or identify some of its characteristics. Moreover, seeing friction as a
phenomenon that happens in the interface of two surfaces in contact, or as an effect of
the interlocking of surface irregularities is quite different from seeing frictional
phenomena merely occurring as a result of gravity or the force of weight that "holds"
surfaces together. Being able to understand that this is part of the phenomenon of

friction, or that it creates a necessary condition for friction to occur in the interface of
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two surfaces in contact, appears to be a differentiated conception from that which

considers the force of weight to be the main reason for causing frictional effects.

On the other hand, it needs to be noted that the nature of the language itself appears to
affect the creation of meanings in words and their connotations, within the context of
their everyday use (cf. § 2.1). Thus, in Greek the word "friction" [xpipf)] seems to be
more closely related to the English notion of "rub" or "rubbing" [xpt(3a), xplipipo],
which is considered to be a frequent word in the everyday language of Greek
children. Moreover, the Greek word "xpi(3r|" refers both to "friction" and "rub" or
"rubbing" and has implicit connotations about surfaces being in relevant motion with
each other and related frictional effects. Thus, Greek children appear to feel more
comfortable in using the word "xpiftr)" to describe and explain frictional phenomena
within a familiar context of the common use of the word. This does not necessarily
mean that it is easier for them to ascribe to it a differentiated meaning within the
context of physics. This is probably a reason that words like "catching", "gripping",
"grasping" or "slipping" are used simultaneously with the word "xpi(3f)" in children's
explanatory propositions that refer to frictional phenomena, even after the teaching
intervention (cf. §§ 5.4, 5.5). In English the word "friction" appears to be a less
frequent word in everyday language of children and perhaps it is closer to a technical
term, at least within the context of physics. English children appear to be using words
like "gripping", "catching" or "rubbing" to describe their conceptions of friction and
relevant phenomena, but not in parallel with the word "friction" itself, perhaps due to
its differentiated denotation as a word. Hence, the word "friction" appears to be often
used as a concluding point of a propositional statement (e.g. "friction is when two
surfaces rub together", or "the gripping of surfaces causes friction"), whereas other
words are used to analyse its meaning (cf. §§ 4.4, 4.5). This is not often the case in
Greek where the same word [xpipfj] can be used as a verb and noun [xpl(3co, iplipiiio]

interchangeably and create similar explanatory propositions without the use of other

"supplementary" words. Nevertheless, Greek children appear to have similar
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difficulties to those of English children, in ascribing "scientific" meanings to the word

"TpiPn", which appears to come more "natural" in their everyday language.

On the whole, it could be argued that the choice to do research in two different
countries was seen more of a challenge to investigate how children think in different
cultural, linguistic and/or educational contexts, instead of a methodological problem,
although progressively it developed several difficulties in the conduct and report of
the inquiry. As it has been argued in Chapter 1 (cf. § 1.2.1), despite the cultural
differences, there is a finite set of qualitatively different ways in which a particular
phenomenon is experienced, conceptualised, or understood (Marton, 1990). It
appears that social and physical constraints limit the number of ways in which
individuals construct their conceptions. In this sense, several similarities have been
identified not only in the ways children from different countries conceptualise and
explain particular phenomena, but also in the way their ideas develop or change (see
for example Shipstone et al., 1988). This inquiry appears to reinforce the above
claim, since it can be argued that both English and Greek children involved in this
project appear to construct similar conceptions about friction and to explain frictional
phenomena in similar ways. Moreover, they appear to have similar difficulties in
understanding and linking new conceptions with what they already know, or in

ascribing new meanings to conceptions that already exist in their minds.

6.2. Some findings and suggestions from the teaching interventions in

England and in Greece with relative comments

There has been an attempt to conduct the teaching interventions both in England and
in Greece within a framework of a constructivist view of teaching and learning in a
non-threatening environment that encourages investigative work and negotiation of
meanings amongst the learners and the teacher. As Watts (1994) contends:

So good constructivist practice in classrooms ought to be different to good classroom
practice generally in distinct ways. The emphasis will be on active learners
constructing and reconstructing their own ideas, taking responsibility for their
learning in ways they know they can do, being self-determining within a caring
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group, negotiating with others towards purposive ends (pp. 52-53, emphasis in the
original).

There are many similarities in the teaching interventions that were conducted in the
two countries. This is despite the fact that the teaching intervention in England was
conducted in three sessions, whereas in Greece the teaching intervention was

conducted in two sessions. Some of these similarities can be summarised as follows:

* The instance with the book on the tilted table was used in the beginning of both of
the teaching interventions to elicit some of children's initial conceptions or
preconceptions of friction and related phenomena. A poll was also conducted to
make these conceptions explicit and representative amongst the members of the
class. Some additional instances were also used for the same purpose in both

studies.

* Experiments using blocks of wood which were slid on various surfaces of
tabletops were organised, conducted and discussed in both studies. These
experiments resemble to the ones conducted by Leonardo, Amontons, or even
Coulomb in various moments of the history of science (cf. § 2.2). Similar
experimental arrangements for primary science investigations on friction have
been proposed by several authors like Jarvis (1991, p. 171-173) and Wenham
(1995, pp. 189-193).

* A teaching analogy with two fragments of a jigsaw puzzle and two relevant
drawings was presented and discussed in order to help children understand the
interlocking of the roughness or of the irregularities of surfaces and the creation of

friction.

* Some implications of friction and frictional phenomena related to everyday life

were discussed at the end of the teaching interventions.

* A drawing and writing test was distributed to the children as a form of "on-going
assessment" (cf. § 1.3.3) in order to elicit some more information about children’s

conceptions on friction after the teaching interventions.

In the teaching intervention in England the role of the teacher was that of a co-
ordinator and assistant in the children's investigations, whereas in Greece the teacher
seemed to offer a greater degree of guidance, intervening more in the organisation of

the educative process. This can be attributed to personal preferences and different
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teaching styles of the two teachers involved. Thus, for example, the idea of how to
start the investigation came mostly from the children in the study in England, whereas
in Greece the idea was basically suggested by the teacher. In both cases though, the
role of the teacher was that of helping children to use and develop their own ideas and
not merely to present new information and knowledge. Overall, it seems that
differences in the teaching style did not appear to have any negative effects in the
development of the teaching interventions, or at least they did not appear to affect the
expression and discussion of children's preconceptions or the construction new

conceptions.

The children in England appeared to express their ideas in a more open way, whereas
in Greece they seemed to be a bit more hesitant. It needs to be noted here that the
children in Greece were also a bit younger than the children in England. Moreover,
they were mostly used to traditional methods of teaching, despite the endeavour of
their current teacher to change their attitudes and encourage them to work in a more
open and non-threatening learning environment. Nevertheless, the children in both
studies expressed some very creative and sometimes rather astonishing ideas
throughout the sessions of the teaching interventions. Thus for example, there are
many similarities in children's predictions about the sort of pulling force they thought
that was needed for the block of wood to start sliding on the tabletop, or on

sandpaper.

An unexpected learning outcome in the teaching intervention in Greece was that of
friction being symbolised with two opposing arrows (cf, § 5.3). The children in
Greece claimed that the two arrows symbolise the two surfaces that get into one
another and create friction. Thus, the two arrows pointing in opposite directions
appear to be symbolising this interlocking of the "cavities and projections" of
surfaces, which appears to have explicit links with the analogy of the two fragments
of ajigsaw puzzle. This sort of interpretation of the analogy seems to be one of its

possible "side effects" which seems to be creating an alternative, unexpected
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expression of the conception. This did not appear in the study in England, perhaps
because no such questions about symbolising friction with an arrow were asked
during the teaching intervention or in the post-intervention interviews. Furthermore,
the "draw the arrow of friction" test was not administered to the children in England,
who drew concept maps instead. Nevertheless, this does not mean that the jigsaw
puzzle analogy had an overall negative effect in the construction of new ideas about
the nature of frictional phenomena. On the contrary, it seems to have helped children
to visualise and comprehend the interlocking of the roughness of surfaces and to view
friction through such a context. In this sense, it appears to have developed the
necessary links between what is already known and a new piece of information,
assisting in this way the construction of more advanced conceptions. The
interlocking of two pieces, or two larger fragments, of ajigsaw puzzle proved to be a
familiar and well established representation in children's minds. Thus, it seems to be
an effective analog for the target situation, which is the interlocking of surface
irregularities (cf. § 1.3.2). Moreover, the two additional drawings, which were
presented together with the jigsaw, acted as intermediate pictorial representations
which reinforced the metaphorical aspects of the analogy and helped children to
construct new conceptions within the "surface roughness" approximation of friction
(cf. §§ 4.2.5, 5.2.2 and Appendix VII). It can be claimed that this analogy has been
effective and illustrative in representing the nature of frictional phenomena and it is
strongly supported to be used by teachers who choose to approach the concept of
friction at the level of primary science education. Nevertheless, we need to be aware
of its limitations in the case of "fluid friction" or "drag force" (cf. Appendix 1, p. 3),
where it seems to be most unlikely to help children understand various relevant
phenomena. Moreover, if it is claimed, in a broader sense, that teachers need a "tool
box of analogies" to help learners understand science concepts and phenomena, then
it should be pointed out that although it is a fruitful idea, it needs further research in
classroom practice in order to become aware of perspectives, limitations and/or side-

effects of particular teaching analogies. Only then, I suggest, they can become
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valuable items in the teachers' "tool box of analogies" in teaching and learning

science at various levels.

In the teaching intervention in Greece, in the second session, an experiment was
conducted with a block of wood which was slid on its three different sides in order to
show that "friction does not depend on the area of the surface of contact”" (cf. National
Textbook, p. 126, Appendix VIII). This issue was not approached in the teaching
intervention in England because it was not considered as important. Instead it was
preferred to discuss further some practical situations. In the study in Greece though,
this happens to be part of the material that "needs to be taught", and the teacher
insisted on presenting this "property of frictional force", which appears to be rather
true or reliable for rough surfaces in contact (i.e. wood over wood) (cf. § 2.2). In the
beginning, the children expected and predicted that the greater the area of contact the
more friction would be created, due to "more projections and cavities" that would
come to contact. After they had experimented with the block of wood on the teacher's
table they seemed to be a bit puzzled because the results proved to be
counterintuitive. Nevertheless, they managed to reconcile these unexpected outcomes
with their initial intuitive ideas by suggesting that "it is still the same block" or "the
block of wood still has the same weight", which is "spread" over a larger or smaller
area of contact; therefore no change should be needed for the pulling force of the
block to start sliding on the tabletop, regardless of which side it is based on the table.
In this sense, they appear to have thought of an explanation in terms of an overall
pressure, which remains the same for all of the different placements of the block,
without using such a term, but by ascribing its meaning to the phrase "the same
weight of the block is spread over its different sides". Nevertheless, my opinion is
that this so-called "property of friction" is a difficult conception for children of this
age. It usually appears in more advanced textbooks together with the other "property"
that "friction is proportional to Normal force" and it is a fact that Da Vinci, Amontons
or even Coulomb conducted similar experiments to investigate both of these

"properties" (cf. § 2.2). But, I think that children of this age do not simply have the
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kind of readiness, which presupposes more abstract thinking, in order to understand
and explain such issues. This is basically a critique for the Greek national textbook,
which rather uncritically forces teachers to teach issues that come out of the wisdom
of the curricularist and not out of the curiosity of the child. The results are often
controversial, even if in this particular case, the way things have evolved produced a

rather unexpectedly fruitful outcome.

On the whole, it can be claimed that the teaching interventions have helped children a
lot in constructing new conceptions and in linking them with older ones. In this sense
they have helped in the creation of more elaborated and advanced conceptions,
promoting conceptual change. The investigations, which have been thoroughly
described, are strongly supported for primary educational settings and for teachers
who choose to approach frictional phenomena that occur in the interface of two
surfaces in contact. It is also suggested that the concept maps, which can be both
used as assessment or educative tools, can reveal some aspects of children's
conceptions about particular phenomena and it is strongly proposed to be used by
teachers who wish to investigate children's propositional links of particular word-
concepts. Moreover, children's writing and drawings can be very helpful in assessing

or investigating further children's conceptions and their change (cf. §§ 4.2.6, 5.2.4).

6.3.1. A discussion of some methodological issues

From the beginning of this inquiry several methodological issues or questions were
brought to the surface and considered carefully. There has been an attempt to resolve
them not only during the phase of the planning but also during the development of the

research project.

An initial question has been that of the elicitation, presentation or representation of
children's conceptions. Within a qualitative research methodology the technique of

the interview proved to be effective in the elicitation of children's conceptions coming
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out of discussions of particular depicted instances of the interview cards. Moreover,
encouraging children to express freely their conceptions and negotiate their meanings
with classmates and the teacher, during the teaching interventions, proved to be
effective in eliciting further some of children's conceptions, making them explicit to
themselves and others, but also ascribing to them some sort of representability (cf. §§
4.2, 5.2). Children's authentic utterances appear to have revealed a lot about how they
think, how they construe the world and construct explanatory statements in order to
make sense of particular phenomena. Hence, preconceptions about frictional
phenomena and relevant explanations have been elicited in the Pre-I.I. and after the
teaching interventions, several more advanced conceptions about friction have been
elicited throughout the Post-L.I. (cf. §§ 4.1, 51, 4.4, 5.4). Concept maps, children's
writing and drawings are additional research techniques used in this inquiry in order
to represent conceptions or even highlight them from different perspectives (cf. §§
4.2.6,4.3,4.5, 524, 5.3). Such techniques also appeared to be effective in the

representation of children's conceptions of friction and frictional phenomena.

