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ABSTRACT

It is clear from common experiences that abstract ideas are often difficult to understand,
and that the use of concrete examples is often useful, perhaps always necessary. The
research investigates some aspects of the relation between abstraction and examples:
how 11-12 year old children move in their thinking between more and less generic
levels; between greater and lesser degrees of abstraction; from example to generalization
and vice versa, in the context of science education. The central interest is in how
children use and modify concrete reasoning schemes. Its significance is in eliciting deep
and implicit ideas which affect how children learn science. The empirical work consists
of four related studies. The analysis is both qualitative and quantitative, in both cases

looking for patterns in response.

The first study explores the limitations of the boundaries of ontological categories in
children's transformations of entities. Results provide evidence that ontological
categories such as natural kinds and artefacts exist in thinking and that schemes are the

"bridges" which can make possible even cross-ontological transformations.

The second study explores the way that dimensions organise various entities and
suggests a novel analysis of analogies. Results show that schemes appear in children's
reasoning as packages. The presence of one scheme may predict the presence of another.
Children use schemes such as “flow” and “path”, which interact and modify one

another.

The use of examples in science teaching varies. The focus of the third study is on the
analysis of examples of ideas in terms of objects which can be seen schematically.
Results show that children are able to give consistent examples, in many cases different
from the examples in their text books. Schemes that are used by children in the
description of objects appear together across the various examples. Examples constrain
the schemes children use to describe entities that take part in them. Examples work

rather like metaphors.

The fourth study shows that children are able to establish connections between concrete
examples and generalizations. They think of some instances as better examples of ideas
than others. The fit between examples and ideas is good when schemes such as
‘support’, ‘border’, ‘autonomous action’ or better when several such anticipated

schemes, are satisfied and poor when some are and some not.
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Chapter 1:
CHILDREN’S REASONING IN SCIENCE

1.1 Introduction to the thesis

This research describes children's commonsense reasoning about entities in science,
and particularly, the way that children use concrete physical schemes in order to reason
about entities. Its significance is in eliciting deep and implicit ideas which affect how
children learn science. The research investigates how children move in their thinking
between more and less generic levels, between greater and lesser degrees of

abstraction; from example to generalisation and vice versa.

The theoretical basis draws on Piagetian ideas on the meaning of objects (Piaget &
Garcia, 1987), on Rosch's work on prototypical classifications (Rosch, 1978); and
generally on work on analogy and metaphor such as that of Lakoff (1987) and Johnson

12



(Lakoff & Johnson, 1981) amongst others. My central interest concerns how children

use and modify concrete reasoning schemes.

The focus of the theoretical discussion and the empirical work in this study, is:

a) on describing children's commonsense reasoning about entities in science in terms
of various levels of abstraction in their mental representations, and

b) on relating these levels of abstraction to some fundamental categories of
thought as described by Johnson (1987, 1988), diSessa (1993), Johnson- Laird
(1983), and Ogborn & Bliss (1990).

1.2 An example

It may help the reader to have an example of the kind of reasoning I am interested in,

to bring to life necessarily abstract notions of “schemes”, etc.

One child, whom I asked what a battery is like, said (to my surprise) that it is like an
orange. Why? I asked. He replied that an orange has juice inside, as a battery has
electricity inside, both ready to come out. Squeezing the orange is like connecting the
battery to a lamp -what is inside comes out. Also, juice provides energy as a battery
does. What is interesting about this is two-fold: the analogy is very abstract, or at least
generalised at the level of ‘container’, ‘fluid’, ‘flow’, ‘energy’. Yet the reasoning can
be very concrete and straightforward - fluids are kept in containers and can provide a
resource (energy). Finally, the analogy is a pure product of the child’s concrete

imagination.

It is exactly this interplay between imagination, concrete reasoning and abstraction
through generalised schemes which motivates the whole thesis. Nor is this early use
of a specific example an accident. I shall try to show how essential examples are to

abstract thinking.

13



1.3 The structure of the thesis

The thesis consists of three parts: a theoretical discussion, an analysis of the data
drawn from four empirical studies and a discussion of these results. The first part is
divided into two Chapters:

Chapter 2: Schematic Representations, and

Chapter 3: Rationale for the research.

Relevant theories about mental representations, analogies and examples share a
common assumption: considering the levels of abstraction they describe we can
characterise them as “multilevel-systems”. Cognitive scientists and psychologists have
approached this issue by asking an important question: To what extent is there a
prototypical-basic level which is used by humans and particularly by children in their

reasoning?

In Chapter 2, a theoretical framework about the nature of mental representations is
described (i.e. image schemata, mental models, p-prims, primitive schemes) giving
the most emphasis to their level of abstraction. So, representational studies in
cognitive science are chosen to provide the fundamental theoretical background for
the research, because they focus specifically on representing knowledge. The focus is
on the description of schemes as the mental representations that children use in their

thinking.

The research attempts to identify variation and change in children's use of concrete
schemes and the way that they produce, manipulate and modify these schemes, when
they make imaginative transformations at three levels: a. an object into another, b. an

event into another (analogies), c¢. an example into a generalization.

Chapter 3 presents the rationale of the thesis, providing at the same time a theoretical
analysis of transformations, analogies and examples that justify the use of schemes as
tool of their analysis. So, the theoretical part of Chapter 3 deals with three issues: the

role of imagination, analogy and examples.
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First, the role of imagination of concrete objects in the process of conceptualization of
a scientific entity is explored. If the reasoning of children transforming one object into
another is based on schemes, then the boundaries of ontological categories (such as
artifacts versus natural kinds) have to be more flexible than other researchers have
suggested. This should be the case because the boundaries of ontological categories
can not here just be defined by ‘what their members are’ but also by schemes which

describe ‘what they can do’.

Second, transformations of events involving analogical thinking, have a fundamental
role in thinking and reasoning. Keane, Ledgeway, & Duff (1994) claim that "work on
analogy is in advanced state and has the potential to be an exemplar for cognitive
science theory and methodology"”. In this part of the research, work on the use of
concrete examples and analogies by children that has been done in psychology and in
problem solving is reviewed. This review suggests an analysis that stays close to the
content (viewing it through schemes) rather than, as is common, just to the form of

analogies.

Third, schemes seem useful as tools in the exploration of a little explored area which
is nevertheless important to science education, the nature of examples of ideas and
the way children match an abstract structure (generalization) to a concrete example,

and the other way round.

The second part of the thesis presents the analysis and discussion of results of four
studies carried out in Greece with 11-12 year-old children. The various studies suggest
appropriate ways of looking at children's concrete schemes: schemes such as
containment, passive and active objects, actions as causes, etc. The identification of
these schemes uses diSessa’s (1993) ideas about the existence of p-prims, Johnson’s
(1987, 1988) work on image schemata, and Ogborn & Bliss’s (1990) work on

primitive schemes.

The first study (Chapter 4) consists of transformation tasks between objects. Children
were asked to imagine changing one object into another e.g. to turn an eagle into an

aeroplane. Results show how children distinguish essential features of a scheme, e.g.

15



flying without obvious support, which they preserve during transformation, from

“accidental” features, which they change e.g. nature of material.

The second study (Chapter 5) consists of analogy tasks. Children were asked to think
of things which are alike, for example, an electric circuit. Result show that children use
schemes such as “flow” and “path”, and that these interact and modify one another, in

agreement with Black’s (1979) interactive view of metaphor.

In the third study (Chapter 6) children described examples of various ideas using
schemes. The results show the way that examples constrain the schemes that are used
in the description of the objects that take part in them, and how examples of the same

idea differ from each other.

In the fourth study (Chapter 7), children were asked to choose “good” examples of a
generalisation, to form generalisations from examples, and to deal with counter
examples. I look for fundamental dimensions such as time, decision making, necessity,
interaction support etc., which are responsible for 'a good fit' between example and

generalisation, and how they lead children to extend or restrict their generalisations.

The analysis of these studies is both qualitative, looking for categories to describe the
reasoning, and quantitative, looking for patterns in responses (e.g. by cluster methods).
In general terms, the outcome of these studies - which are presented in the third part of
the thesis (Chapter 8)- 1s the powerful role that schemes have in children’s
imaginative transformations of objects, analogies or examples. Schemes are useful
tools in the description of children’s thinking and can be used by science educators for

the analysis of the movement between concrete and abstract forms of knowledge
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Chapter 2:
SCHEMATIC REPRESENTATIONS

2.1 Introduction

Children (and adults) find it difficult, and often fail, to give a "good" definition for
many concepts in science. According to Mariani (1992), there is a structural sort of
knowledge about entities in science, with its ultimate origin in "sensorimotor
experience" of children (seeing, feeling, etc.) and their activity (destroying or moving
things for example). So, children attempt to explain entities using some of the
characteristics that come from their concrete knowledge (examples, sensorimotor
experience, activity). For that reason concrete thinking and reasoning have always

been regarded as crucial topics in psychology and artificial intelligence (A.L).

The focus of the theoretical discussion and of the empirical work in this study will be
on describing children's commonsense thinking about entities in science, in terms of

various levels of abstraction in their mental representations, and to relate these levels
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of abstraction to some fundamental categories of thought as described by Johnson

(1987, 1988), diSessa (1988, 1993), Johnson-Laird (1983), Ogborn & Bliss (1990).

Bliss (1994), exploring the differences that appeared in various attempts to describe
the ways in which knowledge is represented in the human mind, refers to the
existence of two different approaches in that area. The differences between these two
approaches arise because of their attempts to give an answer to the following two
different questions: (a)What does someone use to think? and (b)What does someone

think?

The first approach attempts to discover and describe the tools for thought. In this
respect, the Piagetian (1970) description of schemes and the Johnson-Laird (1983)
approach of mental models are similar. On the other hand, the second approach
explores the content of thinking. Gentner and Stevens (1983) can be considered as

representatives of this field.

In this research, both these questions will be considered, in order to investigate the
role of children's mental representations in their reasoning about the real world. Thus,

both the tools that children use in their reasoning and its content are investigated.

In the theoretical discussion, mental representations are regarded as a "multilevel -
system' varying from concrete to more abstract forms. It is suggested that a middle
level of abstraction plays a fundamental role in children's commonsense reasoning.
Particularly, this Chapter reviews various approaches to describing this basic level
(i.e. Johnson, diSessa, Johnson-Laird, Ogborn & Bliss) showing the similarities

between these approaches.

The exploration of the nature of this basic level could contribute to a deeper
understanding of children's ideas about the natural world and then could provide us
with answers to the question, “How could we help them to change their ideas, and

make them more scientific?”
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2.2 Hierarchical Structures of Representation

Mental representations play a central role in thinking and reasoning. The degree to
which such representational systems correspond to the real world is in debate. A
recasonable answer to this debate might be the assumption that the representational
system operates at multiple levels. That is, there are different levels of abstraction and

of organization of mental representations which people use in their reasoning.

Researchers have studied mental representations at a variety of levels. Figure 2.1
summarizes the multiple levels of representations. The vertical axis represents
possible variation from concrete images to abstract propositional forms of mental
representation. The schematic level is between these poles. Piaget (1970) has defined

kel (19

as “schemes”, “whatever is repeatable and generalizable in an action” (Piaget, 1970,
p.42). The horizontal axis represents possible variation from isolated fragments of

knowledge to highly organized systems such as theories.

Figure 2.1: Mental representation system
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The horizontal axis has at the right hand edge the organization of knowledge in
theories. McCloskey, Caramazza and Green (1980) proposed that people develop
through their everyday experience well articulated naive theories. They argue that
intuitive ideas are theoretical structures. So, for them, everyday reasoning is theory -
like, in the sense that people make use of abstract, causal-explanatory constructs (see

also McCloskey et.al, 1983; Carey, 1985; Gopnik & Wellman, 1994).

According to Gopnik and Wellman (1994) children can develop theories of mind; in
their terms the “theory theory”. They distinguish between framework theories and
specific theories. Framework theories define domains of inquiry, providing an
ontology which specifies the types of fundamental phenomena to be explained. For
example Behaviourism provides an ontology for behaviour, external stimuli, overt
responses etc. In contrast, specific theories (such as the Rescorla-Wagner theory of
classical conditioning within Behaviourism) accounts for specific phenomena by
reducing them within the ontology and explanatory structures of the framework
theory. A framework theory is both general - it includes a large number of phenomena
- and specific - it defines a domain and it is different from other framework theories

from other domains (Gopnik and Wellman, 1994).

Gopnik and Wellman (1994) argue that analogously to framework theories, the
“theory theory” predicts a combination of specificity and generality in children’s
thinking. So, it is neither so general as “stage theories” - such as that of Piaget -
(children construct different theories for different domains such as biological,
mathematical, etc.) nor so specific as accounts of development in terms of skills,

empirical generalizations, scripts and some modularity theories suggest.

In contrast with the account given by the “theory theory” account, diSessa (1989,
1993) argues that human knowledge cannot be characterized by organized structures.
His account of fragmentary knowledge structures (he calls them phenomenological-
primitives or p-prims) tends to be at the left hand end of the horizontal dimension of
Figure 2.1 while Johnson’s (1987) account, that the knowledge consists of patterns

(he calls them “image schemata™) is less close to the left hand end.
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I am more sympathetic with the view of Ogborn and Bliss (1990) who unlike diSessa,
regard the minimum knowledge structures in reasoning (primitive schemes) ‘“as
forming a system and as having a developmental history” (Ogborn & Bliss, 1990,
p.380). This systematicity of schemes leads me to explore groups or packages of
schemes because the schemes seem to function as systems or clusters and not as

isolated pieces.

The similarity between diSessa’s p-prims, Johnson’s image schemata and Ogborn &
Bliss primitive schemata (at least in their nature - all of them have their origins in the
Piagetian notion of schemes -), forces me to use one term, “empirical schemes” which
will cover all the above variations in the description of schemes (the variation mainly

concerns the different degree of organization).

The hierarchical structure of the vertical axis of the mental representation systems that
researchers describe, can be seen as an analogical projection of what has been
proposed by "prototype theory” about the categorization of concepts. According to
Rosch, (1975, 1978) the majority of everyday concepts can be organized into
hierarchical classification schemes. She suggests that there are three levels of
categorization: superordinate, basic and subordinate level. The superordinate level is

more abstract than the basic, whereas the basic is more abstract than the subordinate.

Consider for example the supcordinate category “furniture”, which might have a
“chair” as basic level and a “kitchen chair” as subordinate level. The general idea is
that concepts are organized around these basic-level prototypes. One of the crucial
effects of this prototypical structure is that we are able to classify a case into a
category without being able to define why. It is extremely difficult to find a definition
appropriate for all the members of a category. According to the “family resemblance”
idea proposed by Wittgenstein (1953) and Rosch (1975) a classification of a member
to a category can be done through the comparison of this member with other members

of the category but mainly with a basic-level member.

In an analogous way children can reason about a phenomenon “comparing” it with a

basic level item of knowledge. That is, they can reason through the use of schemes
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without using propositions or theories. I will call this middle or basic level of the

vertical axis (in other words the middle- horizontal line) the “empirical level”.

The exploration of the nature of levels of representation systems could provide us
with descriptions of the ways that children can use information from their background
knowledge, in order to construct explanations for a phenomenon. According to
Johnson (1987) a rich store of concrete images, which is based on our bodily
experiences, provides a valuable and necessary “background” for the construction of

cognitive structures. He regards the background as part of the meaning.

Since there are some transformations that take place during the process of going from
the background to an explanation, the hypothesis of this research is that there is a
level of concreteness which facilitates transformations from one concrete example to
another, induction from an example to a generalization, or deduction from a
generalization to a concrete example. That is, children use in their reasoning cognitive

structures - empirical schemes - which are stored at a basic level - empirical level.

Let us see in greater detail how diSessa’s, Johnson’s, Johnson-Laird’s and Ogborn &
Bliss’s views are related with the dimensions of Fig.1. diSessa (1993) has been
influenced by the Prototype theory of categorization and he describes the nature of his
"cognitive structures", that is - p-prims, in a way similar to the way that concepts
which are members of a category may be related with other members of the same
category. He regards p-prims as primitive-prototypical forms of knowledge, and holds
that representations based merely on words cannot play such a crucial role as

prototypical forms of knowledge are required to play in human reasoning.

diSessa argues that the human knowledge system consists of a large number of simple
elements which are minimal abstractions of phenomena. If we provide someone with
a range of experience within a domain, we can observe a developmental change in
these elements. This developmental change in the nature of these existing elements is
their change from relatively isolated, self-explanatory entities into pieces of a larger

system.
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He describes as the most drastic change of these elements a change in their function.
“They can no longer be self-explanatory but must defer to much more complex
knowledge structures, such as physics laws, for justification” (diSessa, 1993, p.115).
Consider for example an element called “Resistance”. This element can be a common
abstraction from several phenomena. It is more abstract than a specific phenomenon
(subordinate level e.g. a string becomes taut when used to pull an object: the object
resists motion), but is less abstract than “complex knowledge structures”
(superordinate level) such as laws. For example, Newton’s definition-law of inertia is:
“... innate force of matter, is a power of resisting by which every body, as much as it
lies, continues in its present state, whether it be of rest or of moving uniformly

forwards in a right line” (Cohen & Westfall eds., 1995).

There are many commonalities between diSessa’s and Johnson’s thoughts. Johnson
(1987) argues that image schemata differ from images and propositions. Image
schemata organize our mental representations at a more general and abstract level than
that which we use to form mental images, while at the same time being more concrete

than propositions.

To understand Johnson’s idea, consider for example a man moving into a room. We
can think about this using one of the following levels in our representation system:

a. Propositional level (“John is in the room™)

b. Image-schematic level (e.g. The “in” image schema. This arises from the
abstraction of our bodily experience such as: we move into and out of rooms, we
manipulate objects placing them in containers (cups, boxes, can etc.). In each of these
cases there are repeatable spatial and temporal organizations)

c. Mental image level (e.g. a picture image of a man in a room).

Image schemata are not propositional because they are not abstract subject-predicate
structures. Propositional representations can capture some of the important features of
any given image schema but they cannot capture the analogue nature of images and
the crucial role of image-schematic transformations. By transformations, Johnson

means ‘“such cognitive operations as scanning an image, tracing out the probable

trajectory of a force vector, superimposing one schema upon another, and taking a
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multiplex cluster of entities and contracting it into a homogenous mass” (Johnson,

1987, p.3).

On the other hand, image schemata are different from mental images. This is because
mental pictures represent one particular thing, which differs from another because
they do not share all the same features. In contrast, image schemata contain structural

features that are common to many different objects, events etc.

Johnson regards image schemata as being at a basic level (they contain structural
features that are common to many different objects or events), mental images as being

at a subordinate level, and literal meaning as being at a superordinate level.

Johnson-Laird (1983) discusses similar issues but in different terms. His central
notion is that of “mental models”. These are more generic than p-prims (see Fig.1). In
general, he proposes the existence of three types of mental representations:
"propositional representations which are strings of symbols that correspond to natural
language, ‘mental models’ which are structural analogues of the world, and images,
which are the perceptual correlates of models from a particular point of view". So in
this case, the representational system can operate at different levels, from the more
concrete images to the more abstract forms. The intermediate step between the
propositional form and the images could be mental models. Johnson-Laird argues that
the process of understanding yields a mental model. His focus is on the crucial role

that mental models play in reasoning.

A view with a narrow focus is provided by Ogborn and Bliss (1990) who suggest that
commonsense reasoning happens through the use of prototypes. The theory that they
propose about a psychologic of motion, relies on the development of prototypes of
motion. For example, support and effort are identified by their theory as basic
categories for thinking about motion. Thus according to them, we organize our
prototypical thinking, according to some primitive schemes, rules, actions etc. that

constitute the basic level of thinking.
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Summarizing, mental representations are described by various researchers as a
hierarchical structure. These researchers recognize that a basic level ("empirical
level") for mental representations can be used by a child in order to classify a case
into an "empirical scheme" and this scheme can be used in his/her reasoning without
defining it with propositional statements. This level is basic, because it contains

features that are common to many phenomena. That is, they are common abstractions.

2.3 Elements of the “Empirical Level” and their Structure

In the previous section, mental representations were discussed in relation to levels of
abstraction (exploring mainly the vertical axis of the Figure 2.1). In this section the
organization (structure) will be considered (exploring the horizontal axis of the Figure
2.1). The exploration of the "empirical level" could be done through the identification
and analysis of hypothetical cognitive structures that subjects use when they attempt

to think and reason at this level of abstraction.

diSessa (1993) in his program for exploring the human sense of mechanism, puts the
emphasis on identifying and analyzing specific elements of knowledge. His focus is
on a hypothetical knowledge structure. He calls it a phenomenological primitive - p-

prim. The genesis of a p-prim 1s often the abstraction of a phenomenon.

An example of a p-prim, he proposes, is what he calls “Ohm's p-prim”. It consists of
the following subentities: "an agent that is the locus of an impetus that acts against a

resistance to produce some sort of result"(diSessa, 1993, p.126)

diSessa (1993) argues that the knowledge system consists of a large number of
fragments rather than one or any small number of integrated structures (theories). He
mentions that although light, radio waves, and even forces like pushes and pulls by
which objects are moved around, are consequences of Maxwell's equations, these

phenomena are in some degree understood independently.
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In contrast with diSessa, therearza great number of recent discussions denying that
children's conceptual system consists of a number of fragments. The "knowledge-
based" approach suggests that children's early conceptions of the mind are implicit
theories (Carey, 1985; Wellman, 1990; Gopnik and Wellman, 1994). However, in my

opinion diSessa is not absolute about the existence of fragments.

Both "small fragments" and "theories" may well be true for certain sorts of knowledge
at different levels of abstraction (empirical and propositional level respectively). It
appears to me that it might be possible that through fragmentary knowledge and
schemes we can describe an empirical level of reasoning, while for the analysis of
propositional forms of knowledge we need to use more structural forms such as

theories.

This research will focus mainly on the empirical level which appears to be the level
that can explain children’s thoughts about phenomena better than propositional level
theories do. It is notable that the "empirical level" of abstraction refersto a large
number of different versions of empirical schemes. That happens because of their
dynamic form. In the empirical work the way that the "content" of an empirical
scheme depends on, interacts with and is modified by other empirical schemes that
take part in the same phenomenon, - in agreement with Black’s (1979) interactive
view of metaphor - will be presented. For example, in the specific case of an electric
circuit children gave analogical examples using the mixed schema ‘source-container’
for the battery. In these analogical examples, the entity which played the role of
battery was not just a ‘container’. It was also the ‘source’ for another entity which
played the role of the current. Consider for example, a child who used an analogy
where an orange was used as an analogy for a battery. The orange was a ‘container’
and at the same time was a ‘source’ which could provide us with another entity (juice)

such as the current.

Furthermore, these mixed schemes are very powerful. Consider a ‘container’ such as a
cup. It can be “full” or “empty”. These two schemes (container, full/empty) are
strongly related. So the “sea” is not an obvious example of a container because the

sea does not fulfill the second scheme (it cannot be empty or full). That is, the nature

26



of an empirical scheme depends on the form of the whole "package of elements"
which constitute a phenomenon. These empirical schemes are like dynamic patterns

that we use in order to organize our knowledge.

Johnson (1987) makes clear the dynamic character of these cognitive structures. He
claims that in order to understand and reason about our experience, we need some
patterns for organizing our actions, perceptions, and conceptions. He calls these
patterns "image schemata", and these constitute our background knowledge. "A
schema is a recurrent pattern, shape and regularity in, or of, these ongoing ordering
activities". He emphasizes the crucial role of background knowledge and explores the
way that non-propositional structures (which are there in the background) such as

image schemata, contribute to the elaboration of meaning.

These cognitive structures have parts and relations. The parts consist of a set of
entities such as objects, events, goals etc. The relations include causal relations, part-
whole patterns, relative locations etc. A meaning cannot exist without some form of
structure which establishes relations. A schema usually contains a small number of

parts which have simple relations between them (Johnson, 1987).

Also, image schemata have an internal structure. Because of their definite internal
structure, they influence the ways according to which we make sense of things and
they constrain inferences about them. For example, the internal structure of the
schema “in-out” can have consequences such as “protection from” or “resistance to”
external forces, limitations on the forces or actions that the contained object can
produce etc. Lakoff and Johnson (1981) called the consequences of the internal
structure of image schemata "entailments". They argue that "patterns such as these
which exist preconceptually in our experience, can give rise to rational entailments

(which we describe propositionally)" (Johnson, 1987, p.22)
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2.4 Common Abstractions

Several phenomena may be related by having a common abstraction. If we provide
someone with a range of experiences within a domain, it may lead him//'toe; systematic
organization of those experiences. In this case the specific reasoning structures may
develop a kind of integration. So, a coherent organization of "cognitive structures"
appears to develop subsystems, that are both relatively integrated within themselves

and also relatively independent of other subsystems (diSessa, 1993).

diSessa gives as an example Ohm's p-prim which may be a common abstraction from
a great range of already competent sensorimotor schemes. That is, it can be a common
abstraction of a broad number of physical experiences, such as pushing objects.
diSessa (1993) mentions that Ohm's p-prim may be used to interpret intellectual as

well as interpersonal relations, such as trying harder and influencing.

Furthermore, Johnson (1987) claims that we can find the same "cognitive structure" in
many domains, because the parts that constitute its internal structure can be
metaphorically understood. The relations which exist between several senses of
schemata like "balance", "in" etc. can be explained by a metaphorical projection from
the bodily domain - in which the schema emerges - to the mental epistemic domain.
Johnson therefore places great emphasis on the material, experiential, action basis of

metaphor.

According to this experiential sense of metaphor, understanding is a process in which
we structure one domain of experience in terms of another one. Metaphors do not
merely help in understanding, they are part of this process and its structure.
Metaphorical interpretations, "can properly be called structures of understanding”
because they are patterns in terms of which we "have a world" which is what is meant

by "understanding" in its broader sense" (Johnson, 1987, p.83).

Metaphorical-analogical projections of various phenomena (which are related to
common abstractions) lead to the production of empirical schemes. Through

analogical projections we construct a "package of elements" with a new form different
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from existing patterns since we make some possible connections between elements

and when/where they are active. That is, "empirical schemes" are dynamic structures.

So, what is happening in an electric circuit can be analogically projected to what is
happening to our body. In this case we have another package of clements (heart,
blood, body) and processes (beat, send). To some extent the empirical schemes in a
new case could be different, e.g. the ‘source-container’ schema which was “perfect”
for the battery in an electric circuit, in the case of the heart - and its role in circulation
of the blood - may have to be enriched with the notion of ‘duration’. In the case of
the heart, the “life” of the source-container scheme is notably bigger. The aspect of

‘living’ attributed to the source-container scheme is notably more important.

2.5 Interaction with the Physical World - Embodied
Reasoning

Piaget (1974) distinguished two different aspects of knowing: the “figurative” and the
“operative”. Using figurative activity we merely represent environmental sensory
inputs while through operative activity we transform these representations into
“objects of knowing”. The operative aspect is based on actions. Thoughts are for

Piaget internalized actions (see also Bliss, 1994).

Piaget (1974) argues for the primacy of the operative aspect. He views mental
operations both as a logico-mathematical activity (reflective abstraction) and as
physical abstraction, giving primacy to “reflective abstraction”. “It is clear that, if
causality favors the functional exercise of intelligence, the operational construction of
that intelligence still proceeds by “reflective” and not by physical or simple
abstractions” (Piaget, 1974, p.21). So, children’s operational structure is attributed to
objects and is not drawn directly from them. These operations seem to derive from

children’s reflection on the nature of general types of actions.

Although Piaget (1974) mentions the importance of children’s physical activity, he

has paid little attention to physical abstraction, or what Ogborn and Bliss termed
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“empirical abstraction”. In this case, children through their acting on objects and
physical situations, learn about the size, shape, color etc. of objects. Through
empirical abstraction, children abstract information from objects. So, empirical
abstraction leads to knowledge about particulars; children think about particular
instances-examples. In this research, 1 try to cast some light on thinking about
particular instances-examples through empirical abstraction, something that was

neglected in Piaget’s work (see Bliss, 1994).

Ogborn & Bliss (1990) using their work on commonsense reasoning about motion
proposed a psycho-logic of motion. In this case prototypical thinking (through the
development of prototypes of motion) has its origins in very early infancy with

actions and perceptions of movement.

Furthermore, action plays a crucial role in the perspective that has been described by
diSessa (1988) as a Knowledge-in-pieces view, which portrays intuitive knowledge as
a set of context-dependent schemes. According to diSessa (1993) humans interacting
with the physical world, gradually acquire a sense of mechanism. At this point
diSessa relates the sense of mechanism with the ways that things work, and with the
sorts of events that are necessary, possible, or impossible. His major claim is that the

intuitive sense of mechanism involves a large number of p-prims.

P-prims have their roots in human experience. diSessa (1993) gives a great weight to
direct experience. Particularly he points out the "principle of the body". According to
this principle "p-prims are likely to be abstracted in internally evident terms,
especially early in development. Thus, agency, (muscle) tension and so on, are likely

to be represented in important base vocabulary for p-prims"(diSessa, 1993, p.123).

Although diSessa describes a very similar representational system and its origins (i.e
body, action) with schemes, he did not refer to Piaget. It is also notable that nowhere
in his book does Johnson (1987) refer to Piaget, who also adopted the word "scheme"
(as Johnson did) from Kant. However, internalization of bodily action is a central
aspect in the Piagetian theory as in Johnson's. Johnson, in order to illustrate the notion

of embodied, imaginative structure, mainly considers two types of imaginative
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structure: 1mage schemata, and metaphorical projections. Through metaphorical
projections the emergent schemata move from the bodily sense to the mental domain.
He suggests that thinking may be arranged on a continuum from concrete to more
abstract forms, and it seems arbitrary where one draws the cut-off line beyond which

mental constructs are no longer called images.

2.6 Self Explanatory phenomena- Obviousness

diSessa (1993) argues that some special phenomena are sometimes treated as self
explanatory. Reasoning at a basic level through the use of empirical schemes may
lead to the accumulation of a phenomenology of events rather than the reduction of
events to fundamental principles. For example, although the phenomenon of balls
bouncing, can be explained by basic laws such as those of energy and momentum
conservation, one might not reduce a complex event such as a billiards collision, to
basic principles. Instead one could accumulate a phenomenology of events like
bouncing, which do not demand detailed justification at each occurrence. It seems that
there is a relation between the nature of empirical schemes and the level of what is

‘obvious’ in an explanation.

Ogborn (1994) mentions the crucial role of the "obviousness" principle in scientific
explanations. According to him, a scientific explanation is a "story" which attempts to
make the occurrence of a phenomenon seem "obvious". It can be made by arguments
of natural necessity, not mainly of logical necessity. "It rests in the end on the
virtuous circle of saying. That happens because that is what those things do...
'Obviousness' 1s where explaining stops" (Ogborn, 1994). So a level must exist
(probably it 1s the empirical level) in which the story stops going further because the

story seems to be obvious at all the remaining levels.
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2.7 Imagination

Imagination can help us to modify existing patterns in order to generate novel
meanings. According to Johnson (1987) imagination does not merely play a role in

discovery, invention and creativity, it is also "essential to the structure of rationality”.

He explores the important role of human imagination - as basic to the structure of
rationality - in the areas of meaning, understanding and reasoning. Image schemata
and metaphorical projections are matters of imagination. We use imagination in order
to achieve new structure in our experience through the process of metaphorical
projection. So, imagination can help us to modify existing patterns in order to

generate novel meanings.

Johnson argues that "the schematizing activity of the imagination, then, mediates
between images or objects of sensation, on the one hand, and abstract concepts on the
other"(Johnson, 1987, p.155). So, he sees the imagination as an activity meditating

between sensation and abstract forms of thought.

Furthermore, according to Ogborn (1994) the conceptualization of an entity requires

people to imagine the entity and manipulate it mentally in order to generate meanings.

Whenever we attempt to imagine an entity, we put it in a "package of elements".
Suppose we try to imagine water. We have to imagine it in a glass or in a river,

flowing. That is, we imagine what this entity “does”.

Then, when we try to imagine water in an example of a phenomenon, the exploration
of the nature of the other things come along with it. For instance, when we try to
explain the way that a lamp lights because of the electric current in an electric circuit
we can imagine the current as water. Also, we have to imagine the other parts of the
“package” that will come along with the water (e.g. a barrier). In this case we have

also to imagine what another entity “can do”.
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2.8 Are schemes non Propositional?

Empirical schemes are described as non-propositional cognitive structures. According
to diSessa p-prims have about the "size" and complexity of words, but in many cases
they are even smaller and simpler than words. Although lexical items such as words
often have clusters of meanings (polysemy), p-prims are more comparable to a single
sense of a word. diSessa compares the meaning of the word "force" with a variety of

p-prims about force, such as force as a mover, continuous force, force as reflector etc.

Johnson-Laird argues that inductive reasoning takes place through the processing of
mental models rather than through the processing of sentences or other linguistic

elements.

Johnson (1987, 1988) disagrees with the traditional theories in linguistics which in
order to answer the question "How can anything (an event, object, word, etc.) be
meaningful to a person?" exclusively focus on the role of the words in a sentence that
influence their meaning. He explores how nonpropositional structures like image

schemata influence meaning.

Johnson is clear that we cannot treat all meaning as conceptual and propositional. He
mentions two reasons for this: "1) meaning in natural language begins in figurative,
multivalent patterns that cannot typically be reduced to a set of literal concepts and
propositions; and 2) the patterns and their connections are embodied and cannot be
reduced to a set of literal concepts and propositions. In other words, meaning typically

involves nonliteral (figurative) cognitive structures." (Johnson, 1987, p.5)

diSessa claims that p-prims cannot be analyzed through mappings that are judged by
purely structural criteria, as Gentner (1983) did in analogical reasoning. He uses the
principle of content over form. That is, p-prims are content-based analyses. “Thus, p-
prims cannot be removed from an analysis in favor of general processes such as

analogical reasoning” (diSessa, 1993, p.125)
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The argument that image schemata are not propositional forms does not mean that
these embodied patterns remain private only to the person that has the relevant
experience. Image schemata are based on a shared world of bodily experiences. It is
the shared nature of this experienced world, facilitated by communication, which
makes shared meanings possible (Johnson, 1987). As Johnson says "They become
shared cultural modes of experience and help to determine the nature of our
meaningful, coherent understanding of our world. Moreover, they are conventionally
encoded in language and are immediately understood by hundreds of millions of other
people" (Johnson, 1987, p.14). It seems that in this way they can be partly learned by
talking.