A serious problem which needed a resolution from the beginning has been the
elicitation and representation of children's prior knowledge or preconceptions about
friction and frictional phenomena without naming them as such. Such preconceptions
have been mainly elicited in the pre-intervention interviews (Pre-1.1.), where children
were asked to explain frictional phenomena without using the word "friction".
Instead they were encouraged to discuss their views and to provide descriptions and
explanations by using more familiar words like "force", "gripping", "slipping",
"rubbing", which implicitly refer to frictional phenomena. This is because it was
assumed that an indirect elicitation of preconceptions about friction and frictional
phenomena, through a context of conceptions of "force", would provide an elicitation
of more in depth, tacit knowledge within a framework of explanations of relative
phenomena depicted on the pre-intervention interview cards (cf. § 3.4.). In this sense,
it is suggested that children attempt to describe and explain frictional phenomena with

what they already know, instead of ascribing particular meanings to what might, to
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them, be a rather unfamiliar word like "friction" and attempt to use it in their
propositional statements. This has been achieved with the help of "key questions"
which appear to draw attention on frictional phenomena and probe the discussion
further in terms of children's attempts to explain them. It seems that several
preconceptions about frictional phenomena have been elicited in this way, together
with other more or less relevant conceptions that referred to the depicted instances (cf.
§§ 4.1, 5.1). Furthermore, this approach is strongly related with the teaching
interventions that follow the Pre-LlI., since the concept of friction is mainly discussed
and investigated within a framework of educative procedures whose outcomes are
considered seriously in the development of children's conceptions, which are also
elicited in the Post-I.I.. Hence, in this inquiry, Pre-I.I. have not been conducted
irrespective of what children are taught in school, but on the contrary they are
incorporated within a more holistic approach which involves a teaching intervention
and Post-1.I. It was kept in mind that children would have a second chance to explain
frictional phenomena after the teaching interventions by using more elaborated or
advanced nomenclature or at least by having ascribed new, more thoughtful meanings
to words they had already used in the Pre-I.I. Of course, it can always be claimed
that if things had been designed differently, different results would have appeared.
Perhaps different depicted instances would have elicited different conceptions, but
this is more clearly seen after the conduct of the interviews and the analysis of data.
Perhaps the use of the word "friction" in the Pre-I.I. would have probed children to
express their views about frictional phenomena in different ways, or they could be
forced to ascribe to it spontaneous and imaginative meanings constructed at the time
of the interview, but again this seems to be another a posteriori possible conjecture.
Hence, it seems to me that most of the choices a researcher adopts during the
development of a project, which determine the outcomes to a great extent, appear to

be time and context dependent.

The problem of identifying and highlighting some aspects of children's conceptual

change has been a crucial one from the beginning of this inquiry. It also had to be
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seen in combination with the teaching interventions and the interviews conducted
before and after them. It has been assumed that a comparison of children's thinking
and reasoning before and after the teaching interventions would reveal some aspects
of their conceptual change, in the way they view and explain particular phenomena.
This assumption appears to be corroborated by the fact that a similar methodology has
also been used in other research projects such as SPACE (1990; 1991; 1992) (primary
school science) and CLISP (e.g. 1987; Wightman, 1986) (secondary school science),

in order to elicit, represent and discuss learner's conceptions and conceptual change.

The CLISP is more oriented to secondary school science, with an emphasis on the
elicitation of children's conceptions through responses to written questions, which is
not considered to be as suitable for primary children, where an interaction with real
objects and events appears to be more appropriate (Russell ez al. 1989). The SPACE
project has developed, in collaboration with teachers, techniques for finding out
children's ideas in the context of classroom activities. These techniques include open
questioning, asking children to draw and annotate their drawings (for younger
children the teacher may annotate in discussion with them), encouraging children to
write about or talk about their ideas, listening to children in discussion with each
other, as well as with the teacher. The overwhelming conclusion from studying
children's ideas on a wide range of scientific topics is that they are the product not of
childish imagination, but of reasoning (Harlen, 1992b). Usually, the research
methodology in SPACE is as follows: children are interviewed or tested before and
after a teaching intervention, on a certain science topic, and their respective
conceptions are compared in order to investigate and discuss anticipated conceptual
change. Quite often children's writing and drawings are also used to provide
additional information about their conceptions and to cross-examine them with the
results from the analyses of the interview data. In this sense, it could be claimed that
this inquiry follows a similar route in methodology with that of SPACE in an attempt

promote and investigate some aspects of children's conceptual change.
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6.3.2. A note on the "authentication'" of the research outcomes

In educational research, events are not observed without themselves being inevitably
changed and shaped by the interpreter. In this sense, research findings do not
represent a fixed objective reality but something which is holistic, multi-dimensional
and ever-changing. As it has been argued in chapter 3 (cf. p. 79), psychometric
notions of validity and reliability do not appear to be compatible with the verstehen
research tradition (cf. pp. 74-75) or with a second-order perspective (cf. p. 76) that
this research project has adopted. Nevertheless, some issues concerning the

authenticity of research data and relevant analyses need to be addressed.

This inquiry attempts to reveal children’s conceptions of friction and frictional
phenomena and investigate some aspects of their conceptual change. This means that
it seeks to investigate some aspects of children’s constructions of reality, or their
understanding of the world, so its authentication rests upon how adequately children's
multiple mental constructions are elicited, represented and discussed. Such a notion
of authentication in this research project is considered to have been achieved by
talking directly to the learners, probing their conceptions and explanations about
friction and frictional phenomena, making sure that they really have a chance to
express their understanding of a concept. This refers both to the interviews and the
teaching interventions. Furthermore, children's expressions and language have been
used in the formation of interpretative statements in the interview analyses, or in the
conduct and presentation of the teaching interventions, within authentic educational

settings.

6.4. Some points of self-critique and implications for future research

In this inquiry there has been an attempt to approach the issue of conceptual change in
a holistic way, in terms of methodology and interpretation. This involves teaching

interventions and interviews before and after them, together with some assessment
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techniques, which all aim to promote and investigate conceptual change. In my
opinion, the initial aims of the inquiry (cf. General Introduction) have been fulfilled to
a great extent, although there are always the thoughts in a researcher's mind about
things that could be done in a different or a "better" way, but these are often the
product of post-conjectures, within an intersubjective context of critique.
Nevertheless, the notion of a holistic approach adopted in this inquiry aims to be a
constitution of "something more" than the accumulation of its parts. This means that
the interdependency of its various parts or phases aims to constitute an overall
synthesis, which is considered to be the necessary condition if one seeks to
investigate and interpret the phenomenon of conceptual change, within the particular
context of teaching and learning about frictional force in primary science education.
This approach has created a number of problems in the organisation and conduct of
the research. Hence, a lot of time has been consumed or invested in the planning,
conduct, analysis, interpretation and reporting of a research project, where several
phases and stages are involved. The greatest difficulty of all has been that of pulling
together the strings of research procedures and educative processes full of detailed

components, in an attempt to create a comprehensive synthesis.

The fact that the research was conducted in two countries and in two different
languages created more problems in the elicitation of the interview data and the
conduct of the teaching interventions. Moreover, the fact that the reporting of this
research project had to be written only in one of the two languages involved (English)
has created problems in the translation and transition of meanings and conceptions
from one language to the other. Nevertheless, the thesis appears to provide a detailed
report of what and how things have happened, together with discussions and
interpretations of particular events, in each of the phases of the project. Hence, it is
my opinion that educators and researchers who wish to repeat parts of the research
procedure or check the outcomes of a particular aspect of the project, have the
necessary details to do so. In this sense, all of the thesis is subject to the critical eye

of the reader.
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This inquiry has been phenomenographic, within a second-order perspective, in the
sense that it reports people's ideas about the world (cf. § 3.1), but also a research into
particular events, therefore a study of singularity (cf. Bassey, 1995). Thus, it does not
aim to make generalisations beyond its scope, since it aims to understand particular
events and suggest some interpretations about particular children's conceptions and
conceptual change, within the context of frictional force. It would be interesting to
see to what extent the ideas discussed in this inquiry are representative in larger
samples of children, using similar or more quantitative research methods. It would be
also interesting to see how children of non-Westem cultures would react to the same
research procedures and what kinds of conceptions and conceptual change would they
reveal. Moreover, it would be challenging to investigate the extent to which the
"weak" form of conceptual change that has been described and supported in this
inquiry is a more generally fruitful idea for other basic concepts, which are taught in
primary science classrooms. These considerations are some of the implications for
future research in the field of conceptual change teaching and learning that this

inquiry has to suggest.
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You know dad, when I was younger 1
believed that stars are shiny pins
which hold up the sky in its place!

When you were younger, ah?
Now that you are older?

Well, look!.. Stars are special iodine
microbulbs which are connected with a
central photo-electric cell, and so they

automatically switch on at night and

off during the day! .. Did you get it?

Of course! Stars are big suns. Just
like ours and bigger, which look smalt
because they are in great distances
from the earth!

Hmm ... Yeah!
Tfeof's also
true ...

Well, now I can explain to
you scientifically what
stars are!

Oh, yeah!...
Explain to me

What kind of nonsense
is this?
Oh yeah, why? Do you

ow any better scientifi
explanation?

. but only when the
electricity is cut off!

"Arkas", one of my favourite cartoonists, has expressed, in his own characteristic and graphic way,
his conceptions of "children's ideas" or "preconceptions", which are "resistant to change", or the
ideas of the "ACM" and the "children thinking in two domains" opinion.

Source: The Sunday "E" ,27-3-1993. Translation is mine.
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APPENDIX I Rolling friction, 'drag forceland properties of friction

Aj.l. The concept of rolling friction

The friction that opposes the rolling of a body over a surface is observed to be much
less than the friction of a sliding body over a surface and this indeed is the advantage
of the wheel over the sledge. The use of wheels and cylinders in order to eliminate
friction is an everyday process. It is common experience that any rolling wheel
eventually will come to rest and we understand that the reason is friction between the
wheel and the surface. This rolling friction is rather different from static or kinetic

(sliding) friction and requires a more careful examination.

Consider an isolated wheel, perfectly circular that rolls across a flat surface at
constant velocity v (see fig. 1, diagram (@)). If we construct an equivalent force
diagram, we can visualise the forces acting on the wheel which are the gravitational
force Fg and the normal force N, which are equal in magnitude, opposite in direction
and on the same vertical axis that passes trough the (theoretical) point of contact.
This is an ideal situation where the wheel remains perfectly round and the surface
perfectly flat and no slipping or deformation of any kind occurs; thus there is only a

single point of contact (which is actually a line) of the wheel and the surface.

(a) Under these ideal conditions we have
assumed, there is no instantaneous
relative motion between the wheel
and the surface at the single point
(line) of contact, so there is no
mechanism that can cause frictional
losses. Thus, we are forced to
conclude that there is no frictional
force and the wheel will roll at
constant velocity. Clearly, from the
perspective of common experience
from our 'frictional' world, the surface

Fig. 1: (a) the forces acting on a perfect wheel that roles _]1
across a flat surface and (b) an exaggerated schematic cannot have such an eltect On the

representation of a wheel rolling across a surface. Both j h , , wh » R th , wh

the wheel and the surface are deformed. ] '

eventually stop rolling, provided that
there is no force pushing or pulling them.

In a real case, the diagram (a) in fig. 1, is incorrect in several respects. First, both the
wheel and the surface suffer deformations to an extent which depends on their

particular elastic qualities. The diagram (b) in fig. 1 shows an exaggerated pictorial



APPENDIX I Rolling friction, 'drag forceland properties of friction

representation of these deformations. The lower portion of the wheel is flattened and
a shallow trench is formed in the surface. The 'line of contact' between the wheel and
the surface has been expanded to a sizeable area. The normal force is now distributed
over the area of contact. As the wheel rolls forward, its leading portion and the
respective contact area are compressed while the trailing portion becomes relaxed and
as a consequence the deformations are greater forward the centre of rotation. A large
deformation is associated with a large force (Hook's law); hence, the individual
normal forces acting on various parts of the wheel are greater in the forward section.

Thus, the gravitational force F and the resultant normal force N are now in distance
/ from each other (see fig. 1, diagram (b)). These two forces constitute a couple,

since they are a system of two equal in magnitude, but oppositely directed forces.

This couple creates a forque which hinders the rolling of the wheel. This torque can
be called rolling friction and it actually reduces the angular speed of the wheel. If
the wheel is left alone (not driven), it will stop rolling after a while, unless an external
force is constantly applied to it, in order to continue its movement. It is evident that
what is usually said about rolling friction being "less than sliding friction" is a false
statement. They cannot be compared, since sliding friction is aforce while rolling
friction is a torque (Halliday, Resnick & Walker, 1993, p. 322).

The nature of friction in rolling motion is very complex. As the wheel and the surface
deform during the rolling motion, some slippage also occurs. Thus, sliding friction is

also present, to a certain extent. In fig. 1 diagram (b), it is sliding friction that is
symbolised as /.

However, the primary frictional effect
over the area of contact is one of
static friction. At the local level of
contact of the wheel with the ground,
there is a local static friction which is

Fig. 2t A schematic representation of the local static

friction at a certain point of contact of a rolling wheel exerted from the ground to the wheel
[and the ground.

and it is opposite to the direction of
the movement of the points of contact of the wheel as they come in touch with the
ground. Thus, for a certain point of contact (see fig. 2), there is static friction f's,
which is opposite to F, which is the force that the wheel exerts on the local points of
contact, due to its rotation and it is tangential to its circumference. Strangely enough,
this local static friction has the same direction of the motion of the axle of the wheel
(translation), which is a forward motion. Without the existence of this local static
friction, it would be impossible for the wheel to be 'extended' on the ground and

therefore its rolling would be impossible.
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In most cases, the important source or frictional losses is the deformation process. No
real material is perfectly elastic, so there are always energy losses when a material is
compressed and then relaxed. This continual deformation-relaxation cycle generates
heat in the wheel and the surface. This is why the automobile tires become hot when

they are run at high speeds.

Ai-2. The special case of a ’drag force’

A swimmer experiences some kind of 'frictional drag' exerted on her by the
surrounding water. Atmospheric drag impedes the forward motion of an aeroplane or
an automobile, but makes possible the operation of a parachute. There is a dragforce
which tends to retard the motion of any object that moves through a fluid such as air
or water. The measure of the resistance to flow that a fluid offers when it is subjected
to shear stress is called viscosity. Air resistance is often considered in textbooks as
'air friction' (Jennings, 1993, p. 83). On the other hand, McCleland (1991) in a reply
article to Salazar et al. (1990), put forward some doubts and reservations concerning
the misuse of this kind of nomenclature for the description of various frictional
phenomena. He claims that the widespread use of the term 'friction' to describe
different phenomena may cause problems to students, on the grounds that distinct
phenomena should be given different names. Thus, he concludes that "friction should
be restricted to situations where two surfaces ofsolids are in contact and in relative
motion. Where two surfaces are in contact but not in relative motion it is proposed
that the interaction along the interface be called shear adhesion™ (p. 237). This also
depends on the model of approximation and/or description of the phenomenon. He
also argues that making the surfaces as smooth as possible reduces friction, while the
use lubricants or interposing wheels or rollers eliminates friction, giving additional

emphasis in the use of these verbs in various instances in textbooks.

Bearing in mind McCleland's (1990) recommendations, one could claim that although
the 'drag force' is a distinct phenomenon, it also refers to practical considerations
which could provide fruitful explanations within a broader sense of the concept of

friction.1

1In this respect, air resistance is used in a couple of instances which are depicted in the interview cards which
aimed to elicit children's ideas on the relevant topic, within the context of this inquiry.
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Ai3. Properties of friction in more abstract terms

If we experiment with a body that is pressed against a surface (both remain dry and
unlubricated) and we attempt to slide it over the surface by exerting a force F to it, the
resulting frictional force can be identified by the following three properties which
express, in rather more abstract terms, the "laws" of friction that were presented

qualitatively in chapter 2:

Property 1. If the body remains stationary, then the magnitudes of the static
frictional force rs and the component of F that is parallel to the surface
are equal and s has an opposite direction of that component of F.

Property 2. The magnitude of the static frictional force rs has a maximum value

/..n» thatis §iven by
/.M -V,N

where ixs is the coefficient of static friction and N is the magnitude

of the normal force, which is perpendicular to the surface of contact.
If the magnitude of the component of F that is parallel to the surface
exceeds the value of fsnmx then the body begins to slide along the
surface2.

Property 3. When the body begins to slide along the surface, the magnitude of the
frictional force decreases to a value f 'k given by

h z

where fik is the coefficient of kinetic friction. After the body starts

sliding on the surface, the magnitude of the kinetic frictional force fk&

is given by the preceding equation and its direction is parallel to the
surface of contact and opposite the intended motion (Halliday, Resnick
& Walker, 1993, p. 134).

The coefficients of friction fis and fik are dimensionless and experimentally

determined. They are primarily a property of the contacting materials and depend on
many variables, such as surface finish, surface films, temperature and the extent of
contamination in the interface (Halliday & Resnick, 1981, p. 100).3

2 In properties 1and 2 the force F is considered as a single force exerted on the body. Things would be the same
for the resultant force acting on the body, as a result of several forces acting on it

3 Generally, it is observed experimentally that fis)nk.
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THE STUDY IN ENGLAND

The man is trying to move the car, but the car is not moving

Engine not
going

O O

Is there a force on the car?

There is a book on the table

Do you think there are any forces here?
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We lift the table up a little bit from one of the sides.
The book does not slide down.

Do you think there is any force keeping it there?

No brakes
No pedalling
Slowing down

Is there a force on the bike?
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A box full of food and medicines was dropped with a parachute from an aeroplane.
It goes down slowly.

Do you think there are any forces here?

Rolling with the skateboard. No pushing. Slowing down.

Do you think there are any forces here?
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T e !

Walking along the road. Is there any friction here?

We lift the table up a little bit from one of the sides.
The book does not slide down.

Do you think friction is keeping it there?
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There is some weight in the tray, which is under the pulley at the end of the
string. But the block of wood does not slide 011 the table.

Do you think friction keeps it there?

There is a box left on a slope at the back of a truck. It is not sliding down...

Bo you think there is any friction here?
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A. Coming slowly down the slide. B. Holding steady with the hands on the

Do you think there is any friction here? sides of the slide. No sliding...
Do you think there is any friction here?

No brakes
No pedalling
Slowing down

Do you think friction slows down the bike?

10
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THE STUDY IN GREECE

1&tervfew Cards

Yjit& Qx”* £va pi|3Xto Jtdvco crxo XQajte*u

N o~ sic; on XwWI&QXO0'UV Sirv&M¢£ic; edoo;

s~xcbvoDjjie UYO XO tqcoted;i and xt] jxia M-EQid.
To f3i(ftXo 6ev xaoxMei :xqbc; ta x&xco.

Nopl~eig oxi v%&Qyjzi xem oia 6irva’r] jiod xo xQaxaEi exel;

11
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IIQocmalet va jjiexaxtvrioei xo auxoxlvrixo, aXXa amo dev (mexaxivEixai.

Aoxeital xaiila 6i»va”h oxo avxoxivnxo;

Ilsxdei xo imoA&xi axo xaidi Jtou pQioxExai cmevavxi...

©

No”*eic; 6xi aoxowxat dwdjxeis axo jxxa”dxi;

12
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Tgafkieito xaoexX axi. Nop,ifeig 6TI aoxoim ou 6w 6neiS efxb;

mEva xovtf yeiKfro (if Tecxpg? xai gxiQuaxci TOCfiei nt aXegtaano areo
6va aegojc/wdvo.

KateuOuvexaL. ctQyd Jigog to edacpot;. NonC”eig on mdQxovv 6irvdptet$ e6th;

13
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Ae xgncanoJioiEl xa gpQfeva
1Exei oxananioEi va xavei raxdJa.

ITivatvei o Xoiva xai :uo oqy&.

Aoxelxai xanta 6vvan-T| axo Jto8f)Xxo;

ELpoxcoodei (xeto oxetxfJuioQvx. Ae ajiQcbxveL jjieto Jt66t.
Ilr|]Yaf.veL oX of£va xaiicio agyd.

No”eic; 6xiimagxow O6w&|xeic; k6 co;

14
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2tlxd)voO)*"E U yo xo XQoar”iajté liia jxeQid. To PipXio 6ev
I00t>X,&Fl tlg6¢c, x a xdxco.

Nolitfeig 6xi T TQtprj xo XQax&ei EXEL;

IIEQJtaxdEi axo 6Q6[A0. NointEic; 6xi m doxei XQiPf) edob;

15
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Yjt&Qxei Eva otomi itdven ae [iia oavlda axo Jtiaa) iieooi; evo? (pOQTuyoti.
To xoirct jiagaix"vei oxri Qeari xou Aev xaouKd...

Nofxi“eii; 6xi widgxei xa86X.ov XQifj edfc);

Yjt& Qxei 6va xoppdxi [vXo\> jcAved 0x0o xqoux”i. 2xo0 £AXoam 6
aaxetxaipia 6vvapll<m6 xo 0aQ 6xi jtov xQ pexat oxtjv Axqt) xov
ojtdvYov. To §uXo, Aptog, 6ev xivetxai...

M tfrcog vopif,a<; 6xt 7l XQilti xo XQaxdei exet;

16
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Ae XQTjoijiOJtOLei ta qp(>6va.
B xei oraiiatfioei va xdvei jtexdXi.
ririYatvei oXofcva xai jtio aQyd.

No~i*el” oh ti TQ\firl “eiayvet xirivxaxvrryta xou jtodtiXdxou;

A. rXwrtQdet agyA itdvo cmrv Toow’r{0Qa. B . Koaxdei ara0EQ& [xeta XEQaraVvai
NohUsei? 6 ti xmaoxEi- €So); olTlvxoovQkffioa. Ac yXiotq&ei...
Nomr“ek; 6n mdoxet xo$n ebd);

17
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APPENDIX III: Analysis of the Pre-Intervention Interview Cards with Respective Comments

The man is trying to move the car
but the car is not moving.

Engine not
going

Is there a force on the car?

There is a book on the table.

Do you think there are any forces here?

We lift the table a little bit from one of the sides
The book does not slide down.

Do you think there is any force keeping it there?
No brakes

No pedaling
Slowing down

Is there a force on the bike?

A box full of food and medicines was dropped
with a parachute from an aeroplane. It goes
down slowly.

Do you think there are any forces here?

Rolling with the skateboard. No pushing.
Slowing down...

3EZ3E

Do you think there are any forces here?

Dragging a chair.

in Greece

erviews

isv
Do you think there are any forces here?

Throwing a tennis ball to the child over the
other side.

Do you think there are any forces here?

Two additional cards wsed far the int

Normal force

Force from

the man friction

t

Weight

Normal force

A

t

Weight

Normal force
friction

Weight

Normal force

friction

Weight

Air resistance

A

Weight

Normal force

A

friction

Normal foife

Pull from
the person

friction

Weight

Air resistance

Weight

This is a frce-body diagram of the car. If we
consider the forces exerted on the car as a
whole, they are the normal force N pushing
outward from the horizontal plane of the
ground, the weight W of the car, the force from
the man F and the frictional force f pointing on
the right, hindering the motion. If we consider
the phenomenon at the local points of contact
of the rubbing surfaces of the wheels and the
ground, things are quite different.

The Net Force=ri. so the car is

in equilibrium (stationary).

This is a free-body diagram of the book on
the table. The forces on the book are the
normal force N pushing outward from the
horizontal plane of the table and the weight
W of the book.

The Net Force=0, so the book is in
equilibrium (stationary')-

This is a free-body diagram ofthe book
on the tilted table. The forces on the
book are the normal force N pushing
outward from the tilted plane of the
table, the weight W of the book and the
frictional force f which points up the
plain because the impedning motion is
down the plane.

The Net Foree=0, so the book is in
equilibrium (stationary).

This is a free-body diagram of tiie bicycle. If we
consider the bicycle decelerating as a whole, the
forces on it are the normal force N pushing outward
from the horizontal plane of the ground, the weight
W of the bicycle and the frictional force f from the
air resistance pointing on the right opposing the
motion. If we consider the phenomenon on the
rubbing surfaces of the wheels and the ground,
where static friction is present at the local interface
of contact, things are quite different.

The bicycle Is decelerating.

This is a free-body diagram of the parachute
and the box in the air. The forces are the air
resistance Fa pushing upwards and the weight
W of tire box and the parachute pulling them
both towards the earth.

The Net Force=0, so the box and the
parachute arc falling with constant
velocity.

This is a free-body diagram of the skateboard. If
we consider the skateboard decelerating as a
whole, the forces on it are the normal force N
pushing outward from the horizontal plane of the
ground, the weight W of the skateboard and the
frictional force f from the air resistance pointing
on the left, opposing the motion. If we consider
the phenomenon on the rubbing surfaces of the
wheels and the ground, where static friction is
present at the local interface of contact, things
are quite different.

The skateboard is decelerating.

This is a free-body diagram of the chair. The
forces are the the normal force N pushing outward
from the horizontal plane of the ground, the weight
W?of the chair, the pull from the person Fp and the
frictional force f pointing on the right opposing the
motion.

The Net Force=0, tire chair is moving at
constant velocity.

This is a free-body diagram of the tennis ball. The
forces on the tennis ball are the weight W pulling
it towards the earth and the air resistance Fa
which is tangential to the trajectory of the motion
of the tennis ball.

The tennis ball is accelerating.
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‘Walking along the road.

Is there any friction here?

We lift the table up a little bit from one of the sides.
The book does not slide down.

Do you think friction is keeping it there?

There is some weight in the tray, which is under the
pulley at the end of the string. But the block of wood
does not slide on the table.

S '
Do you think friction keeps it there?

There is a box left on a slope at the back of a truck.
It is not sliding down...

Do you think there is any friction here?

Coming slowly down the slide.

Do you think there is any friction here?

Holding steady with the hands on the sides
of the slide. No sliding...

Do you think there is any friction here?

No brakes
No pedalling
Slowing down

Do you think friction slows down the bike?

Normal force

Force from

the preson. friction
t
Weight
Normal force
v friction

‘Weight

Normal force

A

Pull from H

friction “the weights ||

Weight

Normal force

W friction

‘Weight

Normal force

WL

Weight

friction
Normal force

Weight

Normal force

ofriction

Weight

This is a free-body diagram ofone of the shoes
of the person walking at a constant velocity. The
forces on the preson are the Normal force N
pushing outward from the horisonlal plane of the
ground, the weight W of the person, the muscular
force Fp pushing backwards in order to move
forward and the friction f from the rubbing
surfaces of the ground and the shoes pushing

on the opposite direction of Fp.

The Net Foree=0, the person is moving at constant
velocity

This is a free-body diagram of the book
on the tilted table. The forces on the
book are the normal force N pushing
outward from the tilted plane of the
table, the weight W of the book and the
frictional force f which points up the
plane because the impedning motion is
down the plane.

The Net Force=0, so the book is in
equilibrium (stationary).

This a free-body diagram of the block of wood. The
forces on the block of wood are the normal force N
pushing outward from the horizontal plane of the
table, the weight W of the block, the force from the
weights in the tray FW pulling the block on the right
end the frictional force fpulling the block on the
opposite direction hindering its motion.

The Net Forec=0, the block is in equilibrium
(stationary)

This is a free-body diagram of the box on
the slope. The forces on the box are the
normal force N pushing outward from the
tilted plane of the sloping board, the
weight W ofthe box and the frictional
force f which points up the plane because
the impending motion is down the plane.

The Net Force=0. so the book is in
equilibrium (stationary).

This is a free-body diagram of the person on the
slide. The forces on the person are the normal
force N pushing outward from the tilted planeof
the slide, the weight W of the person and the
frictional force f which points up the side because
the motion is down the slide. The tangential
component of the weight Wl is bigger than the
frictional force f.

The person is accelerating

/

This is a frec-bodv diagram of the person on the
slide, The forces on the person are the normal
force N pushing outward from the tilted plane of
the slide, the weight W of the person and the
frictional force f which points up the side because
the motion is down the slide. The tangential
component of the weight W1 is equal and opposite
to the frictional force f.

The Net Force=0, the person is in equilibrium,
(stationary)

This is a free-body diagram of the bicycle. If we
consider the bicycle decelerating as a whole, the
forces on it are the normal force N pushing outward
from the horizontal plane of the ground, the weight
W of Hie bicycle and the frictional force f from the
air resistance pointing on the right opposing the
motion. If we consider the phenomenon on the
rubbing surfaces of the wheels and the ground,
where static friction is present at the local interface
of contact, things are quite different.

The bicycle is decelerating.
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A's. Style, notation and format of the interview transcripts

Some transcribing conventions have been adopted concerning the style and notation
of the transcripts (Gilbert, Watts & Osborne, 1985, p. 18). The transcript is not
punctuated or divided into sentences. Full stops, commas and the like are omitted.
Question marks are also omitted, since "the verbal inflective associated with
questioning is sometimes used to make statements, the truth ofwhich is uncertain to
the speaker" (ibid.). The pauses are also typed and sounds like laughter and cough

are included in the transcript (see table A5.1).

The format of the transcripts is in tables of three columns. The utterance numbers, an
abbreviation of the word interviewer (Int.) and the first two letters of the name of the
interviewee (i.e. An) are included in the first column on the left. The utterance
numbers can be either whole numbers, when there is no interruption by one of the
speakers, or a decimal number when there is an interruption, contradiction or overlap.
In the second column the main body of the interview transcript is typed using the
notation code. A reduced version of the interview cards and some comments
concerning equivalent utterances of the interview are included in the third column (cf.
Appendix VI that follows).

They enclose unavoidable interpretations and they are put within
the utterance that they apply.

They enclose information and comments and they are placed on
the third column, on the right hand side of the page.

Asterisks show the transcriber's doubts, mainly due to the
Transcriber's doubt: ** acoustics of the tape, they are include within the utterance with
as much of the sound as possible. The number of asterisks
roughly indicates the number of words.