2.9 A Variety of Reasoning Levels

The empirical level is neither the same for all people, nor for all contexts. For
example, according to diSessa, to a physicist, in contrast with intuitive physics,
phenomena like bouncing must be reduced to the actions of forces. A physicist cannot
use those phenomena as primitive explanations. We can observe different levels of
reasoning. So, what is basic level for novices might not be the same for experts. In
this case the development of these elements is a result of a greater systematicity, or
more knowledge, or more questions. Furthermore we have to consider the influence of

action, culture, and imagination.

Johnson (1987) mentions that what constitutes a basic level in our thoughts depends
on background knowledge, interests, motivation and previous experience. He gives as
an example, the case concerning interactions with physical objects, in which what is a
basic gestalt for a layperson may differ from that of a physicist, who has different
background knowledge about the nature of the physical world and understands
differently the interaction with it. "Experiential basicness is a relative matter"

(Johnson, 1987, p.62)

Also Johnson recognizes image schemata as dynamic structures that organize our

experience and comprehension. Even though they have definite internal structures,
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they are dynamic patterns rather than fixed and static images, and they can lead to

different levels of reasoning.

2.10 Problems with the identification of Empirical schemes

diSessa (1993) mentions as a difficulty in his empirical investigation of p-prims, their
weak relation to the dictionary lexicon. P-prims have not an explicit propositional
form. One can make predictions using p-prims, but the prediction is not the p-prim.
Even in the case where one accepts a form as "In circumstances x, y happens" under
which we might subsume many p-prims, "the inexplicitness of circumstances and lack
of other reliability checks makes such attributes as universality, truth value, and
participation in general reasoning patterns (approximating to logical reasoning) highly

dubious." (diSessa, 1993, p.197)

This research attempts to identify these kinds of hypothetical structures in children's
explanations about phenomena. That is, to find whether there are hidden common
patterns in their explanations and what are the origins of these patterns. Having in
mind that these empirical schemes have a weak relation to the dictionary lexicon, I
attempt to describe what they could be like without 1t being possible to present an
accurate picture of them. The description of these entities is as if one wanted to
present a bridge without a picture. He might describe how it is, but the receiver (and
the sender) will lose a lot of information. We know that it is impossible to translate
with absolute success from one mode into another, for example an image into verbal
form. To translate and describe schemes into a verbal form presents the same

difficulty.

2.11 Ontological Dimensions in Concrete Thinking

Tyson, Venville, Harrison, Treagust (1997) outline a multidimensional framework for
considering conceptual change events in the classroom and they synthesize a number

of researches by proposing that children’s conceptual change can be viewed from
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several perspectives: the epistemological (the way that a student perceives his or her
own knowledge about the thing being studied), the ontological (the way that a student
perceives the nature of the thing being studied), and the social (examines the
social/affective conditions such as interest, motivation necessary for conceptual

change to occur).

There is a movement in the tradition of the description of thinking in the field of
mental models. Bliss (1994) exploring different descriptions of thinking from Piaget
to "mental models tradition" mentions that much of the past work on thinking and
learning is related closely with epistemology (the study of the grounds of knowledge)
whereas the mental models view leads to a new direction, since there is now an
ontological focus on studying "what people take to be the nature of the things around

them. What is comes before what is the case" (Bliss, 1994, p.30)

Researchers such as Chi and her colleagues (1992, 1995) have attempted to explore
the difficulties in the conceptual change of children in science, considering the notion
of ontologically distinct categories. They argue that conceptual change is difficult
since naive concepts and scientific ones belong to different ontological categories. But
what makes the boundaries between different ontological categories so strong, and is
there any way that we can make possible transformations across ontological
categories? It seems possible that ‘empirical schemes’ which in many cases are
common abstractions from members who belong to different ontological categories

can make possible such difficult transformations.

Ogborn and Mariani (1991) propose the existence of a fundamental "ontological
space". They attempt to find a small number of ontological dimensions along which
objects and events can be placed, for example, dynamic vs static, cause vs effect,
place-like vs localized and discrete vs continuous. In an analogous way, this research
explores fundamental dimensions of thought which children seem to use in their
attempt to understand the nature of proce=s<* in the physical world, and how
children use them in order to give an analogical example. It is suggested, that the
identification of empirical schemes of elements can be done only by exploring their

interaction in "packages". So, finding "groups" of elements and putting them onto an
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ontological space, at a later stage we can interpret the fundamental dimensions (e.g.

cause-effect, dynamic-static etc.) that underlie children's reasoning.

2.12 Empirical Investigation of children’s schemes

In the previous sections of this Chapter, the discussion shows that the idea of
“schemes’ has been used frequently by researchers. However, most of them identified
schemes in texts (e.g. Johnson) or analyzing interviews of adults (e.g. diSessa). A
recent study with young children which attempted to explore schemes and made a
great contribution to this thesis was conducted in London by Joan Bliss, Jon Ogborn,
Orla Cronin and Will Reader during the last two years. 1 followed the work of this
project very closely from the beginning and towards the end I joined the project team

(see report in Appendix 2.1).

The project aimed to investigate empirical abstraction and concrete physical schemes.
The 1dea was to construct novel tasks which would show whether schemes exist in
children’s thinking, and if so, how they are used. The project team developed a
methodological framework for investigating schemes as tools of thinking, and

constructed a range of novel tasks for the investigation of the schemes.

The various tasks used can be classified into four mainly generic forms:

e imaginative transformations. (children were asked to transform objects or events into
others using their imagination)

e thinking of something as ... (children tried to think of instances as like a given
scheme, going from instances to schemes)

e instances of something like ... (children created or identified instances of schemes,
going from schemes to instances)

e thinking metaphorically with physical schemes (children used physical schemes as

the basis of metaphors to reason about non-physical situations

This research project gave precise pictures of the nature of schemes. In the various

tasks it appeared possible that schemes can be shown to exist (e.g. schemes which
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identified by example and name could be reliably and easily identified by children in
a variety of physical contexts). Schemes developed with age (and might be used in a
metaphoric way by children 13-14 years old) and many schemes (particularly those
which have to do with physical movement) were available and produced even by very

young children(around 5 years old).

Summarizing, schemes such as “support”, “flow”, “container”, “rigidity” etc.
appeared as re-usable building blocks, neither too specific nor too generic. They are
generic enough to be used in many situations but not so generic to be used
everywhere. Schemes are used in packages to make models. So, schemes appeared
with a small set of “potentials” (e.g. the scheme ‘support’ includes ‘something
underneath’, ‘above the ground etc.) which provide ‘entailments’ (e.g. removing

support will make something fall).

2.13 An overview of  Chapter 2

A central aspect of the thesis concerns the idea of ‘abstraction’, which is involved in
all theories of mental representation, of analogy, and of the role of examples. It will
be important to regard abstraction not merely in terms of ‘more’ or ‘less’ abstract, but
as involving a middle level - the level of prototypes - which is fundamental. Much of
the work is addressed to elucidating this notion. In the present research, I treat
‘empirical schemes’ as the basic level of mental representations. The term ‘empirical
schemes’ is used to cover a wide variety of schemes described by other researchers:
Piagetian’s schemes, diSessa’s p-prims, Johnson’s image schemata and Johnson-
Laird’s mental models. All these schemes appeared to me to be located at the same
level of abstraction (basic level) but having different location in the axis which
represent their specifity. Thus, ‘empirical schemes’ -which are very close to schemes
as they described by Piaget and earlier by Kant- are less specific than p-prims but
more specific than mental models. ‘Empirical schemes’ have their origins in physical
activity and are common abstractions of various phenomena. That makes them very
powerful tools in the imaginative transformations that children attempt to make

between very different objects or events.
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Chapter 3:
RATIONALE FOR THE RESEARCH

3.1 Introduction

During the last two decades, work on children's ideas has shown how difficult it is to
change them (Osborne and Freyberg, 1985; Driver, Guesne and Tiberghien 1985).
The difficulties in changing children’s ideas might exist because of the way that
researchers describe them. It appears to me possible that this happens because we try
to make this change just at a propositional level (usually adults expect a child to
understand and make use of sentence meaning in the same way as they do) and not at
a level closer to children's mental representations which can bring to the surface
children’s deep reasoning patterns about natural phenomena and in particular make
clear children’s basic-prototypical level of schematic representations. So, this research

suggests a way of looking at children’s reasoning from an ontological point of view.
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The ontological view of concepts can refer either to changes in concepts within or
across ontological categories, or at a more abstract level to the ontological dimensions
which organise schemes. As already mentioned in the previous Chapter, Ogborn and
Mariani (1991) argue that scientific concepts can be placed along dimensions: for
example, dynamic vs. static, place-like vs. localised, cause vs. effect and discrete vs.
continuous. ‘Empirical schemes’ are used in this research as tools to analyze the way
that children make transformations of objects, construct analogies, and create

examples from generalizations and vice versa.

This Chapter includes a literature review of the areas of transformations, analogies

and examples, and also provides a rationale for the research questions chosen.

3.2 Transformations of objects

Keil (1989) argues that when young children attempt to transform an entity of one kind
into an entity of a different ontological category by manipulating characteristic features,
they “maintain that the type of kind is not changed even though they readily judge type of
kind to be changed for entities within the same ontological category” (p.209). Chinn and
Brewer (1993) describe ontological beliefs as “beliefs about the fundamental categories
and properties of the world” (p.17). It is very hard to change them because they are used to
support ideas across domains or subdomains and because the beliefs are remote from

experience.

Chi and her colleagues (1992, 1994, 1995) apply the notion of ontologically different
concepts to the issue of conceptual change in science learning. They argue that learning in
science involves conceptual change across ontological categories since the scientific
meaning of many science concepts belongs to different ontological categories than those
to which their naive intuitive meanings belong. They propose that some science concepts
are more difficult to learn than others because they require a conceptual transition

between different ontological categories.
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Chi et al (1994) argue that concepts belong to different ontological categories such as
“matter”, “process” and “mental states”. Students have to stop thinking of concepts like
heat, light, force and current as material substances since it is very difficult for a student to
achieve a transformation of an entity which belongs to a “matter” category into a
“process’” category. They refer to this difficult process as radical conceptual change. Chi
et.al., (1994) document evidence from three experiments in which students were presented
with physics problems about the scientific entities light, heat and electric current. They
base their analysis of transcripts on the identification of predicates such as contain, move,

block etc. which might be regarded as schemes. Results show that novices do not use the

process predicates for these concepts whereas experts do.

However, the term "ontological categories” seems to me quite arbitrary because the
ontological categories do not have such precise homogeneity as Keil argued. Consider for
example Keil's ontological categories such as'animals and"artifacts.' At a different level it
can be argued that birds and fish constitute also two different ontological categories, since,
although they have clusters of similarities, they have also different clusters of properties.

So, the categories of animals and artifacts are not themselves homogenous groups.

Also, perhaps nowadays (about ten years after Keil’s studies), the boundaries between the
categories which Keil called ontologically distinct are more flexible. In the most popular
children’s TV films, creatures similar to the monster of Frankenstein appear very
frequently. Machine-robots have the same characteristics as humans. Do the children
believe that the artifacts they see on television (i.e. Mr. “Data” in star trek, dinosaurs with
machines inside, etc.) belong to living things? It seems at least possible. The cultural (i.e.

TV) influence is great.

Furthermore, in Keil’s studies children were judging the result of a transformation process
that he had already given to them and it is possible that the changes he suggested to the
children were not enough for them to accept that the object has been transformed into
another, changing its identity. So, the question is whether children (who receive a great
cultural impact about flexible ontological categories) can themselves make
transformations of objects within and across ontological categories. I decided to ask

children to make transformations of objects - about ten years after Keil’s studies - and to
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give them the opportunity to make their own changes. I was hoping that if the children had
any difficulty in accepting the change of the identity of objects which belong to different
ontological categories, I would be able to observe what those changes that make it difficult

are.

In the present research, the hypothesis is that in the transformation tasks, children make
changes related to their empirical schemes. For example, in transforming a bus into an
aeroplane they might need to change the shape of the bus, (e.g. putting wings, a tail,
smaller wheels, screws etc.) but they will not change essential schematic features (e.g.
seats for the passengers - both are containers -, the need for power, both canw etc.). But
what are these empirical schemes, how we can detect invariances between them, and can

they make possible difficult transformations across ontological categories?

Gelman (1979) claims that children might think about the insides of animals in terms of
the functions that they serve. On the other hand Simons and Keil (1995) in one of their
studies concluded that “emphasising the functional role of the insides for each animal or
artifact had little if any effect on children’s patterns of responding”(p157). How important
is the role of ‘functional schemes’ (what things can do) in the transformation of one object

into another?

In the previous Chapter there is a discussion of the prototypicality of examples or
members of categories. It appears interesting to me to explore questions such as, given two
objects A and B, is it easier for a child to transform A -> B, or B -> A, and why? If
children prefer one specific direction, this might be evidence for an asymmetry between
the two examples. This asymmetry can be explained as the result of the existence of some
parts in one thing that are more prototypical than the respective parts in the other. That is,
this asymmetry could be evidence for the existence of prototypes. So, it is expected that

children will find it easier to transform a non-prototypical thing into a prototypical one.

Summarising, schemes by their nature are common abstractions which are cross-
categorical. Schemes such as ‘flying’ can describe things that belong to different
ontological categories, for example an aeroplane (artifact) and a bird (natural kind). So, I

asked children to make transformations using their imagination, of objects that belong to
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same ontological category and of objects that belong to different ontological categories, to
see whether these ontological categories exist and constrain the success of
transformations. In the case with the objects from different ontological categories I chose
some pairs which have common schemes (i.e. an aeroplane into an eagle, both have
common schemes such as they fly), and some which have not (i.e. an eagle into a toy car).
I was interested to identify the schemes that would be used by children and to see whether
the existence of common schemes can make possible cross-ontological category
transformations. Also, I decided to ask half of the children in each group to make the
opposite transformation (i.e a toy car into a bird) to see whether there is evidence about

any asymmetric character of prototypes.

In contrast to Keil, who believed that the boundaries of these ontological categories might
be innate, the hypothesis of this study is that schemes cross the boundaries of ontological
categories, and that “ontological categories” are context dependent. It does not mean that
humans represent 'things' merely as a sum of parts, making categories according to clusters
(at a superficial level) of these parts. The present research is intended to show that function
- what things or their parts can do -, plays an important role in the construction of weak or

strong boundaries between categories.

Venville & Treagust (1996) document evidence for transformations across ontological
categories with the help of analogies. They describe an analogy as a “transformer” in the
process of conceptual change since analogy might play a role of transforming the
ontological category of a concept from the erroneous ontological category to the preferred
category. They describe how the fluid mosaic model for cell membranes (a membrane
consists of a double layer of lipids with proteins embedded in it like mosaic tiles) was used
by a teacher with the purpose of changing students’ view from static to dynamic entities.
The purpose of the analogy was to draw students ideas away from that of a cell membrane
as a barrier with holes in it, and to emphasise the process attributes such as the ‘fluid’
nature of membranes and the associated functions such as the ability of proteins to move.
In the particular study the teacher used the analogy as a transformer to change students

view of cell membranes from a “matter” category to a “process” category.
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3.3 Analogies can be described at a schematic level

3.3.1 Analogical reasoning

A recent special issue of the Journal of Research in Science Teaching (1993), is
dedicated to the role of analogy in science education. It is the result of the great

interest in the role of analogy in science and science education during the last decade.

Lawson (1993) introducing this special issue categorised scientific concepts into two
types: (a) descriptive concepts, and (b) theoretical concepts. In the first category
belong concepts such as the concept of solid, liquid and gas states of matter, for which
perceptual exemplars exist in the environment. So, a teacher can help pupils
understanding by pointing out several examples of these. In contrast, there are
concepts such as atom, gene, phlogiston that do not have perceptual exemplars. In this
case, the meaning of such concepts cannot be derived from our perceptions, and a

teacher might help children’s understanding using analogies.

However, analogy is a difficult term to define. DeJong (1989) calls it a "fuzzy concept
that means different things to different people". Goswami (1991) gives a review of the
research that has been done in the area of analogy. She particularly focuses on
research that has set out to measure the development of analogical ability and points
out that relevant theories share a common assumption: "the ability to reason about
relational similarity". This assumption is common both in classical analogies (Piaget's
structural theory and Stenberg's information processing theory), and in problem

solving analogies (Gentner's structure mapping theory etc.).

Classical analogy, taken from IQ tests, is the a:b::c:d task. An example might be
car:fuel::person:?. Fuel is to car as “what” i1s to person? In this type of analogy the
child has first to determine the causal relationship between the B and A entities and
then to identify the D entity that has a similar causal relationship to the C entity
(Pierce & Gholson, 1994).

Research on analogical reasoning has demonstrated that novices who try to solve

problems in a new domain often think back to an earlier analogous problem that the
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current problem reminds them of. Success depends to a large extent on whether they

are reminded of an appropriate problem that has the same principle as the test problem

(Ross, 1984).

Gick and Holyoak (1983) emphasize the important role of analogical thinking in the
transfer of knowledge from one situation to another by a process of mapping which is
the "finding a set of one-to-one correspondence (often incomplete) between aspects of

one body of information and aspects of another".

In the last decade researchers have investigated children's (mainly students’) ability to
reason by analogy in problem solving tasks. Gentner's (1988, 1989) structure-mapping
theory of analogical reasoning is based on children's solution of problem analogies
rather than classical analogies (a:b::c:d). The analogy depends on a similarity of
relational structure between a problem that has already been solved (the base) and a
new problem (the target). Goswani (1991), recognizing the crucial role of relational
structure, claims that young children can reason analogically in both classical and
problem analogy tasks as long as they have knowledge of the relations used in

analogies.

Gentner & Gentner (1983) defined an analogy as a mapping from one structure, the
base or the source, to another, the target. The source domain is the part that is already
known, whereas the target is the part that has to be inferred. Structure-mapping
defines as the essential elements that constitute an analogy, objects (with their
attributes) and relations between them. The goodness of an analogy mainly depends
on the correspondences between relations, rather than on source and target objects

having similar attributes (see also Gentner and Toupin, 1986).

Consider for example the well known analogy between the solar system and an atom.
In this case the sun corresponds to the nucleus, the planets to the electrons. The size,
shape, weight etc. of these couples of entities differ greatly. Despite these differences,
what makes this analogy “good” is the correspondence between relations. The relation
of attraction and centrifugal force that causes the planets to orbit the sun and the

electrons to orbit the nucleus are common to both (Gentner 1983).
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Children use their memory to allow novel experiences to bring to mind relevant prior
knowledge, even though the constituents of the new situation have never been directly
associated with those involved in the remembered ones. For example, a child who
sees a drawing of a simple electric circuit for first time might be reminded of the
circulation of blood. This example illustrates analogical reminding. Both phenomena
are analogically connected because they systematically correspond in the relationships
between their objects, entities and processes. It is this structural consistency of the
phenomena that makes them analogous, rather than simply that both involve some

similar objects, entities and processes.

However, I think that the structure-mapping view has some weakness. It has been

criticized, mainly, for two reasons:

a. It does not show the way that objects of the target domain are identified; they are
simply placed in correspondence.

b. In a similar way, Gentner (1983) does not point out how and which relations in the

source domain are selected for mapping onto the target domain.

Probably, in order to solve the first problem we have to look at the role that object
attributes play (Keane, 1991). Furthermore, because of the second problem Holyoak
(1985) proposes that the goals of the person who constructs the analogy constrain

what is mapped from the base domain.

The proposed "solutions” by Holyoak and Keane help to account for the way that an
analogy works. However it seems to me that the main problem with structure mapping
(Gentner), the pragmatistic (Holyoak), and Keane's view is that they attempt to

analyze the phenomenon of analogy, while seeing it only at a propositional level.

In contrast Johnson (1988) makes clear that there is a nonpropositional level that we
have to consider if we want to explore the way that analogies work. He claims that
“we don’t yet have a fully adequate theory of analogical reasoning, because we
haven’t given sufficient attention to these preconceptual and non-propositional levels

of cognition” (Johnson, 1988, p.26).
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Particularly in analogical thinking, the core subprocess is the analogical mapping. It is
the process that has received the most attention in the literature (Keane, et. al 1994).
Researchers such as Gentner & Gentner (1983) who have explored this process have
focused on relational similarity. However, in an analysis of the way that an analogy
works, there is a stage after the identification of relational similarities. Relational
similarities might describe the "form" of the analogical projection, while the
identification of the "empirical schemes" that take part in a specific analogy could
give a description of the “content” of the analogy. But, what are the common

empirical schemes that can be identified in the source and target domain?

Most of the studies mentioned so far investigated the role of well known analogies in
problem solving contexts. These studies do contribute to a better understanding of
children’s use of given analogies. However, [ decided to ask children to give their
own analogies since in the case of learning science, it seems more important to
understand how pupils can productively generate their own analogies to advance their
conceptual understanding of scientific phenomena (see also Kaufman et.al 1996).
Kaufman et.al. (1996) explore students’ and physicians’ use of spontaneous analogies
in reasoning about concepts related to biology. The results show that participants
produced analogies which facilitated explanations in various ways such as bridging
gaps in understanding, illustrating and expanding on their explanations. The authors
suggest that through the analysis of these spontaneous analogies it is possible to

identify students’ misconceptions.

The investigation of the production of self-generated analogies might give evidence of
the methods that children use to produce their analogies. Clement (1988) evaluated
experts’ methods of generating their own analogies in scientific problem-solving
(exploring the stretch in two springs). He documented evidence for three different
methods of analogy generation:

a. generation via a principle (1 case)

b. generation via an association (8 cases) and

c. generation via transformation (16 cases).
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The most common method was the last one. Tranformation occurs when participants
create an analogous situation B by modifying the original situation A. In the case of
generation via an association, participants are reminded of an analogous case B in
memory, rather than transforming A into B. Associative analogies tend to be more
“distant” from the original situation conceptually than those produced by
transformations. But, what is the method that novices (young children) follow? Do
they generate novel analogous cases rather than analogous cases which already exist
in their memory? Do children follow a method based on schemes which lies between

the second and the third method described by Clement?

3.3.2 Analogies in the domain of electric circuits

In the tasks developed in this research for the exploration of analogies, a simple electric
circuit was used as the target domain of an analogy. The selection of the particular
domain was not random. The difficulties with its introduction in the early stages of the
science curriculum (last two years of the primary school in Greece), have led teachers to

use analogies frequently as a helpful tool in the teaching of this domain.

Furthermore, research shows that children find it hard to understand scientific ideas
about electric circuits (Shepardson & Moje, 1994). Osborne (1983) describes what
children have in their minds and suggests that they think mainly using four mental
models about the circulation of flow in a simple electric circuit. Also Duit et al. (1985)
argue that many school students have great problems with the ideas that describe an

electric circuit.

Many researchers have proposed as an important way of resolving this difficulty, the use
of analogical reasoning in the development of children’s ideas (Gosgrove 1995, Duit
1990, Gentner and Gentner 1983). Furthermore, children seem to accept analogies as
useful tools in the understanding of this topic. For instance in a classroom with 11-year-
olds, many children identified their teacher’s analogy for electricity, as the main way of

making sense of this topic (Gosgrove 1989).
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Thus the electric circuit 1s a domain that has been used frequently by many researchers
to explore the ways that various analogies can contribute to children’s learning. Various
analogies have been proposed as suitable. Stocklmayer and Treagust (1994) describe
many analogies of electric flows used in textbooks in the last 100 years and mention that
the water-circuit analogy has received considerable attention (see also Gentner and
Gentner 1983). It is clear that each of the analogies that are used in textbooks - water,
gravitational and anthropomorphic analogies - have a different focus and their goal was
to represent various aspects of the electric flow (see also Dagher, 1995, for a discussion
of the effectiveness of text-based or teacher-based analogies in learning science

concepts).

Goswani (1991) argues that the answer to the question how good children are at
reasoning by analogy seems to depend on the measure used. In the case of “problem
solving analogies” the degree of success depends on what a researcher has as a
standard of a "good" analogy. So, it is notable that researchers in this field have a
preference to suggest ways for the analysis of analogies in their papers, that are based

on “good” analogies.

However, I decided to explore children’s own analogies in this research because many
researchers have pointed out that children’s “imperfect” analogies could be very
useful in the learning processes. Gosgrove (1995) explores ways that students
generated their own analogies in a series of sessions about electric circuits, and argues
that it is useful in their understanding. Self-generated analogies are tools by which
students can generate, evaluate, and modify their own explanations (Wong 1993). 1
decided to ask children to produce their own analogies to see what analogies they could

give for simple electric circuits and how they could be analysed in terms of schemes.
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3.4 Examples of ideas

3.4.1 Introduction

Examples are concrete instances. They are specific instances of something. There are

different levels of specification-concreteness. So we can imagine a Table (see Figure

3.1) with:

a. a vertical axis in which the top end is the abstract-idea pole and the bottom one is
the concrete (object/event) pole and,

b. a horizontal axis which goes from specific (left) to generic (right) pole.

An example tends to be at the left-bottom corner. For instance when someone says
"time-distance graph", it could be argued that this is a generic and abstract idea, that
tends to belong to the upper-right hand quadrant. If we have a graph where y=2x it
will tend to belong to the upper-left quadrant, being more specific. On the other hand
a statement like "The speed of an object increases” tends to be in the bottom-right
quarter when a more concrete-specific example, "this car goes faster now" tends to be

in the left-bottom quarter.

Figure 3.1: Different levels of specification-concreteness of Examples

Idea
i s-t graph
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How concrete an example is depends not only on the nature of the example but also
on the way that the person involved tries to think about it. That is, the level of
concreteness of mental representations he/she uses to think about an example can
vary. For example, someone who hears an example about a person that pulls a string,
might shape in his mind immediately an analogous "real" example, when for example
he himself pulled a specific string. In this case we have the person that pulls "the"

string not "a string".

Furthermore, the concreteness depends on the context. It has to do with the focus that
someone who gives an example in a particular situation has on that example, and the
different ways that he/she can understand it. Findings in psychology have shown that
context influences the role of examples, since varying contexts lead to a better overall
memory. So, viewing an example in a variety of contexts has as a result a better
memory of the example. Also, a better performance appears to occur when the context

at test matches the learning context (Ross 1984).

It is notable that the majority of the research that has been done in the area of
"examples", has considered the ways in which examples could be used in learning,
while not much work has been done on the question "How are earlier examples

retrieved and used" (Ross, 1984).

The last question is a key question for this research. It is suggested that children use
an "empirical level" of their mental representations in order to retrieve examples and
to give other examples. Working at a level like this, children manipulate and use in
their reasoning “empirical schemes”, in order to construct and modify examples of an
idea. They use their background, their empirical schemes, in order to construct
examples, and to clarify abstract ideas. So, the variation of the examples and their
degree of fit with generalizations depends on their constituents, which are empirical

schemes.

The focus of this research is on how children reason about:

a) a phenomenon in science using a generalization
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b) a generalization, giving an example of it, and how they describe an example using
schemes, and

c) transformations of an example of a phenomenon into another example. The
important question here is “Which structures and features do they hold constant,

and which do they change?”

The description of the above three kinds of transformations in the present study includes
the presentation of the products of these transformations (children’s own analogies,
examples and generalisations) and an analysis of such products based on the
identification of their schemes. The purpose of the study is to clarify the process of
exemplification, describing examples, both those produced by children and those

provided in science textbooks.

So, the fundamental role of examples in children's reasoning in science, will be
explored in this research. The hypothesis is that there is a level of concreteness which
"allows" someone to construct, modify and in general transform examples easily. That
is what in the first section was described as the "empirical level". This level is neither

the same for all people, nor for all contexts.

Related work on reasoning about a phenomenon (target example), through the direct
construction of a “connection” with another source example (because of their
similarity) and so with the package of explanations which are known about the source
example, can be found mainly in the research areas of analogical reasoning and
problem solving. It is worthwhile to distinguish between the use of different types of
examples in these two research areas. So, when I use research from the problem
solving area I will call them exercises (worked-out examples) since the “examples”

studied are typically end of Chapter exercises.

The work on analogies has been close to the present research aims. Interviews with
science teachers suggest that most teachers used either examples or analogies in their
teaching and that often they did not differentiate between examples and analogies.
This lack of differentiation is not surprising given the similar purposes of analogies

and examples in the learning process to make the unfamiliar familiar (Treagust, Duit,

52



Joslin, Lindauer 1992). Through the construction of analogies humans can reason
about a new target example using their background knowledge of a source example.
The connection between source and target example is a result of their similarity which
can become obvious through the transformation of one example into another one. The
transformation process relies on noticing and making use of some kind of similarity

between the empirical schemes that humans use in order to think about examples.

3.4.2 What are Examples?

Examples are parts of both commonsense and scientific thinking. The etymology of
the word tells us that example 1s a part taken out of some whole. This part stands for
the whole. Important questions arise from this etymological definition. “What
whole?” and, “What makes an example so powerful to stand for or represent some

other entity?”

The present research attempts to show that the “synthesis” of an example from
specific empirical schemes is responsible for the fit with the whole, and the “power”
(how good it is) of the example. For instance, we can have both ““a child threw up a
balloon” and “a child threw up a stone” as examples of the same idea “What goes up
must come down”. Both these examples have many common schemes (i.e. the balloon
and the stone will “move” for a short period; they are not “decision-makers”- they do
not have the “power for autonomous action”) that makes them good examples of this
generalization (they are better as an example than a bird flying or than a rocket).
However, the “stone-example” might appear better for some people because its
synthesis involves an empirical scheme, the time that the stone takes to come down,

which is less than that of the balloon.

The production of examples is very similar to the production of metaphors and
analogies. Using metaphors we can understand one kind of thing in terms of another.
Metaphors subtract some features from one conception and focus on some other, in
order to characterize something in a different way. Metaphors “provide coherent

structure highlighting some things and hiding others” (Lakoff & Johnson, 1981, p.39)
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In a similar way examples can be seen as a set of facts or features that are viewed
through a certain type of lens. As such, examples are "filtered snapshots of the ‘world’
that emphasize some aspects and forget others, and the whole process is done on
purpose" (Rissland, 1991). This description brings examples, metaphors and analogies
close together. Thus, I decided to ask children (study 3) to describe objects in two
different contexts - a non-exemplifying and later in an exemplifying context - to see

whether examples will highlight or hide any schemes.

3.4.3 How do children understand and use examples of ideas?

There are many reasons why researchers need to focus on examples. An important
reason is that examples seem to be an important tool for those who write textbooks.
Also teachersi\v%‘:\lghrnifying ideas, make extended use of their own examples and of
textbook examples in the classroom. The simple idea “almost all solid things expand,
when they are heated” can be exemplified by “the expansion of electric wires in
summer” or “the expansion of railway lines in summer”. But what are their components
and what makes the two examples that exemplify the above idea, different? In order to
explore differences between examples of the same idea, I asked children to describe two

examples (study 3) or more (study 4) of the same idea.

The traditional goal of exemplification is the role of an instance as a guide and
stimulus to practice. Kant goes in a new direction, emphasizing the methodological
status of reasoning through examples. Particularly he defines the reflective judgment
as the “necessity of the agreement of all [men] in a judgment that can be considered as
an example for a general rule that cannot be stated”. So, in this case, examples aid
reason and judgment, and Kant characterizes them as wheelchairs or strollers for the

judgment (Gelley, 1995).

“Good” examples, play an important role in learning. Also, one cannot ignore the
special role of “bad” examples - that is, counter examples - in learning. Keenan
(1995), argues that the “responsibility begins in the bad example.... there would be no
experience of difference, no change, and no relation to the other without the adventure

of the comparison and its failure - precisely because it 1s not always safe” (Keenan,
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1995, p.121). This implies that teachers have to take into account not only the “good”
examples but also the counter examples that children give. Through the analysis and
comparison of counter examples with other examples, children can judge why, when
and which examples of an idea are “good”. In the present research, I asked children to
describe textbook counter examples and to produce their own counter examples (study
3) to see what schemes they use in this case in comparison with the description of

“good” examples.

Lyons (1995) claims that example formation deals with two dimensions of integration:
(a) between statement and instance that can be called vertical integration and (b) among
mstances that can be called horizontal integration. This study deals with both
dimensions of integration. It aims through the description of: (a) children’s examples of
ideas to identify the results of the radical changes of the transformation from abstract to
concrete or general to specific, and (b) the constituents of examples to identify

similarities and differences between examples of the same/different ideas.

3.4.4 How do children understand and use worked out examples
(exercises)

There are findings showing that students often rely on exercises as a learning tool.
VanLehn (1986) argues that arithmetic is learned by "the generalization and the
integration of examples". His findings show that a large number (85%) of students’

errors in arithmetic, arose from some type of learning from exercises.

Reed and Bolstad (1991) distinguish two alternative approaches in order to teach
people on a task: either presenting a detailed example or a set of procedures. When
students attempt to solve problems and receive both procedures and examples they

seem to prefer examples.

Also, there are studies in the area of learning computer programming that support the
important role of recalling examples by students, who use them as an analogical basis.
Pirolli and Anderson (1985) argued that students in order to write recursive functions

rely on analogies to examples (see also Pirolli, 1991).
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LeFevre and Dixon (1986) explored what happens when students attempt to solve
inductive reasoning problems and these problems are accompanied by an example that
conflicts with the instructions. The degree of effectiveness of example and
instructions was measured by looking at which procedure subjects used. They found
that most of the students used the example and disregarded the procedure described in

the instructions.

However, there are limitations in the way that students can use worked-out examples
and generalize what they learn from them. Frequently, a student who has studied
exercises cannot solve problems that need a slightly different method of solution from
that of the exercise. Reed, Dempster, & Ettinger, (1985) found that students often
have difficulty in solving variations of exercises. They were able to solve only 6% of
simple algebra word problems (such as mixture problems) that required the use of a

slight transformation of the original equation.