They indicate pauses. One period indicates a very short pause,
thereafter the number of periods indicate the length of the pause.
For longer pauses, the number of seconds is roughly indicated by
a numeral preceded and followed by two periods.

A prolonged or drawn out sound: A prolonged or drawn out sound within a word is indicated by a
fo::ce number of columns included in the word.

Stressed syllables: friction Stressed syllables are indicated by using bold characters.

Two symbols of "bigger than" (» ) indicated overlapping
utterances or instances where one speaker cut into the other.

This symbol indicated a rising inflection, not necessarily leading
to a question.

This symbol indicated a falling inflection usually when the voice
of the speakers dies out for some reason.

unim hnim uwinm er These sounds are also included wherever appropriate.

This is how laughter, cough, snort etc. are included in the
transcripts.

Parentheses: ()

Square brackets: [ 1

Periods: ............

Number of seconds: ..6..

Overlapping utterances: »
Rising tone: /

Falling tone: \

(laugh) (cough) (snort)

Table As .1: The code of notation used for the interview transcripts
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APPENDIX V A sample of a Pre-Intervention Interview Transcript (England)

Pre-Intervention Interview (Da)

001 Int hello (Da)... I think we are ready to start with this card ... you can take a look
at the drawing., read the sentences and ... then we can have a chat abut it...

002 Da no brakes .. no pedalling .. slowing down .. is there a force on the bike.. /

003 Int umm hmm.. what do you think .. /

004 Da umm .4..

005 Int do you think there are any forces on the bike .. /

006 Da yeah... 'cos it's like .. the man is on it., the force is going down to the wheels
which are pressed on the ground...

007 Int yeah.

008 Da it's actually gravity ..the man's weight pushing the bike to the ground ...

009 Int yes,, but the bike is slowing down ... you see the rider is not pedalling .. not
using the brakes either., but the bike slows down and eventually it stops .. why
do you think that happens .. I

010 Da well.. it's like .. the gravity is like .. pulls it down .. it's trying to stop it and
it's like the force of the weight of the man .. is pushing the bike along ...

011 Int yeah.

012 Da then s, it's like pulling against the force of gravity which is like .A.. that's
why it slows down..

013 Int yeah ...do you feel there are any forces at the touching points of the ground .. 1

014 Da yeah .4.

015 Int what do you mean ../

016 Da well.. there must be forces but.. I don't know if that's stopping the bike .. it's
just the weight actually pulling it down ..

017 Int any other forces here.. /

018 Da umm.. the wind.. if it,, if it is blowing behind of him it'll speed him up a little

bit., and if it's blowing this way., it'll slow down faster 'cos it's pushing him [pointing at the opposite direction,
> ’ behind the rider]

back...
019 Int anything else to add on this one .. /
020 Da no..
021 Int O.K.. let's take a look at the next card then ..
022 Da abox full of food and medicines was dropped with a parachute from an

aeroplane .. it goes down slowly., do you think there are any forces here .. /

023 Int yeah.. what do you think../

024 Da umm.4.. it's like .. well the wind is like .. it's being hold inside the parachute ..
it's like pushing up against the parachute ..

025 Int umm hmm..

026 Da so., it's like.. er.. slowing it down 'cos.. 'cos it's.. with the parachute and the
box ... just the box on its own wouldn't., it wouldn't have as much air topush it
up away .. 'cos it's like holding in the air..

027 Int yeah..

028 Da . andit's like .. so it's the air that can't get out of it .. which like holds it up..

029 Int holds it up .. do you mean the parachute .. /

030 Da yeah.

031 Int all right.. do you think there are any other forces here .. /

032 Da umm .. gravity .. it'sjust like pulling everything down ..you know..

033 Int yeah.. anything else.. /

034 Da no . just that...

035 Int O.K. . let's take a look at the next one then..

036 Da rolling with the skateboard .. no pushing .. slowing down ..do you think there
are any forces here .. /.. umm ... is it on a flat ground.. /

037 Int yeah., we can suppose so ..
038 Da er.. he is not pushing., umm .. well it's basically same as the bike really'cos ..
038.5 Int » yeah..

039 Da . er.. gravity is like pulling it down so., which is stopping it..

040 Int umm hmm.. do you think there are an}-forces at the touching points of the
wheels and the ground.. <

041 Da no .. I don't think so...

042 Int anything else you would like to add here...J

043 Da well it's the wind .. it depends where it is blowing from ... if the wind is
blowing behind him ... it's like pushing him along .. same with the bike..

044 Int yeah.

045 Da .. but 1 think that eventually it will stop ..

046 Int umm hmm... any idea why that will happen .. {

047 Da er.. no I can't really explain this ..

048 Int O.K. . let's see the next card then ...

21



APPENDIX V A sample of a Pre-Intervention Interview Transcript (England)

049

050
051

053

054
055

056

057
058
059

060
061
062
063

064
065

066
067
068
069
070
071

072
073

074
075
076
077

078
079

080

082
083

084
085
086
087
088
089
090
091

092

093

094
095

097
098
099
100

Int
Da
Int

Int
Da

Int

Int
Da
Int
Da
Int
Da
Int

there is a book on the table ... do you think there are any forces here ... /..
same again ... it’s gravity which is pullingit..
umm hmm..
er.A.
why do you think the book stays on the table .. /
umm.. it’s because of gravity., and if there weren't the table the book would
fall straight down...
yeah .. I see ..
a bit like .. it can't really go through the table .. 'cos the table is like a solid
thing and the book can't pass through the table .. (laugh)
yeah .. all right.. do you think there is any force from the table towards the
book../
er.. no [ don't think so ..
O.K. .. let's see the following card then ..
we lift the table up a little bit from one of the sides .. the book does not slide
down., do you think there is any force keeping it there .. /.. umm ..6..
yeah... well.. have you got experience of such a situation ../
yeah .. I've tried that before .. at home ..
all right.. what do you think is keeping the book there .. I
umm.. the wind could be pushing it up ... er.. but there's not much wind in the
room ...(laugh)
well.. yes I would think so as well.. (laugh)., anything else apart from that.. /
.. can you recognise any other forces here... /
umm.. in that position.. it will be gravity pulling it down off the table ..
mean down.. /
umm hmm..
is it just a free book or is it glued or anything .. I
no., it'sjust a book and it's not glued or anything ...
well.. I don't know it stays there .. I reckon ...
yeah..
er.. [ think gravity would actually pull it along the table and down .. but this
does not happen...
do you think there are any forces there ... where the surface of the cover of [pointing at the equivalent spot at the
the book is touching the surface of the table .. / picture]
well. .. yeah., it's touching .. ain't it... it’s like ... are there any grips or anything
on the book .. 1
what do you mean.. /
well you know., books can have like .. ripply covers., can't they.. /
yeah .. do you think that could hold the book on the tabic.. /
er.. it might do., it depends on the substances., 'cos I know .. like rubber can
hold things., but if it was plastic or like., like .. it would roll down ..
do you think the surface of the table has anything got to do with it../
yeah .. because like .. as I say., it's different substances., this is like .. making
roll off a lot easier., or., just hold it back there ..
oh .. I see anything else you would like to add on this one .. /
no..
0O.K... let's see the last card then..
the man is trying to move the car but the car is not moving .. engine not going
.. is there a force on the car.. /.. umm .A..
yeah., what do you think.. I
well.. it's the man actually with his strength pushing the car.. that's one force..
yeah., but the car is not moving ..
well., the wheels are like .. been held down onto the ground ..
how do you think that happens .. /
er.4.. with gravity ..
in what wav do you think gravity holds the wheels down onto the ground .. /
in what way.. /.. 'cos it's like a big Hoover that sucks everything down onto the
ground ..
all right.. I sec .. do you think there are any' forces at the touching points of the
wheels and the ground .. 7
well as I said before., it's like the .. the different substances., 'cos it's rubber
wheels., and it's like sort o f.. well., it's like jammed ..
umm hmm..
and if'it is like a rough ground., it holds the wheels in place ..
what do you mean .. /
they would get more into it.. they would grip more ...
yeah .. anything else you would like to add here .. /
it would be different if you put some sort of oil there .. and there .. [pointing under the wheels]
yeah .. what would happen then
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101 Da it would move easier .. you see., he would push the same but the car.. it would
move then..

102 Int why do you think that would happen.. I

103 Da 'cos oil is like slippery .. it lets the car slip on the ground on the slippery
surface.. 1 mean-

104 Int all right... 1see., any other forces in this situation .. 1

105 Da no .. Ican't really see any other forces .. \ no..

106 Int O.K. .. thank you very much (Da).. I think we have finished ..

107 Int that's all right.. you're welcome...
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Post-Intervention Interview (Da)

hello (Da)...

hello.. are you all right.. /

yes .. 1 am fine thanks .. well (Da) .. I’ve got another set of cards here .. you
can take a look at the drawings .. read the sentences that describe them and
then we can have a chat about it.. is that all right.. 1

yeah .. that’s fine ..

let’s start with the first card then..

walking along the road.. is there any friction here .. /.. yeah .. there’s a little
bit of friction .. it would be more friction if you’re dragging your feel on the
ground .. 'cos they rub more you see ..

yeah .. but what happens when you don't drag your feet .. /.. when youjust
walk normally.. /

well there’s not really much contact in this case .. or there is some but not
much .. there is just a little bit of friction created .. to keep you going 1
SUppOSE ..

what happens when you are dragging your feet on the ground then .. /

er.. when you are dragging your feet they hardly get ofthe ground .. so they
really rub more and that creates friction .. that’s why .. when 1 am dragging my
feet.. it makes it a lot more difficult to walk ..

yeah .. anything else you would like to add here .. /

well.. it’s also the force of gravity that is pulling the person down .. sort of
sticking him on the road ..

I see .. anything else .. I

no..

let’s take a look at the next card then ..

we lift the table up a little bit from one of the sides .. the book does not side
down .. do you think friction is keeping it there .. / yeah.. it depends on the
surfaces ..

yeah .. what do you mean ../

say if the table surface is rough .. and the cover of the book is also rough ..
then .. they’re kind of sticking together .. the roughness does that.. but say .. if
it was smooth and .. say the book was made of plastic .. then it wouldn’t grip
as much .. so it would slide down ..

Isee.. how do you think that.. the roughness of the book keeps it there .. 1
well.. it’s hard to explain that.. first there’s gravity holding it onto the table ..
and then .. if the table is a bit rough .. it will have all these little things there ..
and the book would grip on it.. that would create some friction that would
help the book stay still..

so .. how many forces do you think that keep the book there .. 1

it’s two .. gravity that kind of sticks it onto the table .. and friction that holds it
back.. er..4.. also it depends how high the table is ..

what do you mean .. /

well.. the highest the table is .. the less friction is there .. 'cos then gravity is
pulling it (the book) more down .. and so it slides ..

why do you think that gravity is pulling the book moredown .if we lift the
table a bit higher.. /

'cos it’s getting higher offthe ground .. so it (the book) wants to go down
immediately.. 1 suppose..

all right.. 1see .. anything else you would like to add here .. 7

no..

let’s see the next card then ..

there is some weight in the tray .. which is under the pulleyat the end of the
string .. but the block of wood does not slide on the table .. do you think
friction keeps it there .. /.. yeah.. that looks exactly like the investigation we
did last week .. only there’s no sandpaper here .. 'cos my group had sandpaper
on the table..

yes .. lremember that.. but can you describe what you think that is happening
here../

well.. say if this is a wooden table .. and you have that piece of wood on it {pointing at thecard)
like that.. and it doesn’t slide along the table .. well.. two things are
happening then... er..4..

umm hmm .. what do you mean .. /

well.. it’s either that friction is created on the rough surfaces of the wood and
the table .. or .. there’s not enough weight to pull it along., er .. or it could be
both actually (laugh).

what do you suggest then .. i
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well.. there’s definitely some friction.. 'cos llie surfaces there are rough .. and
all these bits and pieces get into each other., and that sort of resists the weight
that is pulling the wood .. 'cos it’s not enough .. I reckon..

all right.. anything else you would like to add here ..

well.. it would be different on sandpaper..

what would be the difference .. /
you need a lot more weight.. to start it sliding .. 'cos the surface ofthe table is
alot rougher.. so.. you might need nearly as much weight as the piece of
wood .. that’s what our group found out..

yeah .. lremember that’s what you found out.. thank you .. let’s take a look at
the next card then ..

there’s a box left on a slope at the back of a truck.. it is not sliding down .. do
you think there is any friction here .. / ..yeah .. this is very similar to the table
and the book .. kind of thing .. so there’s some friction here .. but also gravity..
what do you mean could you describe that abit.. please .. I

well.. all the points of contact those little tops and valleys.. inter., er..
interlock with the slope .. that means they get into one another .. kind of thing
.. and that holds the box there .. and also because of gravity ..
what happens with gravity then .. /
er .. it pulls that box down .. but it kind of sticks it on tire slope .. 'cos that’s in
the way .. you see .. so it helps it grip more ..
yeah .. [ see .. anything else you would like to add here .. /
no .. that’s all.. friction and gravity are just keeping the box there ..

all right.. let’s take a look at the next card then .. can we go through A first
and then B please .. /
yeah .. A .. coming slowly down the slide .. do you think there is any friction
here .. /.. yeah .. there is friction here .. cos as he is sliding down .. he is
rubbing his jeans and his shoes on the slide .. that creates friction and slows
him down a little bit..

how do you think that rubbing creates friction here .. >

well you know .. rubbing .. just like when you rub your hands .. they grip ..
cause they sort of catch on each other.. I suppose .. that’s why you get a bit of
dirt in your hands after that..

» urnm hmm.. [ see ..

.. and what happens here is that his buttocks are rubbing on tire surface of the
slide .. and say if that (the slide) was a longer one .. he would feel like burning
soon .. ‘cos he will get hot from all that rubbing (laugh)..

all right (laugh) .. why do you think that he would get hot then .. /

well his buttocks would get hot.. just like your hands when you rub them .. T
don’t know really .. it just happens ..

all right.. let’s take a look at B situation then ..

holding steady with the hands at the sides of the slide .. do you think there is
any friction here .. /.. yeah .. 'cos you see .. his hands are like gripping at the
sides of the slide .. and he also puts a lot of power with his fingers to hold
himself right there..

how do you think that his hands are gripping at the sides of the slide .. /
well.. he is forcing them to grip .. by putting a lot of power on them .. to hold
really steady .. that creates a lot of friction ..

I see .. in which case do you think there is more friction .. I..inAorinB .. 1
in B .. 'cos there are more points of contact.. and he is staying up there steady
.. so there are more places for friction.. to go.. that’s it..

all right.. anything else you w'ould like to add here .. 1

no .. not really ..

let’s take a look at the last card then..

no brakes .. no pedalling., slowing dou'n .. do you think friction slows down
the bike ../ well yeah .. friction on the tyres .. that slows it down ..

can you describe how' do you think that happens .. 1

w'ell.. the road is bumpy you see .. 'cos it’s always an uneven surface .. and
the tyres .. they are sort of rough .. and they have kind of crannies .. that grip
on the bumps of the road .. and slow down the bike .. and eventually stop it..
er . 4. it’s also the material of the lyres .. 'cos they are made of rubber you
see..

why do you say that about rubber .. /

well.. rubber is rather sticky.. I suppose .. that would increase friction
wouldn’t it.. m. 'cos it will be gripping a lot more .. than say wood or
something like that..

yeah .. 1 see .. anything else you would like to add here .. 1

umm .. there’s some more friction there .. at his hands that are gripping onthe  ipointing at the handlebars]
handlebars., er.,4..
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072 Int yeah .. anything else .. you have in mind ../

073 Da there is also some more friction .. there .. under his shoes that are gripping on  [pointing at the pedals]
the pedals .. and also at the saddle where he is sitting .. that’s about it..

074 Int all right.. 1think we have finished now thank you very much (Da)

075 Da that’s all right.. you’re welcome ..
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Pre-Intervention Interview (At]) or (Di)

001 Ecqcv yeid Gop (Ai}). xixdveig ../

002 At]  xaXd..

003 Egev Xoutdv (Arj) ebcb exo> |[Aegix£g xagxeg.. ot oxoieg itegiixovv xdnoieg
eixoveg... fwtogeig va xoixa”eig xig eixoveg ..va biapdaeig 115 jcgoxdaeig
jtov xig jregiygdcpovyv xai. fiexd 0a ODbixflaounf Myo nava) 0’avxeg..
evxdfei.. /

004 All vai..

005 Egtv ag agxiaovjJiE [if xiiv JTQOKT)xdgxa...

006 All vjcagxeieva pipXio jrdvo axo xoajie™i,.. vojiiteig Oxlvjrdg/ovv bvvd]|ifig
ebeb.. /.. vau. vjtdgxow..

007 Egtv notig bvvdfJteig vo}xit,eig 6xleivai avxeg ../

008 An EE., xo pipXio oxav eivai Jtavco axo xgajriti exei HCEJIOIO pdgog.. EE .. xai xo
xgoOT~tnov eivai navco axri y»]..e/ei xai am o hoot010 pdgog..

009 Egev [idXoxa.. volii.i;e.ig oxi. vndgxei xajju'a bx'ivann and xo XQOOTE*"Lnoog XO
PiPXio.. /

010 An EE.. xo PipXio |xe xo Pagog xov xagajjievei navco axo xgajreti... xat::.,,exai xo

pipXio exei xi] bgdai) xai xo XQOOTEALJXOV xo0 oxngiteiexei W avxibgaa?)..

011 Egev fiJu XMj*- vofii*eig 6x 1 DOTdgxoDv bvvd|xeig exei 70V xa ndbia xov
TgaJTEtioi) axovimodv axo 6baq>og.. /

012 An vai.xoxganeUi (joexo Pdgog xov aaxei xil]bgdai]..xainyi] HOD xo
axtigff,£i aaxei Xiaavxibgaoi]..

013 Egev avxeg eivai biacpogexixeg bvvd|xeig.. /

014 An vai...
015 Egev aXXeg bvvdjvei.g vojjiiteig oxi vnagxoxiv ebcb../

016 An  [X(X.4.d/i-bev mdgxovy dXXegbvvd|xeig..

017 Egev ag bovfJiE xoxe xi]v EJTOQIEVI] xdgxa..

018 An at]X(bvoD|j£ Xiyo xo XQcmetj caro xr] jxia |[A£gid xo PtpXto be xoovXdei noog
xa xaxco.. volitf;eig dxi vndgxei xdOTOia dvvajxT] xov XO xgaxaei exei.. /..
EE.. vai...

019 Egev xiewoelS5./

020 An yiaxiyia va jreaeixo pipXiongeneiva .. EE.. Jigeneiva xo anxwaoi'fxe oTIO
jtoXu..

021 Egev  (xfx XM-H- Yiaxi voliii;etg dxi OTQIOTEL va xo0 xdvov”~ie £xai.. /
022 An yiaxi::.. xai axaXi Ebcbnega .. oncog eivai 6E unogeiva xaovgXgaei.. yiaxi::
.. xaxi. Ttgeirei va xo xgaxdet...
023 Egtv xt voiU” Eig dxi fjurogei va eivaiamo.. /
024 An ££.. x0 xgane”"i..
025 Egtv OKOD5 vo(xit,ei5 oxi xo xgajritx xgaxdei xo PiPXio axivnxo oxi] Oeoti xov../
026 A1l ee.. Efagxdxai card xi eivai (pxiayfxdvo.. ee.. axo £vXo.. [x[x. av xo xgaxeCi
eivai [vXivo xoxe ..xaxcog xo pipXio ..yawtcbvexai axdvco xoxv.xai
xgaxiixai.. ee .. evcb edv eivai and., exei cpogjxaixa e6cb xdvco.. xoxe jixogei [6e(X v JTtivojoxiiv ejtiq)dveia TOU
xaiva yXiaxgi'iaei.. axd(ia xai x*glq va xo ai)X(baoulie xoXv.. ilQJ
027 Egev (xdXiaxa .. dXXegdvvdjxeig voli.itei? oxi imdQxovv e6(b../
028 An IxfA. vai xo Pagoc; xov PipXiov ..xai xo Pagog xov xgaxet.iov..
029 Egev aXXo xixoxe r/eig va xgoaO *aeig ebcb../
030 An fxjx.. a., vai.. e6cb.. xo pdgog xov xgaxe”iov exei bgdai] xai xo xovxi.aoxei [6cixvet cxd jtou to evajioSltou

TQaJTCtioi' imdn n&
liia avxibgaai].. xo i6io xai ebcb |ie xo ebacpog.. fjla..xai pe xo PipXio xai Q ot axouimdn ndvio oro

xouri]
xo0 xgane”i... (ifA. avxa..
031 Egev ag bov”e xai xrjv eatd®ievri xdgxa ..
032 An jigoanaQeiva ixexaxivi'iaei xo auxoxivi|xo aXka avxo ve (lexaxiveixat.. o
xiviixi'igag be XEixovgyei.. vojxiteig Oxlaaxovvxai bvvd|xeig axo
avxoxiviixoe.. /.. vai aaxovvxai...
033 Egev aroieg bvvd|J.eig vofxiteig dxi eivai avx~g../
034 An eivai n bvvajin xov xov bivei o dvOgamog.. |x|jt.4..
035 Egev yiaxivofxigeig oxi xo avxoxivijxo be ixexaxiVEixai.. /
036 An ee..yiaxi o dvOgumog xo axgcbyvei fie xig bvvdjicig xov .. Olkaavxo exei
xoXv [xeyaXvxego pdgog axo xov dvOgaxrro..xai exai bvaxoXevexaiva xo
jxexaxiviiaei ixovog xov.. (jidXXov 0a xoeiaaxei xi aXXovg avO0gthbxovg yia
PoriOeia..
037 Egev [AdXiaxa.. aXXeg bvvd(xeig vo|xit,eig dxi vxdgxovv ebd)../
038 An Mi., vai .. eivai xo Pdgog xov avOgtbrrox'.. xai xo pdgog xov avxoxivr|xov
Xov eixa xgiv.. ee..
039 Egev vo|Jiit;eig dxi vxdgxovv bvvd|xeig axa ari|ifia onov 0l gobeg xov
avxoxivi'ixov axovfjurovv xdvco axo ebaqag../
040 An  vai . yiaxi exei axig gobeg .. xai axa xajroviota xov avOgchjrov .. aaxeixai [Sclxvci one QOGECy.ai ana

jtcuxomoia]
xibgdari. ee.. axo xo pdgog .. xai and xr| yt] aaxeixai fxia avxibgaari..
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041 Egev (AdXioxa .. xijroxe aXko 6yeig va jrpoaOeaeig ebch../

042 At)  oyi .

043 Egev xaXa.. ag bov|AL xai xiyv ejtolifvr| xdgxa..

044 Ai(  jiexde.l xo (AJiaXdxi axo jraibi JTOV pgiaxexai ajrevavxi.. vofii”eig oxi
aaxovvxai bvvd(A£ig axo (AjraXaxi.. /.. vai..

045 Egev jxoieg bvvdfAEig vo(A.lteig oxi aaxovvxai.. /

046 An Yiaxi xo jraibi.. Sivet axo fjaraXdxi fxia bvva|A.n va oxdei axo aXXo Jraibi..
xai xo avxlOexo... [Jiexa. jrdXi.. ee..

047 Egev fidXiaxa.. vo|xi!;eig dxi aaxovvxai dXXeg bvvd”Eig axo (AjraXaxi oxav avxo
Pgiaxexai axov aega.. /

048 At) vai EXEI Pdgog.. aXXd (AExt| bvvalAT] JTOV XOV bivei X0 jraibi jrxiyaivei
ajcevavxi. xai bev jx6cpxei jrgog xa xaxco..

049 Egev dXXegbvvd|A£i,g vo|xii;eig oxi virdgyow ebcb.. /

050 An vai . Eivai xai xo Pagog xiov jraibicbv .. JTOV jrecpxei axa jrdbia xovg.. JXov
Hvai fwabpaarixai xo £bacpog JTOV aaxei .. aaxei (iia avxibgaari a’avxo
xo Pagog..

051 Egev [AlJiogeig va elmyrjaeig xi evvoeig oxav Xeg bgdarj../

052 Ai) EE.xa JtaiSia (AExa jrajrovxaia xovg .. jxji. xa jrdbia xovg.. ag JTOP ..
6t]Xa6d fie xo Pdgog xovg 6EV [Ajrogovve va cpvyovve..

053 Egev xt evvoeig biiXabn.. /

054 An  Xo jrai6i. picxa jrdbia xov .. brjXabrj cpopdei xa jrajrovxaia xai be fAjrogei
va yXiaxprjaei.. xai n yn TO xpaxdei pic xo pagog xov .. JIOV eyei..

055 Egev volAiteig 6x1 vjrdpyei xapiia ayeon avdfAcaa axr] bpaari xai o10 pdgog .. /..
ornog xa evvoeig eav e6cb.. /

056 An  byi~

057 Egev eivai bnXabn bvo biacpopextxd JTgdy|A.axa.. /

058 An vai.. yiaxi xo jraibi bev jTepjraxdEi.. ag jtovfie.. bxiXab” 6e ajr.oid/vei |ae xa
jtobia xov (xe SvvalA:n xdxco yia va xovvr|0Oei.. ee .. va |Afxaxivr|0£i..

059 Egev xaiavxo exei va xdvei (aexo Pdgog i] |ae xi] bgderi.. /.. jtov Xeg..

060 An  picxi] 6pdori.. (ae xii bvvalA.i] jtov xo xdvei va |AJrogei va (AExaxiveixai .. evch

xo pdgog... aaxeixai 6xav bev xiveixai..

(idXiaxa.. dXXo XUTOXE eyeig va jrpoaQeaeig ebcb.. /

oyi..

aq 6ov(ae xoxe xr|v ejtoiaevt] xdgxa..

xgapdei xo xapexXaxi.. vofA&Eig OX1 aaxovvxai bvvd|AEig ebcb.. /.. vai..

065 Egev jroteg bwdjAEig vo(Aif,Fg oxi aaxovvxai.. /

066 An (A xa Jtobia xov .. EXEI 6pdot) xai t) yi( EXEI avxibgaan.. yiaxi e6d)
jigoycogdei.. EE.. ejria?ig .. xo JTttiSi aaxsi (iia 6vvalxi] xai (ACxo y£gi xov..
JTov xgapdei xo xagexXdxi... aXXd .. xai xo xagexXdxi.. jrdXi TO JTOST X0V
EXEI 6gaan xai t) yn “xe* avxi&gaan .. yiaxi xai avxo jrdXi fAExaxivpixai...

067 Egev exei QItov Xoitai&i xgaPaei xo xagexXdxi.. jroid 6vva(xti vo|Ait,en; oxi
vjtdg/ei.. /

068 An Mi.. i] 6gdaii.. vai yiaxi xo fioT)Gdi va xovvtiOei..

069 Egev [AaXiOTa. jtote vo(iit.Ei5 6x10a aaxftaEi jAixgdxegrt 6vvaAT] xo jxaidi yia va
|AExat()£gei xo xagexXdxi.. xwga jtov xo xgapdEi .y oxav xo ovxci'xtei.. /

070 An ee.. xd>ga jtov xo xgapde.l.. yiaxi oxav 0a xo anxcbaei.. 0a aiixwaei
0XoxXrigo xo (Jdpoc; xov xai aga 0a jrgejrei va aaxi'iaei |[ieyaXvxegii
SvvajAT).. eveb xdjga aaxei axaidgaari 1| yn axo pdgog xoi' xai exat PoriOdei

()
D
& g
82

x0 jxaibi..
071 Egev jidXiaxa .. dXXec; SvdfAFig vofii"EK; oxi vjrdgxovv ebcb.. /
072 An vai.. eivai TO fkxpoi; xov jraibiov.. ee.. xai xo pdgog QJTO X0 xagexXdxi.. xai

ojToog JTQUXCVgave aaxeixai [xia a“ibgaari QJITOTH yn.. ee.. avTa..

073 Egev xaXa . ag60VPAExai xr) EJOALvII xdgxa..

074 An eva xovxi yelA.dxo jje xgoq)eg xai cpdg(iaxa jreipxei (AC aXelijrxcoxo QJITO eva
aepojrXdvo.. xaxevOvvexai agyd jrgog xo ebaqog ... vojAiteig oxi vjrdg/ovv 11
bvvdfAeig ebax. /.. vai..

075 Egev jTOLegSxn'diAFig vo|A.it.eig 6x1 vjrdgxovv ebch..

076 An ee .. eivai xo Pdgog xov xovxioO... xai n birvalA,n JTOV EXEI XO aA.efijrxu)xo
ejxeibi] xgaxaei xov aepu |Afoa xov.. xai *xai xo xovxi bev jreqxei
xaxevi)eiav xdTco..