Although the exercises have limitations (in the procedure of generalization), their
frequent use in instructional procedure, makes the question "what do exercises offer to

instructional procedure?" important.

In order to answer this question, we have to identify the limitations of exercises in the
learning process. It seems that a factor which mainly gives learning from
generalization of exercises a low level of success, is whether the statements that can
be found in an exercise solution procedure are not explicit about the conditions under

which the actions apply (VanLehn, 1986; Chi & Bassok 1989).

Chi and Bassok (1989) argue that students have difficulties in using in other contexts
what they have already learned in an exercise. Particularly, these problems appear
when they have learned from this example only a sequence of actions, or in other
words have acquired only an algorithmic procedure or syntactic rules. In this case
students have not understood "how the conditions of the rule can be derived from

other variations of a given equation" (Chi and Bassok, p.263).
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3.4.5 The movement between examples and generalisations

It is notable that already in ancient Greek thought examples are described in two
different ways. In Plato, “paradeigma” means a model, a standard. It is related to the
abstract theories of ideas, which are the source for the characteristics of objects. So,
the Platonic model displays a vertical directionality, from primary exemplar down to
multiple instantiations. This vertical directionality is a common phenomenon in
science classrooms where teachers give an idea and then try clarify and explain it,

through examples.

In contrast to Plato’s view, in Aristotle a rhetorically oriented conception of examples
appears. In this case, “paradeigma” functions inductively: the instance serves as a
vector pointing to a principle or conclusion. Aristotle describes examples as a
movement with a horizontal dimension/direction “neither from part to whole nor from
whole to part but from part to part, like to like, when two things fall under the same
genus but one is better known than the other” (Gelley, 1995, quoting Aristotle).

If we apply the current terms in this definition then we can observe that Aristotle
talks about:
e cxamples which are common abstractions and have common “empirical schemes”
(same genus)
e examples which are best, prototypical examples (one is better known than the others)
e akind of horizontal transformation of one example into another (from part to part,

like to like).

In summary, two kinds of exemplification appeared in ancient Greek thought.
Aristotle’s view is oriented towards a pragmatic function, to rhetoric, whereas Plato’s

view is oriented towards a cognitive principle and to ontology. (Gelley, 1995)

An important use of examples in the learning-teaching process is arriving at a
generalization through induction from examples. In the last two decades, there are
mainly two different approaches that attempt to describe the way that generalizations
are induced from examples: a) the similarity-based and b) the explanation-based

approach.
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The similarity-based approach claims that a generalization develops by inducing a
principle (in other words a set of common features) from multiple examples. So, in
this procedure of induction more than one example is necessary and there are essential
features that will be shared by all these examples (Gick & Holyoak, 1983). The
transfer between problems relies on making use of the similarity between the

problems (Ross, 1984).

On the other hand the explanation-based approach proposes that generalizations can
be induced from a single example. In this case the procedure of induction involves the
construction of an explanation that justifies why the example is an instance of this
generalization (Lewis, 1988). Figure 3.2 displays the differences between these two

approaches.

Examples play an important role in the creation of abstract knowledge structures. That
happens because the creation of abstract structures requires the comparison of
examples of isomorphic problems in order to discover their common structure.

(Catambone & Holyoak, 1989; Cummins, 1992).

Catambone & Holyoak (1989) found that when the source and the target analog share
many salient surface properties, spontaneous transfer can occur even in the absence of
an externally provided hint (for the application of the source analog). Usually multiple
examples allow transfer even in the absence of a hint when the context is relatively

constant, while a single source example typically would not suffice.

When students use multiple examples, they have the opportunity to induce a category
based on the structural similarities among them. On the other hand, students who are
required to analyze problems individually, or simply read the problems tend to
categorize and describe them on the basis of surface feature similarity (Cummins,

1992)
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Figure 3.2: The ways in which generalization can be induced from examples
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Gick and Holyoak (1983) in their research, found no evidence to support the view that
subjects’ ability to abstract from a problem schema can depend on just a single story
analogue. In contrast, when two prior analogues were given, subjects induced
successfully an abstract schema as a product of describing the similarities of
analogues. This schema was "highly predictive of subsequent transfer performance"
(p.31). These findings support the view that a mapping process cannot lead to a
schema by operating on only a single prior analogue. On the other hand, a general

schema can be a result of two analogues which can mapped together.
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However, Ross & Kennedy (1990) suggest that the similarity-based approach needs to
address two issues: a) what determines which instances are compared?, and b) what is

the nature of this comparison?

According to their reminding view (a case of the explanation-based approach) the use
of an earlier example to solve a current problem requires the novice to generalize
some superficial features, and by doing so, the learning of a generalization includes
more structural information about a problem of the same type. Also, the reminding,
through these generalizations, affects later problem solving performance. So, in this

case learning occurs from making the analogy, not from some separate processes

(Ross & Kennedy, 1990).

Even though the majority of psychological theories support a similarity-based
approach to learning, there are findings showing that students can generalize from
single examples (Elio & Anderson, 1983; Kieras & Bovair, 1986). According to Chi
& Bassok (1989) a combined similarity-based and explanation-based approach is

necessary in order to learn from examples.

Figure 3.3: The induction and transformation of examples

Transformation Another
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According to these approaches, examples play an important role in the development

of abstract knowledge structures. They focus on the way that induction from examples
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to generalizations takes place. This is one of the things that this research explores.
Also, another interest of the research is the way that children use examples in order to
clarify an idea and the alternative ways that children can use in order to go from one

example to another through the use of their empirical schemes (see Fig. 3.3).

In human reasoning there is a continuous transformation from:
e concrete objects and events to abstract entities (generalizations),
e abstract entities to concrete objects and events (examples)

e one concrete example to another.

Humans can give an example for a generalization through the manipulation of some
prototype schemes. When they produce an example, at the same time they check whether
it fits or not, to their prototype schemes. Usually, they can say how good an example is by
transforming it to a prototypical example (it depends on how easy and good this

transformation is).

Consider for example:

"If a leaden ball, projected from the top of a mountain by the force of
gunpowder, with a given velocity, and in a direction parallel to the horizon, is
carried in a curved line the distance of two miles before it falls to the ground
... And by increasing the velocity, we may at pleasure increase the distance to
which it might projected, ... or even might go quite round the whole earth
before it falls; or lastly, so that it might never fall to the earth, but go forwards
into the celestial space ... And after the same manner that a projectile, by the
force of gravity may be made to revolve in an orbit, and go round the whole
earth, the moon also, either by the force of gravity, if it is endued with gravity,
or by any other force, that impels towards the earth, out of the rectilinear way
which by its innate force it would pursue; and would be made to revolve in the
orbit which it now describes; nor could the moon without some such force be
retained in its orbit (Cohen & Westfall ed. quoting Newton, p.229)

Newton seems to have a prototypical scheme of a centripetal force (bodies tend towards a
point as to a centre). The moon can be a good example of a body which will go round the
whole earth and the changes in the force of gravity can lead this body to orbit similar to

the orbit of the prototypical body-ball. This is, of course, a deeper more complex

transformation than most of those we make in everyday thinking.
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The clarification of a generalization usually happens through the use of a variety of
examples, but not all examples fit (to the same degree) equally well to a generalization.
But what makes one example better than another? Thus, I decided (study 4) to ask children
to compare examples (when is one example better than another and why?) because it can
lead us to identify the prototypical concrete schemes that are required for a specific
generalization. The basic questions that were explored in the present research are the
following;:

e How do children move from examples to ideas and vice versa, and

e What kind of examples work well and why?

3.5 A summary of the objectives & research questions

The overall goal of the research was to describe children’s transformations of objects,
events and examples of ideas using schemes as tools, in the context of their engagement
with scientific ideas. Particularly, this research aims:
e to give some evidence for the existence of ‘empirical schemes’ and their structure in
children’s reasoning
e to contribute to knowledge of children’s use of ‘empirical schemes’, with relevance
to science education
e to develop novel tasks based on a methodological framework for investigated
children’s reasoning in the context of some domains in science education:
- pupils’ understanding of textbooks’ example of ideas
- pupils’ construction of examples of ideas and of generalizations from various
examples
- pupils’ generation of analogies

- pupils’ transformation of objects across ontological categories.

Summarizing the previous section, the following general research question were generated

from the above objectives:

¢ Can the existence of empirical schemes make possible difficult transformations
across ontological categories? What is the nature of these schemes?

e What is the structure of schemes? Do they appear together in groups?
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e (Can one document how young children produce spontaneous analogies in relation to
a scientific concept?

e Are the analogous cases produced by children always retrieved or are they sometimes
invented?

e How can children’s self generated analogies be described in terms of schemes? Can
the presence of one scheme in an analogical example predict the presence of another
related scheme?

e How do children construct generalizations from examples and vice versa in terms of
empirical schemes?

e What examples of ideas can children of this age construct?

e How do children describe various examples of different ideas in science using a set
of empirical schemes?

e What empirical schemes can make one example of an idea better than another?

3.6 General Methodological approach

In the previous section, the research questions were presented. The idea of this
research was to invent new tasks which could answer the new questions that had
arisen from a theoretical discussion about the existence of schemes and about how we

can use the idea of schemes in the analysis of children’s reasoning in science.

This research supports the position that children base their reasoning on schemes,
giving some more evidence of this, and proposes that schemes can be used as tools for
the analysis of children’s reasoning at various levels. Exploring different
transformations at various levels (between objects, events, examples and
generalizations) it was not possible to use the same type of task to explore the
different levels, and to answer different questions that are relevant at the various
levels. Thus, I decided to use different stimuli (pictures, written sentences, speech)
and different elicitation methods (interviews, questionnaires with open and closed

questions).
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In order to describe ways that children use schemes, and how the idea of schemes can

be useful tools in the analysis of these transformations, four groups of tasks were

used:

¢ the imaginative transformation of one object into another (study 1)

e the imaginative transformation of one event into another, constructing analogies
(study 2)

¢ the imaginative transformation of objects, contrasting contexts which do, and do not,

o the frlﬁ%sgeir?gt}l%(g r%%g%‘g%ltﬁ{},nlg?%%gs&gg¥n%% examples and vice versa, looking at

goodness of fit (study 4).

The tasks that were used in the various studies of this research were developed in a such
a way as to fit (to have instances from the various categories) two dimensions described
by the methodological framework of the research project ‘Empirical Abstraction and
concrete reasoning schemes’: (a) the various generic categories of tasks and (b) the
distinction between tasks which require the production and those which require the
recognition of schemes (Bliss & Ogborn, 1997). I decided to use tasks which belong to

the various categories because it helps research to give a whole picture of schemes.

The first and the second study, can be classified in a group of tasks called ‘Imaginative
transformations’. Another task of the category ‘Imaginative transformations’ which was
used to investigate schematic reasoning in the ‘Empirical Abstraction’ project was the
“Imaginative denial of rules” task. In this task children were asked to imagine carrying
out a number of familiar actions (making tea, diving into a swimming pool from a
spring board etc.) in a world where everything is the opposite so all is ‘topsy turvy’. In
these tasks, children were asked to transform one object or event into another, to see
what sorts of transformations are possible, and then what is held constant and what is

changed at each stage of the transformation.
The third study can be classified in the category of tasks called “thinking of

something as ...”. Tasks in this category asked children to think of instances as given

schemes, going from the instance to the scheme. In the tasks of this thesis, children
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were asked to give descriptions of objects in contexts which differed by being related,

or not, to providing an explanation of an idea.

The fourth study attempts to see whether children are able to establish connections
between concrete examples and generalizations, and to think that some instances are better
examples of ideas than others. It can be classified in the category “instances of something
like...”. This category includes tasks in which children create or identify instances of a

scheme, going now from the scheme to the instance.

In the research project ‘Empirical abstraction and concrete reasoning schemes’ the tasks
distinguished whether they required the production (generation) or the recognition
(selection) of a scheme (see Bliss & Ogborn, 1997). The transformations of objects
tasks (study 1) and the tasks where children describe schematically the objects out and
in the exemplifying contexts (study 3) are in these terms selective, since children just
had to recognise and match schemes, not produce new instances of them. On the other
hand, the tasks where children construct their own analogies (study 2), and most of the
tasks where children transform an idea into an example (study 4) are generative, since
they require participants to produce a scheme or an instance of one. In this case,
schemes were not presented explicitly, although being partly implicit in goals settings of

the task.

Children participating in this research were from 11 to 12 years old. They were pupils in
the last two years of the primary school in Greece. It is notable that science in Greece is
introduced as a separate subject in the last two years of the primary school. So, children
of this age, could help us to understand: (a) how young children introduced to science
construct and manipulate examples, analogies and objects, and (b) what these children
who are nearly finishing the primary school are able to do in terms of transformations
using schemes. The choice of this age had a practical reason since the distinction
between ideas and examples (that used in studies 3 & 4), and also the notion of
analogies (that used in study 2) are introduced in a systematic and explicit way (in

school textbooks) in these last two classes.
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Qualitative and quantitative methods were used in the analysis of the data. The most
common position held by qualitative researchers about the relationship between
‘qualitative’ and ‘quantitative’ approaches is that these represent fundamentally
different paradigms (considering the Kuhnian notion), which are founded on
incommensurable philosophical presuppositions. Against this it is argued that
qualitative and quantitative methods can be seen as complementary and the choice

should be based on the focus, purposes and circumstances of our research.

(Hammersley, 1996).

Douglas (1996) introducing a special issue of the journal ‘Science Education’ on
qualitative research, argues that in the last fifteen years the idea that qualitative
research has a place in science education became popular, and that the use of
qualitative and quantitative research in science education has to be complementary
rather than competitive. Quantitative research enables researchers in science education
to “generate accounts that locate and explain events in terms of space, time, number
and determinism” and the strength of such accounts is more on the side of precision
than scope, while qualitative research “allow for explanations based on the qualities
of events in terms of categories” and it is stronger on the side of scope rather than of

precision (Douglas, 1996).

Hammersley (1996) suggests (a form of ‘methodological eclecticism) the
combination of qualitative and quantitative approaches, since that might cancel out
the respective weaknesses of each method. Niaz (1997) documents the importance of
integrating qualitative and quantitative research methodologies in science education.
He is opposed to the view that the relationship between qualitative and quantitative
research can be described in terms of the ‘incommensurability’ thesis. He argues that
a review of the literature in science education research shows that there is a
competition between divergent approaches (as described by Lakatos), and they are

more productive than the appearance of only one paradigm.

Mason (1994) identifies as a key challenge in the case of the integration between
qualitative and quantitative data, the development of the necessary approaches to deal

with data that have different logical principles. So, using these two approaches in a
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research, one cannot say whether one method ‘contradicts’ the other, since they give
answers to different questions. According to Hammersley (1996) it is preferable to use
them in a complementary way, to give respectively answers to questions about ‘what
happens’ and ‘how often something happens’. The last formulation of Hammersley’s
is not, however, entirely adequate. It is quite possible for quantitative analysis, for
example of clusters, to produce qualitative information. At several points I have used
it in this way. Equally, it should be said, though I have not done this, that counts on a

large scale of qualitative categories derived from data, can be useful.

In the present thesis, I used a ‘complementarity’ of methodsmostly in the 2nd study.
Qualitative research is regarded as being better able to produce information about the
nature of schemes or packages of schemes children used giving their analogies, while
quantitative research was used to give evidence of how often particular packages of
schemes appeared in various analogies. Also, in the various studies, qualitative
analysis is used to provide information and to generate accurate information about a
small number of cases (pilot tasks), while quantitative methods are used mainly in

bigger samples to make possible wider generalizations.

The fourth study mainly used another form of combination of qualitative and
quantitative techniques, which Hammersley (1996) calls ‘facilitation’. Qualitative
interviewing about children’s modification of examples was used as a preliminary
method, both to generate hypotheses and to develop later a questionnaire which was

analyzed mainly with quantitative techniques.

In most of the tasks (see the first and the third studies) open-ended questions are used.
Thus I decided to carry out the qualitative data analysis using the ‘systemic network
analysis’ (Bliss et.al 1983) because this method of analysis is particularly suitable for

these data.
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3.7 “Empirical Level” and Science Education

Science educators recognize that pupils bring to the classroom their own ideas about
everyday phenomena of interest in science and that these ideas usually differ from
scientists’ current views. Pfund and Duit (1994) catalogued many hundreds of studies
about the ways that children think about various phenomena of interest to science.
According to Ogborn (1996), work about children’s ideas “in Europe has often tended
to focus on describing students’ conceptions, whereas work in the USA has had a

stronger focus on changing them”.

This research investigates how the nature of the empirical level of thinking could be
used in order to analyze the way that children construct their ideas about the physical
world, and what implications this may have for science education. So, this research
identifies some of these empirical schemes, and describes how children use them in
their reasoning about science and considers what the implications are for science

classrooms.

Adey (1995) produced a categorization of types (current themes in) science education
research. His system used for thjq (‘;‘laSS\Lf\icatISI\l of all research papers appeared in the
1992 and 1993 volumes of thﬁéumal of Science Education and the Journal of
Research in Science Teaching. One of the nine categories that were identified by this
classification was ‘Cognitive schemes as explanations’. That catcgory, in which this
thesis can be classified includes investigations into the influence on science concept
formation of various cognitive schemes. Schemes include mental models,
phenomenological primitives and schemes of concrete and formal operations. The
research goal of the studies in this category is to provide an explanation for patterns of
concept formation. Furthermore, they have an educational goal to provide a better
understanding of deep structures which should help in the design of more effective

instruction.

The focus of the present research is on the exploration of the ways that children think
about particular instances-examples in science. An analysis which has as its tools the

empirical schemes of children’s reasoning is appropriate for the analysis of the value
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of examples and analogies in science classroom. It is possible that through the “good
examples” and “analogies” children produce, one can explore their background

knowledge at deeper level.

Also teachers, taking account of these spontaneous analogies of children, could better
correct wrong analogies in order to correct the deeper “wrong-idea”. Johnson (1987)
pointed out: "Metaphors, or analogies, are not merely convenient economies for
expressing our knowledge; rather they are our knowledge and understanding of the
particular phenomenon in question."(p112). Also, Iding (1997) suggests that one of
the possible future directions in research about analogies might involve research such
as that of Wong (1993) on students’ self generated analogies. The creation of guided
exercises using self-generated analogies which will accompany science texts will be a

very helpful tool in science teaching.

3.8 An overview of Chapter 3

Research on conceptual change has started to focus on describing ontological rather
than epistemological issues. Relevant work investigates children’s imaginative
transformations of objects or events. They base their analysis more or less on the
exploration of schemes. In this research it is suggested that if science educators aim to
go further than a mere identification of children’s ideas, for example if they aim to
change them, they have to consider children’s ‘empirical schemes’. Science educators
have to focus on children’s thinking about particular instances-examples, viewing
them through the form and the content of children’s empirical schemes. They have to
describe the appearance of “packages” of schemes, to identify the whole group-
package of elements that constitute an example and then to investigate whether there
is any relation between the specific package of the elements, and misunderstandings
held by students. They have to recognise the powerful role of schemes - as common
abstractions - in children’s imaginative transformations of entities which belong to
different ontological categories. In the thesis, qualitative and quantitative methods of
analysis of data are used in a complementary way to show a possible way that

researchers could approach the above issues.
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Chapter 4:
TRANSFORMING AN OBJECT INTO ANOTHER

4.1 Introduction

Learning involves conceptual change and may include a change in the categorical status of
concepts. Keil (1989) argues that entities of one ontological category cannot be
transformed into entities which belong to different categories. The current study explores
whether children can make transformations of objects within (exploratory study) and

across (main study) ontological categories.

Both the exploratory and the main study attempt, through a group of transformation tasks,
to identify prototypical empirical schemes and detect invariances between them. Children
are asked to transform one object into another. The hypothesis is that in the transformation
tasks, they will make changes related to their prototypical empirical schemes. For

example, in transforming a bus into an aeroplane they might need to change the shape of
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the bus, (e.g. putting wings, a tail, smaller wheels, propellers etc.) but they will not change
essential empirical scheme features (e.g. space for the passengers - both are containers -,
the need for power -both need a “pilot” to give them the power for autonomous action-
etc.). It also appears interesting to me to explore whether there is any asymmetry in the
transformation of objects that might imply the existence of prototypical objects or parts of
objects. Such asymmetry could present a greater difficulty for children to transform an

object B into A, in relation to the transformation of A into B.

4.2 Exploratory study: Transformations within ontological
categories

4.2.1 Methods

4.2.1.1 Design of the tasks and Aims
The tasks of the exploratory study are designed to examine the way that children make

transformations, using a method related to Piaget’s idea about how the development of
meaning of physical entities occurs, through understanding of what can be done to them,

what they can do and what parts they are made of.

For the design of the tasks the part "What is it made of" was considered (see Fig. 4.1),
since the part of "what can be done to them" was expected to arise from the analysis of the

results. The aim was to sample objects of very different categories.

o person
Figure 4.1: What is it made of? living < animals
- gas
. non living - fluid
nature solid
natural
¢ material " | artifact

[Concrete part] - Objects<

same category
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non material Enti.ties
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\
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The final categories of this network were used in the selection of the objects for the tasks.
Keeping stable the variation of category membership - same category and subordinate
level - objects were chosen from the "possible” categories (Artifact-Natural, Living-non

living, solid-fluid, person-animal) as shown in Table 4.1.

Table 4.1: Choosing objects from the “possible” categories

TASKS ONTOLOGICAL CATEG.

Duck -> Eagle (B) living - animal Natural

Orangina-> Lemonade (D) non living - fluid Artifact

The tasks explore whether there is any difference in the transformations when we have
different categories of "material" things. The major dimensions were living versus non

living, and artifact versus natural kind.

It was expected that transformation will involve groups of changes such as appearance
(external change), internal characteristics, entities in science, actions etc. Furthermore, if
there is a pattern in the order of appearance of specific transformations, this could be an
indication of the existence of prototypical empirical schemes. It was expected that children
in their transformations would give priority to features which they think of as important

for the basic-prototype empirical schemes.

So, the aims of the exploratory study were mainly to find out how children transform an
object into another which belongs to the same ontological category and the identification
of the empirical schemes that children use in their transformations. It also tested the

methods that were to be used in the main study.

42.1.2 Participants

The participants were 10 children with an average age of 11 years and 5 months old, who

volunteered to participate in the study. The study contained 4 tasks, which were divided
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into two groups. Each child did 2 tasks on one day and 2 tasks on the next day. Each

interview took approximately 10 minutes.

42.1.3 Materials and Procedure

The materials used were four pairs of black and white photographs: a. Bus-Aeroplane, b.
Duck-Eagle, c. Girl-Woman, d. Orangina-Lemonade. The pictures used are presented in

Appendix 4.1.

The children were asked to describe what they could see in one pair of photographs. Then
they were asked, using their imagination, to try to transform one object (e.g. bus) into the
other (e.g. acroplane). I drew each of their changes and asked if they had anything else to

change. Finally, I asked them "is that an aeroplane now or there is still something wrong

with it? Why?

4.2.2 Results

Almost all of the children said that the object had been successfully transformed into the
other in all tasks. However, two of them in the case of the transformation of a bus into an
acroplane and one in the case of the transformation of a duck into an eagle said initially
that it was not yet an aeroplane or an eagle respectively. So, they were asked why and they
described to me some more changes (e.g. put an engine at the back, make the windows
smaller). After these further changes, the children said that the objects had been

successfully transformed.

In their transformations the children kept some things constant such as the windows
(transforming the bus into the aeroplane), the shape (transforming the duck into the eagle),
the identity-humans (transforming the girl into woman) and the bottle (transforming the
lemonade into orangina). It was an unexpected result that the children kept things constant
since In most of the cases there were differences in the things that the children kept
constant between the two objects. For instance, the windows of the bus were not exactly
the same as the windows of the acroplane, but it seems that in these cases the children had
a general scheme that fits well to both instances Howcver, the children mainly changed

things.
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The children changed both material and non-material things. Material things which were

transformed were internally visible, such as adding insulating material to transform the

bus into an aeroplane, or externally visible things such as removing the old wheels from
the bus. The non-material changes were about:

a. Physical abilities. The bus needs “high speed” to be an aeroplane, or similarly the
duck has to “go faster” to be an eagle. Also, we have to “change the age of the girl”,
and “she has to grow up” to be a woman

b. Quality. The bus needs “more resistant windows”, and we have to “change the taste
of lemonade” to be an orangina.

c. Emotions. The duck needs the “eagle’s glance”, and “more aggressive wings”

d. Cognition. The girl needs “more knowledge” to be a woman

e. Social such as independence (the girl needs to “change the way of life” or “find a job

by herself” ) or qualifications (the girl needs “more experience” or “finish school”)

The changes are related with the existence of some parts or with the modification of some

parts into new forms. Considering existence, the children preferred to add rather than

remove things. They added things such as:

e wings, tail, lights, antenna, appropriate seats, cock-pit, engines, windows, a big
window at the front, transforming the bus into aeroplane

e beak or a “sharp nose”, wings at the leg, transforming the duck into eagle

* lemon juice, lemon, sugar, carbonate, transforming the lemonade into orangina

There are very few cases where the children removed things, such as removing the wheels
of the bus, or removing the lemonade from the bottle. Also, in the transformation of the
girl into woman, the children did not add or remove things. Instead they proceeded by
modifying the form of things. This particular transformation happens in reality, and it

seems that the children knowing this, just modified the existing parts of the girl.

In many cases the children modified a part of an object or relations. They modified the
size of parts: the bus needs “smaller windows” and have to be “lower”, the duck needs
“bigger wings”, and in the case of the lemonade the lemon has to be modified into orange,
the label and other components of lemonade has to be changed. Also, the children

modified the shape of some parts. The bus has to be made “aerodynamic in front” and in
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the back , the duck needs a sharp nose or beak and to modify its legs, tail, body and eyes
into the eagle’s parts, and the girl has to modify her clothes into the woman’s clothes.
Furthermore they modified relations of:

a. position-spatial. The bus needs the engine at the back, and the girl has to change her
position in the picture.

b. proportional. The bus needs smaller windows, the duck needs bigger wings and tail, the

girl has to be taller and have bigger mass, and the lemonade needs more sugar.

In the various tasks, the emphasis was on the transformation of different groups of
elements. In both transformation tasks between artifacts, the "bus-aeroplane" and the
Orangina-Lemonade, the emphasis was first on "add new parts" and then on the
modification of external or internal parts. However, they made the transformations
between living things, the duck into an eagle and the girl into woman, mainly by
modifying already existing parts. Furthermore, in the "duck-eagle" task the emphasis was
on the modification of the parts considering their "shape", and on some "non material”
characteristics, which in the "girl-woman" task, emphasised socio-psycho, non-material

transformations.

The elements (mainly the material parts) that result from the transformations were

common to most of the children. Also, it seems that there was an indication of a specific

order in their appearance. Evidence of the order might be the following:

e FEight of the children put "wings" at the first stages of their transformations of a bus
into an aeroplane, while "windows" appeared at the last stages.

e Four children asked to make the “nose” of the duck sharper and three to modify the
wings of the duck to be bigger as their first choice

¢ Five of the children suggested that the girl has to grow up and to be taller as their
first choice

¢ Five children asked to add lemon juice, and two asked to keep the same bottle as

their first choice.
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4.2.3 A summary of the exploratory study

The children easily made the transformations between objects which belonged to the same
ontological categories. This fact generated the question for the next step in the main study,

where the aim was to explore transformations across ontological categories.

The children changed material (external or internal) or non material things (physical
abilities, quality, emotions, cognition and social changes) and they made changes related
to the existence of some parts or with the modification of some parts into new forms. They
used different sorts of changes to transform objects which belong in different ontological
categories. So, they preferred to “add” things when they transformed an artifact into
another while they mainly used “modifications” when they transformed a living thing into

another. Also, the children preferred to “add” things rather than “‘remove” them.

The children kept some things constant when transforming an object into another. It is
possible that they would have kept more things constant if they had known that they were
allowed to do so, since at the beginning they were asked to transform an object into
another and the word transformation is related mainly with changes. As a result, in the
main study, the term ‘transformation’ was clarrified by asking them about what changes

they wanted to make and what they wanted to keep the same.

Furthermore, the patterns in the order of transformations may indicate the existence of

prototype empirical schemes.
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4.3 Main study: Transformations across ontological categories

4.3.1 Methods

43.1.1 Design of the tasks and Aims

In the main study, the "power" of children's concrete empirical schemes was tested.
Empirical schemes by their nature are common abstractions which are cross-categorical.
Does their existence make possible cross-ontological category transformations? Is there

evidence about any asymmetric character of prototypes?

It must be made clear that these tasks were very different from Keil's studies (sec
discussion in Chapter 3), considering the methodology and the questions he tried to
answer. In his studies, children were judging the result of a transformation process that he
had already given to them and it is possible that the changes he suggested to children were
not enough for them to accept that the object had transformed into another changing its
identity. Also, this study is not concerned with how strong the boundaries are between
different ontological categories (as Keil is), but is interested mainly in the way that
children can reason about what a thing can do, transforming one thing into another using

empirical schemes.

In this main study, four transformation tasks were used. In these tasks the objects did not
belong to the same category - as in the exploratory study - one of them being a natural
kind (e.g. an eagle), while the other being artificial (e.g. an aeroplane). In some pairs, the
parts that constituted the two objects were made of different materials but they could do
similar things; they had common functional schemes (e.g. fly). In contrast some other
pairs did not have common functional schemes. Another question which was introduced in

this task investigated what children kept constant through their transformations.

The aims of these tasks were to identify variations and changes in children's use of
concrete empirical schemes and the way that they produce, manipulate and modify these
concrete empirical schemes. Also, the transformation tasks aim to identify "packages of
clements"- that children use in their transformations, which may indicate the use of

prototypical empirical schemes. Also, it seems interesting to look at the order of
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appearance of changes in the process of transformation. This order can provide an

indication of the existence of prototypical empirical schemes.

Furthermore, it appeared interesting to me to explore questions such as, given two things
A and B, whether children make different transformations when they transform A->B and
B->A. If we find that children prefer to use different changes for the different directions,
this might be further evidence for an asymmetry between two examples and for the

existence of prototypes.

In summary, the aims of this task were:

(a) Can children make cross-ontological category transformations? Does the existence of
common functional schemes help these transformations?

(b) The identification of "packages of elements" that children use in their transformations,
and more particularly the order of appearance in the process of transformation.

(c) What kind of things did they keep constant in their transformations? What kind of
things are the same for members of different categories?

(d) Is it easier for someone to transform an object A into an object B rather than the

other way round?

43.1.2 Participants
Thirty eight Greek children, mean age 11 years 8 months, participated in each of the four

tasks (each child did one task). All the children attended the last class of public primary

schools. Most of the children came from a predominantly middle class background.

43.1.3 Materials and Procedure
The materials used were four sets of two black and white photographs (see Appendix 4.2).

They consist of objects which belong to different ontological categories, two pairs
consisting of objects with common functional empirical schemes and two lacking

common functional empirical schemes (see Table 4.2).

Each child was tested individually in a room familiar to them (another classroom). The

particular task took 4 to 5 minutes maximum. All the children were initially questioned to
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ensure that they understood the pictures. They were presented with the two pictures (one
beside the other) and were asked to describe what they could see in those pictures. Then
they were asked using their imagination to transform an object (x) into another one (y). I
drew each of their changes and asked if they had anything else to change. Finally I asked

them “is that a y now or there is still something wrong with it? Why?

Table 4.2: Choosing objects from different ontological categories

Different Ontological Categories
Common Functional Not Common Functional
Empirical schemes Empirical schemes
Eagle - Aeroplane Bird - Toy Car
Human - Robot Human - Rocket

In each task, there were two groups of children assigned to two different conditions.
Children who belonged in the first group (Case A) were asked to transform the natural
kind stimulus into the artifact (e.g. an eagle into an aeroplane), while those who belonged
to the second group (Case B) were asked to make the opposite transformation (e.g. an

aeroplane into an ecagle).

4.3.2 Results

One child made the following changes to transform an eagle into an aeroplane:

Inter: What you can see in those pictures?

Child: I can see an eagle.

Inter: Yes.

Child: And an aevoplane.

Inter: Well, now I would like you, using your imagination to change the eagle into an aeroplane. Could
you tell me what we are going to change and what we will keep the same?
Child: Yes, we are going to keep the wings.

Inter: Yes.

Child: We will put machines, turbines.

Inter: Yes.

Child: We will put the back tail.

Inter: Yes.
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Inter: What ?

Child: I simply believe that we would leave it and we would put a wing standing up.
Inter: Well.

Child: In front, instead of an eye, we would put a glass.

Inter: Yes.

Child: We would put wheels instead of legs.

Inter: Well.

Child: And we would put a pilot in order to fly.

Inter: Yes.

Child: And fuel.

Inter. Well, anything else ?

Child.:.....we would put small windows.

Inter: Yes

Child: We would fix the wings to be more straight.

Inter: Right.

Child: And we would take the beak out, and we would put the "nose" of the aeroplane.
Inter: Well, anything else ?

Child: We would put a steering-wheel in order to turn.

Inter: Yes, anything else ?

Child:.... We will keep the back wing.

Inter: Yes, anything else ?

Child: And the shape, we will keep same the shape of his body.
Inter: Well, something else ?

Child: We will put wheels.

Inter. Yes.

Child: Machines.

Inter: Yes.

Child: Let's put a special container in order to put in the fuels.
Inter: Yes.

Child: Instead of eye we will put a glass.

Inter: Yes.

Child: We would take out the beak (we have already said that) and we would put turbines.

Inter. Yes, is it now an aeroplane ?

Child: We would take out his mouth and, and we would make a more aerodynamic shape.
Inter: Yes.

Child:.....We would make better the shape.

Inter: Yes, we would make it, anything else
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Inter: Ok. Is it now an aeroplane ?
Child: Yes,... I believe that it is an aeroplane.

Inter: Thank you very much.