077 Egev xi evvoeig.. /.. jxojg br]Xa6f].. xgaxaei xov aega xo aXecijrxooxo.. /

078 An ee.. exoi jtov jxecpxei 0 aegag (Ajraivet fAeaa axo aXelijrxo)xo .. xai aa va xo
ajigcbxvei Jrgog xa jrdvco .. xai exoi xo xgaxaei axo aega .. xai exai avxo
xaxevOvvexai agyd JL.pogxo ebacfog .. ee.. br)X(xbi] xgaxdei xov aega (JEoa
xoi' exoi jtov jrecpxei xai bev Jricpxei ajroxofAa .. ptc (AeydXri bvvajATi-

079 Egev (AdXiaxa.. oXKzg bvvdjAeig vofAi”eig oxi vjragyovv ebcb../

080 An (iX4. vai. exei oxa oxoivid.. eivai aa ... |AJA. xo xovxi [aeto pdgog xov
eyel (iia bgaoi) xai xo a”e|ijrxcoxo... oa va to xpaPdei avIi'Oexa.. xai exoi
eye1|Aia avTibgaar|..
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081 Egev fixxfifi.. dXXo xixoxe eyag va xpoaGeaeig 86(0../

082 Al oxi...

083 Egev ag dovfie rore xifv exofievr) xdgxa ...

084 At} 6ExQnloif(03T.oi€i ta (pQEva .. exei axafiaxifaei va xdvei xexaXi... xifyatvei
oXoeva xai xio agyd.. aaxeixai xafiia dirvafiTf axo xodifXaxo.../.. vat
aoxovvxai xdxoieg dvvdfieig..

085 Egev xoieg dvvdfieig vofiiteig oxi. eivai. avx£g.. /

086 At| ee.. exeixov axovftxdve 01 pddeg axo 6da<jpog eyovv fiia dgdaif ...fie xo
Pagog xov xodtfXaxov aaxovv xridgdaif.. xai r| yn aaxei fiia avxidgaaif..
exicifg oxi] aeXa xov xodifXdxov.. xo xaidi fie xo pdgog xov aaxei fiia
dgdarf xai tf aeXa aaxei fiia avxidgaaif..

087 Egev xievvoeig 6xav Xeg dxi.. oi godeg xov xodifXdxov aaxovv fiia dpdoif../

088 Ail  ee.. oi godeg eyovv dgdaif yiaxixave va (xexaxivifBovv ... evd) 7yif dev xig
acpifvei..

089 Egev xtbg 6ev xig aqvpvei 7] yip. /

090 Aif  ee.. 7f. o xodifXdxifg 6ev xavei xig g66eg va xivrfBovv yiaxi 6ev xaxdei.
xexaXi..

091 Egev fidXiaxa... xo xodifXaxo e6d).. xifyaivei oXoeva xai JTIO agya..xai xaxoia
axtyfiff Oa axafiaxifaei .. yiaxi vofii®eig 6xi Oa avfiPei avxo ../

092 Ai] yiaxixo xaidi eyei axafiaxifaei va xdvei xexaXi.. ee.. xai acpov 6ev xidvei
xai tpgevo.. xoxe Oa axafiaxifaei oiyd oiya fidvo xov.. x ai.. yiaxi Tyif 6ev
x'acpifvei va xpoxaigifaei eiixoXa ..

093 Egev difXadTfxi Evvoeig .. if ytf 6ev xo acprjvei va xgoxcopifaei evxoXa .. /

094 At]  ee.. difXadif.. 6xai xov xgipexai xo xodrjXaxo xavco axif yif.. ee .. 0i godeg
xov xodifXdxov.. |iJi. xaxoia cxiyfiif Oa.. fifi. 6e Oa fixogei va xgoycogi'faei
aXXo xia .. fixogeiva awaxifaei xai xafiid xexga xai va axafiaxifaei.
axoxofia .. f] axofia xai va xivbvvéij>ei va xeaei...

095 Egev fidXiaxa ..xai avxo vofiiteig oxi eyei va xdvei fie xaxoia dvvafiif.. /

096 Ail  fifi.. 6xi 6xai fxov (pdivexai efieva... xai afia o 6g6fiog exei xexgeg 7]
Xaxovpeg 0a axafiaxifaei xio ygifyoga ..

097 Egev fifi xfifi.. xaXd .. ag dovfie xai xifv xeXevxaia xagxa..

098 At]  xpoyoogdei fie xo oxeixfixogvx..

098.5 Egev »  xo Jjegeig xo oxeixfixogvx.. /

099 Ati  vai. eivai oav xo xaxivi..

100 Egev vai . avveyiteig../

101 Ail  ee.. x.goxcogdei fie xo axeixfixogvx.. 6e axpwyvei fie xo x06i... xifyaivei

oXoeva xai xio agyd ... vofii“eig oxi vxdgyow dvvdfieig edib.. /.. vai
vagyovv ..ee.. oi. gddeg xov axovfidve xdvio oxif yif fie xo Pagog xov
axeixfixogvx ... xai xo xai.6i. xov axovfixdei xavto axo axeixfixogvx ... xai
avxo fie xo Pdgog xov feyei..

102 Egev fifixfifi.. yiaxi vofii“eig 6xi xo axeixfixogvx xifyaivei. 0Xoeva xai xio agyd
xai xaxoia axiyfiri Oa axafiaxifaei.. /

103 At] ee... yiaxi oxav 6ev exei dvvafiif xo xaxivi... 6ev fixogei va avveyioei va
xrfyaivei .. xai acpov xo xaidi 6ev xo oxpcbyvei xia fie xo x061 xov.. ee.. Oa
axafiax.Tfoei oe Xiyo.. fifi.. xai yiaxi xo xaidi eyei Pdgog xov xiitei xo
oxeixfixogvx.. xai avxo xie”et xo edacpog..

104 Egev fidXiaxa.. xi evvoeig oxav Xeg .. xietei xo edacpog ../

105 Ati  fifi .. xo oxpcbxvei xgog xa xdxco .. dfia xo xaidi eivai xoXv Pagv.. ee.. xoxe
iacog va axafiaxifaei. xio ygifyoga ..

106 Egev aXXo xixoxe eyeig va xgoatteoeig edoo.. /

107 Aif vai... yia va xpoxcogiiaei xo oxeixfixogvx xpixei xo xaidi va xdvei..va
Patei oi'vexeia dx'ivafirf fie xo xodi xov.. aXXidxg tf yrf dev xo acprfvei va
xgoxtogi'foei..

108 Egev xievvoeig.. if ytf dev xo acpi'fvei va xgoxtogi'foei .. /

109 Aii  ee.. fie xo pagog xov xaidiov.. xietei xig godeg .. ee.. xai 6xai Oa
axafiaxifoei.. de yivexai aXXubg ..

110 Egev fidXiaxa... evxagioxob xoXv (Aif).. vofiitco oxi xeXeitbaafie xobga ..

110 Ati  xagaxaXcb.. xixoxu..



APPENDIX V A sample of a Post-Intervention Interview Transcript (Greece)

001 Egev
002 Ajij
003 Egev
004 Ati
005 Egev
006 Ati
006.5 Egev
007 At]
008 Egev
009 Ati
010 Egev
Al au
012 Egev
013 All
014 Egev
015 All
016 Egev
017 At}
018 Egev
019 Ati
020 Egev
021 Aij
022 Egrv
023 All
023.5 Egev
024 Ati
025 Egrv
026 Ati
027 Egev
028 At)

Post-Intervention Interview (Aij) or (Di)

yeid oov (ATl e xixdveig..
xaXd. eoe(5 ./
xaXd xi £ycb.. Xoixov (Ari).. lya)ani ebceb iiegixeg xdgxeg xov keqiexoov
xdxoieg eixdveg.. futogeig va xoixd”eig 115 emove5 ... va 6iaj3at;eig Tig
xooxdaeig xov xig xegiygacpovv ..xai nexd Oa ovb]xd|jif xdvco ae xaGe |iia
ojto axtxeg xig xdoxeg .. evxdlei ../
vai.evxd]|ei.
ag daujiE Xourov xrjv xgebxii xagxa ..
ar)H(bvoi.'jxe Xiyo xo xgaxe”i goto tt] (xia (Tegid .. xo ()ipXio bev xaovA.del
xgog xa xdxtv. vo[xifeig oxi ti xgiprj xo xgaxaei exei../.. vai.yiaxi::..
efagxdxaixaiaxo xieivai qmayixevo xo (JipAio ..
» WIiXWA..
.av eivai xo £i|3Aio Xeio tj:: .. eivai xgaxv ..xaiavxo layveixaiyia xo
A'jXo .. xov xgaxetiov.. £ye\va xavei xai |xe xig exicpdveieg ..
xaixiaxgifkbg aulif>atv€i ebtb.. nxogeig va xo x.£giygdT|>Eig .. /
ee..yiaxixo xgax”i . av eivai EjvAivo.. xai ebcb0a xgexeiva eivai |[i)Xivo
. acpov xo filPXio be fiexaxiveixai.. [XH..xo PipXio 6ev (xxogei emoXava
xoavTiBei.. xai 06Xei [leyaXdxeQO ai]xw |ia ..
S5r|Xa6fi xi avicfiatvei avd|xeaa axig xoayviig exiqaveieg xov §vAov xai xov
fhpXiov ../
EE .. x0 pipXio axou|ixdei xdvoo oxo Tgaxe”i. aXXa xo (3dgog xov xo
xgal3dei xgog xa xdxco..xai xaxtog £toi .. aXXa xo [x»Xo xov xgaxeLiov xo 1&n'xvr.i nr tei 6inu>.6t0u itaTa
ejAxobitet va xivriGei.. yiaxi bev eivai Xeio yia va yXioxgdei evxoXa .. xai:: Mii>toc tod TQOjrettm’)]
.. exei St]Xa6Txaxiaa XaxxovfSixoeg xai vijxaiiaxaxia..xov evtbvovxai..
axiexoioa va fuxXexovxai fiexu®v xovg .. xi eaxi bTiixiovgyeixai ti XQipt)..
xai av xo xgaxe”i 6ev flxav [vXivo .. f[xav ag xov[ie axo tpogixd'ixa oxtog [6axva To Toalicti Jtou xuOovrai]
avxo Ebcb.. X1 0a avvEfktive xoxe ../
ee.. xoxe Oa vxrigye peyaXvxeQi] xi0avoxr)xa va yXioxgflaei xo PipXio ..
yiaxi T qjOQixdixa eivai xio Xeia axo xo *vXo .. tl)Q(tle"agxdxai xaiaxo
x0 xo0ao xo OTixtbvovne.. yiaxi axdjxa xai xo xgoxiti av xo otixcdoovhe
ijtriXd .. xdxe xo |5i|3Xio 0a agyjaei va fxexaxivEixai..
av aov "T)iovaa va crufi*oXioeig |[xe eva peXaxixr|v xgi|3f|.. xcbg 0a xriv
ovufroXiteg e6d>.. /
ee.. he eva (5eXog exoi.. xgog xo xgaxeLi .. yiaxi to fhPAi.o o0a va xoAAaei [oxiina.Titn (« TO tta'/jvKo TOO eva
axo0 XQOX” I .. xai TTgi*t) oa va fkviOdei TO pdgog xov ..xai TO axgcoyvei PeXoc onto TO fitfi>.io Stai HE (food
3ro0 5 TO rSucfoc]
Xavco 0xXo xgaxet,i..
(jtaXioxa .. aXXo xixoxe exeig va xgooGeoeig e6d)../
HH ..vaivxdg/ei xdxoia XQi(3ff xai oxa biio xdbia xov XQaxetiov .. xov
axovfJixdvE oxo eSacpog .. yiaxi xai avxd xgaiiowxai oe eva oriHeio .. xat
6e yXioxpdve .. aXXichg 0a yXiorgovaav xai 6ev 0a (jxogovoe xo xgcmetx
va xQaxT|0£i xdvoo oxo xovxi.. (1" - xixoxe aXXo ..
ag 6ovl|ie xoxe xt]v ex 6 (ievr| xdgxa ..
xegxaxaeioxo 6gogo .. voliit,eig on vxdgxei xgi(5i) ebcb../.. vai vxagxei
xgif*Ti.. oxa xdbia xov .. bT*abi) oxa xaxovxoia xov ..
HM **U evvoeig 6T[Xa6T'i. /
ee.. exoi xov xegxaxdei fxe xti 6vval[iii xov 6ivei. xai::.. exoi xov cpogdei
Xxa xaxovxoia xov axgdr/vei xt] y?ixai exoi (jixogei va |xexaxiviiOei..
oxgcbyveixt) yri../.. nxogeig va xo e”'i'fjoeig avxo Xiyo ../
HM... exoi xov otixcm'eixa xo6ia xov xai jiExd xa Havaaxov|nxd oxo ebuqag
. oxgcbywei xi] yi)..xai avxo yiaxi oxav axovjidve xa xaxovxoia xov oxo
ebacpog ..xov eivai xgaxv ..xai xa0oXov Aei'o .. ee... xo A10 eivai xai xa
xaxovxoia..
»

.ee..xai xoxe oa va xidvovxai. oa va yavx“cbvovxai avxeg 0] xgaxvxi|xeg
.. yiaxi (Txaivovv 0] efoxeg xqg (juag geoa oxig eoo/eg xqg dXJoig .. xai to
avxiOeTO .. aa xo xatX .. xov eibaHE oxav xavafTf to xetgdji.axa yia tttv
xgiPq ..xi exoi 6Ti|xiovgyeixai qia xqi[)ti .. xai [jotoqovhe xai xegxaxdne .
aX,Xicbg 6ev Oa ixoqovgcche .. 0a y)aaxgovoalj.e xai Oa xecpTatie .. 0x cog
oxav exei Xdbia 0 6gd[iog ..
xi ovfiftoivei oxav “rei XdSia o 6goliog ../

~xoxe eivai aa va yivexai xio Xeiog . xai exoi 1l xgiOi] yivexai XiyoxegTi
xi exoi yXioxgdHe..
HdA.iaxa av oov bixovaa va ovnpoXioeig he 1"eXdxi ttjv xgiPn xtbg 0a xnv
oiiH(6Xit.Eg e6eb.. / lox»1(toTtCn he TO ddxTid.6 tod duo
ee.. exoi xai 6xo0i .. [ie 6vo PeXaxia .. e6tb oxa xaxovToia xov .. yiaxi:: ti pcl.i). oato TO naJtovToia TOO
xgifx'].. 0a va por|Odei xo xai&iva axov|xxdei oxo ebaqog xaiva Jial610D jtqoc to c&GKfo;]
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028 An xegxaxaei. oxcogxai xo Pagog xov xaibioi'i xo ponGdei va eivai xdvco
axo ebacpog .. exeibn xo xgapdei. i] Pagvxtfxa ..

029 Egev fidXiaxa.. aXXo xixoxe eyeig va xgoaGeaeig ebcb..

030 An  Oyi.

031 Egev ag bovfie xriv exdfievn xdgxa ..

032 An vxagyei £va xovxi. xdvco ae pua aaviba axo xiaco fiegog evog cpogxnyob..
x0 xouxi, xaxgafievei axn Gear) xov .. bev xaovXa .. vofuC,£ig oxi vxagyei
xgiPnebcbvai.

033 Egev xov vofixCeig oxi vxdgyei xgiPn ../

034 An ebcbxega axr) goba xov avxoxtvrjxov .. eScbxov r)aaviba axovpxaei xdvco
axr(v xiaco xogxa xov cpogxrfyov .. ebcb xov axovfixdei xo xiPcbuo xavco {6elxvei gyrloToixa Jie to 66xtvX6
axi) aaviba ..xai ebcbxov axovfixdeit] aaviba xavco axo ebacpog .. aga too oc OWatrrd xa oiinria]

eyovfie fiia bvo xgeig x£acegeig xgipeg ebcb..
035 Egev fidXiaxa .. xcbg vofiiteig oxi aaxeixai r) xgipii oxo xovxi. xov eivai xavco
axri aaviba .. 71a va agyiaovfie axo exei ..

036 An ee.. ebebeivai xaXi xgayieg 01 exicpdveieg .. xai xov xovxiov .. afia eivai
axo yagxin axo SjvXo .. aXXd xai x"g oavibag xov eivai axo £vXo

036.5 Egev »  fifi yp.pi..

037 An +~xai £xai xa e"oyxcbpaxa xai xa PaGovXcbpaxa xr]g fii.bg fixaivovv fifaa

axa e”oyxcbfiaxa xai xa PaOovXcbpiaxa xrpg aXXrig .. oxcog xai axo PipXio
xdvco axo xgaxe”i.. xi eiai aa va yavx”“cbvovxai 01 exicpdveieg xovg .. xai
aaxeixai Zitgipn .. xov xgaxaei xo xovxi axaOego oxi] Geai] xov ..

038 Egev fidXiaxa .. xai exei xov axovfixdeitfaaviba crniv xiaco xdgxa xov
cpogxriyov xai axo ebacpog .. xi. vofiiteig oxi aufipaivei../

039 An ee. vxdgyeixaXixgipi].. xov xdXi aa va yavx”cbvei xi] aaviba oxtiv xdgxa
. xai fie xo pagog xqg xai xo Pdgog xov xovxiov .. xaxogOcbvei va xgaxnOei
exFi axnv dxgia xrig xogxag .. xai va fiTjv yXiaxriaei xgog xa xdxco.. ee ..
xai xo cpogxriyd dxav 0a Hexivflaei.. 0a 6yeixai avxd fixa xgiprj axig gobeg
xov .. yiaxi0a yavx£,cbvovxai axo 6bacpog .. yia va fixogecei va
xgoycognaei ..

040 Egev fidXiaxa ... aXXo xixoxe eyeig va ovfixXrigdxmg ebd).. /

041 An fifi L6yi..

042 Egev ag bovfie xoxe xijv exdjievtf xdgxa ..

043 An vxagyei eva xofipidxi JjvXov xdvco axo xgaxe”i.. axo §vXo avxo aaxeixai
|lua bbvapn axd xo Pagaxi xov xgepexai axr] axgn xov axayyov .. xo §vXo
oficog bev fiexaxiveixai.. (irixcog vofu'Ceig oxi tf xgipn xo xagaxaei exei.. /.. A
lipi.. avxd eivai aav xa xeigdfiaxa xov xdvafie axi|v xd&n..

044 Egev vai. eivaixaxiaxd avxd xov xdvafie .. xi vofiiteig Xoixov oxi cvfipaivei
ebeb../

045 An xo av Oa fiexaxivriGei xo “vXo ebcb.. eCagxaxai axd xi Pagaxi Oa xov
paXovfie .. br|Xabf].. oxcog xdvafie xai axrjv xd£ti.. Cvyiaafie xo [vXo xai
jiexd xgefibaafie bidcpoga Pagaxia .. xalL {jgnxafie oxi ygeiaCexai eva
(lagog .. xegixov eva xexagxo xov pdgovg xov £vXov yia va agyiaei xo
CyvXova xiveixai..

045.5 Egev » (il yfifi.

046 An .. ee.xaieJjagxaxaixai axd xo av eivai Xeion xgayv xo xgaxe”’i.. briXabti
axd xo av eivai tvXivo .. tlxai av eyovpe PbXei yvaXoyagxo .. xai xoxe Oa
eyei [leyaXvxegri xgiPn .. xai Oa ygeiaaxei va xgefiaoovpe xegioaoxego
Pagog .. xdvco axd xo puao xov pdgovg xov “vXov yia va agyiaei va
xiveixai..

047 Egev axnv xgixxcoai] xov eyovpie xoepdaei xaxoio Pdgog aXXd xo xopilidxi xo
cvXo bev fiexaxiveixai .. vopit,eig oxi vxagyei xgipf].. /

048 Aij  fifi.. vai vxagyei xgipfj.. yiaxi yavx£,cbvovxai 01 xgayt g exicpdveieg .. xov
xgaxe”iov xai xov “vXov .. xai exai bvaxoXevexai va fiexaxivifGei xo [vXo
. yi'axi aa va xo avyxgaxei .. £xat xgog xa xiaco Txgipn -

049 Egev pdXiaxa ..av oov tt|Tovaa va avfiPoXiaeig xi] bvvapn xtfg xoiPbg xcbg Oa
xi]v avfideiAeg“ / \ox'th«Tit,ci rva (Jc/.og caio To Eu/.0

050 An X exai .. xgog xa xdxco .. yiaxi aa va axgcbyvei xo £vXo xgog xo xgaxeO V- T epood Jigoe ro rSac oc]
..aa va xo xietei fiati fie xo pagog xov xgog xa xdxco.. xai yi avxo
avxtaxexexai oxtfv ciXXyj bvvapr) axo xo Pagaxi .

051 Egev 6XX0 xixoxe £yeig va xgoaGeaeig ebcb.. /

052 An pifi - fixa fidMov oyi..

053 Egev ag boi'fie xdxe xi]v exdfievn xdgxa ..

054 An eyei axafiaxriaei va xavei xexaXi.. be ygiiarifioxoiei xa cpgeva .. xriyatvei
oXoeva xai xio agyd .. vofi.iC.eig oxi if xgiPn fieidwei xrfv xayvxrfxa xov
xobnXdxov .. /.. ee..4 .. vai xif fieubvei.. yiaxi acpov xo xaibi be pd”~ei dXXo
biH'afii] axo xobt'iXaxo .. yiaxi eyei crrapiaxnaei va xdvei xexaXi .. xdxe xo
xobi'iXaxo axXa avveyitei va XTyyaivei .. yia Xiyo ..

054.5 Egev »  fifiyfifi..
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055

056
057

058

059

060
061

062

063

064

064.

065
066

067
068

069
070

071
072

073

074

075
076
077
078

An

Eqev
Aij

Eqev

An

Eqev
An

E QEV

E QEV
An

Eqev
An

Eqev
An

Egev
An

Eeev
An

Eqev

Eqev
An
E QFvV
An

. aXXd erteidri oi gdde? drtu)? yvpitovv TQifkmai axo edacpo? .. driXadri oi
pode? oa va dvoxoXetiovxai>170dxav yvgvdve jravco oxriyri..xai yt am o
xo rTodnXaxo xavei. 017a aiya xr|v xayi»xr)Td xov ..xai xdiroxe 9a
oxafiaxViaei..

3rd)? vofiiteig oxi vrtdgyei TQipr'ian? pdde? ../

ee- 01 Odbe? eyovyv jjiia XQaytd emcpdveia .. 6yovv xdxi oav avXdxia xai
oyialie? ..xai xal0cbhb? yvgvdve .. eivaiaa va xovxovXave jcavo) axa
e"oyxd”®axa xov Spd*ov ..f|xaioa va rx"cpxovv axis Xaxxovffe? ..xai dfia
exei xai rxoXXe? [leydXe? Xaxxovfte? o dgdno? 0a oxaliaxi)oei xai mo
evxoXa..

N L A . . (O/1IiUtItE] 61)0 QIO Tic;
av aov *xovaoa va av|k>Xiaei? xt]v toi*r'i (ie 6va (SeXdxi. mb? 0a xriv 066¢cc xai fte g<0Qd jtooc TOJiyi]]
ovn.pdXit,e? edd).. /
ee.. 0a xrjavofkiXi®a (xedvo |[3eXdxia .. eva exai xi £va 6tgi..ojto xi? dvo
QodE? x 0 ii.. yiaxi rtaXi ojTQcbyvei xo 3Todf|Xaxo axo edacpo? |xa’i |xe xo
PdQO? xov..
aXXo xijtoxe exei? va 3tQoaleaei? edd)../
ee..vai. vItdQxei em'ori? xgipi) xai exei JTOV xa rrddia xov rraidiov
axovjjoxovv oxa jrexdXia xov jrodriXaxov ..xai EJTIOT)? xat exei JTOV XO
araidi wdOexai xdvco oxr] a£XXa ..
iidXiaxa a? dov|xe xai xriv xeXevxaia xagxa .. xoixaJje rrgcbxa xriv A
xeptjTXcoari xai exeixa xt) B ../
yXiaxgdei rrava) axriv TaovXfjOga .. vo(Jiitei? oxi vrxdpyei xgiPn edd).. /.. ee..
vijrdgyei xpi®*n O'avxr'i xt]v jteqi'dxtoxvi .. exei jtov axov()JTdf.i xo jraidi
artdva) axryv xoovXi'iOga .. dtiXadn oxa::..otajxovxoia xov xai.. oxo
jravxeXovixov..
fidXioxa .. x ai.

» xai 000 M e? xai va cpxidyvovTai 01 xaovXf)0Qe? 7la va
yXioxpdve evxoXa xa rraidid .. jr.dvxa e/ovyv .. rtavxa eivai Xiyo xgayie? ..

xi exoi. drxco? yXiaxave xpijiovxai Jtdvxa ..xaiyiavxo dev rrriyaivovv xai L
[o/ttaaTitEi eva pcXo? noro TO

He jxdoa rr.oXXr'] (jieydXri xa/vxiyra .. nai6i xai MGgiogd XQOC TU xdxco]

vai ..xat 3rd)? 0a ovji*oXtie? xr|]v TQipf| edd) |ie eva ~eXo0? ..

exoi 31Q0? xa xaxoo0 .. yiaxi ajiQC&yvet xo 3l.aidi xai oa va xo xoXXaei Xi'yo
oxriv xoovXti0Oa ..

diacpepei xaOoXov 1] XQifb'] .. arxd xo (Mqo? xov rcaidiov ../

vat ..yiaxi oa va xo arTQcbyveixai va xo ovyxoaxei jt.qo? xa jxioco.. 11xqi(3i']
.. eveb xo ftdgo? xov jraidiov xo xoajW.ei [xovo ngo? Ta xdxco..

(iaXiaxa xaixi aunfkxivei oxri B jregirTTcoaii.. (tftogei? va di.afJaaei? ../
xgaxdei oxaOepd fie xa yegia xov 3xdvco oxriv xaovXr'iOga .. de yXioxQdei..
vo|xit,ei? oxi VJIxdQxei xpipf] edd).. /.. ee..4.. vai vjrcigyei xi edd) XQIPV] ..
yiaxi exxo? 0JTO xa sxodia xov xai xo 3tavxeXovixov ..xo Jtaidioa va

xoX Xaei |[xe xa yepia xov jrdvw oxriv xaovXfl0Qa ..xai exeiaaxei [xeydXri
XQIMNIY ..

diiXadV) xi vo*iCei? oxi ovf)|*aivei |[xe xa yepia xov ../

ee.. 3n.dvei dvvaxd .. xai “xoi O3xco? 3tiefei (ae xa yeoia xov .. ee.. (xe xi?
3raXd)XE? xov jravco oxriv xoovXnOpa ..0a va xoXXdei.. oa Pevxovua ..
Jidvo) oxx|v xoovXTjOpa .. xi avxd xov Porilaei va (xeivei exei jxavco.. dr|Xabt|
n XQi’ri xov yivexai oxi? jraXdfxe? xov .. xa3xco? *xoi..dev (utoqco va xo 3tco
xaXvxepa..

|xdXiaxa .. Jov vofxitei? dxi vjraQyei 3xeQt.00dTeQTi TQifdr) edd).. oxriv A I&ELyvn OTi] B jrtoiim ixni OT*V
3xe0 (3t.xcoar] riaxr] B ../ eixoval]
ee .. oxri devxepri 3re0i'jrxcoori.. yiaxi.. xo jraidi.. ee.. oxo rxaidi Jtoerrei va
aaxrilei rr.oXAfi xoifdi'i yat. va xpexxriOei axivtiTO rravo) oxriv xoovXi'iBpa.. a
xat yiaxi “yot'fie rreQiaodxeQa ornxeia erracffi? .. xat (hot TO rratdt oa va
xgiPexai m o rroXv rxavco oxri xaovXii0Qa..

(idXioxa aXXo xirraxe eyei? va 31.Q0O00eoei? edd).. /

MX- oyi...arrxa ..

evTa”ei (Ar|) .. vojxit,a) oxi xeXeict)aa(X£ xcbpa .. o' evyaQtaxch JToXv ..

xi eyd) evyaQiaxd)..yeia aa? ..
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APPENDIX VI (a) Children's Introductory Concept Maps & Respective Commentaries

Some of the children's introductory concept maps and respective commentaries from
one of their classmates.

iap on

"Wilo Vo OAk aJooub. >v\.uoic.
lb ShJOtcO thodJt Una rnnnVr CcurxB-e

or Slau).

0J aAA. 00Q djuoa«!/7k Sorto
~BnoKL )]

bbec. K sm ordxc, rooR

nujooc

cme* roU ., pap,

bixUOLCal CVnri DouOCAR2(0 OUioLC.

cb Shctno bhjoJc, Stab) rnjunic. can. be
fOl‘IleRAijCiOIld-fOOt rvuxou” t-Cpb-eoerbko

b"ojno and t-ooeo

("TVulo to Anna?5)

On UJVAarotood, bu ucLuxQ

Laura's commentary on Anna's concept map.
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APPENDIX VI fa) Children's Introductory Concept Maps & Respective Commentaries

ILaU-xa

Laura's introductory concept map on "horses and ponies”.

HotSES ajwl RauflO x> vjeru™ WhdL. aurvd

AOrQOe. Tleq CGuv be per~- Hmi sW d Irjok offer tW>,
quoe Uona “ood cud waW. far kW d jccoL fcJt*cc Wua v

Hxcy Qnsoj>, Vioud j-exd, eSj* v*ax" bcw/_ cMrvd ooiz*.