The child made many changes in order to transform the eagle into the aeroplane. He
kept some things the same such as the wings and the shape of the body. Looking at the
wings and the shape of the objects as they appeared in the pictures, there are many
differences between the two objects considering their shape and their size. However,
what the child kept constant was not the image of wings or of the shape but the
empirical schemes ‘wings’ and ‘aerodynamic shape’. The instances of the empirical
schemes ‘wings’ and ‘aerodynamic shape’ may vary comparing different types of
aeroplanes, or comparing an aeroplane with an eagle, or may vary even more comparing
other objects. But the wings as horizontal surfaces on the two sides and the aerodynamic
shape of both objects serve a common function, making both objects able to move fast
and fly. So, the child kept constant ‘common functional empirical schemes’

independently from the differences in their appearance in the various instances.

Also, he added parts of the aeroplane and removed parts of the eagle. He recognized the
lack of ‘autonomous action’ of the aeroplane and he added ‘a pilot in order to fly’. Also,
he added machines to give power to the aeroplane and a back tail to define its direction.
He made some modifications of parts such as ‘instead of the eye we will put a glass’ and
removed things for which he could not find any corresponding part in the aeroplane,
such as the eagle’s beak. At the end the child accepted that the identity of the eagle had

been changed.

43.2.1 Successful Transformations
The number of children who said after their suggested changes that the object A had

changed its identity and was now an object B are shown in Figure 4.2, as ‘successful’

transformations.
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Figure 4.2: Did children regard their transformations as successful?
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Looking at the pairs which lack common empirical schemes, we see that it is easier for the

children to move from natural kinds to artifacts than the reverse, and that many children
did not accept as successful the transformations of an object into another which belong to
a different ontological category. This implies that these ontological categories exist. So,
the present findings add to Keil’s (1989) findings that when children are presented with

transformations they resist ones which alter ontological categories.

However, common functional empirical schemes (e.g. they can fly, move etc.) can make
the transformation between objects from different ontological categories easier. So, there
were more children who successfully transformed natural kinds to artifacts when both
objects have common empirical schemes than when they do not (x’=13.04, df=3,
p=0.005). Also children found more difficulties when they attempted to transform an
artifact into a natural kind when there are no common empirical schemes than when there

are (x°=33.58, df=3, p=0.0000) (see Appendix 4.3).

The present findings show that most children (12 years-old) using their concrete empirical
schemes can make “difficult” transformations across ontological categories (i.e., natural
kind into artifact). In these transformation tasks children used their concrete empirical

schemes in a specific context, and gave emphasis to functional similarities between the
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two things and their parts that were used as stimuli, though it must be conceded that the
design of the task led them in this direction.

4.3.2.2What sort of transformations did the children use?
Table 4.3 presents changes used by the children with frequency more than 25% (up to 5

children). Both the children who attempted to transform a natural kind into an artifact and
those who attempted to make the opposite transformation of the artifact into the natural
kind, used mainly the same or reverse (i.c add wings instead remove wings) sorts of

transformations in different order and some different sorts of transformations.

Let’s consider for example the transformation of an eagle into an aeroplane and vice versa.
Most of the children kept the wings constant (15). Also, they added a propeller (12) in
order to make movement possible. “Thus children know that animals are capable of self
generated motion but artifacts typically are not” (Keil, 1989, p139). An aeroplane needs
wings and propeller. Also, half of them modified the shape of the eagle’s tail (9) putting a
vertical wing on it. On the other hand, most of the children, when transforming the
acroplane into the eagle, modified the tail of the aeroplane (13) pulling out the vertical
wing. Also, it seems that they worry about the state of the material. So, they modified the
wings to be non-rigid (10) giving the eagle the ability to fly, as well as transforming the
material into a non-metal (10). They also modified the front part (10), mentioning

especially the beak) and they kept the wings constant (9), removing the propeller.
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Table 4.3: The most frequent transformations the children used

Eagle -> Acroplane -
TRANSFORMATIONS-

Constant wings
Add propellers
Modify tail

Add windows

Add wheels

Add engines
Modify stable-wings
Add various things
Constant body
Add seats

Modify bigger
Modify front
Modify legs

Human -> Robat
TRANSFORMATIONS
Modify body

Modify hand

Modify foot

Modify head

Modify metal

Constant hand

Constant foot

Bird -> Toy Car

TRANSFORMATIONS
Modify wings

Number of | Acroplane -> Eagle
children TRANSFORMATIONS
Modify tail

Modify non-stable wings
Modify front part
Modify non-metal
Constant wings

Remove propellers
Remove windows
Constant shape

Add legs

Modify smaller

Modify wheels

Remove engines
Constant front

Robot -> Human
TRANSFORMATIONS
Modify foot

Modify hand

Modify head

Constant foot

Constant hand

Constant movement
Modify body

Numberof
children

Number of
children

Toy Car > Bird
TRANSFORMATIONS
Add wings

Number of
children

o OV 0O D

Number of
children

Number of
children

Modify legs Add beak 11
Add engine Add legs 9
Remove legs Modify wheels 8

Remove wings

Human -> Rocket
TRANSFORMATIONS
Modify foot

Modify hands

Modify head

Add turbine

Add wings

Modify body

Add front part

Rocket -> Human
TRANSFORMATIONS
Add hand

Modify turbine

Add foot
Add head
Modify front part
Modify body

Numberof
children

Number of
children

wn 00 o0

The transformations the children made can be grouped into kinds which are similar in
nature. They mainly used four different sorts of transformations: “Keeping constant”,

“add”, “modify” and “remove”. In Table 4.4 and Figure 4.3, the total numbers (actual
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numbers and percentages respectively) for each sort of transformation that the children

made in each case is shown:

Table 4.3: The actual number of children who made each sort of transformation

Constant Add Modify Remove

Al. Eagle -> Aeroplane 30 63 41 12
A2. Aeroplane -> Eagle 22 21 62 34
Bl. Human -> Robot 26 34 47 8

B2. Robot -> Human 28 16 57 19
C1. Bird -> Toy Car 4 18 34 27
C2. Toy Car ->Bird 2 42 37 10
D1. Human  -> Rocket 1 27 49 11
D2. Rocket  -> Human 3 50 34 9

100
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B Add

l ! Constant
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®
&

Case A1
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Case C2
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Case D2

Figure 4.4: The percentages of children who made each sort of transformation

a. Keeping constant
In these tasks, the children used concrete empirical schemes to make a cross ontological

shift. One important indication for the existence of these empirical schemes (considering
mainly functional empirical schemes) is what children keep constant through their

transformations. In the transformation of the pairs without common functional empirical
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schemes, only one or two children in each task kept constant things such as the shape of

the body (oval) and the movement.

Children mainly kept constant in the transformations of objects which had common

functional empirical schemes, and they kept constant things such as:

e wings, shape of the body, front part, tail, fly (transforming the eagle into aeroplane or
vice versa),

e foot, hand, eye, face, shape of the body, head, movement (transforming the human

into robot or vice versa),

In other words, they kept constant the following things:

a. actions (or functions), that is what both objects can do (fly, movement)

b. the parts (wings, foot) that are responsible for the particular (similar) sort of
movement (fly, walk), that is which have the same function. Also other parts with the
same function (eyes and hands in the case of the human and the robot)

c. features of the objects that are needed for or make easier their (similar) actions (shape
of the body, aerodynamic for eagle and aeroplane and vertical orientation for human
and robot)

d. parts of the objects which have similar positions (front part, tail)

In both pairs, the objects had many differences since they belonged to different ontological
categories. For instance, the eagle and the aeroplane are very different at a surface
perceptual level, mainly because of the material that they are made of and their size.
However, their similar function (they fly) has as result that they consist of similar things
which are appropriate for this function (e.g. wings, acrodynamic shape, a tail at the back
etc.). So, it is notable that in many cases the children ignored the difference, and kept
constant some things which had a common schematic representation like the wings. The

relation is based on what they can do rather on what they are made of.

The ‘keep constant’ category was used by children in the two tasks with common
functional empirical schemes at around 20%. In contrast in the two tasks with no common

functional empirical schemes, the ‘keep constant’ category appeared with a frequency less

than 5%.
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In general, there were no big differences in what they kept constant between the cases
where the children transformed a natural kind into an artifact and those where they

transformed an artifact into a natural kind.

However, one notable difference is that 15 of the children who transformed an eagle into
an aeroplane kept the wings constant whereas only 9 of the children kept the wings
constant when they transformed an aeroplane into an eagle. This difference may have
happened because an eagle’s wings are more prototypical examples of the scheme ‘wings’
than are an aeroplane’s wings. Also, there is a difference in what these two things need in
order to be able to fly (their common function). What an eagle needs is just wings, while
the aeroplane, although it has wings, needs also propellers in order to fly. So, what may
have caused the difference in this category is the difference in movement. Also the
children in their transformations preferred to keep something constant and add another
part to it, than to keep something constant when it is necessary to remove something from

it.

Furthermore a similar tendency - more children keeping constant some particular things
when they transformed a natural kind to animals rather the other way - appeared in the
other pair with the transformations between human and robot. More children asked to keep
the hand, head, foot and movement constant when they transformed a human into a robot
than in the other direction. These results suggest that children’s prototypical empirical

schemes are based on the natural kinds rather than on artifacts.

b. Add and Remove
The children “added” propellers, windows, wheels, engines, seats, steering-wheel, front

part, wings at the back, cockpit, persons etc. and “removed” the beak, inside organs, life,
tail, mind, eyes, to transform the eagle into the aeroplane. Furthermore the children who
transformed the aeroplane into the eagle, “added” legs, eyes, beak, heart, mouth, organs
and “removed” propellers, windows, engines, people, seats, wheels, cockpit, oil. The
things of the two objects that more than 20% of children asked to be added or removed,
were for the aeroplane the propellers, the windows, the engines, the seats, and the steering

wheel, while for the eagle they were the legs and the eyes.
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Very few children (less than 20% in all cases), used the categories “add” and “remove”
to transform a human into robot and vice versa. They transformed a human into a robot by
adding metal, battery, buttons and removing heart, hair, clothes. Also, the children
transformed a robot into a human by adding hair, heart, mind, organs and removing wires,

head, metal, light.

In the case of transformation of a human into a rocket, children “added” a turbine, wings,
a front part, metal and “removed” the foot, the hand, the head, organs. They added the
hand, the foot, the head, clothes, organs, mind, the nose, the body, the eyes, the face and

removed the front part, to transform a rocket into a human.

The children transformed a bird into a car, by adding an engine, metal, wheels, seats,
lights, windows, wires and removing wings, legs, the beak, eyes, the skin, the head,
insides, the neck. They transformed a car into a bird by adding wings, the beak, legs, the

head, organs, the heart and removing the battery.

In general, the categories “add” and “remove” were used by the children, for difficult

transformations. In other words, the children added or removed something when they

could not keep constant a thing or they could not change or modify it. Most of the children

added or removed the following:

e asource of movement (e.g. propellers, engine, battery),

e things that are responsible for a particular sort of movement (wheels, wings, legs,
foot, hand)

¢ the matenial that an object is made of (metal )

e things that make an object a living thing (heart, inside organs, mind)

Adding and removing was used by children for things which are not easily ‘converted’

between natural kinds and artifacts.

In the tasks with common functional empirical schemes, the children preferred to use the
“add” category when they attempted to transform a natural kind into an artifact rather than
to use the “remove” category, while the category “remove” was more popular when they
transformed an artifact into a natural kind (see Table 7). So, 13 children added propellers

when they transformed the eagle into the aeroplane, while only 8 of them removed the
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propellers when they attempted to transform the aeroplane into eagle (see also similar

differences for windows 9-7, engines 7-5, seats 5-4).

This unexpected result could be interpreted in two ways:
a. The artifacts (acroplane, robot) by their nature have a greater variety of more salient
parts

b. Children distinguish more easily the parts of an artifact than those of a natural kind.

The second explanation seems to be more plausible, because for the first there is no
substantial evidence. The second explanation can arise because:

A. In natural kinds the groups of elements are designed and determined by nature. So the
existence of these specific packages is obvious. In contrast people have to select and put
elements together for a specific artifact. So, a child might mention that an aeroplane has
windows and wings (this strange combination happens only in aeroplanes) while he might
not mention that an eagle has wings and legs, because the latter is obvious (all birds have

the same).

B. Children probably learn and know more about the parts of artifacts than about the parts
of animals. An analogous explanation is given by Simons and Keil (1995) about the
knowledge of young children about the insides of machines and animals. In one of their
tasks children were shown computer-drawn animals and machines with a combination of
“animal insides” and ““machine insides”. They found that many of the children responded
correctly to the machine photographs but not to the animal ones. A reason for this
difference could be that children probably “learn about the insides of machines before
they learn about the insides of animals; they are likely to have more experience with the
insides of toys and machines than they do with the insides of animals”(Simons & Keil,

1995, p153)

It is notable that the above pattern for the pairs with common functional empirical
schemes did not appear in the pairs without common empirical schemes. In these cases the
objects did not have also a surface similarity and it is possible that the specific natural

kinds consisted of more parts than the artifacts. So, more children used the “add” category
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when they transformed an artifact into a natural kind than in reverse, and more children

used the “remove” category when they transformed a natural kind into an artifact.

c. Modify category
Children modified the back (tail), the rigidity of wings (rigid or non rigid), the size (bigger

or smaller), the front part, the legs or wheels, the body, the eyes, the material it is made of
(metal or non metal), the existence of life, and the engines, to transform the eagle into the

aeroplane and vice versa.

It is notable that only 2 children transforming the eagle into an aeroplane modified the
non-metal state of the eagle into a metal while in the reverse transformation 10 children
modified the metal state of the aeroplane into a non metal state. In a similar way 6 children
asked to modify the non rigid wings into rigid ones when transforming the eagle into the
aeroplane, while 10 children asked to modify the rigid wings of the aeroplane into non
rigid ones in the reverse transformation. It seems that it was more difficult for children to
make a “Frankenstein’s” transformation in which they had to make alive and flexible a
metal thing (most of them mentioned that particular transformation), rather than the other

way round (to modify a living thing into a non living).

Also, they modified the foot, the hand, the head, the body, the metal, the face, the belly,
the colour, the eye, the mouth, the shape, the size, the buttons etc., to transform a human

into a robot and vice versa.

In the transformations of objects with common functional empirical schemes, the
“modify” category was more popular when the children transformed an artifact into a
natural kind than the reverse. It might be argued (see also add and remove categories) that
the aeroplane/robot consists of a greater number of parts than an eagle/human. But this
reason cannot explain the greater number of modifications that children used in their
transformations. That is, this asymmetry can be a result of an asymmetry or in other words
prototypicality in children’s mental representations-empirical schemes rather than of an
asymmetry in the natural world. It seems to me that the children had a clearer distinction
between the parts that constitute the aeroplane or robot rather than the parts of the Eagle or

the human (see also previous comments about the add and remove category).
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The children modified the following things to transform a human into a rocket and vice
versa:
a. the parts considering their position
- the upper part (the head and the front part of the rocket), and some specific parts of
them (face and eyes of the human)
- the middle part of the body
- the edges of the body in a horizontal axis (hands and wings)
- the bottom part which is responsible for the particular sort of movement (foot and
turbines),
b. the shape and the size
c. the source of movement (organs and fuels)

d. the material that they are made of (metal and non metal)

Also, they modified the following things to transform a bird into a toy car and the reverse:
a. the parts considering their position
- the bottom part (legs and wheels)
- the front part (beak or head and front part of the car) and some specific parts of
it (lights into eyes)
- the middle body
- the edges in a horizontal axis (wings into doors or windows and vice versa)
- the part at the back (the tail and the back part of the car)
b. the shape and the size
c. the source of the movement (organs and engine)
d. the ontological kind of thing (not living into living)

e. the position (from the air down to the earth)

In the above transformations of objects without common functional empirical schemes
there is a similarity. In both the children modified mainly parts considering their position
while in the transformations between objects with common functional empirical schemes
they modified mainly what parts can do (rigid or non rigid wings) and the material that the
objects are made of. It seems that they have used mainly empirical schemes relevant to
position-space (up, bottom, front, back parts) rather than those relevant to functions. Also,

in contrast with the transformations between objects with common functional empirical
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schemes, in these cases more children used modifications when they transformed an

artifact into a natural kind rather than the reverse.

4323 Sequence of change

Figure 4.4 shows the number of children that used each of the four sorts of transformation
in each stage. In the case of objects without common empirical schemes, there is no
pattern in the order of the transformations. However, the existence of patterns in the order

of sorts of transformation for pairs who have common empirical schemes, is clear.

Thus, the children transformed the eagle into an aeroplane firstly by keeping constant
things such as the wings, the shape of the body or the front part. In stage 2 the modify
category is the most popular, when they then modify the state of the eagle, making the
wings rigid, the size bigger etc. After the third stage the numbers of “modify” and
particularly of “add” transformations increased, since the children stopped keeping things
constant and started to add external characteristics such as propeller, wheels, windows and
internal parts such as engines, seats. It is notable that the number of children who used the

category “remove’ was very low at all stages.

A different pattern of the order of sorts of transformations appeared when the children
attempted the reverse transformation of the acroplane into the eagle. In this case the
category modify was the most popular category at least for the first five stages. In the first
stage the category ‘constant’ appeared as the second choice. After the second stage we
observe a tendency of “remove” and “add” categories to increase their numbers. In

general the category “remove” is more popular than the category “add”.
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Figure 4.4: Sequence of change in children’s transformations
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Patterns very similar to the above appeared in the transformation of a human into a robot
and vice versa. In summary the pattern of order of sorts of transformations was as follows:
a. transformation of a natural kind into an artifact. Firstly the children kept something
constant. Secondly they started to modify things continuing to keep some things
constant. Then for the next steps they modified things and added some other things.
b. transformation of an artifact into a natural kind. The children mainly modified things
at all stages. In the beginning also they preferred to keep things constant. Also, after

the second stage they started to remove things.

4.4 Overview of the first study

Children can make succesful transformations within and across ontological categories.
Their response, should not however be interpreted as showing that children do not
understand 1mportant (ontological) differences between animals and artifacts. Ontological
categories exist but their boundaries may become weaker through the use of empirical

schemes acting across them.

The children used four sorts of transformations: “keeping constant”, “add”, “remove” and
“modify”. In the transformations of objects which have common functional empirical
schemes, they kept constant empirical schemes of actions (or functions), the parts of the
object which are responsible for a particular function, some features which make this
function easier, and some parts which have a similar position. Also, the children used the
add and remove categories for difficult transformations in the case of the transformation of
an animal into an artifact and vice versa. Difficult transformations were those of empirical
schemes of a source of movement, of things that are responsible for the particular
movement, the material that an object is made of, and things that make an object a living
thing. Futhermore, in the transformations between objects with common functional
empirical schemes, the children modified empirical schemes of what parts can do and of
the material that objects are made of. However, in the transformations between objects
without common functional empirical schemes the children modified mainly parts

considering their position in the space rather than those relevant to functions.
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In some pairs of objects, it appeared easier for the children to transform A->B rather than
B->A. This may happen because the schemes are more prototypical in object A, and the
children kept these prototypical shemes constant while in the opposite transformation they
had to change some schemes into their prototypical ones (see in the previous section the
discussion about ‘wings’). Asymmetries between the transformations of an animal into an
artifact and of an artifact into an animal, in the sort of transformations and the sequence of
changes are indications for the existence of prototypical examples of objects, their parts or

actions.

In general, empirical schemes are ‘bridges’ which make possible transformations even
between categories that have strong boundaries between them. This study is exploratory in
nature, but it suggests that empirical schemes in their more powerful versions can be seen
as “Functional bridges” between categories. That is, when a child thinks about two objects
which belong to different ontological categories it is possible that he will resist making a
transformation of one object to another if his focus is on “what are they?” or “what are
they made of?”. However, it is easier to do the transformation if the focus is on the
function of the objects and their parts. So, functional empirical schemes appear in this case
as “bridges” which make possible the “connections” between the two objects through a
transformation process. The results of this study suggest that learning in science - which
mnvolve difficult conceptual transitions - can be based on the imaginative transformation of
concrete examples of the concepts that belong to different ontological categories. These
transformations will be easier for children if the focus is on common functions of

examples.

95



Chapter 5:
EXPLORING ANALOGIES USING SCHEMES

5.1 Introduction

This chapter reports on studies related to children’s analogical reasoning. In a
preliminary exploratory study, children manipulated an analogy that had been used in
their (previous year) science textbooks, its purpose being to help in the understanding of
the role that the switch plays in the function of simple electric circuits (open and close&.&
In the main study, a larger number of children looking at the same pictures of an
open/closed electric circuit generated analogies (focusing again on the role of the

switch).

In both studies children were asked to transform an event into an analogical one, and a
simple electric circuit was used as a target domain of an analogy. The selection of the
particular domain was not random. The difficulty with its introduction in the early
stages of the science curriculum (last two years of the primary school in Greece) make

teachers frequently use analogies as a helpful tool in the teaching of this domain.
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5.2 Exploratory study: Transforming analogical events

5.2.1 Aims

The aims of the exploratory study were to explore:

(a) the components of an event that children transform, to match this event with an
analogical one

(b) the schemes that children keep constant, when transforming an event-example into
an analogical one

(c) the level of these transformations (do children transform whole objects, whole events

or parts of them?)

5.2.2 Methods

5.2.2.1 Participants - Procedure

The subjects were 10 children with a mean age of 11 years and 5 months old. Children
were asked to describe and compare a pair of analogical picture examples and then

using their imagination to choose and transform one into the other.

5.2.2.2 Materials

Two pairs of black and white drawings were used. On the left side of the first, a bridge
was open while on the right side it was closed. In an analogous way, on the left side of
the second picture, a switch in a simple electric circuit was open while on the right side

it was closed. The pictures used are presented in Appendix 5.1.

5.2.3 Results

5.2.3.1 Common schemes

Children’s descriptions of both events (the pictures of the electric circuit and of the
bridge) comprise three elements: (a) objects such as switch, battery, lamp, wires, bridge,
cars, river, road, ship etc., (b) processes such as open/close, can/cannot pass, turn
on/off, movement/stop movement, go up/down etc., and (c) relations between objects
such as one object being next to another, being bigger than another, etc. Also in the case
of the electric circuit, another kind of element can be identified, namely scientific

entities (concepts) such as the flow, the electricity, the light.
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Almost all the children comparing the two pictures, easily recognised that the picture
with the bridge had some "common things" with the picture with the switch:

"...when the bridge is open and the switch is open, we have neither circulation of
the cars nor of the flow. Meanwhile, in the other picture we see that the bridge is
closed and so the cars can go and pass it, and in the electric circuit the flow can
circulate and so the lamp turns on.”

They tended to keep constant in their transformations the way that the switch and the
bridge open and close the circuit, describing it as an action:

"We will keep the same that in both of them, the same action happens but in the one

it happens through the flow and in the other through the cars"

and "We will keep that the switch opens and closes as the bridge does"
Five of the children kept constant the action ‘open and close’ or ‘go up and down’ while
one child kept constant the energy that the battery and the river (which the child thought
analogous to the battery) both have. The battery has power - essential to its nature. So,
the child looked for something in the other picture which ‘has power’. A possible choice
for such an object is the river. But the river does not make the car move. However, there
isn’t any one thing corresponding to the battery which makes the cars move. Thus, the

child chose the river as analogue to the battery.

In general, the children made transformations keeping constant some of the processes,
and changing mainly the objects and in very few cases the scientific entities. The
relations between objects were used very implicitly, not mentioned explicitly. Processes
are connected closely with actions, and their meaning derives from actions. They are
embodied patterns - empirical schemes - which are used for organizing our actions,
perceptions and conceptions. Processes contain structural features that are common to
many different objects, entities. So, although a human, a lion, a car and an electron
move in a different way, we describe their change of position in space with the common
scheme of movement. Such common features of empirical schemes lead children to

keep constant some processes.
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5232 Finding the one to one correspondence of the objects

Four children chose to transform the picture with the bridge into the picture with the
switch and six of them to make the opposite transformation. Almost all of them (nine)
transformed the switch into the bridge (or the opposite), since both are responsible for
stopping the circulation of the flow or the cars and their function is very similar. One
child transformed the switch into the ship because this was identified as the responsible
factor for stopping the circulation of the cars, since “when the ship, when it passes, the
bridge is raised and the cars cannot pass, and if the switch is not down, this (the lamp)
does not light”. So, the child identified a correspondence between the action of a person

on the switch and the effect of the ship on the bridge.

Apart from this popular transformation (between switch and bridge) the children gave a
variety of further transformations. The lamp was transformed into a car and the
opposite (four children) both being seen as the location of an effect. This transformation
was based on the fact that both objects ‘function’ under the same condition. When the
circuit is closed, they do something (cars move or the lamp lights). Another child
following a similar line of thought transformed the lamp into the ship, seeing the ship as
an object which moves, again the location of an effect. Three children more abstractly
transformed the light (or the flow) into the movement of the car or vice versa, seeing the

analogy as between not the objects but the processes.

Also there were transformations between wires and road (three children) since both are
used as ‘paths’ and the movement of the current or of the cars takes place in/on them.
However, one child transformed the wire into a car and another one the road into the

battery.

It was hard for the children to find an object to correspond to the battery of the electric
circuit. Only a few of the children (four) used it in their transformations. Two of them
made transformations between the battery and the river (or the water), seeing the battery
as an object which can make other things move. One of them transformed the battery
into the ship and one the lights (next to bridge) into the battery. Both objects of these

pairs can make other things move, they are a ‘source of movement’.
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It seems that the children identified a similarity between the two analogical examples
having their focus on similar actions (open-close or go up/down), the elements that have
similar functions (e.g. switch-bridge) and which can be described by common schemes
(barriers, links, paths, source of movement), rather than on the surface similarity of the
parts and the relations between them. So, the transformations are based on the similarity
of schemes describing actions and functions rather than on the surface similarity
between the objects. As with the transformations between objects, functional schemes

played an important role in the transformations between events.

5233 Transforming objects not parts of them

In this task the children were asked to transform events rather than objects into one
another (see chapter 4 about the transformations of objects). In contrast with the way
that the children transformed objects, when they attempted to transform events they
usually made direct transformations from an object into another without middle stages.
So, the switch was transformed directly to a bridge without any intermediate change

(make it two parts, make it bigger, make it from cement etc.).

Transformations seem to be possible at different levels. In each case, the level is defined
by the focus and the goals of the person who makes the transformation. So, when the
children attempted to make transformations of objects, they made many transformations
of the parts of an object and their relations. In transforming events they used whole
objects as units. It seems to me that they were more interested in finding an analogous
object which had a similar function, than to construct an analogous object with similar

parts.

5.2.4 A summary of the exploratory study

It is clear that when the children attempted to make transformations between analogical
examples their focus was on actions (using ‘functional schemes’) and schemes that
describe them rather than on parts and relations. Most of the children made their
transformations in these "perfect analogical" examples (they are found in the school text

books) giving a great variety of transformation-matching. They did not worry about the
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transformation of all parts and relations but their focus was on keeping similar actions

or functions and common schemes stable.

However, in the exploratory study, the use of a ‘perfect analogy’ may lead children to
these responses. That is, the two analogical events had been selected by the author (of
the science textbook) in a way that the focus of the analogy was on common actions and
schemes and not on surface similarities. So, the main study was designed to explore the
way that children produce by themselves spontaneous analogies, which can be “partial

analogies”.

5.3 Main Study: Children generate their own analogies

5.3.1 Aims

The aims of the task were:

(a) to explore the way that children produce spontaneous analogical examples

(b) to identify what common schemes are used in analogies, and how

(c) to explore the importance of actions and processes (rather than of parts and relations)
in analogical projection,

(d) to 1dentify groups of schemes that come together in the construction of an analogy

(e) to analyse the schemes that take part in an example, considering the interaction that
exists between one scheme and other schemes of the group

(f) to put these groups of schemes in a dimensional space.

5.3.2 Methods

53.2.1 Participants
Forty two children of mean age 11 years, 7 months, (range 11;3 to 11;8) participated in

this study. All the children attended the last class of public primary schools in Greece.

In general, the children came from a predominantly lower middle class background.

53.2.2 Materials

The materials used for this task were two pictures. The pictures were black and white

line drawings. The first picture presented an open simple electric circuit consisting of
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the following elements: a battery, a lamp, a switch (open), a wire. The other picture
involved the same elements but the switch was closed and the lamp alight (see

Appendix 5.2).

5323 Procedure

The children were tested individually in a room familiar to them (another classroom).
The task took 4 to 5 minutes. All the children were initially questioned to ensure that
they understood the pictures. I presented them with the two pictures (one beside the

other) and asked them to describe to me what they could see in these pictures.

After this description, I asked the children to imagine that they were teachers of the year
six classroom and that their pupils could not understand what all these things were. I
suggested that in order to help them understand the teacher (child) might say: "it is
like....." Then I asked them what they were going to say? All the children were required
to justify their suggestions, to explain the correspondence of the elements of their

analogical example with the elements of the source example (electric circuit).

5.3.3 Results
Only three out of the forty two children did not give me any example. For the purpose

of the analysis, the sample was divided into two groups. Twenty examples constituted
the group named "literal similarity". It includes the examples that are very close to the
example with the simple electric circuit. For example:

Pupil: It is like the light in our house
Inter.: Yes
Pupil: I would tell them, that when we press the button, the light turns on,
while it is closed when we press the button again."
The children in this group mainly kept constant in their target domain many elements

from the source domain, changing only a few elements. This ‘conservative’ strategy

lead them to the production of an analogy very close to the source example.

The remaining nineteen examples, constitute the second group named "analogies". It
includes examples that are very different from the electric circuit, at least at the level of
surface similarities. Consider for example the following analogy (straws connecting
basins), which appears to be pure invention on the part of this child:

Pupil: It is like when we have a wash-basin with water
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Int. : Yes

Pupil: And ... we want to empty this into another wash basin that has also a
drinking straw

Int.. Yes

Pupil: And the straws are not connected, so the water will not manage to
pass

Int.: Right

Pupil: While if we connect the straws, the water will pass.

In this case, the child constructing his analogy using straws instead of a wire as a path
where the water (which plays a similar role with the flow in the case of the electric
circuit) will be able to move. As a source container the child used a full wash-basin

instead of a battery. The focus of this child is on the straws (wire) and the water (flow).

In the second group of children, the target domains were very different from the source
domain and that difference makes the analogy an ‘interesting’ one. That is, one has to
think about the various objects, processes and relations that are described by that
analogy while 1n the case of ‘literal similarity’ instances are mostly common to the
source and target domain. In the case of the analogy, with the ‘turning on of the light in
the house’ we have similar constituents such as the simple electric circuit which is used
as a source domain. In this analogy, the child did not need to say anything about the
‘flow” or the ‘wires’ since their existence is ‘obvious’, being common in both source
and target domain. So, fewer words, explanations and interpretations are provided by

the analogy.

5.3.3.1 Coding Data

A child gave for the simple electric circuit the following analogy:

Child:...1t is like an orange

Inter.: Yes

Child: Suppose that there is juice inside, and suppose that this is the flow, and
when we squeeze it, it provides energy

Inter.: Mmm

Child: And we drink the orange juice.

Inter.: Right

Child: Like we take vitamins from the orange, something similar happens with the
battery which has a flow and the lamp takes the flow and alight.

Inter.: Yes, what about the switch?

Child: The switch, is like... when we squeeze the orange it is like when the switch
closes.
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In this analogy the target domain is very different from the source domain. The child is
constructing his analogy using elements mainly from three general categories: objects,
entities, processes. He chose an orange to play the role of battery (an object), and the
juice as similar to the flow (a scientific entity) of the electric circuit. Finally, he
described the squeezing of the orange to be similar to the closing ( a process) of the
switch. So, the orange produces juice, and more interestingly it produces energy in

juice.

In general children constructed their own analogies using some elements of the
following general categories:

(a). Objects (O): Switch (s), Battery (b), Lamp (L) and Wires (w)

(b). Scientific entities (E): Flow (f) and Light (1)

(c). Processes (P): Open/Close (0), Pass through the switch (p) and Turn on/off (t)
Considering this classification system, Table 5.1 shows the instances of elements which
appeared in children’s analogies. Relations between the things (e.g. next to) were, if
presented at all, very implicit and the children did not refer to them when they judged

correspondences.

The analysis of analogies was based on the semantic and pragmatic use of the elements
in the child’s argument. It was necessary to look at how the child saw all the elements
working together, to justify assigning elements to broader categories (e.g. ‘barrier’,
‘switch’). This research thus attempts to describe the ‘content’ of analogies using
schemes. It would be very tricky to "pick out" each of the elements that are involved in
an analogy and describe separately their nature. It is notable that these "elements" do not
just come together in an example, but that the existence of one of them modifies the
nature of the others, and might predict the existence of some others that constitute

together a group of elements.
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Table 5.1: The appearance of elements in analogical examples

A. battery
B. heart
C. orange
D. wash basin
E. water face
F. liquid gas
G. plastic glass
H. terminal

B. pipes
C. straws
D. chain

A. light
B. move around
C. vitamins

A. can/can’t pass
l B. allow/doesn’t allow
; C. flow/doesn’t flow
| D. drink it

. come out

Thus it is necessary to describe which are the elements’ attributes and how they appear
in their "interactions" with the other things of the target example. So, because of the
interest of this research in how the elements "interact”" (the presence of one predicting

the presence of another), they have to be analyzed at least in pairs. So, firstly pairs of
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elements that appear together in examples are identified and then the nature of the

schemes that appear in the interaction between the elements are explored.

Later, the analysis attempts to identify clusters (groups that constitute more than two
elements) of elements. Finally, the fundamental dimensions that lead children's
reasoning to specific analogical examples will be identified, putting all these elements in
an ontological space. That is, there are different levels of analysis, from a low level

(pairs) to high levels (groups and the whole system).

5332 Identifying pairs of elements

In order to find whether there is any correlation in the appearance between pairs of these
'elements', the correlations between all the possible pairs of elements which could
appear together in children's examples were calculated, using chi-square. The
statistically significant pairs for each of the sample groups are shown in the following

Table where O means Objects, E means Entities and P means Processes (see Table 5.2)

Table 5.2: Statistically significant pairs for each of the sample groups

0-0 Battery - Lamp (p=0.013) Battery - Lamp (p=0.07)
Battery - Wire  (p=0.028) Battery - Switch (p=0.013)
O-E Lamp - Light (p=0.002) Battery - Flow (p=0.023)
: Lamp - Flow (p=0.019)
Lamp - Light (p=0.002)
O-P Switch - Pass  (p=0.017) Battery - Pass (p=0.067)
Battery - Tum (p=0.002) Lamp - Pass (p=0.046)
Lamp - Turn  (p=0.013)
E-E
E-P Light - Op/Cl (p=0.067) Flow - Open/Close (p=0.07)
Flow - Pass (p=0.011)
Light - Pass (p=0.061)
P-P Op/Cl1 - Turn (p=0.033)
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Taking into account that there were 36 possible pairs that could appear in children's
examples then if p=0.05 only about 2 of the observed pairs would be expected to occur
by chance. So, the numbers of significant pairs 7 for Group A and 11 for Group B
indicate that the appearance of many pairs is not random, and that there are patterns in

children's examples.

In Table 5.3 we can see the number of appearances of statistically significant pairs in
each of the element's groups . Also the last column shows the number of possible pairs

of analogized elements.

Table 5.3: The number of appearances of statistically significant pairs

Table 5.4 1s constructed using Table 5.3 and shows the total number of appearances of
each element in statistically significant pairs, and their number in possible non-

significant pairs.

Table 5.4: Number of appearances of elements in statistically significant pairs

GROUP A (Lit.Sim) GROUP B (analog)
TYPE Significant pairs | Non Significant pairs | Non Significant
Significant
Objects 6 20 7 19
Entities 2 13 6 9
Process 4 17 6 15
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In Tables 5.3 and 5.4 we can observe the preference of the children who gave an
"analogy" (Group B) to use more often in their pairs elements that come from the group
of Entities and Processes. On the other hand, Group A (Literal similarity) more often

used elements from the group Objects.

It seems that in Group A the children just transformed objects (from the source
example) into other objects (target example) which were very alike without thinking
about the way that the source example works. In contrast the children from Group B
who were not interested in the surface similarities (mainly between objects in source
and target examples), attempted through their empirical schemes to give a target
example whose structure would be the same as the source example. That is, their focus

was on scientific entities and processes, and not just on observable objects.

5.3.33 ‘Prediction logic’ correlations of the pairs of elements

The correlations between the elements used by children were calculated using the chi-
square test. However, the chi-square test does not show how one can interpret the
correlation in terms of the appearance of one element as a result of the presence of the
other. So, the “prediction logic” method was used, in order to interpret in a “logic
language” what the significant correlations in a two way Table (identified by the chi-
square method) could mean. An introduction to the prediction logic method follows

since this method is not used very frequently in the literature.

The Prediction logic method

The prediction logic method can be defined by analogy to elementary logic: “just as a proposition in
elementary logic may be stated unambiguously by identifying its domain and truth table, a prediction
logic proposition may be stated precisely by specifying its domain and the set of error events it identifies”

(Hildebrand, Laing, Rosenthal, 1977, p.30).

We can use formal logic to evaluate and classify propositions, e.g. the form “if x then y”. In the
prediction logic we use the connective ~— (read “predicts” or “tends to be sufficient for”) as the
analogue to formal implication (—) and <—~— (read “tends to be necessary and sufficient for”) in the
place of the formal connective («>). These statement-forms in formal prediction assert that exceptions
(falsifying events) should never happen. In contrast, prediction logic statements predicts that deviant or

error events seldom happen.
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Using prediction logic we can construct propositions for RxC cross classification tables. Particularly, we
will use it for 2x2 tables. In the simple 2x2 case there are 2*=16 logically distinct “types'of tables. Of
these, 14 contain one or more error cells (frequencies in these cells expected to be very small when
compared with the other cells of the same contingency table). The tables expecting only ‘full’ or ‘empty’
cells are not amenable to analysis, that is, we exclude tautology and contradiction. In each of the
remaining contingency tables, any error cell is shaded. Negation is indicated symbolically by writing, for
example “not x” as x. All the tables which are shown in Figure 5.1 are accompanied by one or two
equivalent propositions (in prediction logic language). Each proposition in these pairs is equivalent with
the other, because they have equivalent error structures. That is, they identify the same error cells in the

same contingency table.

Consider for example the case 4 (see Figure 5.1). The two following prediction logic propositions can be
interpreted:
a)x~—>y “xpredicts y’
“x tends to be sufficient for y”
“y tends to be necessary for x”
b) x ~>y “noty predict x”
“The absence of y tends to be sufficient for x”
Similarly in case 7 we can interpret the proposition as:

LR IS

“X «~—~—>y” “x tends to be necessary and sufficient for y”

“predict y 1f and only x”
The "prediction logic" method can help us to interpret in a "logic language" what a significant correlation
in a 2x2 table could mean. We can measure the prediction success in the 2x2 tables by calculating the Vp
value.
This value for predictions when we have

(a) a single error cell is: (consider for example case 3)

Py

V. x~—>y=1-
P P,P,

(b) two error cells is: (consider for example case 7)
PIZ + PZI
Vp X e~ y=1-
P P,+PP,

(c) three error cells is: (consider for example case 15)

PlZ + P21 + P22

Vpx<—~—>y: 1-

P P,+P,P,+P,P,

Successful prediction is indicated when this value Vp is big, and perfect prediction is indicated when it is

1.
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Figure 5.1: Error cells in prediction logic

X X
Y
Y
1. FULL 2.X~> Yy 3.y~—>X 4. X~y
Tautology = — — — —
y~— X X~—>Yy ~—> X

13. X ¢~y 14 X <~y  15.x¢~>Yy 16. EMPTY
Contradiction
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Using the "prediction logic" method for the statistically significant pairs we have the

following statements:

LITERAL SIMILARITY Group (1-20)

If Battery predict Lamp

Light tends to be necessary and
sufficient for not-Lamp

If Pass predict Switch

Turn tends to be necessary and
sufficient for not-Battery

If not-Turn predict Lamp

If not-Op/Cl predict light

ANALOGIES Group (21-39)

If Battery predict not-Switch
If Lamp predict not-Battery
If Battery predict Flow

If Flow predict not-Lamp

If Lamp predict Light

If Pass predict Not-Lamp

If Flow predict Op/Cl

If Pass predict Flow

If Pass predict not-Light

If not-Lamp predict not Battery(Vp=1)

Lamp tends to be necessary and
sufficient for not-Light (Vp=1)

If not-Switch predict not-Pass (Vp=1)

Battery tends to be necessary and
sufficient for not-Turn (Vp=1)

If not-Lamp predict Tum (Vp=1)

If not-Light predict Op/Cl (Vp=1)

If Switch predict not-Battery (Vp=0.64)
If Battery predict not-Lamp (Vp=1)

If not-Flow predict not-Battery (Vp=1)
If Lamp predict not Flow (Vp=0.71)

If not-Light predict not Lamp (Vp=1)

If Lamp predict not-Pass (Vp=1)

If not-Op/Cl predict not-Flow (Vp=0.71)
If not-Flow predict not-Pass (Vp=1)

If Light predict not-Pass (Vp=0.64)

All the above statements can be seen in Figure 5.2
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Figure 5.2: The prediction logic statements in a figure

Figure

The prediction logic statements in a figure
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b. Interpretation of the propositions for the “Literal Similarity” group

The focus of this section is on the analysis of the prediction logic propositions which
provide “positive” relations between pairs of elements (such as the form x ~— y). That
is because the study attempts to identify pairs of elements, and not to explore the
propositions which show whether the presence of an element predicts the absence of
another element. From the prediction logic analysis we can draw the following

conclusions for the literal similarity group:
-“Cause” is a sufficient condition for “effect” or “If BATTERY predict LAMP”

The observed pairs are (the numbers shown are cases’ numbers):

Battery —Lamp (38, 10, 6)
Battery —Pierce (Compass) (35)

In the particular examples the focus is on a direct relation between the battery and the
lamp. The children are not interested in what a battery is, or what it contains. The
"battery gives the power"(38) or "they are just all connected"(35,6,10). In all these cases
children describe the battery as cause and the change of the lamp as the effect. “Cause”
is a sufficient condition for “effect”. In other words we cannot construct examples
which will constitute a “cause” (battery) without there being present an “effect” (lamp) .
So when children in their examples used a sort of “battery”, at the same time they used a

sort of “lamp” (see Figure 5.3) . This causal relationship (Cause-effect) connects the

elements battery and lamp.

Figure 5.3: Interaction between Battery and Lamp

\

K CAUSE EFFECT /
(Battery) (Lamp)
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-“A forward movement through links” is a sufficient condition for a “dynamic

link” or “If PASS predict SWITCH”

The observed pairs are:

Can/cannot pass — Switch (11, 15, 24, 25, 27)
Allow/doesn't allow — Switch (17)

The presence of one of the processes, that is ‘Pass’ (...the flow can pass...) predicts the
presence of the object switch. The flow passes through a conduit. ‘Pass’ is a forward
movement through "links". Links are the wires, the lamp, the battery, the switch. Except
for the switch which is a "dynamic" link, all the others are static. For example the wire
is a link that allows a flow to pass from a place A to a place B, without having any

change of its position.

On the other hand someone has to move or change the position of the "dynamic link"
switch in order to allow the flow to pass through it. It seems that when children say
"pass” their focus is on the area near the switch (see Figure 5.4). This strong relation
between “pass” and “switch” led them to use a sort of pass element only in the case
where they had used a sort of switch as well. So, “a forward movement through links”

(pass) was a sufficient condition for a “dynamic link” (switch).

Figure 5.4: Interaction between Pass and Switch

[

Dynamic Link
(Switch)
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c. Interpretation of the propositions for the “Analogy” group

By contrast with the examples of “literal similarity group” in the case of the “analogical
group” we can observe strong negative correlations between various objects.
Particularly in both of the pairs switch-battery and battery-lamp the presence of the one
component predicts the absence of the other. Also, the presence of an entity (flow)
predicts the absence of an object (lamp). It seems that in this case the children have
moved their focus from the surface similarities (between the source and the target
example) where they use mainly objects, to the structural similarities that arise from
entities and processes. Objects cannot themselves present what they “need” and so they
predict the presence of an entity (e.g. battery-flow). It is notable that when the children
in their examples did not use or refer to one of the processes (open/close) they had to

use another. From the prediction logic analysis we can draw the following conclusions:

- The “source-container” is a sufficient condition for the “content of the container”

or “If BATTERY predict FLOW”

Particularly the observed pairs are:

Heart — Blood (7)

Orange — Juice (13)

Wash basin — Water (18)

Water face — Water (20)

Liquid gas — Gas (23)

Plastic glass — Water (30)
All the variations of "batteries” are containers. This scheme consists of a boundary
distinguishing an mterior from an exterior. In the examples, they contain mainly fluids
(water, juice, blood) and gas, but not solids. This happens because it underlies their role
as a source scheme. The battery in an electric circuit is the cause of the electrons’
movement. It 1s difficult for someone to imagine as an analogy, a type of battery which

contains a solid thing. In this case the solid thing would have to move all at once, or to

be made of moving particles.

Because of its role as container the "battery" predicts the presence of its content, that is

the "flow". Children didn’t give any example with a ‘battery’ without giving some type
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of flow. So, the “source container” is a sufficient condition for its content (see Figure

5.5).

Figure 5.5: Interaction between Battery and Flow

A. One active terminal container (2,4,5,6) —_—

v

B. Double container (3) >

C. Two active terminal containers (1) >

We can identify three ways that the scheme source-container works (see Figure 5.5). By
their nature, the main difference between them is whether there is a possible return path
for the flow. In the first case, the “source container” provides us with flow without any
returning while in the second case there is a possible returning path for the flow. The
first case does not tell us what happens to the flow when it goes out of its container
(battery). Some children solved this by constructing examples with two containers. In

this case, the content of the one container goes to the other.

- A “continuous movement” is a sufficient condition for an “action on a dynamic

link” or “If FLOW predict OPEN/CLOSE”

Particularly the observed pairs are:

Water — Open/close (1)

Water — Exist/doesn't exist (4)
Heat — Exist/Leave (5,6)
Blood — Beat (7)

Water — Open/close (8)

Flow — Press the button (9)
Juice = Squeeze (13)

Water — Connect (18)

Water — Squeeze (20)
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Flow — Connect (22)
Water — Pierce (30)
gas — Open/Close

So, if we have a sort of "flow" then it can predict a way of opening/closing a "switch".
A “continuous movement” is a sufficient condition for an “action on a dynamic link”.
This happens because the flow has to stop somewhere, so it predicts an action in order
to move. Again, the schema "action on a dynamic link" is obvious for the switch,
whereas a schema of a "continuous movement" seems to fit to flow. The flow cannot be
static, so its presence predicts a link in order to keep it in a continuous movement. The
relation between flow and switch, as it appears in children’s examples can be classified

in 5 models (see Figure 5.6).

Figure 5.6: Interaction between Flow and Open/Close

A. Flow-> Open/Close (1,8,30)

B. Flow->Exist/doesn’t exist

(4)

B

25
T

C. Flow->Exist/leave (6) 2 ;

D. Flow->Squeeze (7,13,20)

E. Flow->Connect (18) l 7 | |

In the second picture presented to the children the switch of the electric circuit is closed
and the flow passes through it. In the first of the children’s models (A)(Figure 5.6), the

‘barrier' is closed, so - in order to allow the water to move - we have to open it. It is
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notable that in this model there is an opposite action to the source example. "Open a
barrier” is analogous to "close the switch”. This might happen because these actions

have the same effect, that is, the flow or the water can move.

In the second model (B), the children suggested that the flow started to move when the
barrier was disappearing. A similar case is the third model (C). In this model, the

children suggested that clouds which do not let sunlight in to be seen, just leave.

In the fifth model (E), the presence of the flow predicts an action - connect the straws -

that can give to the flow the ability of “continuous movement”

There are cases where the action (open/close) happens to a "switch" (A, B, C, E) and
some others (D) where the actions happen to a "battery” when we have a modification
(squeeze). In this case the "battery" is the "source container". The presence of flow
predicts an action (squeeze) that can 'give' to a flow the property of continuous

movement.

- A “forward movement” is a sufficient condition for “flow” or “If PASS predict

FLOW”

The observed pairs are:
Can/cannot pass — Water (1)
Allow/doesn’t allow — Water (4)
Flow/doesn't flow — Water (8)
Allow/doesn't allow >Water (18)
Come out — Water (20)
Come out — Gas (23)
Come out — Water (30)

The flow passes through the wires. In the children's examples, if the flow is able (or
something allows it) to pass through the area of the switch then we will have flow. The
“forward movement through the switch” is a sufficient condition for flow. It seems that
‘pass’ 1s mainly located in the area of the switch. The presence of the forward
movement (pass) from one edge of the switch predicts the presence of the flow (see

Figure 5.7).
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Figure 5.7: Interaction between Pass and Flow

—

B. ———) Pass

C.
e

\ FLOW /

-“Material is a sufficient condition for a change” or “If LAMP predict LIGHT”

The observed pairs are:

Lamp — Light (27)
Appliance — Work (19)
Electric bell -Ring (22)
Wheel — move around (29)
Match — Fire (37)

The role of the "Lamp" in the examples is to provide evidence for a change. We cannot
have this object in an example without seeing an effect or change in it. The effect is a
result of a change in the state of an object or material. The “material” predicts that there

will be a change. The lamp as material needs and so predicts the presence of an entity

(light).

5334 Analysis of elements in groups using multivariate statistical
analysis

a. Cluster analysis
The next step, after the analysis of elements in pairs, is to analyze them in bigger

groups. That is, to explore the elements that appear together in the children's target

examples. So, 1 this section the aim is to group the elements into homogeneous classes
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or clusters (the members of a cluster are close to each other but differ considerably from

those members of another cluster), through the method of cluster analysis.

Cluster analysis can generate unknown groupings which suggest relationships between
the members of each group, to be investigated. One of the reasons for the use of cluster

analysis is that it classifies the elements into "true" groups (Manly, 1986).

Elements (Switch, battery, light etc.) have been chosen as the variables of cluster
analysis, and their appearance or not in target examples provides the measure for

"distances" between them.

In this research "Hierarchical clustering” is used. In this, the elements are first separated
into a few groups, each of which is further divided into smaller groups, and so on until
terminal groups are generated which are not further subdivided (Everitt, 1980).
Particularly, the Nearest Neighbor or Single Link Method is used. In this method, the
distance between the groups is defined as the distance between their closest members.
Cluster analysis used for the analysis of the “analogies” and not of the “literal
similarities” since the focus of this chapter is on the analogies, and on whether the
analogical examples (which are very different from the source example) have a structure
that brings their elements together in groups. Using the nearest neighbor technique we

obtain the following dendrogram (see Fig.5.8) for the “analogy” group (Cases 21-39):

Figure 5.8: Dedrogram

Dendrogram using Single Linkage (nearest neigh.21-39)

Rescaled Distance Cluster
ombine
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" Label Num +————m——e e S — T e

LAMP
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TURN ON/OFF
FLOW
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BATTERY
WIRE

SWITCH
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The dendrogram indicates that there are small distances between
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(a). Lamp-Light and

(b). Flow-Pass-Open/Close-Battery

suggesting that the appearance (in the target example) of each of the members of a
group has its origins in a common scheme. In other words, there is one or a number of
schemes that demand the simultaneous existence of a "package" of elements. It is
notable that the above groups are constituted from the clements that in the "logic

prediction" analysis were in "pairs" with relationships.

The first group (Light-Lamp) has already been discussed (see previous section with
prediction logic). It is interesting to attempt to explore the nature of schemes for the
elements that constitute the second group (Flow, Open/Close, Pass, Battery) taking their

interaction, not just at the level of pairs, but as a whole group.

It seems that in this group or package of four elements there is a central one (see
Fig.5.2) which is Flow. According to this package an entity such as "Flow" cannot
appear alone n an example. Its scheme (continuous movement) comes into an
integration with other schemes that can give answers to the following questions that
"bring" with its appearance the specific entity:

a. Where does it comes from? A "source container” (Battery) is needed.

b. What does it can do? It can Pass (with a "forward movement” from one edge to
another one)

c. What has to be done to it? An "action on a dynamic link" can admit Flow to Pass.

One child, for example, described in his example a plastic glass as a ‘source container’
full with water. The water can ‘pass’ outside the glass if we ‘act’ on the glass, making a
hole at the bottom:

Pupil: Yes, for example, we full a plastic glass with water

Interv: Right

Pupil: If we do not make a hole at the bottom of the glass with a pin, then the water
will not pass, but if we make a hole then the water will pass.

It seems that all these elements that constitute this group (“cause”) can give rise to a

phenomenon (effect). This group will be discussed in more detail later in the analysis.
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b. Multidimensional Scaling

The usefulness of Multidimensional scaling (MDS) comes from the fact that it can
provide us with a "map" of n points in Euclidean space using information about the
distances between the n objects (Mardia, et.al 1979). Using the distances between the
"elements” it determines the best arrangement of their points in the space, while the
relation between them is not known. The computer program ALSCAL was used and the

Euclidean distances were calculated for the configuration of the points (see Fig.5.9).

Figure 5.9: Euclidean distance model
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It is not easy to define the dimensions of the above "map". Firstly, meaningful clusters

in the space have to be identified, using information from the cluster analysis.

In Figure 5.9 there are two big clusters which separate the space into two areas left and
right. The elements that constitute the left cluster seem to be the "Cause" of a

phenomenon (see previous analysis) while on the right there is a group that we can call

"Effect".

In other words, the cause-effect relation consists of the following elements:
- We need a “source container” (battery) and an “action on a dynamic link” (open-close)

that will allow to “flow” to “pass”.
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- These four elements have as an effect the making of “light” in the “lamp”. It is notable
that the "Switch" is at the middle between these two groups of Elements. Its 'movement’
provides a connection to those groups. So, the horizontal dimension can be called a

Cause-Effect dimension.

Furthermore, the vertical dimension can be interpreted as a static-dynamic dimension
since at the bottom there are "static" elements such as Battery (“container”), Wire, Lamp
(“static objects”) etc. while at the top there are "Dynamic" elements such as Switch
(“dynamic link”), Open/Close (“action on a dynamic link”), Flow (‘“continuous

movement”).

5.4 Overview of the second study

In the exploratory study, the children transformed an event into an analogical one
focusing on actions (keeping their schemes stable) rather than on parts or relations.
These results were tested in the main study where the children generated their own
analogies. The children generated their analogies, generally drawing on schemes.
Schemes which were commonly evoked are the following: flow, path, container,
open/close, barrier, link, forward and continuous movement. The analysis of the
components of children’s analogies shows that their thinking is well structured and
based on groups of schemes. The presence of some elements of analogies predicts the
presence or absence of others. Types of structure can be identified at the level of pairs
(e.g. a “source container” is a sufficient condition for the “flow”) and of groups of
schemes (e.g. “flow” comes from a “source container” and an “action on a dynamic
link” can admit flow to pass with a “forward movement” from one edge to another one).
Also, at the level of the “whole analogy” dimensions ‘cause vs. effect’” and ‘dynamic vs.

static’ were identified.

These results are supported by the findings of the research project ‘Empirical abstraction
and concrete reasoning schemes’. Results from the “imaginative denial of rules task”
show that a scheme is a basic re-usable component in children’s reasoning about
familiar events. Schemes combine with one another to form packages. Possibly, one of

the most basic schemes identified - as also in the current research - was the “up and
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down” (e.g. a kettle, a teapot and a cup were things which were turned upside down),
and this was associated with the support, fall and containment schemes. So, a simple
package of schemes appeared in reasoning: The “containers” (cup, teapot) are on a table
and so “down”, and they need to be “up”. However, it was problematic since they had
nothing to “support” them. So the children suggested that the objects could “float” in a

topsy-turvy world to avoid the scheme “falling”.

However, it is notable that the task of the current study and the “denial of rules task”
identify packages of schemes at different levels. In the current research the greatest
emphasis was on packages of various schemes while in the denial of rules task, the
analysis emphasised packages of components of schemes. In the last case, schemes are
built of packages or sets of possibilities (called “potentials™). So, the scheme ‘support’

can be seen as a package of ‘something underneath’, ‘preventing from falling’, ‘above

the ground’(Bliss and Ogborn 1997).

The current research explores the focus of the person who constructs the analogy. When
the children were asked to construct an analogy, they mostly constructed “partial
analogies”. They focused their attention on a part of the source domain (some of the
objects, or entities, or processes), and then they gave an example - the target example -
which is analogous with that specific part of the source domain. The limitation of this
study is that children’s major focus on actions and common schemes could be to some
extent explained as the result of the content of the particular event (open/close the
switch of the electric circuit), suggesting that more events of different kinds should be

explored.

Children’s analogies can be a helpful tool in the exploration of their thinking and their
focus. In the case of simple electric circuits the interaction of children with scientific
knowledge appears to result in half of the children in this study thinking about an
electric circuit focusing on a number of analogous processes, not simply on surface

facts.
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Chapter 6:
RESPONDING TO AND GENERATING
EXAMPLES OF IDEAS

6.1 Introduction

Teachers and science text books frequently use various examples to clarify ideas. The
use of examples 1n science teaching is routine but is at the same time very varied. The
etymology of the Greek word “paradeigma” (Lat. exemplar) tells us that it is a part of a
whole (“deigma” means sample), a part that can stand for the whole. Various examples
as parts of the same whole can stand for that whole. But, what makes two examples that
exemplify a given idea, both be about the same idea, but yet be different? Is there a

sense in which one example is ‘better’ than another?

This rescarch explores children's transformations of elements at various levels. Study 1

(chapter 4) focused on the transformations of objects while study 2 (chapter 5) focused



on the transformations of an example-event into an analogical example-event. Both
studies describe the role that schemes play in these transformations, which are between
elements that both belong to the same level of the dimension abstract-concrete. Study 3,

reported here, explores the transformations of abstract ideas into concrete examples.

The description of such transformations in the present study includes the presentation of
the products of these transformations and an analysis of such products based on the
identification of their underlying schemes. In this study, the products are themselves
examples as seen by children. So, the purpose of the study is to clarify the process of
exemplification, describing examples as they are used by children and as they appear in

science textbooks.

6.1.1 Children’s examples of ideas

A working definition of examples - proposed by Montaigne - might be that an example
is a link between a concept and a unit of experience that can be subsumed under that
concept. However, Montaigne mentions the problem of the “fit” of an example to its
generalisation. He argues that attempts to abstract from experience to a general law are
as difficult as the attempt to move from a general law to specific instances. General laws
have to be read “by some round-about, forced, and biased” method in order to be
applicable to various cases (Lyons 1995). So, ideas do not work in the same way for all

of us.

Karlheitz Stierle claims another kind of linkage between example and generalisation:
the need to think of a generalisation which is not given in order to be capable of
speaking of the particular example at all (Gelley, 1995). The effectiveness of an
example of a generalisation depends on how the person will imagine the relevant

generalisation.

Children construct links or connections between an abstract idea and examples from
their own perspective. What do children understand looking at some simple science
ideas that they have already being taught about? How do they transform an abstract idea
into a concrete instance? A way that we can look at this is to see how they exemplify

these ideas. What are the components of their examples?
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In classrooms, teachers - sensing a gap between their own and their pupils’
understanding - use examples. They frequently say: ‘Let me explain this idea to you.
For example...’. However, in this part of the study the principle can be expressed as ‘let
children explain to us what they understand about an idea by giving examples’. Do
children use the examples provided in their textbooks? Are there patterns in the

components of examples they give?

6.1.2 Children’s understanding of various examples used in science
textbooks

Various entities take part in examples of ideas. In order to analyse and compare different
examples we need to be able to refer to some common or different features that appear
in them. However, since different entities usually take part in different examples, we
need a more general ‘point of reference’ (which appears across all examples) to make

comparisons or analysis of examples.

This study suggests a novel way of analysing examples of ideas. In this analysis we
explore how children describe the various entities that take part in an example, using in
the analysis a definite number of schemes (common for all examples). In each example
the schemes which describe the features of the entities that take part in an example were

identified. So, the focus of this part of the study is on the analysis of: Examples of ideas

in terms of objects which can be seen schematically.

Objects can be described by some schemes such as barrier, support, rigidity,
autonomous action etc. For instance “a child” can present autonomy or can support
other things, while “a tree” or “the ground” can support other things but does not present
autonomous action. What are the schemes that can cover a wide range of objects
(thinking about them in every possible case)? A given example consists of some objects
behaving in particular way -for instance a child up a tree as an example of potential
energy. In that example “objects” such as the child, the tree, the ground take part. What
schemes has one to select to describe objects that take part in an example of such an

idea?
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The process of using examples, is a picking out of the features to which the
exemplification will refer. A tailor’s swatch exemplifies its colour, weave and thickness,
but not the size and shape of the garment. Exemplification does not run in a direction
from label to what the label applies to, but in the opposite direction. Exemplification is
not just a mere possession of a feature but requires also reference to that feature
(Goodman 1981). This study aims to explore the way that examples of ideas constrain
(define to some extent) the schemes which are used in the description of the entities that
take part in the example. An event can constitute an example of an idea only if it can
define clearly the role of the elements taking part in it. So, in an example of an idea such
as “when things are raised they have potential energy” an entity like the “air” should
appear to lose its dynamic features (e.g. motion) since this plays no role in the example.
Which schemes of entities are suppressed and which are highlighted by particular

examples?

Similarity and dissimilarity play an important role in the formation of examples. The
similarity which makes different examples all part of the same idea cannot be identified
and explained at the level of objects, since different objects take part in them. However,
similar schemes could be identified across the examples. Is there any indication of the
structure of such schemes in groups or packages? An idea of potential energy might
need a simple package of schemes that consists of a ‘moveable object’ which is ‘high
up’ and (often) supported. If, there is a structure like this, does a particular example
define a configuration of its entities at that more abstract level? Which groups of
schemes can be described by more abstract dimensions or factors? Can similar

dimensions or factors be identified for different ideas?

There are various objects which play a similar role in different examples (e.g. their
behaviour can be influenced by a certain scientific concept such as potential energy) or
they have a similar nature (e.g. they are abstract entities). Schemes or their packages can
also be used for the description and comparison of the entities which take part in an
example at the levels of the role that these entities play or at the level of their nature.
Are there any differences between the entities that take part in examples concerning
their nature and the specific role that they play in examples? Are there any

similarities/differences between the entities that play a similar role in examples?
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The method of investigation used here is to present situations (possible examples), first
isolated and without reference to an idea they might exemplify, and then with reference
to such an idea. That is, first cases such as ‘a child” ‘a tree’ were given, and then the
same cases in a new form ‘a child up a tree as an example of potential energy’. We
predict that general features (schemes) applicable to the objects ‘child’ and ‘tree’ will
alter in their importance in the two cases, some becoming more important and some

less.

An indication of ‘badness’ of an example would be its inability to constrain in an
appropriate way the entities in it. Which examples are unable to some extent to

constrain the schemes that describe the entities taking part in it?

6.2 Methods

6.2.1 Design of the questionnaire and Procedure

The idea of the study was to choose some general ideas in science (e.g. potential
energy), and ask children to give their own examples of these ideas. Then, presenting to
the children the same ideas together with examples of each idea (e.g. a flower pot on a
balcony) used in science textbooks, to investigate the way in which the examples from
the science textbooks worked (or not). The method used was intended to make it
possible to analyse children’s examples of these general ideas, and to compare the
working of examples (from textbooks), for different examples of the same idea, for

examples of different ideas, and for counter examples.

The fundamental idea behind the design was that the elements of an example (e.g.
flower pot, balcony, air, ground) given in a science textbook, will be thought about
differently when used as an example of (say) potential energy, than when not used as an
example. This idea led to the following steps in the construction of the research design

(instrument):
(1) choose several general ideas in science,

(2) for each, choose more than one textbook example,

(3) distinguish for each example, its component elements (e.g. child, tree),
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(4) present children with various ideas and ask them to give their own examples of
these ideas (see Figure 6.1)

(5) present children first with the elements, but not yet presented as an example of
anything (see Figure 6.2). Then present them with the elements again, but now as an
example of a given idea (e.g. potential energy, see figures 6.3 and 6.4),

(6) in both cases (see step 5), find out how children think about the elements of the

example, in terms of a set of schemes common to all the examples.

So, five scientific ideas, all of which appear in the school text-book, were selected. For
each, two examples were chosen, again from those in the textbook. Ten questionnaires,
identical except for the idea chosen and the example selected for each idea, were
constructed. A further two questionnaires, making 12 in all, had the same structure but
now each asked about one counter-example of each of two further ideas. Thus the
twelve questionnaires were all essentially the same, but different in the idea used, and
the example or counter example of it given. Each child was asked to fill out one of the
12 questionnaires. The children were first asked to give their own example and to
describe examples from their textbooks of the same idea. The children who participated
in this study had used the science text book, from which the examples were taken

(O.E.A.B., 1982), in their previous year in the school (at least twelve months before).
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Figure 6.1 The first page of the questionnaire

EXAMPLES OF IDEAS

This questionnaire is about the various examples that someone can use, in
order to understand or explain an idea in Science. It is important to
remember that you can explain the same idea with different examples.
There are no right or wrong answers, just say what you think.

The idea

We found the following idea in your science textbook:

.....................................................................................................

. “When things are raised, they have energy, that we callé
. Potential Energy”’ :

In this questionnnaire all the questions are about this idea.

Your example
Think an example of this idea. Write your example in a few words.

TURN BACK TO THIS PAGE IF YOU NEED TO REMEMBER
YOUR EXAMPLE OF THIS IDEA.

131



Figure 6.2: The second page of the questionnaire

On the right part, we have written some
elements-things (air, boy,.). Thinking
about our everyday life we meet these
things many times. In order to answer the
questions on this page you have to thing
what these things_can do.

Can each of the five things
do something ....
—

like a barrier, or a wall
can?

like a support for other things,
like a table can?

like a container can do,
have something else inside it?

like a rigid thing can do,
to resist a change of its shape?

like being contained
in something else?

like making
other things move?

like moving or stopping
moving when it wants?

be really there, even though
we can not see it or touch it?

AIR

c 0O 0O 0 ©0 0 0 J
c 0O O 0 0 0 0 J
c 0O 0O 0 O 0 0 0O
c 0O 0 0 0 0 0

Boy

POTENTIAL

ENERGY  GrounDp

Q

TREE

©c 0O O 0 O 0 0 J
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Figure 6.3 The third page of the questionnaire

DESCRIBING EXAMPLES OF IDEAS

It is important to remember that you can explain the same idea with
different examples. Some of these examples are better than others and
some are worse. What we want to find here is the way that you understand
some examples from your science textbook. There are no right or wrong
answers, just say what you think.

The idea

We found the following idea in your science textbook:

.....................................................................................................

. “When things are raised, they have energy, that we call:
: Potential Energy” :

In this questionnnaire all the questions are about this idea.

An example

We found the following example of the above idea, in your Science
textbook.

3 A e k
The child high up the tree,
has Potential Ener,

TURN BACK To THIS PAGE IF YOU NEED TO REMEMBER
THIS EXAMPLE OF THE ABOVE IDEA.
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Figure 6.4 The fourth page of the questionnaire

Look at the the example_a boy up a tree of
the idea When things are raised they have
pottential Energy. Think which is the role
of each element-thing (air, boy,...) in this
example.

Put a tick in those that vou think
they do a similar thing .... AR Boy

like a barrier, or a wall
can?

like a support for other things,
like a table can?

like a container can do,
have something else inside it?

like a rigid thing can do,
to resist a change of its shape?

like being contained
in something else?

like making
other things move?

like moving or stopping
moving when it wants?

be really there, even though
we can not see it or touch it?

o 0 0 0 0 0 0 0
c 0 0 0 0 0 0 0

POTENTIAL
ENERGY GROUN D

c 0O 0 0 0 0 0 0

o O 0 0 0 0 0 0

TREE

o O 0 0 0 0 0 0

134



For the selection of the ideas a simple network was constructed at the beginning, which
described some major categories of ideas (which were found in the book) starting from
their cause-effect relations (see Figure 6.5). This study (study 3) aims to explore the
differences and similarities of examples of ideas, including categories that differ in
respect of processes based on the classification of processes (cause-effect processes) and
not on the classification of things (this criterion was used in the study 1 where the
classification of things in categories such as natural and artefacts were explored). One

idea for each of these categories was selected.