TViet* comti Ve <*r oorvxLl; d0 jump&. can
SlouJ "~ Tk "~ol <t

sWups.scW fc, rsricUe. owuU W « ¢
froom

" Wiicl <learn \*tam c¢*/\d @™ -iUzrr?. TK %, 0«
ujfAVier tr*oVv” cuti®t VoOdc} Vdtw&Mi fxyvai Q tfdj brqo*v.-
TTac® Can Ualk, Tr*t CTOtrdor- ct*d cydlop.

Y)W -XVjdHOk
franr®  Ugq”xjuto™"

Vriap!

[Julia's commentary on Laura's concept map.
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"Jonathan.

R
['OBKKQ
— UL
Ivftl|fI5Sp
3 & foot!) 1
65#"
$
M i
fWstrF
MoTkM #
Fi~yjb
Jonathan's introductory concept map on "football Il
B e e e R T

too tfeacos to Plcuj a game ax\d tolovtjee! Sobs-bihil®
knd you ako filld QiUre/enat uv>foo ases the yeflow
auo one) card aacl that he says foal ¢
TBOjI’lVSalso need players a goalie,, for football
yoa, ftfslj neecl Unosnaan who ases W ags *\t also

stows that tfcarvs a coach manager, captain

and ndL capteuA.

tttfe

by (Wux
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APPENDIX VI (a) Children's Introductory Concept Maps & Respective Commentaries

Comae
'Qrvgjer
wne
jjennifer's introducto” concept mapon'"T.V."P"
I&a.
TV'vAUPsnes sccaps, Cartoons P

o"TV>e\VI]; VW tSeat, Ux Loco, qTOaung
r\d \ Q,ockcom

O *nadp osre.'iNactoddftrj

i"TSntku”~C » pe.Jt>xter3bdnorl

A 0¥S are. osrmaivm M tfA*VDe”qkbours, Home and
jfasVend rs Q p*efckxle."'TSJqoWs"<2->

Cartacnjb a””"Danc”r* rnoose.*So'*e.r tea 0 ~o .~ cpirftQid
Thonder 02”8,

“TWvS xSlsnm fcr’s

Isla's commentary on Jennifer's concept map.
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APPENDIX VI (b) Children's Concept Maps on the Concept of "Pressurel

Two of the children's concept maps on the concept of "pressure". Note the list of
words that they were given.

dAJrdacll

o6Wfe? \

f ate >\€/JU[<-

This is Charles' concept map on "pressure". Note the cross link where pressure is aforce on |
points of contact which are spreading over an area and pressure is weight which is |
spreading over an area. |

This is Jonathan's concept map on "pressure". It is a rather string kind of concept map, with
propositional relations among the listed words. Note the right end of the concept map where an
opinion on the "fakir problem" is expressed: the area ofcontact needs to be spread out, otherwise,
it hurls diefakir.
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APPENDIX VII Material form the Teaching Intervention in England

INVESTIGATION
TABLE 1.

There are some blocks of wood on your table. You may tie a piece of string
on one of these blocks and then pass it around a pulley which is fixed at the
edge of the table. You may tie a plastic tray at the end of the string. You
can put some weights there (see the following drawing).

ACTIVITIES

. Weigh your block of wood.

. Add carefully weights on the tray until the block starts sliding gently.

. Note how much weight you have to use in order to slide the block of
wood on the table.

. Compare this force with the weight of the block. What do you observe?

. Add another block of wood on top of the one you already have on the

table. Repeat activities 2 & 3.

6. Compare the force you had to use in order to slide the blocks of wood

on the table with their weight. What do you observe? Record your

observations.

Group work

Group leader:
Performer:
Observer(s):
Scribe:

W N

n

Attention: Add the weights gently on the tray. Try not to move or shake the
table while you are doing your investigation.



APPENDIX VII Material form the Teaching Intervention in England

NAME:

If we magnify a small part of the area of contact of the block of wood
and the table, could you draw how would that look like? Use the space
in the circle provided.

Write, in your own words, how do you think, this interlocking of surfaces
(when one goes into the other), effects friction when we try to slide an
object on a surface.



Material form the Teaching Intervention in England
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APPENDIX VIII Material form the Teaching Intervention in Greece

4>vMo Egyaoiag

YrcagXEi eva xojijidxi Jtavco axo xgarc&”i. Eivai ovvdEjiEvo fif Eva
xojUfidxi orcdyyo Jtov jtEgva yvgto arco fiia xgoxaXia xai xaxaXi]y£| OE
1ia 0i]XEid, orcov “ircogovjiE va xgEfid"ue diacpoga pagij.

1. ZuyioxE xo xojijuaxi xov §dXou « . » PgioxExai rcavco oxo xgautE" i

2. KgEjiaoxE rcgooExxixa Pagij oxi] 0i*£id fXExgi xo §pXo va agxioEi va
xoo00XaEi agyd xai oxa0f£ga.

3. STPEICOOXE rcooo pagog 0a FrgEIXEva xQijaijMVitoniOEXE yia va agxioEi
x0 §i3Xo va xoooXaEi agyd xai oxa0f£ga

4. SvyxgivEXE xo0 pagog xov %vXov jwe xo Pagog rcov xgiioi“iojtoiiJoaxE yia
va agxioEi xo §vXo va xoovXaagyd xai oxaOf£ga. Ti utagaxijgEiXE;

5. Tlgoo0£ox£ aXXo Eva xo”ijiaxi §dXo jrdveo o' avxd JTOV E/ EXE 15} OXO
xgajtE"i. EoxavaXapEXE xig dgaoxiigioxijXEg 2 & 3.

6. HvyxgivEXE xo0 pagog rcov EJigkstE va xg'tfiporcoiEiOEXE yia va
xoovXijoovv xa xojijidxia arco [vXo jtavco oxo xgaitE”i, jie xo pagog xcov
§vXcov. Ti JtagaxiigEixE;

O jiadixii eeyaaia:
Ka0£ o”iada va EgyaoxEi ovXoyixd. Sxo XEXog xi|g Egyaoiag, Evag

EXJtgoocojcog xt]g o”iadag va avaxoivcboEi xa arcoxEXEQ iaxa arco xig
dgaoxtjgioxtixEg xijg o*iadag.

npoooyii:
Na xgejidxe xa payii JiQoaexxtxa xo eva xdxco arco xo aMo. Mijv xovvaxe xo
xQarce”i oxav rtooojiaBeixe va exitXiiQcoaexe XK jcaoarcaveo doaoxiioioxiixeg.



APPENDIX VIII Material form the Teaching Intervention in Greece

Ovojia:

ML£Y£vOdvod™if £va ittx()(> xo*aTi ti]lg £jtiq)dvEictS £Jtaq)i]$ tod §dXod
xai tod TQa?tf£"ioD. M jto§£itf va a/£diaafT£ jab? 0a (paivoTav aoTi] tj
JIEY£VODOL1i; X*IJOIjLIOJtOI£IOTE TO /CDQO JIOD D3taQ/£1 jW£0a OTO XDxXo.

Ilcbg vojxi“bic; oti, 01 *iix"£? £a0/£$ xai £§o/es toav ddo EJticpavEirov,
jtQOxaXoDv &Dvajifi$ jif an:oT£X£0fia va doaxo”EdoDV r| axojia
xai va xavoov addvaTt] Tiiv xivijoii TCOV oco”iaTcov;



APPENDIX VIII Material form the Teaching Intervention in Greece

Ovojia:
ncc*axaxo (Ucjteis jieqixes eixoves, oi ojtoies JtEQiycidcpovxai fif jiia JiQOxaaii.
MrcoQEis va ox£6iaafi$ f*€ £va (Je’oc; xi] ddvajiii xi|£ xQipife, orcou vo " ei? oxi
imag/Ei;

a. To fiii€Xio bev xaov~dei raxvca oxo xoajte t. p. To xouxi scoo IJmaxtTui jtavco oxriv aavifta
bev taoo”dei.

y. To Jiodt'iXotTO Jiiiyaivo a’ya, x0>Qis v« 6. ToouXaci ue xa/DTiixa oxiiv xaxippooa
Xyiioifiojcoioovxai TO JtcxaUa xai ae Myo 0a
oxafiaTi'ioei.

e. rXioxoaei rcaveo oxt|v xoov*iiBoa. OL [IE{)JtaTdEI axo dQopio.
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Name:

Here are some pictures which are also described with a sentence. Could
you draw the arrow of the force of friction, wherever you think it exists?

a. The book does not slide on the table. b. There is a box on the slope and it does
not slide down.

c¢. The bicycle is going slowly and it will stop

soon. The person is not pedalling. d. Mooving fast down the road .

e. Coming down the slide. f. Walking along the road.
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The Teaching Unit: "The Force of Friction” from the Greek National Text Book
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f The Teaching Unit of the

Here are three pages (126-128) from the Greek
national text book "I Investigate the Natural
World”, Part A, E' Grade. In the school year
1995-96 the text book reached its 12th reprint
and approximately 175000 copies have been

BEn6

T XTC; BicupopEc BpacTripiOir,ipac; aAAoxr cniBicimuuiie vn autaaupu
TIV TpiOr* KOL

destributed. It was originally published in 1984
and since then it is mainly reprinted without any

In the pages that
follow the Greek text from the unit "The force of

major changes or revisions.

friction” has been translated. Thus, the presen-

EA£yx& d .n ;laOaivw

tation of the topic can be viewed in greater detail.

rtart g_auionivrna yAiorpouv eCiitoda. drav oi 6p6vot civai Bpcvvtvoi ij

okt - Respective comments and further information
piq rq o<Mrrt) nporaor)
EuxoAa pe Opfy/«:va jpjpio - Avolyu 10 Otdwrd pnoimaAi

 Fupii'w 70 Otpoyyodd ndpodo g rioprap for the teacher, can be found in the teacher's book.

Elk. 8 “eridaOw ruv npA0 . . .
R, A translation of the page that refers to this topic
A w0 aoa (P 65, from the teacher's book), follows after the
n d up owi)- . . .
ooxe  presentation of the teaching unit.
g’c%apwdn 7% P g

Ytraoysi Anyop.

1AAK p. 128



Appendix VIII The Teaching Unit: ”The Force of Friction" from the Greek National Text Book

4. The force of Friction

EK 1 (Piet. 1)

The skateboard comes to contact with the ground and the sledge with the ice. If
we push these bodies they will move and sooner or later they will stop.
Have you thought which force decreases their speed, where it comes from and

which is its direction?
We call this force friction and it acts against the movement of bodies.

What does friction depend on, though ?

Take a piece of wood that has the shape of a parallelepipedon and put it on a table
on its small side. Then pull it with a dynamometer in a way that the body will obtain
a constant velocity.

How much force does the dynamometer indicate ?

The force that you found has the same measure with the force of friction but an
opposite direction.

If you put the same body on its large side and you pull it again, what force will
the dynamometer indicate, now that the area of contact got larger?

From this experiment you ascertain that:

Friction does not depend on the area of the surface of contact.

n

Em. 2 (Piet. 2)

126 Page 126
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Eik. 3 (Piet. 3)

To the previous body add another one
identical. Pull them, like before, with the
dynamometer and see what it shows.

As you acertained here, when you dou-
bled the weight of the body, the force of
friction was also doubled.

Eik.4 (Piet. 4)

Now lay the same body on a rough surface
of sandpaper or unplaned wood and pull it,
as before, with the dynamometer.

How much force does it indicate?
0 If'the surface is smooth, just like glass,
what will happen?

From what you ascertain:

iiffi Friction depends on the sort of surfaces that rub each other |;ijiiji€

When we smoothen the surface of the bodies
that rub each other or pour oil in between

them, friction will be reduced.

eik. 4 (Piet. s)

A heavy body will be
moved easily, if, in-
stead of pulling it, we
put it on wheels or
cylinders (rollers).
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EK 6 (Pict. 7)

In our various activities we sometimes aim to increase friction and ....

) ] Eik. 7 (Piet. 8)
sometimes to reduse it.

I check what I learn

%Why do cars slip easily, when the roads are damp or covered with snow?
# Find the right sentence.

With wet hands I can easily : - Open a screwing bottle.

- Turn a door handle knob.

- Shape the claw
EIK 8 (pjct.9)

# Some athletes, before
the exercises put talc
powder in their hands.
Is there any reason?

TAAK

»
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Appendix V11 The Teaching Unit: "The Force of Friction" from the Teachers' Book

TEACHING UNIT: 4. The Force of Friction, (pp.65-66)
Aim

* The pupils should be introduced experimentally to the force of friction and
examine the factors on which it depends.

Instructional Events -Pupils' Activities

The nature of the lesson inclines the teacher to place great emphasis on the need for
experimental proof for each case referred in this unit.

With the experiments and the adequate guidance of the teacher, pupils can ascertain
that the force of friction (a) does not depend on the area of the surface of contact of
the body that is rubbed, (b) depends on the weight (pict. 3) of a body that is dragged
on a surface and (c) depends on the kind of surfaces that come into contact (pict. 4).

It should be particularly stressed that the anomalies of the surfaces in picture 4 are
under magnification, in order to become more vivid. In reality though, these
irregularities are very small and many times untraceable by the eye.

The teacher should also ask the pupils to observe and to explain respectively pictures
5-7, which indicate possibilities for application of the force of friction in everyday
life.

New word-concept

Friction

Clarification- supplementary knowledge

If a body moves on a horizontal level with constant velocity, then the force that
provokes the movement has equal measure and opposite direction to the force of
friction.

When a body slides, we call the friction that appears during the movement sliding
friction, whilst when a body moves by rolling, we call it rolling friction.

The force (needed) for the transportation of a body is less in the case of rolling
friction instead (the case of) of sliding friction. So with the invention of wheel sliding
movement was transformed to rolling movement in most of the constructions.

When we try to move a body with some force and it remains immovable, then an
opposite force appears which we call static friction.

Answers to the questions and activities

1. Because friction is smaller on glass, the indication of the dynamometer (force
meter) will be smaller too.

2. Because water that goes in between reduces friction and increases the sliding of

vehicles.

The right sentence is "Shape the clay".

To increase friction, in order not to have slippery hands.

>
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The Structure of the Greek Educational System

12 -
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9 - -14.5 =
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"Apolyterion” which may leed to Tertiary Education
after "Pan-hellenic Examinations".

Source: MBOUZAKIS, S. (Ed.) (1990) Comparative Education II:

Theoretical Approaches and Foreign Educational Systems, Athens,
Gutenberg, p. 125.