Figure 6.5 Categories of ideas

Position  (Potential E
Within causal | *OSiHO (Potential Energy)

object Acted on  (Upthrust)

Regular— - Equilibriate -- (Thermic Equilibrium)

CAUSE Change (Expand-Contract)
EFFECT B External to cause-
RELATIONS N e;n 0 CaUSC™ T Block/
cted on Resistance (Inertia)
Exceptional

Counter Examples

Ideas frequently used in science textbooks for the development of science vocabulary
use technical terms which describe abstract concepts (e.g. upthrust) or name phenomena
(e.g. expansion). But how are the technical terms related to the abstract concepts? The

relationship is generated in two ways:

(a) Introducing a technical term. This may‘? done through naming and through definition
(Wignell, Martin, Eggins 1993). In this research three of the ideas used introduce an
abstract concept through naming. A technical name is attached to some already known
abstract term or to the whole phenomenon. The ideas of potential energy and upthrust
introduce a technical term for naming a sort of energy and force respectively, and the

idea of expansion introduces a technical term for naming a phenomenon. Potential
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energy, upthrust and expansion are introduced in the ideas by a projecting verbal

rocess, “we call x, y”.
b

(b) Manipulating a technical term. In two further cases - thermal equilibrium and inertia
- these terms had been introduced in the textbook in the previous paragraph from that
which was used in the questionnaire. In these cases the term itself was to be understood

through examples.

To make the results from different examples and different ideas as comparable as
possible, two further steps were taken:
(1) assign elements to a common set of schemes,

(2) assign elements to a common set of categories.

In order for the schemes to be used as a reference point for the comparison between
various examples, a fixed set of general schemes for all examples had to be selected.
Children were asked to answer whether the entities involved in the example can be
described by one or more of the following eight schemes: barrier, support, container,
rigidity, contained thing, force, autonomy, invisible entity. The questions (see figures
6.2 & 6.4, and Appendix 6.1) which were influenced by the work of Mariani and
Ogborn (1991) were as follows:

Can each of the five things do something....
(a) like a barrier, or a wall can?
(b) like a support for the other things, like a table can?
(c) like a container can do, have something else inside it?
(d) like a rigid thing can do, to resist a change of its shape?
(e) like being contained in something else?
(f) like making other things move?
(g) like moving or stopping moving when it wants?

(h) be really there, even though we can not see it or touch it?

Furthermore the choice of elements for each example was not random. The elements

which were chosen fell into one of the following five broad categories (see Table 6.1):
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(a) Scientific concepts. This category includes scientific concepts such as potential
energy.

(b) Protagonist (object A).The object which has or shows the behavior of the scientific
concept.

(c) Structure related objects (object B). The existence (or modification) of the concept
based on the relations (e.g. distance, size) between object A and object B. The
protagonist and object B are connected by structural relations

(d) Surface related objects (object C). Object A is in contact with object C. The
protagonist and object B are connected by surface relations.

(e) Unrelated objects (object D). Object D does not play any role in the example. Its

possible absence does not make any difference to the example.

Table 6.1 The classification of the elements that were used in each example

IDEA Example | Scientific | Protago Structure Surface Unrelated
concepts nist Related obj | related obj
Potential | “pot” Pot.energy | Pot Ground Balcony Air
Energy “child” Pot.energy | Child Ground Tree Air
Expansion | “railway” | Expansion | Railway Sun Train Ground
“wires” | Expansion | Wires Sun Pylons Ground
Thermal “contact” | Heat Hot water | Cold water | Containers | Air
Equilibr. | “inside” | Heat Hot water | Cold water | Containers | Air
Inertia “lorry” Inertia Lorry Car Ground Air
“elephant | Inertia Elephant | Toy FElepha | Ground Child
Upthrust | “ball” Upthrust Ball Water Child Plastic ba
“stone” | Upthrust Stone Sea Child Ground
Counter “rocket” | Gravity Rocket Ground People Air
examples | “glass” Heat Glass stove gas hand Air

The examples in the second column, are described more fully below.

6.2.2 Participants in each type of questionnaire

Data were collected from 23 classrooms (with 12 year old children who were in the last
class in primary school in Greece) in an urban school district. Questionnaires were given
to all children who attended the sixth class, in 12 out of 15 primary schools in the city of

Karditsa (the remaining 3 schools did not want to participate in the research). Thus, 407
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children participated in the study ranging in age from 11 to 12;3 years old with a mean

of 11,6 years old.

a. Potential Energy

Seventy two children responded to the two questionnaires about the idea “When things
are raised, they have energy, that we call Potential Energy”. The first (A) was answered
by 38 children (on average 11.59 years old), and asked them about the example of the
idea “a child up a tree has potential energy”. The second (B), answered by 34 children
(11.54 years old), asked them about the example “a pot on a balcony has potential

energy’’.

b. Expansion

73 children participated in this task. 33 of them with a mean age of 11.51 years filled
out the questionnaire (A) and 40 with a mean age of 11.48 years old filled out the
questionnaire (B). The idea in this task was the following: “Almost all solid things,
expand when they are heated. This phenomenon is called expansion”. The example used
in questionnaire (A) was: “In the summer the electric wires of the P.C.E (Public
Company of FElectricity) are expanded between two pylons because of the high
temperature, so they are loose”, while the example that was used in B was: “In the
summer the railways lines, expand because of the high temperature, so it makes the line

bend up in an arc”.

¢. Thermal Equilibrium

In two questionnaires the following idea was explored: “When things come in contact,
heat is transmitted always from the warmer to the colder.” In questionnaire (A), 40
children with a mean age of 11.52 years were presented with the example: “We put two
pots with water (one containing hot and the other cold water) in contact. The heat is
transmitted from the hot to the cold thing.” while in (B), 30 children with a mean age of
11.62 years were presented with the example “we put one metal pot with hot water
inside another bigger pot that contains cold water. The heat is transmitted from the hot

to the cold thing”.
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d. Inertia

Two questionnaires explored the idea of inertia: “The bigger the mass things have, the
more difficulty they have to move, because they present big inertia”. In the
questionnaire (A), 38 children with a mean age of 11.52 years old were presented with
the example “A lorry that has bigger mass than a car will move with greater difficulty
and move slower than the car”, while 23 children with a mean age of 11.53 years old
were presented with the second questionnaire in which the example used was “A child
can easily move a small toy-elephant, but it is much more difficult to make a big

elephant move”.

e. Upthrust

57 children were asked about the idea of upthrust: “on a thing that is in a liquid there is
a force acting upwards from the liquid. This force is called upthrust”. 36 of them with a
mean age of 11.60 years were presented with questionnaire (A) in which the example
used was “it 1s very difficult to push down a ball into the water, if you let it free it will
come out, because of the upthrust that it gets from the water”. 21 of them with a mean
age of 11.50 years were presented with questionnaire (B) which was based on the
example “A thing seems lighter in water than out of it, because of the upthrust from the

water”.

f. counter examples
The 1dea used 1n questionnaire A was “When things go up, they must come down (to the

L1}

ground), because of the gravity” and the example used as counter example was “A
rocket launched from the earth with speed more than 40,000 Km per hour. So it beats
the earth’s attraction and doesn’t come back”. 38 children with a mean age of 11.62

years were presented with this questionnaire.

In the second questionnaire the following idea was used “A lot of things allow heat to
pass through them easily”. In this case the counter example was “We can touch the edge
of a glass tube without getting burnt, because the glass tube doesn’t let the heat pass

casily through it. 36 children with a mean age of 11.64 years old took part in this task.
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6.2.3 Method of analysis

Children’s own examples were analysed mainly qualitatively, using systemic networks.
A systemic network was produced and is discussed with reference to children’s own

examples of each of the ideas.

In the case of the examples from the textbooks, in order to look at the relations of
patterns between the schemes that children used to describe various objects, factor
analysis was used. Using factor analysis we are looking for factors (dimensions which
organise children’s knowledge at a more abstract level than schemes) which can
represent a group or package of schemes. So, it was expected that factor analysis would
give an indication that there is a factor structure. Using this structure and the factor
scores for each element we can describe any change or transformation from before and
after seeing an example, in the use of specific schemes or in the way schemes are

grouped together.

In factor analyses for each of the ideas, the eight schemes were used as variables while
the various objects were used as cases. The cases were twenty in each factor analysis
since in each type of questionnaire children were asked to describe five objects before
and after seeing the example and there were two questionnaires for each idea (see Figure
6.6). The data consists of frequency counts of children's 'yes' responses for the objects
that take part in the various examples in each of the eight schemes (variables). Factor
analyses were conducted together for the pairs of groups presented with the two
questionnaires, using different examples of an idea, to reduce the number of variables
into smaller sets of more broadly conceptualised variables. Thus the factor analysis
looks at the correlation between vespOwoes using the percentages of the total number of

children who identified one of the eight schemes for a particular object.

Factors scree plots were graphed to help decide on the number of factors. A criterion of
an eigenvalue greater than one, was mainly used for selecting the number of factors for
oblique rotation from a principal component analysis of the data. Oblique rotation was
used when factors were correlated. The method for oblique rotation which is available in
SPSS is called oblimin. The value zero (0) was given to the parameter delta (8) which

controls the extent of obliqueness, which permits the maximum obliqueness.
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Figure 6.6 Pattern of factor analysis
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Also, the McNemar test was used to test the significance of any observed changes in
children’s responses before and after seeing the example (“the McNemar test for the
significance of changes is particularly applicable to ‘before and after’ designs”
(Siegler)). When the expected frequencies for the McNemar test were very small the

binomial test was used.

In the analysis of the results for each idea, three types of figures are used to represent
the data. These figures are representations of tables with numbers which were the
outputs of factor analysis and McNemar analysis. I used figures instead tables with
numbers because the enormous amount of data from this study makes the presentation
and the understanding of the results in the form of numbers very compicated. The
figures that were produced for the discussion of the results precisely represent the
numbers of the analysis using dashes, arrows, arithmetic symbols (+ and -) and some
symbols for the objects. The tables with the numbers that are used as a basis for the

construction of these figures are presented in the Appendixes.

The first of the three figures in each case shows the schemes that have high positive or
negative loadings for each factor. The bold symbols + or - represent a loading between

0.75 and 1 while the symbols + or - represent a loading between 0.50 and 0.74.
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The second Figure shows the ‘movement’ of the objects’ factor scores for all factors in
relation to the context. I chose to use a cube as a representation of the factor structure
because my aim 1is to discuss any movement of the objects related to all factors and for
most of the ideas (except the counter examples) three factors were extracted from the
factor analysis. There are two symbols in the cube for each object. The one of them
represents the factor scores (for all three factors) of the particular object when it was
described by children without having to see it as part of an example, while the other
represents the factor scores of the same object when it was described by childen as part
of an example of an idea. The arrows point to the factor scores in the exemplifying

context.

The third Figure shows the percentages of children who used the various schemes to
describe the objects as an example of an idea. The arrows represent the cases with
statistically significant differences (decreases or increases) between the non-
exemplifying and the exemplifying context. This Figure is used to explore and identify

the schemes that are responsible for the movement of objects’ factor scores.

In the interpretation of results the following expressions are used instead of numerical
values: If the number of children that said ‘yes’ was bigger than 80% the expression
“almost all” is used. In the cases 60-80% “many children”, 40-60% “around half”, 20-
40% “quite a few”, and if the number of children that said ‘yes’ was smaller than 20%

the expression “a minority” is used.
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6.3 Results
6.3.1 Potential Energy

6.3.1.1 Children’s own examples of potential energy

At the beginning of the questionnaire, children were asked to give an example of the
idea “when things are raised, they have energy, that we call Potential Energy”. All
children (72) gave some example. However, four of them gave as example an object
which was in contact with the ground. Furthermore, no children gave an example which
was in their last year’s text book. Figure 6.7 shows a network that was constructed from

the analysis of children’s examples.

In general, children’s examples of potential energy have as components the following:

(a) a protagonist,

(b) the object that supports the protagonist away from the earth (surface related object),

(¢) a description of the position of the protagonist, in many cases in comparison with the
ground (structure related object)

(d) a technical term, the name of the energy that the protagonist has (scientific concept)

All children’s examples of potential energy include Protagonists, objects which have
potential energy because of their position. The most popular object used as protagonist
was an aeroplane, and then the sun and birds. The sun is actually a complicated
example. The sun and earth have a mutual potential energy because of the attraction, but
the sun is not ‘above’ the ground. In general, it seems that children preferred objects
which are very far away from the earth. Also, very few children used as protagonist a
living thing. Only one child used a person (who falls with a parachute) and seven used
birds as protagonists. Almost all children used as protagonists non-living things such an

artefact (e.g. aeroplane), an object (e.g. ball),

Protagonists could be supported mainly by themselves or by something else. In the last
case, protagonists were supported by surface related objects, such as (i) a person
(something held) or (ii) another object. The vast majority of the children gave examples
without surface related objects although the examples in their textbooks used them (a

child up a 'tree’ or a flower-pot on a ‘balcony’). The surface related objects which
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support the protagonists could be horizontal surfaces (e.g. flat roof) or vertical surfaces

(wall), or containers such as the human hand which can grasp and hold other things.

A description of the position of the protagonist was given by 55 of the children (17 did
not). In their examples, children used the ground as the structure related object, directly
or indirectly. Many of them said that the protagonist was high above the ground or over
the ground; even more of them said just high. However, other children followed an
indirect way (they did not mention the ground), saying that the protagonist was in or on
another thing such as the air, the sky, or a desk. They did not mention the distance
between the protagonist and the ground, probably because the existence of a distance

was obvious when they mentioned a place such as the sky which is far from the ground.

Many children named the abstract concept as potential energy in their examples (52 of
them named the potential energy while 20 did not). Most of them used the verbal form
“x (the protagonist) has potential energy”. Also some of them following a similar verbal
form with that of the idea said “has energy that is called potential energy”. The vast
majority of children did not mention in their example the existence of energy (general

term) mentioning the specific sort of energy involved, namely potential energy.
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Figure 6.7 Children’s examples of potential energy
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6.3.1.2 Schemes for entities, with and without an idea exemplified

Children were asked to describe first five entities (see below) out of any exemplifying

context. Then, they were presented with the following idea and one of the two following

examples and were asked to describe the same entities but now in the exemplifying

context:

“When things are raised, they have energy, that we call

Potential Energy”
J ,‘g:‘ T
Wity ‘s
\é\ \

A child up a tree
has potential energy.

AL

i

A pot on a balcony
has potential energy.

Children were asked to describe in one questionnaire the following five objects :

(A) example (B) example
<@> Scientific Entity potential energy potential energy
X Protagonist pot child
@ Structure related object ground ground
O Surface related object balcony tree
X Unrelated object air air
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6.3.1.2.1 Interpretation of the Factors
According to the factor scree plot, 3 out of 8 factors have eigenvalues bigger than 0.9.

Finally three factors were extracted. The three factors jointly explain 88% of the
variance. Factors which are presented in Appendix 6.2 and which are identified in the
followings paragraph, are listed in the order of magnitude of percentage of variance

contributed by the particular factor in Table 6.2.

Table 6.2 The factors for potential energy

Factor 1 Factor 2 Factor 3

Autonomy

Force

Container
Contained thing -
Rigidity

+ o o

Barrier

+ +

Support
Invisible -

Factor 1 has very high negative loading for “autonomy” and “force’ variables. So,
factor 1 can be labelled “static” and appears to describe a static object vs. autonomous
action dimension. Factor 2 has very high positive loading for ‘“container” and
“contained thing”. It also has positive loading for “rigidity”. It can be labelled
“containment” and appears to describe a containment vs. surroundings dimension.
Factor 3 has very high positive loading for “barrier” and ‘“support” variables. This
factor can be labelled “blocking” and seem to describe a blocked vs. opened (or linked
dimension). Appendix 6.3 and 6.4 show plots of factors and the percentages of yes

responses for each scheme.

6.3.1.2.2 Analysis of the Potential Energy examples
The movements of the objects’ factor scores and percentages of children who used

various schemes to describe each object are shown in the following two Figures, Figure
6.8 & 6.9 (see also for the description of the figures that follow, the account given

earlier, pages 140 to 142).
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Figure 6.8 Factor scores and their ‘movements’ for the examples with the pot (top)
and the child (bottom)
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Figure 6.9 The percentages of children who used each scheme to describe objects in

the examples of potential energy
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The factor which explained most of the variance was labelled static/object vs

autonomous action. The focus in the idea of potential energy is the description of

relations (the distance) between static objects. The second factor describes the

containment of the potential energy in some objects while the third factor mentions the

existence of some blockers, so as to make it possible to have a distance between some

objects and the ground. The objects are described below in terms of schemes, using the

factor scores on the above factors to characterize them. The patterns of movements of
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objects’ the factor scores in relation to the three factors seem to be different for the two
examples of the particular idea particularly for the protagonists and the surface related

objects.

The concept (potential energy) in the examples of this idea is seen as an invisible entity
which can make other things move. It is an invisible source of potential movement.
There was a bigger tendency in the exemplifying context than in the non-exemplifying
context, for the potential energy to be a link and not a blocker. It is notable that although
out of context of use in an example, around one fourth of the children said that potential
energy can stop other things moving, by contrast, both exemplifying contexts resulted in
even fewer children seeing this entity as a barrier or a support. Particularly, in the
example with the ‘child up a tree’, there is a movement of the potential energy, towards
‘containment’ since more children described the entity as contained in something else.
Possibly, this increase happens only for the case of ‘a child up a tree’ and not for the
‘flower-pot on a balcony’ because the ‘child’ is more easily imagined as a source of
potential movement. The flower-pot on a balcony is not intended to fall, nor expected

to. It should just ‘stay there’. It’s a decoration, rather than an object.

The protagonists which are used in the two types of questionnaire were very different.
The child appeared as ‘dynamic’ and to ‘block’ other things while the flower-pot is seen
as a ‘static’ object which is not able to ‘block’ other things. Both protagonists were
described as containment. The examples constrained mainly different aspects of the
protagonists which interestingly has as a result to reduce the differences between these
two entities. In the exemplifying contexts with the pot, there was a substantial decrease
in the number of children who said that the protagonist is a rigid thing, and that it is
contained in something. So, there were fewer differences between pot and child on the
containment factor. Neither protagonists are seen as contained in other things since they
contain the potential energy. Also, they appeared less as blockers in the exemplifying
contexts. They do not support anything in the examples and this becomes more obvious
since they need something else to support them. However, in the case of a ‘child up a
tree’, about three fourths of the children continued to say after seeing it as an example
that the protagonist can present autonomy (even though there was a statistically

significant decrease comparing the “yes” responses prior to and in the exemplifying
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context). The particular example could not constrain and successfully reduce the

appearance of the autonomy scheme, which appears to be too strong to be “suppressed”.

The Structure-related object in both exemplifying contexts was the ‘ground’. Mainly, it
was described as a blocker (mainly supporter), and containment (mainly as a container).
It is not clearly either a containment or a barrier since it can support something but
cannot prevent horizontal movement and has not rigidity (the other schemes that had
positive loadings for these factors). In both exemplifying contexts there was a
substantial decrease of the number of children who said that it is a support and a
container. However, in the case of a ‘child up a tree’ more than half of the children said
in the exemplifying context that it is a support. It seems that the tree which supports the
child needs to be supported by the ground while the balcony needs to be supported by
the building. The building does not play such a crucial role in the example as the tree.

This may be why they did not mention the support of the ground to the building.

The objects which are in contact with the Protagonist are the ‘balcony’ in questionnaire
A and the ‘tree’ in questionnaire B. The Surface related objects in both examples, turned
out to be blockers again becoming more similar than they were out of the exemplifying
contexts. ‘Balcony’ and ‘tree’ were described mainly as supporters. Going from the non-
exemplifying context to the exemplifying context, the tree, starting high as a barrier,
decreased in this respect. The balcony started (non-exemplifying context) lower as a
barrier, but increased. In fact, these changes brought the two, very close together as
barriers. Also, in the case of a ‘child up a tree’ there was an increase in the number of
children who said that the tree can make other things move. It seems that the branch is

thought of as able to break and make the child move whereas the balcony can not.

Both exemplifying contexts constrain the schemes for the description of the unrelated
object (air) to some extent. However the air, in the exemplifying context, continues to
be a dynamic invisible entity with the ability to present autonomous action as in the
non-exemplifying context. It is notable that while objects related to the example have
their associated schemes constrained when the example is presented, the unrelated

object does not to any great extent.
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In summary, with the special exemption of the scheme ‘force’ (in the case of the
structure-related objects) discussed above, objects in the two examples either stayed
close together or moved closer together (mainly the protagonists and the surface related
objects which appeared very different out of the exemplifying context), on all factors,
when going to the exemplifying context. Both examples constrain successfully most of
the irrelevant schemes for this examples. However, the scheme of autonomy appeared
too strong to be “suppressed”. In some cases the examples constrained different aspects
of two objects, reducing the difference between these entities at the level of their factor

description.
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6.3.2 Expansion

6.3.2.1 Children’s own examples of expansion

All children (73) gave some example of the idea: “Almost all solid things, expand when

they are heated. This phenomenon is called expansion”. However, two of them
gave the following counter examples of this idea: “When a brick is warmed up, it does
not expand because it is not made from aluminium, copper, iron etc.”, “Concrete does
not expand because it is not made of iron”. About one fourth of the children gave
examples similar to those that are used in their textbooks (8 children had an example
with ‘railways’ and 11 of them with ‘cables’). That might happen because children do

not see expansion normally, so they only know it through text-book examples.

The components of children’s examples of expansion fall into the broad categories: (a) a
protagonist, (b) the cause of expansion, and (c) the effects of expansion. The network

that was constructed from the analysis of children’s examples of expansion is shown in

Figure 6.10.

All children used a protagonist and only two do not specify a category of things (they
just say “things”). The idea that children were given, specifies a category of things as
protagonists, “almost all solid things”. So, children used as protagonists mainly solid
things such as metal, wooden, concrete and plastic objects. However one child used a
fluid, water. The most popular protagonists were metals (objects or kinds of metals) and

particularly iron objects.

Children’s examples of expansion include causes of expansion. Only 6 of the children
did not give any cause. The cause of expansion could be a structural related object
(mainly the sun), or a particular time characteristic (summer). They used in many cases
the description of a process/phenomenon as causes of expansion. Most of the children

used heat, or high temperature as the cause of expansion.

Furthermore, almost all the children stated effects of expansion in their examples of the
idea (only three did not write any effects). Most of the children named the concept of

expansion. They mainly used the expression that “x (the protagonist) expands” or that
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“the phenomenon is called expansion” or both. Children who did not name the concept
used expressions that describe the expansion such as: “the volume became bigger”, “it
became bigger”. However only one or two wrote about other effects such as melting or

evaporating.

154



Figure 6.10 Children’s examples of expansion
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6.3.2.2 Schemes for entities, with and without an idea exemplified
Children were presented with the following idea and one of the two following examples:

“Almost all solid things expand when they are heated.
This phenomenon is called expansion”

&n the summer the electric wires of the P.C.E are expanded between two
pylons because of the hzjgh temperature, so they are loose.

s
» ;!f‘

In the summer the railways lines, expand because of the high
temperature, so they make the line bend up in an arc.

Children were asked to describe in one of the two questionnaires the following five

objects:

A) example B) example
<@> Scientific Entity expansion expansion
X Protagonist railway lines wires
® Structure related object sun sun
O Surface related object trains pylons
X Unrelated object ground ground
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6.3.2.2.1 Interpretation of the Factors
The factor scree plot shows that 3 out of 8 factors have eigenvalues bigger than 1. The

three factors were retained, and subjected to oblique rotation. The three factors explain
71.7% of the variance. Table 6.3 and Appendix 6.5 presents the results of the analysis,

after oblique rotation.

Table 6.3 The factors for expansion

Factor 1 Factor 2 Factor 3

Support +

Invisible -

Barrier o+

Contained thing + +

Autonomy 4

Container +

Rigidity +

Force

Factor 1 has very high positive loadings for “support” and “barrier”. Also, it has very
high negative loadings for “invisible entity”. Factor 1 can perhaps be labelled
“Blocking” and appears to be a blocked vs. opened dimension. Factor 2 has the highest
positive loading for “autonomy”. It also has high positive loadings for “container”, and
positive loadings for “force” and “contained thing”. It may possibly be labelled
“Dynamic containment”. Factor 3 has very high positive loading for “rigidity” and high
negative loading for “force”. It might be labelled “Stability” and it may describe a
Stability (hardness) vs. flexible dimension. Appendices 6.6 and 6.7 show plots of factors

and the percentages of yes responses for each scheme.

6.3.2.2.2 Analysis of the Expansion examples
Figure 6.11 shows the factor scores of each object going from the non-exemplifying

context to the exemplifying context. Figure 6.12 show how many (in percentages)
children described the various objects with each scheme in the exemplifying context and
where we had statistical significant differences going from the non-exemplifying

context to the exemplifying context.
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Figure 6.11 Factor scores and their ‘movements’ for the examples with the rail

(top) and the wires (bottom)
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Figure 6.12 The percentages of children using each scheme to describe objects in

the examples of expansion
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Both examples appeared to contsrain most of the objects in similar ways. However, in

the case of the surface related objects (train and pylons respectively) the patterns of

movement of these objects in relation to the factors are very different.

The concept here, ‘expansion’ is not seen as able to block things, and appeared neutral

on the dimension of dynamic containment. Also it has not stability. Giving ‘cxpansion’

in an exemplifying or non-exemplifying context does not seem to make big differences
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to this entity. It appeared to be an invisible entity mainly prior to using it in an example
and to some extent in the exemplifying context. Children seemed to use pragmatic
reasoning, since they cannot easily observe the results of expansion in their everyday
life. The number of children who said that expansion is an invisible entity in the
example with the ‘railway’ (in which the picture presents a “big” expansion of the

railway lines) decreased more than in the other exemplifying context.

The role of protagonist in the two questionnaires was played by the ‘railway lines’ and
by the ‘wires’ respectively. Both protagonists were seen as good instances of blockers
(supporters rather than barriers) out of the exemplifying contexts. In the example with
the ‘railways’, many children continued to say that railways are a support while in the
other exemplification context with the ‘wires’, there was a great decrease in the “yes”
responses for the previous scheme, which may be because children think that a part of
the railways still support the train which is coming (in the image of the example) while
the wires do not support anything in the particular example. Furthermore both
protagonists are seen in the examples as less ‘stable’ things than out of the exemplifying
contexts, but for different reasons (decreases happened in different schemes). Children
described railways mainly less as rigid things (they can move upwards because of the
expansion) and wires as objects that cannot make other things (possibly the electricity)

move.

The Structure related objects (sun) appeared as a ‘rigid’ entity. When it is used in the
example with the wires only (not in the other example) the sun appcarcd as something
that can make other things move, presumably because it was the cause of the expansion

of wires and so the change of their position.

The Surface related objects which were used in the two exemplifying contexts were very
different. The train is a dynamic containment (it is a container and can move when it
wants), while pylons are stable blockers. The example with the railway could not
constrain to any extent the autonomy of the train. So, in the exemplifying context three
fifths of the children said that the train can move when it wants even though they could
see in the picture that the railway lines had expanded. In the example with the ‘wires’

more children described pylons as a support (than out of the exemplifying context) since
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in this example they supports the wires. A rarely appearing sort of support is when the
thing that support other things has a smaller size of surface than the thing that is
supported by it. An example of this sort of support appears to be the pylons which
support the electric wires. So, pylons in the example with the wires appeared more as
supporters in the exemplifying context than in the non-exemplifying context, perhaps
because the wires, having expanded, had become more salient and so their need of

support is more obvious.

The unrelated object was the ground for both examples. It is mainly a support, a
container. In the exemplifying contexts it lost these features. It did not play any role in
the examples, and only a very few children described it after the example with some

schemes.

So, both examples constrained the schemes that children used in the description of
objects - going from the non-exemplifying context to the exemplifying - in a way that
made different objects which played similar roles (e.g. protagonists) very similar.
However, in the case of the surface related objects, the train and the pylon became more
different in the exemplifying context concerning the support scheme. It seems to be a
result of the different relations that these objects had with the protagonists. The pylons
support the wires in the example while the train is supported by the railways. The
appearance of some increases in the exemplifying context show that the examples

highlighted some aspects of objects which are well hidden.

161



6.3.3 Thermal Equilibrium

6.3.3.1 Children’s own examples of thermal equilibrium

Almost all of the children gave some example (69 out of 72) of the following idea:
“When things come in contact, heat is transmitted always from the warmer to the
colder” (see Fig. 6.13). In their examples 16 of them used water as a protagonist which
was used as protagonist in the examples of their textbooks. These children described an
example similar to the textbook example where we bring into contact two containers
with hot and cold water. However, none of them described an example similar to the
other example in their textbook where we put a container with cold water inside a bigger

container with hot water .

Children used two objects in their cxamples to show the transmission of heat from the
protagonist (hot object) to the structural related object (cold one). The two objects were
the same or different. When they were same, fluids were mainly used such as water and
milk. However when they were different, solids were mainly used as protagonists as
well as structure related objects. Protagonists (hot things) were objects such as a radiator
or a category of objects such as a piece of iron. In the case of cold things (structure

related things) ice cubes were mainly used.

Thirty nine of the children did not use any container (surface related object) for their
protagonist or the structure related object as the examples in their book do. Around half
of the children described in their examples some containers of one or both of the
protagonists and the structure related object. Few described one of these two objects in a
container while the vast majority of them described both objects to be in two similar
containers or in the same container. So, most of the children who used surface related
objects, described the two objects in containers or a specific kind of container, e.g.

glasses.

Almost all described the protagonist as being kept away from the structure related
object. So, something had been done to them to allow the transmission of the heat from
the hot to the cold one. Children suggested mainly the following three things: thirty

wrote that we have to put the containers in contact, fifteen of them wrote that we have to
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put the substances (water) together and ten argued that we have to put the one container

beside the other.

Bringing the hot and the cold things into contact produces an effect. 55 out of 69
children described an effect. In their examples, they described effects which referred to
objects or to the process (the transmission of heat). 31 of the children said that heat is
transmitted from the hot thing to the cold. When the effect referred to objects children
described changes for both objects or just changes referred to the structure related object

(1t will warm up or it will melt in the case of ice cubes).
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Figure 6.13 Children’s own examples of thermal equilibrium
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6.3.3.2 Schemes for entities, with and without an idea exemplified
Children were presented with the following idea and one of the two following examples:

“When things come in contact, heat is transmitted always
from the warmer to the colder”

We put two pots with water (one containing hot and the other cold water)
in contact. The heat is transmitted from the hot to the cold thing.

We put one metal pot with hot water inside another bigger pot that
contains cold water. The heat is transmitted from the
hot to the cold thing.

Children were asked to describe in one of the two questionnaires the following five

objects:
(A) example (B) example
<@ Scientific Entity heat heat
X Protagonist hot water hot water
@ Structure related object cold water cold water
O Surface related object containers containers
X Unrelated object air air
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6.3.3.2.1 Interpretation of factors
The results of the factor analysis indicate that children's responses can be represented by

three important factors (see Table 6.4 below, & Appendix 6.8) which explain 94.7% of
the variance, one of which -factor 1- is very prominent (explains 60.6% of variance) and
the other two factors -factor 2 & factor 3- are minor factors (explain 20.5% and 13.6%

of the variance respectively).

Table 6.4 The factors for expansion

Factor 1 Factor 2 Factor 3

Support
Rigidity
Container

+ 4+ 4+ +

Barrier
Contained thing

Autonomy o
Force - L
Invisible + +

Factor 1 has very high positive loadings on "support”, "rigidity", "container", and
"barrier”. This factor can be labelled "Blocker-Container”. Factor 2 has very high
negative loadings for Contained thing and it has negative loading for "force". Also it
has high positive loading for invisible entity and positive loading for barrier. Factor 2
can be labelled "Invisible-Container”. Factor 3 has very high positive loadings on
"autonomy”’, “force" and high positive loading on "invisible entity”. It can be labelled
"Autonomous action by Invisible entities". Appendix 6.9 and 6.10 show plots of factors

and the percentages of yes responses for each scheme.

6.3.3.2.2 Analysis of the equilibrium examples
Figure 6.14 shows that the structure of the factor scores for the entities that have a

similar role in the two examples of equilibrium was very similar (see also for the
description of the figures that follow at the method of analysis section in the
introduction). The focus of this study is on the descriptions‘\'vhether and how examples
constrain the way that children view various entities. So the changes in factor scores

rather than their values will be described from Figure 6.15.
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Figure 6.14 Factor scores and their ‘movements’ for the examples with the pots in
contact (top) and the one pot inside the other (bottom)
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Figure 6.15 The percentages of children using each scheme to describe objects in

the examples of thermal equilibrium
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Heat, out of the exemplifying context, appeared as an Invisible-Container, it became

neutral as an Invisible-Container when it was used in the context of an example. It

happens for different reasons in the two exemplification contexts. On the one hand,

more children looking at the ‘contact example’ described heat as an entity contained in

other entities (water), as well as one that can present autonomous action. On the other

hand, in the ‘inside example’ the number of children who said that it can make other
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things move was increased even more than in the other example. Both increases in
‘contained thing’ and ‘force’ variables respectively had as result the decrease of heat’s
factor score for the Invisible-Container factor since it had negative loadings for these

variables.

"Hot water" is not seen as an Invisible-container. Also it is neutral as a Container
blocker and as an invisible entity which presents autonomous action. In both example-
contexts it lost even more its feature as a container-blocker. In the example with the one
container inside another, it lost even more its feature as invisible-container, but in the
example with the containers alongside this feature increased. That difference happened
because 1n the exemplifying context with the two pots in contact, the number of children
who said that the ‘hot water’ has a feature of force was more or less the same as prior to
its use in an example, while in the other exemplifying context there was an increase in
the number of children who attributed the force scheme to the ‘hot water’. This increase
had as a result the decrease of the factor score for the invisible-container (it has negative
loadings for the scheme ‘force’). In the exemplifying context with the smaller pot

inside the bigger one, the ‘hot water’ lost significantly its features as support.

Cold water is seen as neutral as a Container-blocker and as an invisible entity which can
present autonomous action. The number of the children who said that the "cold water" is
a container decreased a lot in the case of the two pots in contact but did not change at all
in the exemplifying context with the smaller pot inside a bigger pot. These decreases

resulted in the cold water appearing less as a Container-blocker in the examples.

The ‘containers’ used for liquids (water) are Container-blockers and Surroundings. Also
they are not invisible entities which can provide Autonomous action. In the
exemplifying context with one pot inside a bigger one, there was a decrease in the
number of children who said that the "containers for liquids" are barriers, and rigid
things. In the exemplifying context with the two pots in contact, containers for liquid
lost even more their features as something that can support other things, as contained
things and their rigidity. That had as a result a decrease in the factor scores of the

‘containers for liquids’ as blocker-containers.
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"Air" cannot block other things, but it constitutes a very good example of invisible-
container and of an invisible entity which can produce autonomous action. In the
exemplifying contexts, there is a decrease in “autonomous action by an invisible entity”,
but an increase in it as an invisible container. In the exemplifying contexts, almost none
of the children said that air is a support or a barrier. Nor did it constitute an example of a
contained thing or of a container. Also, a substantial decrease left only a minority of
children saying that "air" has autonomy which can move other things or that it is an

invisible entity.

The concept heat appeared in both exemplifying contexts more as an entity that can
make other things move. The heat and the hot water to some extent became in the
exemplifying contexts dynamic entities from being static entities. It seems that before
the examples, the children saw heat as an invisible-container that is around beings on
the earth. In both exemplifying contexts, they saw it more as a contained thing in
another entity such as the water. It is worth mentioning that similar changes occuring in
the two examples at the level of factors can be explained in different ways at the level of
schemes as discussed above in the case of heat. So, different examples might constrain
the schemes that one can use to describe objects making the entities (that play the same
role) similar, but also two examples might constrain different schemes of an entity to

make its appearence in the exemplifying context similar at the level of factors.
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6.3.4 Inertia

6.3.4.1 Children’s own examples of inertia
All the children (61) gave some example of the idea: “The bigger the mass things have,

the more difficulty they have to move, because they present big inertia” (see Figure
6.16). Five of them described an example similar to one of those used in their textbooks

(a lorry will move with greater difficulty and move slower than a car).

The children’s examples consist of a protagonist which can or cannot move in a certain
way (effect) and a cause that justifies that effect. Almost half the children used in their
examples two protagonists describing a comparison between two objects; slightly more
used one protagonist. All the children (except one) specified particular objects as
protagonists. The children preferred to use inanimate than animate things as

protagonists.

In the examples with one protagonist many of the children used as protagonist a rock or
a stone. The cause that they are big (24 children) had as effect that they are not easily
moved mainly by another object, by us (persons) or by themselves. Very few of the

children (5) described inertia itself as a cause, or named it as a concept.

In the examples with two protagonists, the comparisons were between similar or
different objects. In the case of similar objects a big and a small object of the same kind
was used. In the case of different objects, the children mainly compared a lorry with a
car or a moped. Making a comparison between the two objects they said that the big
thing can move with a greater difficulty or less speed while the small thing can move
more easily or faster, or that the big thing cannot move while the small thing can. There
were some children who compared an elephant with smaller animals such as a cat or a
hare. As above they also used as the cause of the difference in movement the difference
in their size (big-small). Some (more than in the examples with one protagonist)

mentioned inertia as a cause and named difference in inertia of these objects.
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Figure 6.16 Children’s own examples of inertia  rock (10)
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6.3.4.2 Schemes for entities, with and without an idea exemplified

Children were presented with the following idea and one of the two following examples:

“The bigger the mass things have, the more difficult they
have to move, because they present big inertia”

#

A lorry that has bigger mass than a car will move with greater difficulty
and move slower than the car.

A child can easily move a small toy-elephant, but it is much more
difficult to make a big elephant move.

Children were asked to describe in one of the two questionnaires the following five
entities before and after they were presented with one of the pictures showing the

entities together with the idea they exemplify:

(A) example (B) example
Scientific Entity inertia inertia
X Protagonist lorry elephant
@ Structure related object car toy elephant
O Surface related object ground ground
X Unrelated object air child
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6.3.4.2.1 Interpretation of the Factors
The factor scree plot shows that 3 out of eight factors have eigenvalues bigger than 1.

The three factors explain 80.6% of the variance. The rotated factor matrices for the

oblique solution are provided in Table 6.5 and in Appendix 6.11.

Table 6.5 The factors for inertia

Factor 1 Factor 2 Factor 3

Invisible
Rigidity
Support

+ + +1

Container

Force

+ +

Autonomy

Contained thing _
Barrier +

Factor 1 has very high positive loadings on “rigidity”, “support” and very high
negative loadings on “invisible entity”. It also has a high positive loading on
“container”. It can be labelled “Container-Supporter”. Factor 2 has very high positive
loadings for “force” and ‘““‘autonomy”. It can be labelled ““ Autonomous action”. Factor
3 has very high positive loading for “barrier” and very high negative loading for
“contained thing”. It can be labelled “horizontal blocker” . Appendix 6.12 and 6.13

show plots of factors and the percentages of yes responses for each scheme.

6.3.4.2.2 Analysis of the inertia examples
The following figures, (Fig. 6.17 & 6.18) show how the factor scores for each object

and the percentages of children who used various shemes to describe objects changed

going from the non exemplifying to exemplifying context.
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Figure 6.17 Factor scores and their ‘movements’ for the examples with the lorry
(top) and the elephant (bottom)
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Figure 6.18 The percentages of children using each scheme to describe objects in

the examples of inertia
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In this task “inertia” was the scientific concept. It is seen neither as a Container-

Supporter nor as able to present autonomous action. It appeared to some extent as a

horizontal blocker. Comparing the exemplifying with the non-exemplifying contexts,

there were no big changes in factor scores on inertia for each factor, although in the

exemplifying context with the lorry, inertia tended to have a bigger factor score as a

horizontal blocker than prior to using it in an example, while in the exemplifying
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context with the elephant its factor score on this becomes smaller. Also, around half of
the children said that inertia is an invisible entity in the non-exemplifying context, with
a small increase in this number in the exemplifying context with the lorry. However in
the group which had the elephant as an example, most of the children said that inertia is
an invisible entity. So, inertia had different behaviour in the two exemplifying contexts

mainly in respect of the schemes barrier and invisible entity.

There were two different protagonists in the two exemplifying contexts. The ‘lorry’
which attempts to move by itself (or by a human who was inside the system) and the
elephant which a child attempted to move. The lorry is mainly seen as a container which
can support other things (high factor score for the factor container-supporter) while the
elephant 1s seen as something that has autonomy and can make other things move (high
factor score for the factor autonomous action). In the contexts of use in examples, the
elephant became mainly a horizontal rigid blocker while the lorry lost a lot of all its

features.

Both examples from the text book were based mainly on comparisons (between lorry
and car, and between elephant and toy-elephant). The ‘car’ and the ‘toy-elephant’ were
the Structure related objects. The car is seen as a container which can support other
things while the toy elephant is seen as a contained thing rather than a container. In the
exemplifying context, the car was neutral concerning the factors of Container-Supporter
and autonomous action, and had a big decrease as a horizontal barrier, whilst the toy-
elephant became more negative as a Container blocker. In the contexts of use in
examples, the difference between the elephant and the toy-elephant for the schemes of
barrier and rigidity is clear, there was a substantial increase in the number of children
who described the elephant as a rigid barrier while only some children used the same
schemes for the toy-elephant. In contrast, there is no big difference in the schemes that

were used for the description of the car and the lorry

The Surface related object (ground) is mainly a support, a container (container-support).
In both exemplifying contexts it appeared less as a container. In the exemplifying
context with the lorry, it became less a support and more a barrier. However, in the

exemplifying context with the elephant, it became somewhat more a support and less a
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barrier. The idea used for the concept of inertia focused on the difficulty of making any
change in the position of things. Something therefore had to appear as a blocker. In the
exemplifying contexts of this idea children describe the elephant (the protagonist) as the
horizontal blocker while in the lorry-example inertia (the concept) and to some extent

the ground (the Surface related objects) played the role of horizontal blockers.

The unrelated objects for this idea were the air and the child (it is not clear that the child
is a good choice as ‘unrelated’ object. However, it turned out that the behavior of its
factor scores shows a pattern very similar to those of other unrelated objects). Both the
air and the child are seen as something that can present autonomous action. The air is
seen neither as a Container blocker or a horizontal barrier while the child is seen as a
container blocker rather than a horizontal barrier. In the context of using them in an
example, both lost some of their autonomous action feature. Also the air kept constant
its negative factor score as a container blocker and became neutral as horizontal barrier
while the child became a horizontal barrier rather than a container blocker. The ‘air’ and
the ‘child’ lost their features in the examples, presumambly because they were unrelated

to the idea.

Both exemplifying contexts do not make children see inertia very differently. The
examples constrain most of the schemes that describe objects which play a similar role
in the two examples, to make them more similar than they were out of an exemplifying
context. The main exemption in that rule is the case with the protagonists: in contrast
with the lorry, the elephant is seen more as a rigid thing, going from the non-
exemplifying to the exemplifying context. However, these two objects became more
similar at the level of the factor scores (and for the factor 1 which includes the scheme

of rigidity) going from the non-exemplifying to exemplifying context.
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6.3.5 Upthrust

6.3.5.1 Children’s own examples of upthrust
Most of the children (57 out of 63) gave some example of the idea “on a thing that it is

in a liquid there is a force acting upwards from the liquid. This force is called upthrust”.
Twenty of them used in their examples a ball as a protagonist and gave examples similar
to (but not the same as) the textbook example where a child attempts to sink a ball in a
washbasin with water. However, just one child gave an example similar to the other
example in their textbooks where a child can more easily lift a stone in the sea than out
of it. Figure 6.19 shows the network that was constructed from the analysis of children’s

examples of upthrust.

Almost all children gave an example using a specified protagonist. Protagonists were
mainly objects or in some cases substances. Objects were made mainly of plastic or
wood. These materials can float at the surface of the water and make the existence of the

upthrust obvious. Many children used a plastic ball as protagonist.

All children used a liquid, mainly water as a structure related object. The three major
categories that were used are the following: thirteen children said that the protagonist is
in water, eleven said that it is in a wash basin with water, and fourteen of them that the

protagonist is in the sea.

Most of the children justified what the protagonist does in/on the structure related
object. It floats or goes up (again) at the surface or the structure related object keeps it
up at the surface. So, most of the children defined the position of the protagonist since it
was the evidence for the force that the structure related object exerts on it. In contrast
with the examples of their text books which used persons as surface related objects, very
few children’s examples included any surface related object. Only four of them said that
we sink the protagonist, two of them that we push it down, and just one that we raise it
up more easily. Around half of the children named the scientific concept upthrust in
their examples. Most of the children who did not use the name upthrust gave a
description of what the structure related object does to the protagonist, that is, it exerts a

force from down to up.
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Figure 6.19 Children’s own examples of upthrust - bottle (4)
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6.3.5.2 Schemes for entities, with and without an idea exemplified

Children were presented with the following idea and one of the two following examples:

/

“On a thing that is in a liquid there is a force acting
upwards from the liquid”

+ It is very difficult to push ater, if you let it free it
~ will come out, because of the upthrust that it gets from the water.

N

A thing seems lighter in water than out of it, because of
the upthrust from the water.

Children were asked to describe in one of the two questionnaires the following five
entities before and after they were presented with one of the pictures showing the

entities together with the idea they exemplify:

(A) example (B) example
Scientific Entity ' upthrust upthrust
< Protagonist ball stone
® Structure related object water sea
O Surface related object child child
X' Unrelated object plastic basin ground
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6.3.5.2.1 Interpretation of the Factors
The factor scree plot shows that 3 out of 8 factors have eigenvalues bigger than 1.

Oblique rotation extracted three factors (see Figure 6.10 below and Appendix 6.14) that

accounted for 70.1% of the variance.

Table 6.6 The factors for upthrust

Factor 1 Factor 2 Factor 3

Force +

Autonomy +

Invisible -

Rigidity +

Contained thing +

Support + +
Barrier o+
Container 4+

Factor 1 has very high positive loadings for “force” and “autonomy”. It can be labelled
‘““ Autonomous action”. Factor 2 has very high positive loadings for “rigidity” and high
positive loading for “contained thing”. Also it has high negative loadings for “invisible
entity”. It can be labelled “Stable Contained thing”. Factor 3 has high positive loadings
for “support” and ““barrier” and positive loading for “container”. It can be labelled
“Container-blocker”. Appendices 6.15 and 6.16 show plots of factors and the

percentages of yes responses for each scheme.

6.3.5.2.2 Analysis of the Upthrust examples
Figure 6.20 shows that the factor scores for the entities which have a similar role in the

two examples of upthrust were different for many of them: protagonist, structure related
objects and unrelated objects (see also for the description of the figures that follow at
the method of analysis section in the introduction). However the changes that happened
going from the non-exemplifying to exemplifying context and represented in the Figure
with the arrows for these entities were similar. Figure 6.21 shows the changes going
from the non-exemplifying to exemplifying contexts, in the percentages of children who

described the objects using various schemes.
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Figure 6.20 Factor scores and their ‘movements’ for the examples with the ball
(top) and the stone (bottom)
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Figure 6.21 The percentages of children using each scheme to describe objects in

the examples of upthrust
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Upthrust is neither a stable contained thing nor a container-blocker and it is negative to

some extent for autonomous action. It is seen as an invisible entity. In the exemplifying

context with the ball, ‘upthrust’ appeared as container-blocker (it was described as a

barrier) but not in the other context. This perhaps happens because the child in the

exemplifying context with the ball attempted to push the ball and something like a

barrier rejected this movement, while in the exemplifying context with the stone, the

upthrust helps the child to lift the stone up. More children in both exemplifying contexts

described 1t as something that can make other things move and support other things than
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than they did prior to using it in an example. Upthrust appeared as a container blocker in
the example with the ball (substantial increases in the number of children who said that

upthrust is a barrier and support).

The protagonists were the ball and the stone respectively. The ball is seen as a stable
object contained in other things which is not a container blocker and does not have
autonomous action. In the context of use in an example, the ball appeared less as a
stable contained in thing. The stone is a stable contained thing and a container blocker
but does not have autonomous actions. In the exemplifying context, it appeared less as a
stable contained thing and was no longer a container blocker. In the exemplifying
contexts the differences between the ball and the stone are described by the schemes
contained thing, and container. The stone is described by children as a contained thing
(in the sea) while the ball rather than the stone is described by them as a container (full

of air).

Water is seen as being able to present autonomous action to some extent but it is neutral
with respect to the other factors. In the exemplifying context, the children thought of it
more as a container-blocker (more children said that the water is a barrier) and even
more as a stable contained thing; it then appeared no longer as having autonomous
action. The sea is seen to some extent as a container-blocker which is neutral in
autonomous action and is not a stable contained thing. In the examples, more children
said that the sea rather than the water was the container. This may happen because in the
picture some part of the ball was not in the water, and it did not appear as a good

instance of a container.

The child is seen as something contained in other things and a support in the case of the
example with the sea . In both exemplifying contexts it can make other things move and

it has autonomy.
Unrelated objects appeared as container-blockers. They were described out of the

context of using them as examples, as rigid things, which can support or block things.

However in the context of examples, they lost a lot of these features.
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Both examples appeared to constrain schemes of objects in a similar way. However, in
the case of the surface related objects, more children described in the example with the
stone the ‘child’ as a supporter and a contained thing (in the sea) while fewer children in
the example with the ball described it using these schemes. It is worth mentioning that
some big increases occurred in the number of children going from the non-exemplifying
to exemplifying context. In the example with the ball more children described upthrust
as support and barrier. The particular example highlighted these schemes of upthrust
that are well hidden .
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6.3.6 Counter Example-Heat

6.3.6.1 Children’s own examples of transmission of heat

30 out of 38 gave a counter example of the idea “a lot of things allow heat to pass
through their mass easily”. Six of them used as counter example a protagonist similar to
the example that is used in their textbook (a glass rod). Five gave as protagonist a thing

that does allow heat to pass through their mass such as iron or water.

Most of the children wrote as an example just a protagonist without any other
component. Children mainly used as protagonists the following:

(a) wood (9) or wooden objects (3) such as a window or a fence,

(b) glass (1) or a glass rod (6), and

(c) plastic (5) or a plastic object such as a ball (1).

However, a small minority of children described the place where we have to put the

protagonist to see that it did not allow the heat to pass through it. They suggested

putting them on a radiator (2), a fire (3), a fireplace (1) or in the sun (2).
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6.3.6.2 Schemes for entities, with and without an idea exemplified

Children were presented with the following idea and example:

[ “A lot of things allow heat to pass through them easily” ]

yuaAivn

We éan touch the edge of a glass tube without getting burnt, because the y
glass tube doesn’t let the heat pass easily through it.

Children were asked to describe in a questionnaire the following five objects:

<@ Scientific Entity heat
X Protagonist glass
@ Structure related object gas stove
O Surface related object hand
X Unrelated object air

6.3.6.2.1 Interpretation of the Factors
The Factor scree plot shows that 2 out of eight factors have eigenvalues bigger than 1.

The two factors explain 78.9% of the variance. The rotated factor matrix for the varimax

solution are provided in Table 6.7 and in Appendix 6.17.
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Table 6.7 The factors for the transmission of heat

Factor 1 Factor 2

Autonomy
Force
Barrier

+ 4 4+

Contained thing

Invisible
Support
Container
Rigidity

+ 4+ +1

Factor 1, has very high positive loadings for ‘barrier’, ‘force’, ‘autonomy’ and high
positive loading for ‘support’. It can be labelled ‘dynamic blocker’. Factor 2, has very
high positive loading for ‘container’, ‘rigidity’ and very high negative loading for

‘invisible entity’. It can be labelled ‘rigid container’.

6.3.6.2.2 Analysis of the counter example about the transmission of heat
Figure 6.22 shows that the structure of the factor scores for the entities as they were

described both in an non-exemplifying and in an exemplifying contexts by children (see
also for the description of the figures that follow at the method of analysis section in the
introduction). Figure 6.23 shows how many children used the various schemes to
describe each entity and which schemes were preferred more or less (only statistically
significant difference are represented) by children going from the non-exemplifying to

exemplifying context.
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Figure 6.22 Factor scores and their ‘movements’ for the example with the glass
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Figure 6.23 The percentages of children using each scheme to describe objects in
the counter-example of transmission of heat
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‘Heat’ is neither a ‘dynamic blocker’ nor a ‘rigid container’ in all contexts. Children
used mainly just one scheme to describe ‘heat’, invisible entity. There were no big
changes in children’s responses between the non-exemplifying and the exemplifying

context.

The protagonist was the glass. ‘Glass’ is not seen as a ‘dynamic blocker’ but it is seen to

some extent as a ‘rigid container’. In the context of use in an example it became more a
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‘rigid container’ since there was an increase of the number of the children who

described the ‘glass’ as a ‘rigid’ thing.

‘Gas-stove’ is seen as a ‘rigid container’. In the exemplifying context the ‘gas-stove’
became even more a ‘rigid-container’. Many of the children described it as a container,
around half described it as a ‘rigid’ thing, and there was a statistically significant

increase in the number of the children who said that the gas-stove is a support.

The person’s hand that keeps the glass above the gas-stove is the surface related object.
The ‘hand’ is described as a ‘dynamic blocker’ and to some extent as a ‘rigid container’.
In the exemplifying context it appeared more as ‘rigid container’ (more children

described it as a ‘container’) and lost most of its features as ‘dynamic blocker’.

‘Air’ is to some extent a ‘dynamic blocker’ and it is not a ‘rigid container’. In the
exemplifying context it appeared as not a ‘dynamic blocker’. It lost its features as a
thing that can make other things move, a contained thing and as a thing that has

autonomy.
The counter example did not very much constrain the scientific entity, the protagonist

and the structure related object. More changes appeared in the case of the surface related

and unrelated objects.
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6.3.7 Counter example-Gravity

6.3.7.1 Children’s own examples of gravity

32 out of 38 children wrote a counter example of the particular idea “when things go up
they must come down (on the ground), because of gravity” (see Fig. 6.20). Most of
them thought of the word ‘must’ as meaning ‘immediately’ and gave as a counter
example a thing that will come down only after some time. Furthermore, only four
children gave a counter example similar with that used in their textbooks (a rocket or a

satellite).

Children’s examples consists mainly of three components: (a) a protagonist, (b) the

position of the protagonist, and (c) the position of the protagonist after some time.

Protagonists were mainly artefacts or natural kinds. The most popular protagonists were
a balloon with helium and the aeroplane. Protagonists in most cases were imagined to be
on the ground. Most of the children’s counter examples describe an event in which the

protagonist has or takes a (new) position far away from the earth.

Quite few children said in their examples that the protagonist does not come down

except it wants to, or if we want it to come down.

However, most children gave as an example a thing that will come back to the earth
after some time. So, the counter example was related to the time that the protagonist
needs to come back. Children used mainly three (quite similar) expressions to describe
what the protagonist will do when it is far away from the earth: (a) ‘It takes a long time
for the protagonist to fall to the ground, or (b) ‘it will come back after some time (or
hours)’, or (c) ‘it can stay in the sky or in the air for some time’. A minority of children
gave conditions about when the protagonist will come back, such as ‘till it reaches its

destination’, or ‘only when it breaks’, or ‘while its fuels lasts’.
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Figure 6.24 Children’s own examples of gravity
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6.3.7.2 Schemes for entities, with and without an idea exemplified

Children were presented with the following idea and example:

“When things go up, they must come down (on the
ground) because of the gravity”

\ .
N /
‘\___-

A rocket launched from the earth with speed more than 40,000 Km per
hour. So it beats the earth’s cit{r_q’ction and doesn’t come back. .

Children were asked to describe in a questionnaire the following five objects:

<> Scientific Entity gravity
X Protagonist rocket
® Structure related object ground
O Surface related object people
X Unrelated object air

6.3.7.2.1 Interpretation of factors
The results of the factor analysis indicate that responses can be represented by two

important factors (see Table 6.8 below and Appendix 6.18) . The two factors jointly

explain 76% of the variance.
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Table 6.8 The factors for gravity

Factor 1 Factor 2

Invisible
Container
Support
Barrier
Rigidity

+ 4+ 4+ +1

Autonomy
Contained thing

++ +

Force

eb N 11 7 ¢

Factor 1 has very high positive loadings for “barrier”, “support”, “container” variables,
and very high negative loading for “invisible entity” variable. Also it has high positive
loading for “rigidity” variable. It can be labelled “Container-Blocker”. Factor 2 has very

high positive loadings for “autonomy”, “contained thing” and “force” variable. It can

be labelled “Active contained thing”.

6.3.7.2.2 Analysis of the counter example about the gravity
Figure 6.25 shows that the structure of the factor scores for the entities as they are

described both in an non-exemplifying and in an exemplifying contexts by children. The
next Figure (Fig. 6.26), shows how many children used the various schemes to describe
each entity and which schemes were preferred more or less (only statistically significant
differences are represented) by children going from the non-exemplifying to

exemplifying context.
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Figure 6.25 Factor scores and their ‘movements’ for the example with the rocket
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Figure 6.26 The percentages of children using each scheme to describe objects in

the counter-example of gravity

FACTOR 1

FACTOR 2

Invisib Contain  Support Barrier Rigid

GRAVITY

GROUND

PEOPLE

AIR

Auton

Con. in Force

- T -

ravi i i iner- I’ nor an 1ve contained thing’. The scientific
“Gravity” is neither a ‘container-blocker’ nor an ‘act t d thing’. Th tifi

concept (gravity) was described by students as an invisible entity which is a potential

cause of movement. There was no difference in children’s responses about ‘gravity’

between the exemplifying and non-exemplifying context.

The ‘Rocket’ was used as the protagonist. It appeared as a container-blocker (‘container’

and ‘rigid’ thing) which was neutral on the ‘active contained thing’ factor. In the

exemplifying context it appeared even more as a ‘container-blocker’ (more children
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described it as a ‘barrier’). There were no other big differences in responses dependent

on context.

The ground 1s a ‘container blocker’ and not an ‘active contained thing’. In the
exemplifying context it appeared less frequently as ‘container-blocker’. The ground
appeared in the exemplifying context to lose its features as container, support and

barrier.

The surface related objects, ‘people’ in the rocket, were seen as ‘container-blockers’ and
at the same time as ‘active contained things’, but in the exemplifying context they were
imagined as not ‘container-blockers’ since they lost their features as barriers, supports
and containers. However, they appeared more as contained things probably because they

were in the rocket.

The ‘air’ is seen as an ‘active contained thing’ and not a ‘container-blocker’ appearing

less frequently as ‘an active contained thing’ in the exemplifying context.

This counter example (as the previous one) did not make a big change to how children
saw the scientific entity and the protagonist in an exemplifying vs non-exemplifying
context. It seems that it constrains mainly the surface related and the struture related

object.
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6.3.8 Analysis of all examples

Factor analysis of the eight variables was performed using a principal components
extraction and varimax rotation. Three factors were extracted accounting for 74.6% of
the total variance. The factor solution based on the total group is presented in Appendix

6.19.

Factor 1 accounted for 38.1 % of the variance and has very high positive loadings for
support, high positive loadings for container and rigidity and very high negative loading
for invisible entity. Also it has positive loading for barrier. Factor 2 has very high
positive loadings for the force and autonomy variables. Factor 3 has very high positive
loadings for contained thing and high negative loading for barrier. Therefore, the first
factor was interpreted as “Blocker-Container”, the second factor as ‘“Autonomous

action” and the third factor as “Contained things”.

A multivariate analysis of variance was then used to explore the causes of the changes
from the exemplifying to non-exemplifying context. Dependent variables were the
factor scores of each of 120 objects in the three factors that were extracted from the
factor analysis. The independent variables were: (a) the role of each object in the
exemplifying context, (b) participation or not in an exemplifying context, (c) the various

ideas, (d) the various examples.

The MANOVA resulted in a higly significant effect of the roles of objects and the
exemplifying context, on all the dependent measures (the synthesis of the factors). The
various roles of an object had an effect on the score on factor 1 (F=41.48, p=0.000),
factor 2 (F=5.38, p=0.001) and factor 3 (F=9.33, p=0.000). The participation of objects
in an exemplifying or non-exemplifying context had an effect on factor 1 (F=14.8,
p=0.000) and factor 2 (F=7.21, p=0.008) but not on factor 3. There was no interaction

between these two independent variables.

Also, the ten objects that were described by children in each questionnaire (five objects

in and out of exemplifying context) had a significant effect on factor 3.
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6.4 Discussion

6.4.1 Children are able to give examples of ideas
A previous study (Wilson, 1986) with elementary school students suggested that their

examples were inconsistent with conventional mathematics definitions. In the current
study children were asked to give an example of an idea that was to be found in their
science textbooks. The children’s responses can be classified into three subcategories
which are used frequently in the literature on exemplification: positive examples,

negative examples and non-examples (Byrd et.al., 1992)

Almost all of the children were able to give an example of an idea, and the basic
example itself was often a positive example. Particularly in the case of the ideas of

potential energy and inertia all children gave an example.

For the other ideas, there were still very few children who did not give any example or
gave a non-example (that is an example which shows things that are not part of the
given idea. 2, 3 and 6 children did not gave an example of the ideas of expansion,

thermal equilibrium, and upthrust respectively).

More problems appeared with the children who were asked to give a counter example of
an idea. Six (out of 38) did not give a counter example of the idea of gravity while eight
(out of 36) did not give a counter example of the idea of transmission of heat (five of
them gave an example instead of a counter example). Constructing (or using) counter
examples requires an understanding of ideas, recognition of the inconsistency between
the idea and the counter example, and deductive reasoning, and this is relatively difficult

for students (Lakatos, 1976).

All the ideas that were given to the children were about a scientific concept. Asking
children to exemplify the idea we can explore how the concepts are used. Wittgenstein
(1953) argues in ‘Philosophical Investigations’ that concept meaning is closely related
to how the concepts are used. The fact that children are able to give examples of ideas is

evidence that they have some meaning for the relevant concepts. Furthermore, the
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variation of children’s examples is evidence for the various kinds of uses that a concept

can have for them.

Children can make the transformations from abstract ideas to concrete examples and
they can establish connections between abstract and various concrete examples. But,
ideas do not work in the same way for all children, and through the analysis of
children’s examples it is possible to identify their different meanings for various

concepts.

6.4.2 Children’s examples are different from their textbook examples

For some of the ideas the children’s examples were very different from their textbook
examples, whilst for others, some of the children gave examples similar to these used in

their textbooks.

In the case of the idea of potential energy, no child gave an example the same as the
examples used in their books. Only five gave an example of the inertia idea similar to
those in their textbooks. Furthermore, in the case of the counter examples of two ideas
(gravity and transmission of heat) only four of the children gave an example using as
protagonist a rocket or a satellite and only six of the children gave an example using as a

protagonist a glass‘\ (which were the protagonists in the textbook examples).

However, for the other ideas some children did give examples similar to those in their
textbooks: (a) one fourth of the children gave one of the two examples that are used for
the idea of expansion, (b) one fifth of the children gave an example of thermal
equilibrium similar to their textbook example where two containers are in contact, and
(c) one third of the children gave as an example of upthrust a ball that floats on the

surface of a fluid, which was similar to an example that was used in their textbooks.

The reasons for the existence of a difference in the number of children who gave an

example similar to those in their textbooks may have been that:

(a) the children did not want to use textbook examples. Children can use a range of

examples for an idea. Textbook examples were not perceived as the best examples of
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the particular idea by the children. In this case the children use another example
which they believe is better than their textbook example. So, they used “an aeroplane
high up in the air” as an example of potential energy rather than “a child up a tree”
because the aeroplane has more potential energy, and the more potential energy the

better the example.

(b) the children could not use textbook examples. It is possible that the children did not
remember all the examples well. So, in some cases many of them had to construct

their own example.

6.4.3 The roles of objects vary among examples of different ideas

The children gave examples of ideas which almost all had a protagonist. However, there
were big variations in the existence of objects which play other roles in the examples, as
shown in Table 6.9 (how many children used objects that play each of the four roles in

their examples)

Table 6.9 The percentanges of children using objects that play each of the four
roles in their examples

Examples Protagonist  Surf.Rel.Ob Stru.Rel.Ob Sci.Concept No of childr

Pot. Energy 100% 25% 18% 85% 72
Expansion 97% 0% 22% 68% 73
Equilibrium 96% 42% 96% 43% 72
Inertia 100% 0% 43% 21% 61
Upthrust 90% 11% 90% 48% 63
Counter Ex.

Heat 79% 0% 21% 0% 38
Gravity 84% 0% 60% 0% 38

In the case of structure-related objects the children seem to think that the ideas of
potential energy, expansion and inertia referred to properties which are associated with
one object and they usually did not include another structure-related object in their

examples. However, the children thought that ideas of thermal equilibrium and upthrust
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referred to more relational features and added to their examples a structure-related

object to focus on a comparison between the features of this object and the protagonist.

Surface-related objects were used in quite few examples of ideas. It seems that objects
which can play this role in an example are not so important for children although in all
the textbook examples surface related objects could be identified. Surface related
objects were identified mainly in the children’s examples of the idea about thermal
equilibrium (containers for liquids are used) and in their examples of potential energy

(some used a blocker to support an object away from the earth).

For most ideas, many children used in their example the name of the scientific concept,
particularly with the concepts of potential energy and expansion, and to some extent
with inertia. In the last case, they preferred to say that the cause of the fact that an object
can be harder to move than another is that it is bigger, without using the name of inertia.

It seems that inertia is a hard concept for children.

It 1s obvious in the previous discussion of the results, that the children gave as a counter-
example an object (protagonist) while other entites like surface or structure related
objects were not used. It seems that when the children were asked to give a counter-
example they suggested objects that might behave in a different way from the particular
one that the idea was describing rather than a counter event. So, most of the children
used only a protagonist as a counter-example in both questionnaires. Particularly in the
first counter example only a very small minority of the children used a structure related
object while in the case of the idea with the gravity most of them used a protagonist and
focused on its position and on the time that it will takes for the protagonist to come

down to the earth.

6.4.4 Comparing the factors for different ideas - Packages of schemes

The children's responses were subjected to factor analyses, together for both groups.
Factor analyses were based on the correlations between questions using the percentages
of the total number of children who identified one of the eight schemes for a particular

object in non-exemplifying and in exemplifying contexts.
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Factor analyses were used to identify the underlying (hypothetical) constructs that could
explain the covariation among responses in the items of the questionnaire. Factor
analyses were used to explore structures of schemes: (a) within each idea, and (b)

among the 120 items across all ideas.

The factors that have been extracted for each group of children who took part in the

questionnaire for each idea and the proportion of variance explained by them, are shown

in Table 6.10.

Table 6.10 The factors extracted for each idea

Factor 1 Factor 2 Factor 3
Potential Static Object | Containment Blocking
Energy 54.5% 22.4% 11.8%
Expansion Blocking Dynamic Containment | Stability
39% 19.4% 13.3%
Thermal Blocker- Invisible-Container Autonomous
Equilibrium Container action
60.6% 20.5% 13.6%
Inertia Container- Autonomous action Horizontal
Supporter Blocker
39.4% 23.2% 18%
Upthrust Autonomous | Stable Contained Container
action thing Blocker
28.9% 25.5% 15.7%
Counter (heat) | Dynamic Rigid Container
Blocker
42.4% 36.5%
Counter Container Active Contained
(gravity) Blocker thing
45.5 30.3%
All examples Blocker Autonomous action Contained
Container things
37.9% 22.7% 13.8%

The factor structures which emerged for each idea were remarkably similar. There are

schemes which appeared together, as a group or package in various factors:

(a) Barrier and support were moderately correlated for most of the ideas and constitute a

blocking factor, or a more complicated but related factor. So, in the case of upthrust they
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appeared together with Container constituting the factor Container-blocker and in the
1dea of equilibrium they came together with container and rigidity constituing the factor
Container-blocker. Also, rigidity was a scheme which usually appeared with support
and Barrier and never with force, autonomy and invisible entity. It seems that aimost all
of the things which are barriers can support other things at the same time and vice versa,
even horizontal sticks’ such as pylons was seen by the children as supporters of wires.
However in the examples about inertia they belong to two different factors. In this case
the concept of inertia appeared in this idea just as a barrier without being at the same
time a support. It is clear the difference between the concept of inertia and any object
with mass which even in the cases of ‘thin’ horizontal barriers can be imagined as
support.

(b) Autonomy and Force appeared together in all of the ideas and constitute the factor
Autonomous action. A thing that can move or stop when it wants, and can also make
other things move and vice versa. Invisible Entities usually appeared in the same factor

as autonomous action.

It might have been expected that container and contained thing would constitute a group
of schemes since almost all of the things which can be imagined as containers can be
imagined as contained things, in yet a bigger container. However Container and
Contained things appeared together in the same factor only for one idea. It seems that in

all examples, things were clearly distinguished into containers and contained things.

In general, the factor structures were very similar across the seven separate analyses,
except that the ordinal position of a given factor for the data of one group may not
necessarily correspond to its relative position in the data for the other groups. Also,
there are some group differences in the factor correlations. For example, container and
contained thing variables were moderately correlated for the idea of potential energy but
were not correlated for the idea of equilibrium. It seems that when examples highlight
one of the two above schemes because of the role the objects have in an example - the
pots which were containers in the exemplifying contexts of the idea about thermal
equilibrium - it was very difficult for the children to imagine the same objects at the
same time as something different -contained for example in our galaxy. Although - from

my point of view - one could expect that the schemes container and contained thing to
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co-exist in exemplifying contexts, it is difficult for children to imagine and describe an

object using both schemes, as in the case of horizontal and vertical barriers.

It seems that the factors emerging were: (a) Blocking; an object belongs to this factor
only if it can stop other things (horizontally or vertically) and is rigid, (b) Autonomous
actions; things that can make other things move and they can move whenever they want
are constituents of this factor, and (c¢) Containment; things classified mainly as

containers and not as contained substances or things.

6.4.5 The nature of entities and their behaviour in examples

Appendices . shows in detail the changes which were observed for each object,

between being considered in the context of an example (not counter examples), and

previously not in that context.
6.4 6T 6, EA>, LA, N EAS

A decrease in frequency of a scheme for an object, when considered in an exemplifying
context, means that this possible aspect of the object has been suppressed or constrained
by the use in an example. The examples serve to focus only on some schemes.
Similarly, an increase in the frequency of a scheme for an object means that this scheme
has become more salient, because of the use in an example. With very few exceptions,
the entities that played similar roles in the two examples of the same idea, either stayed
close together or moved close together, on all factors, going from the non-exemplifying

to exemplifying context.

Most of the decreases (36) were observed in ‘unrelated’ things, for which there were no
increases. ‘Unrelated’ objects did not have any special role in the particular examples.
So it was expected that they would have more and bigger decreases. In contrast, the
smallest number of decreases (5 decreases) happened in the case of scientific concepts.
It is possible that these abstract entities are very difficult to describe by the particular
eight schemes, which referred mainly to concrete things. However, the category of

scientific concepts had the biggest number of increases (7 increases).

Broadly we predict that for objects relevant to a given example, the frequencies of

schemes of objects which play different roles will become more differentiated when the
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example is given. It becomes clear in the following descriptions that the examples
constrain the schemes that one can use to describe an entity in a way that particular
schemes can describe objects which play a particular role in an example. For instance,
surface related objects are containers or the scientific concepts are contained things on

going to an exemplifying context.

In general the entities were described more as supports than as barriers. Barriers and
supports were mainly the ‘surface related objects’. It is notable that in this category
there were three cases with increases on going to an exemplifying context. The balcony
in the example “a pot on a balcony” and the ground in the “lorry-example” increased as
barriers while the pylons increased as supports. Furthermore in the exemplifying
context, only about half of the children (of those who said ‘yes’ prior to use in an
example) said that the protagonists, the structural related objects, and the unrelated ones
are supporters, and for almost all of the objects that belong to these categories there was

a substantial decrease.

The structure related, the surface related objects and the protagonists were generally
seen as ‘containers’. Given an example, the children chose more often the surface
related objects rather than the structure related objects and the protagonists as
containers. The last two categories were described more as contained things. Thus,
contained things were mainly the protagonists, the structure related objects, and in

exemplifying contexts, the scientific concepts.

Rigid things were mainly the protagonists and surface related objects. In the
exemplifying contexts there was a big difference between them since the objects that
were classified as protagonists (the second in frequency category) had a substantial

decrease as rigid things.

Out of the context of use in examples, the ‘unrelated’ objects could mainly make other
things move and had autonomy. However in the exemplifying contexts, scientific
concepts mainly make other things move, with protagonists and unrelated things to

follow. Furthermore concerning autonomy, the unrelated objects appeared very close to
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the surface related objects, the protagonists and the concepts, in the exemplifying

contexts.

The scientific concepts appeared mainly as invisible entities. They were not so well
known and the example helped children to identify more schemes for the description of
these abstract entities. Particularly in the category of concepts, decreases appeared for
Potential energy as barrier and support (in both exemplifying contexts), while increases
appeared in these schemes for upthrust (ball -example). There was an increase of
potential energy (child-example) and heat (inside-example) as contained things. Heat
appeared in both exemplifying contexts, mainly as force. Expansion appeared less as

invisible entity in the rail-example.

6.4.6 Similarity and dissimilarity in examples
An entity can take part in different examples. In each, the entity plays a particular role.

This role is responsible for the schemes that the example will highlight or hide. Looking
across the various examples that a particular entity can take part in, there are some
schemes which show a similarity and some which show a dissimilarity between the

various instances of an entity.

Lets consider the entity ‘“children”. If they were not similar then they would not be
described by the same schemes across different examples. However, if they were not
dissimilar then the child who takes part in the example of potential energy would be the

same as the child who takes part in the example of upthrust.

In this study the following three objects were used in more than one example: air,
ground, child. Particularly, the ground was used in seven, air in five, and the child in
four different questionnaires. The role that each of these objects had in each example
has been described previously. In this section a comparison of the use of these objects
across the various examples is given. Are there any differences in the patterns of the

schemes that describe these objects?
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The air played the role of ‘unrelated object’ in every example. Results from seven
groups of children are consistent. The patterns in all the cases in which it appeared did

not differ since air did not play any special role.

The ground mainly appeared as a support, and as a container with the ability to make
other things move. In four of the exemplifying contexts even fewer children said that it
is a barrier, while in the exemplifying contexts with the child up a tree, and the lorry,
more children tended to say that it was a barrier. Furthermore, in the case of the railway
example there was a statistically significant increase of the ground as a barrier. That
may have been because the children thought that the ground continues to be in contact
with and give support to the railway lines which bend up in an arc, and so acts as a

horizontal barrier.

The “child” was described in the exemplifying contexts by fewer children as a support.
However after the upthrust example with a child lifting a stone in water, more children
tended to describe the child as a support. Furthermore, although the general pattern was
that in the exemplifying contexts, fewer children described the child as a contained
thing, there was a statistically significant increase in the number of children who
described the ‘child’ as a contained thing in the sea in the exemplifying context with the
stone. Furthermore, most of the examples appeared unable to suppress the scheme of

autonomous action that many children used to describe the entity ‘child’.

The appearance of similarity and dissimilarity for objects which took part in an example
can also be considered at the level of the examples. For instance, both examples, the
example with the pot on the balcony and the example with the child up a tree have a
similarity, as they are examples of the same idea. In both there were decreases of
potential energy as a barrier or support. However they have dissimilarities such as that
in the example with the child up a tree, there was an increase in the number of children
who said that the potential energy is a contained thing while in the example with the pot

there was a decrease.

210



6.4.7 Constraining schemes

Comparing the children’s responses, in and out of the context of use of objects in
examples, it appears that examples constrain the schemes children use to describe
entities. This 1s in accordance with Sirridge (1980) who suggests that the meaning of an
example can change from one context to another. For example a specific context
determines that a tailor’s swatch exemplifies a colour and texture and not its size

properties.

A way to look at how a context constrains schemes, is to see which objects were
identified by most of the children as good instances, before and after using them in an
example, and the number of decreases and increases that happened after the children had

seen an example.

In Table 6.11 the first two columns show the number of things from all five ideas that
were good instances (identified by more than 60% of the children as instances of the
particular scheme) for each scheme before and after they had seen the example. The
third and the fourth columns show the total number of statistically significant decreases
and increases in frequencies of attribution to each scheme, taking all objects and ideas

together.

Table 6.11 Number of Decreases and Increases

Number of Number of Number of Number of
Good Instances  Good Instances  Decreases Increases
Before example  After example

Barrier 3 3 8 7
Support 21 9 25 4
Container 20 6 22 1
Rigidity 9 7 7 2
Con.Subs 11 8 20 4
Force 18 14 21 5
Autono 13 9 10 0
Invis.Ent 15 12 6 1

Most of the sixty things that the children were asked about prior to using them in
examples were identified as supports, as containers and as things that can make other
things move. In the exemplifying context, there were many decreases of attribution to

the above three schemes. Furthermore, in the exemplifying contexts, most of the good
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instances had to do with the schemes of force (an object makes other things move) and

of invisible entities.

Most of the increases occurred for the barrier scheme. Particularly for this scheme in the
examples of inertia and upthrust there were no statistically significant decreases for the

objects taking part in the four examples.

The great number of decreases show that the examples constrain the entities in a
particular way and each of them exemplifies particular aspects of entities and not all of
them. The examples of the ideas that were used in the various questionnaires seem to
have highlighted schemes with a dynamic nature such as force and autonomy rather than
static ones such as support and container. The preference for the use of dynamic
schemes instead static ones in the children’s descripions on going to exemplifying
context appeared also in the cases of increases. The existence of increases is an
indication that exemplifying contexts can highlight schemes which are well hidden. The
fact that more children used the scheme barrier in the exemplifying context shows that
they used it as a scheme which does not allow other objects to continue their
movements. ‘Barrier’ appeared as a more dynamic scheme than ‘support’ which keeps

things in a position.

6.4.8 The effectiveness of examples

Despite the broad uniformity and consistency of the above results, the examples did not
work in the same way for all of the children. In some cases, even though examples
constrain the number of the children who described an entity with a particular scheme,
there was a substantial number of them who continued to describe this entity with the
particular scheme. So, some examples work more effectively than others to constrain

schemes.

For instance, in the exemplifying contexts of potential energy, fewer children said that
the flower-pot is a support and more children said that the balcony is a barrier and that
the potential energy is a source of potential movement. However, the particular
examples did not work in the same way for all of the children. Although in the

exemplifying contexts, the air lost substantially the ability to make other things move,
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around half of the children still continued to say that air has autonomy and can move
other things. Also, even though the air did not play any role in these examples, almost

all of the children continued to say that air was an invisible entity, in both exemplifying

contexts.

Also, there were cases where children described the various elements in different ways.
So, for half of the children the ground is a rigid thing while for half of them it is not. It
can make things move (potential energy and expansion ideas). Some children gave the
example of earthquakes which can move things and some others said that if one lets go
of something which he/she keeps in his/her hands it would drop to the earth so the earth
can move things. In these cases different children imagined in different ways the various
elements that take part in examples. The constraining effect of an example will depend
on how close children’s previous descriptions of entities are with those which the

example highlights.

Furthermore there were differences between examples. For instance in the examples of
the upthrust idea, in the exemplifying context with the stone in the sea, fewer children
said that the upthrust is a barrier while in the exemplifying context with the ball more
children said that upthrust is a barrier. So, the examples in these cases might work in

two opposite directions highlighting very different schemes of an entity.

6.4.9 "Unexpected' increases

Generally, we might expect decreases in the extent to which elements of an example are
seen as related to various schemes, when they are used in an example of a given idea.
When presented in relation to no particular idea, it is likely that children can often think
of some way in which any element could fit a scheme. Used as an example of an idea,

we expect the nature of that idea to constrain (or focus) the perception of elements.

There are however, a number (though not large) of cases in which the number of
children who identified an entity as an instance of a particular scheme increased
significantly on going to an exemplifying context. These increases are ‘unexpected’
since prior to the use of objects as an example, the children attempted to describe the

same entities with schemes in every possible example. That means that the particular
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examples highlighted some schemes of entities which were previously to some extent
hidden or not important. Table 6.12 shows the entities which presented such

'unexpected” increases for some schemes.

Table 6.12 Increases

Idea Example with Increases for
Entities Schemes
pot balcony barrier
Potential energy child potential energy : contained thing
child | tree ! force
Expansion wires pylons support
wires sun force
contact heat contained thing
Equilibrium ¢ contact heat force
{ inside heat force
inside hot water force
lorry ground barrier
Inertia elephant elephant barrier
elephant elephant rigidity
i elephant inertia invisible entity
ball water barrier
Upthrust ball upthrust barrier
ball upthrust support
stone child contained thing
glass glass rigidity
Tranmission of heat glass stove gas support
glass hand container
rocket rocket barrier
Gravity rocket ground barrier
rocket people contained things
i rocket air support

A description of these increases has been given in the previous parts of discussions for
each idea. In summary, increases occurred mainly for the schemes barrier, force and

contained things.

A horizontal barrier and a support appear to differ not only as horizontal vs vertical
barriers but also considering the objects whose movement they resist. Some entities
(balcony, ground, water) that were described as supporters in the non-exemplifying
context, were described also as barriers in the exemplifying context. It seems difficult to
explain these increases as a result of the children seeing these objects in the example to
be a horizontal barrier like a wall. Barriers seem to describe objects which resist
movement and make moving things stop, while supporters are mainly objects which
keep in position other objects eg. a glass on a table. So, the description of an object with

both schemes support and barrier does not mean that the children described an object
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both as horizontal and vertical barrier but that the children used both schemes to show
that these objects in the particular examples not only keep objects in position but can
also stop other things that move such as the ground in the case of inertia or the idea with

gravity (counter example with rocket).

The children used the scheme ‘force’ (make other things move) to describe mainly the
change in the position of an object when another object pushes it or pulls it. In the
exemplifying contexts, objects such as sun, heat, tree appeared to be able to make other
things move without pushing or pulling them. The energy from the sun, the energy of
the particles because of the heat, the lack of support is seen by the children as causes for
the movement of some objects. Examples lead the children to see the scheme ‘force’

with a broader view.

More children described scientific entities such as potential energy and heat as
contained things, when going from the non-exemplifying to exemplifying contexts. The
scheme of contained things was used by the children in a broader sense in the
exemplifing contexts, including cases of invisible or abstract things. Also, ‘people’ can

be contained things in big containers such as the sea or a rocket.

The appearance of all these increases is an indication that examples do not merely
constrain the schemes that can be used in the description of entities but that they may in
some cases play another role, extending children’s views about the schemes that can be
used in the description of particular entities. Examples appeared to work in many ways,
as do metaphors or analogies. They highlight or hide some features of entities, and they

may suggest new ways of seeing entities.

6.4.10 Good instances of schemes

Some objects were described by more than 60% of the children in the non-exemplifying
or/and in the exemplifying context as instances of particular schemes. In this section I
will discuss these objects that I call ‘good’ instances of schemes. This discussion will
offer us more broad categories of entities which are good instances of the particular

schemes.
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The children described objects that resist the horizontal movement of other objects as
barriers. Barriers might be inanimate high vertical objects such as a tree or a pylon or
animate big objects such as the elephant in the example of inertia which resists the
movement of the child. The containers (metallic pots), with the water, are seen as
barriers. They resist the movement of the water out of them. Also, a scientific concept,
inertia, resists the horizontal movement of the lorry or the elephant and is seen as a

barrier.

A thing, in order to be a support, should have a horizontal surface. These surfaces can be
the ground or a median between the ground and the thing that is supported. In the last
case it might be (a) a solid-rectangular surface such as a balcony, a railway, a hand, the
ground (b) the bottom part of a container (e.g. car, lorry, plastic pot, metallic pot), or (c)
a horizontal barrier which uses some “branches” to support things (tree, pylons, child,

rocket)

Objects that can have other objects inside them can be containers. Containers are
animate (child) or inanimate entities. Inanimate entities can be small artificial pots (e.g.
the flower pot in the example of potential energy, the metallic and plastic pots that
contain water in the examples of thermal equilibrium and upthrust respectively, and the
ball in the example of upthrust) or machines (train, car, lorry, rocket) or big natural

spaces (sea, ground)

Animate static (elephant) and inanimate static (stone,rocket) things can be rigid. Also,
rigid things can be horizontal surfaces (balcony, railway), or containers (pot), or vertical

barriers (pylon).
Contained thing can be fluids (cold water, hot water), gases (air) or solid things. Solid
things can be in air (child, ball) or in water (stone) or in a big solid container (people in

a rocket).

Things which can make other things move can be scientific concepts (potential energy,

heat) and animate (child, elephant) or inanimate objects. Inanimate objects such as gases
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(air) or fluids (cold water, hot water, sea) or machines (train) can make other things

move.

Autonomy is possesed by animate entities, humans (child) and animals (elephant). Also
inanimate objects such as machines (train, rocket) and gases (air) can move when they

want.

Invisible entities are scientific concepts (pot energy, heat, inertia , upthrust, expansion,

gravity) or objects (air).

6.5 Conclusions

Children of 11-12 years old can transform abstract concepts and ideas to concrete
examples and are able to suggest examples often different from those in their textbooks,
which are consistent with simple ideas that are found in their science textbooks. This
has a significant implication for teachers, who by analysing children’s examples can
identify through the way that children use abstract concepts and ideas the meaning that
they have for ideas. However, ideas do not work in the same way for all children.
Children’s examples can be classified in three subcategories: positive examples,

negative examples and non examples.

The way examples work can be understood as related to the schematic way their
components are perceived by children. A common set of schemes can be used to
understand the working of a variety of examples. The results show that:

(a) there are shifts in the way objects are seen (schematically) when they are used as
examples of an idea, that is, the use of an instance as an example of an idea
constrains the way its elements are understood,

(b) these shifts are intelligible in terms of the nature of the idea being exemplified,

(c) components of examples function in different ways,

(d) unexpected increases can arise when the idea exemplified makes a given schematic

understanding especially salient.
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There are important implications from the results that show a shift in the way that
entities are seen in different contexts. It has considerable significance for teachers and
materials designers, since an example can not stand on its own, without a commentary
which helps readers to clarify its purpose (Byrd et. al. 1992). Also the analysis of
children’s examples and their views about textbook examples can give information on
the functioning of an idea. That is, the use of a concept or idea can be seen in the

exemplifying process.
Furthermore, the various exemplifying contexts did not have the same effect for all

children. Some examples work more effectively than others. This implies that textbooks

should present many examples for an idea.
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Chapter 7:
WHAT MAKES AN INSTANCE A GOOD
EXAMPLE OF AN IDEA?

7.1 Introduction

This final study (Study 4) consists of an exploratory study, and a main study. The
exploratory study attempts to detect whether children 11-12 years old: (a) are able to
establish connections between concrete examples and generalisations, (b) think that some
instances are better examples of ideas than others, and (c) can give reasons for their

preferences of an instance as a better example than others.

The main study had two phases. Phase 1 (following the exploratory study) which is called
“comparing examples” had similar aims and tasks as the exploratory study with some
additions: (a) a larger number of children were interviewed, (b) the categories of reasons

and empirical schemes that children used in their justifications (mainly comparing
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examples) were identified in more detail than in the exploratory study, (c) the fit between
examples and ideas was explored for various types of these elements (e.g. best examples,

counter examples, middle level generalizations etc.).

In Phase 2, which is called “making examples of ideas better or worse” the empirical
schemes that appeared in the exploratory study and Phase 1 as more important for a better
fit between examples and ideas were tested against a larger variety of ideas and examples
and using an even larger number of children. Thus, children were asked whether they
could change any of the empirical schemes to make an example better. Also, children were
asked whether some changes of these empirical schemes could make an example worse

(into a non-example).
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7.2 Exploratory study

7.2.1 Aims
The exploratory study consisted of two groups of tasks. The aim of these tasks was to

explore whether children 11-12 years old were able to make transformations from concrete
examples to ideas and vice versa and to identify children's concrete prototypical empirical
schemes, which might emerge through the comparison of different examples of the same
idea. Furthermore, the study explored whether some instances are better examples than
others and what empirical schemes make an example the "best"- that make it prototypical
of an idea? The examples and the ideas used in the exploratory study were found in

children’s science textbooks which had been used in their previous school year.

7.2.2 Participants
The subjects were 14 children with an average range of age 11 years and 3 months, who

volunteered to participate in the study. The study contained 8 tasks, which were divided
into two groups (A & B). Eight of the children did one group on the first day and the other
group on the next day. A further six children answered only one group of tasks. Each

interview took approximately 15 minutes.

7.2.3 From examples to generalization

7.2.3.1 Materials

This group (A) consists of four tasks. In the tasks a piece of paper was used, on which a
generalization was written. The generalisations were about the following scientific
entities: expansion, inertia, hydrostatic pressure and elastic deformity. For each of the
generalisations black and white drawings were also used. These drawings were examples
of the generalisations (pylons with loose cables, a child who attempts to move an elephant
and a child who carries a toy elephant, a barrier which keeps the water in a river, and a
spring which a hand pulls and then comes back to its initial state). The generalisations and
the drawings were taken from the Greek science textbook. The pictures and the ideas used

are presented in Figures 7.1 and 7.2.
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Figure 7.1 Exploratory study: From examples to generalizations (pictures and ideas for

the 1st and the 2nd task)

We have already observed during the summer that the electric wires between the two
props are loose. Do you think that during the winter the electric wires will still be loose?
Solid things through an increase of temperature expand (increase their volume),
meanwhile they contract (decrease their volume) through a decrease of temperature.

SIS Y

The bigger the mass of the things, the more difficult it is to move them because they
present big inertia.
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Figure 7.2 Exploratory study: From examples to generalizations (pictures and ideas for

the 3rd and the 4th task)

Fluids because hydrostatic pressure produce forces on the surfaces with which they come
into contact. The bigger the depth of the fluids the bigger the forces become.

Many solid things undergo deformities because of the influence of forces. Those
deformities disappear as soon as the forces stop acting and they are called elastic.
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7.2.3.2 Procedure

In these tasks an example-picture (eg. a boy attempts to push an elephant) was given to the
children who were asked what this could be an example of. Then the text that was beside
the picture in the science text book (eg. The bigger the mass of things, the more difficult it
is to move then because they present big inertia) was read and the children were asked
whether the picture fitted the text. If there was something wrong (not a good fit) the
children were asked to change the picture. Also, they were asked to give another example
that they thought fitted better with the generalization and then to compare their example
with that of the picture.

7.2.3.3 Results

When the children were asked what the picture was an example of they attempted to give a
generalization, looking at the differences between the elements which took part in the
story of the specific picture. Therefore, in the picture where a boy tries to push an
elephant, the children attempted to give a generalization which could take into account the
differences between the different parts of this picture,

"maybe it is from the mass that different things have"

The differences between various things in the textbook examples were usually mentioned
by the children when they attempted to create another example of the generalisation. Some
children gave as their own example an analogous example through "surface
transformation” of the science textbook example that was given to them. In these cases,
they kept most of the relations constant, changing only specific parts. Thus, instead of the
picture of a boy that tries to push an elephant we have:

"the child tries to push a big car, and a child holds a small car in his hand and is able
to move it"

The children based their justifications of the better fit of their examples on the differences
between the two examples. So, comparing two, “a child that tries to push an elephant”
with his own example, "a child that tries to push a big car" a child said:

"the differences are in the different parts of the elephant and the car. The car instead
of legs has wheels. Also the car has an engine instead of elephants' belly and things
that the elephant has inside in order to move"
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An example was judged better than another because of the more salient differences
between parts. An elephant was better for the idea of inertia than a car because:

"it is more bulky... So, this is the reason that the elephant is better, because it is more

bulky.

It seems that children prefer examples that show big observable features related to what is
exemplified. The electric wires are better examples of the expansion and contraction of
solid things than "a bullet over a small gas flame..." (child’s own example) because:

"it is more clear that the wires are different during the summer and during the
winter...We could see that there too (in the second case) but with a smaller
difference... This example (wires) is more illuminating.

Also a barrier is a better example of hydrostatic pressure than "a glass of water" (child’s
own example) because:

"at the barrier it seems in a more clear way that it becomes bigger at the bottom... it
happens the same (in the glass) but the tilting is smaller comparing to that the barrier
makes. Also, there is much more water in the barriers than in the glass"

Although in this case the children mentioned that both of the parts which interact (barrier,
water) make one example better than another, they usually focused only on one of the

parts and suggested the change of one part make a better example.

In the above cases, “salience” leads to an important difference in ease of “reading” the
example but it does not make a difference to it as an example. That is, both cases can be

used as examples of the same idea, but one is more salient.

One of the reasons that children chose an example as better than another had to do with
daily real life experiences (whether the instance is a part of their everyday life). Also,
children often used spatial "empirical schemes" such as down-up, fat-thin from everyday

reasoning in their justifications and examples.

In some cases children preferred to use non-living things rather than living things. So, "a
child that tries to push a load" would be a better example of inertia than a child that tries to
push an elephant because:

"The load would be a bit easier for children to understand, because with the elephant
we cannot understand who pushes the other thing”
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A ‘better’ example 1s one which has stronger or more stable characteristics of the relevant
empirical schemes. For example, a barrier is ‘better’ if it is harder to break:

"the oil is lighter than water and it would be more difficult for it to break the barrier"”

7.2.4 From generalizations to examples

7.2.4.1 Materials
The second group of tasks (B) consisted of four tasks. A piece of paper on which a

generalization had been written (eg. “Everything that moves has got energy, and this
energy is called kinetic”) and one black and white picture (eg. a man who runs) were used
for each task. The generalisations that were used in these tasks were about the following
scientific entitites: thermal equilibrium, kinetic energy, gravity and potcntial cnergy. The
pictures that were used as examples of the generalisations were found in the Greek science
textbook for 11 year old children (a pan on a cooker, a child who runs, a ball in the air, and
a boy up a tree, respectively). The pictures and the ideas used are presented in the Figures

7.3,7.4and 7.5.

7.2.4.2 Procedure

In these tasks the order of presentation was reversed, compared with the tasks (A). The
children were initially presented with a generalization and were asked to give an example
of the generalisation, and explain why they believed that it is a good example. Then, they
were presented with a further example (taken from a science textbook) of that

generalization and were asked to compare the two examples.
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Figure 7.3 Exploratory study: From generalizations to examples (ideas and pictures for

the 1st and the 2nd task)

When two things are in contact heat is transmitted always from the warmer thing to the
colder one. After some time the temperature of the things is the same and we say that they
are in thermal equilibrium.

ﬂ' ui

Everything that moves has got energy, and this energy is called kinetic.
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Figure 7.4 Exploratory study: From generalizations to examples (ideas and pictures for

the 3rd task)

"What goes up must come down'.
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Figure 7.5 Exploratory study: From generalizations to examples (ideas and pictures for

4th task)

When things are raised they have got energy, that we call potential energy.
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7.2.4.3 Results

The children were able to compare their own example of a generalization with the
textbook example for that generalization, focusing on the differences or the similarities of

the parts that constituted these examples.

For the children, an example is different from another one, when it is constituted from
different parts and subparts. A child that runs is a different example of kinetic energy from
"a car that moves" because:

"the child has got a heart instead of an engine that the car has..., the child's body is
different from that of the car and instead of legs it has wheels”

Also, it is notable that the children differentiated examples in which a part is able to do
something by itself from examples in which a part needs a contribution from something
else. So, a child who runs - has the power of autonomous action - is a different example
from "a car that moves" because:

"the child has its own energy while this does not happen for the car”

On the other hand, an example is the same (it is not better){lk%vl‘nother one, if its parts are
made of the same material. Therefore, an example of thermal equilibrium could be "if we
put two iron plates, where one is hot and the other is cold, and we link them" as well as "if
we put a cold pan on the hot-plate of an electric cooker" because:

"that pan and the hot plate are the same things, we have the same temperature
transmission, because we have this material that the hot-plate is made of, something
like iron..."

An example is mainly judged better than another one because :
a. it is a usual phenomenon of everyday life.

"we see-know (in our everyday life) what happens in this... So, this is why we explain
the phenomenon with that example "

b. it shows big differences. An "aeroplane" is a better example of potential energy than

a child up on a tree.

"because the higher it is from the earth the bigger potential energy it has"

c. the nature of its parts. A "car that moves" is better example of kinetic energy than "a
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child that runs" because:

"it is difficult for someone to believe that there is energy in a boy"

Also, children seem to prefer examples which include stable (mainly solid) things. A
child up on a tree, is a better example of potential energy than "a cloud" because:

"the tree cannot disappear but the cloud can disappear when it is raining"

d. the parts are "enough" for the whole process that the example describes. A cold
pan over a cooker is a better example of thermal equilibrium than "to warm a metal
with a gas-stove and put it in touch with a cold metal" because:

"the heat is transmitted from the cooker while in the second case we should have the
gas-stove and many other things"

7.2.5 Overview of the Exploratory study

In the exploratory study, the children constructed generalisations, examples and made
comparisons between examples which were based mainly on the differences in what the
things that take part in them are made of. Results show that the children identified some
instances as better examples of ideas than others. In summary, “good” examples are the
ones where the relevant features are salient (often large), are more easily noticed, are
stable, have autonomy, and are not too complex. Also an example is “better” if it is

familiar.
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7.3 Main study, phase 1: Comparing examples

7.3.1 Introduction

Empirical schemes are common abstractions of events. A scheme can represent more than
one concrete thing. Empirical schemes are not these concrete things. They have the form
of "bridges" that connect some concrete things (see study 1 in chapter 4). Through these
bridges people are able to reason about one event using their knowledge about another.
These bridges have a form and a content. In reasoning, people manipulate these imagined

things - mental representations - not the concrete things themselves.

An example is not a good example of a generalization when it does not fit with the
empirical schemes associated with the generalization. The nature of fitting can be
described by a definite number of empirical schemes, and the addition or removal of some
empirical schemes can lead to a higher or a lower generalization. The principle is that the
fit is good when several anticipated empirical schemes are satisfied and poor when some

are and others are not.

In this research, ideas (generalizations) and examples are considered at different levels of
abstraction and specification (see theoretical discussion in chapter 2, and fig. 2.1). In order
to make ideas (eg. things which are in thermal contact come to the same temperature)
more concrete, so as to clarify or interpret them, an example may be used. The example
might be the "best" example of the specific generalization (eg. two metal plates - one cold
and one cold - that we bring into contact). On the other hand, people also use an example

and hypothesize about it to produce a generalization.

Furthermore, comparing a best (prototypical) example with "parallel" examples (eg. the
sun makes stones hot) one might modify the generalization to a "higher" one (eg. hot
things often make things hot) in which both the best and the parallel example fit well (see
figure 7.6). On the other hand, comparing the best example with a counter example (eg.
two wooden plates - one hot and one cold - that we bring in contact) one may re-interpret
the generalization as a "lower" one (eg. some things only allow transmission of the heat
from one thing to another with difficulty). This analysis was used to classify the tasks,

using generalizations, examples and counter examples.
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Figure 7.6 A variation of examples and generalizations

modify

re-interpret
clarify

interpret

hypothesis
interpret

I
Compare

The aims of the analysis of the tasks in phase 1 were:

a) to show that there is a variation of examples and generalisations that might follow the
proposed schema in figure 21 (A generalization has a best example. The addition of
parallel examples can lead to "higher" more general generalizations, while the
addition of counter examples can lead to "Lower" generalizations).

b) to identify empirical schemes that are "responsible" for this variation.

The above diagram in relation to the aims led to the construction of three tasks:
(A) Fitting a generalization to examples
(B) Matching generalizations to examples and production of examples

(C) Constructing a generalization from examples

7.3.2 Participants
Forty children of mean age 11 years and 4 months participated in these tasks. All the

children attended the last class of a public primary school in Athens. The children came

from a middle class background.
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7.3.3 Fitting a generalization to examples

7.3.3.1 Aims

In this task the children were presented with a generalization (middle level) and three

examples (best, parallel and counter example). The aim of this task was to explore the way

that children:

(a) think of an instance as a better example of an idea than another instance

(b) modify a generalization into a higher generalization or lower generalization in order
to fit with the "parallel” and "counter" example.

(c) interpret the differences that they observe in various examples at the level of

generalizations.

7.3.3.2 Materials

The materials used for this example were a piece of paper where a (more or less) scientific
idea was written (e.g. what goes up must come down) and three pictures to serve as
examples of each idea. In one of these pictures, some children played football and the ball
was in the air; in the other a bird was flying, and in the last, a rocket was being launched

(see figure 7.7)

7.3.3.3 Procedure
Firstly, I told the children that I was going to read them an idea that I had found in a

science text book. The idea was "What goes up must come down". After hearing the idea,
the children were asked to describe what they could see in the three pictures, and to decide
and explain, which picture was the best example of the idea. At the end, they were asked

to modify the idea in order to make it fit with the other two examples.
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Figure 7.7 Phase 1: Fitting a generalisation to examples (pictures)
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7.3.3.4 Results

7.3.3.4.1 Which is the best example?
All the children (40) suggested that the example with the ball was the best example of the

initial idea "What goes up must come down". The analysis that follows, is based on
children's arguments to support their judgments that the eagle example and the rocket
example do not fit so well with the generalization. Thirteen of the children argued that a
rocket does not come down, while only four of the children argued that an eagle does not
come down. Particularly, the empirical schemes which were responsible for the poor fit of

the examples with the idea could be classified into the categories discussed below.

7.3.3.4.2 Which empirical schemes are responsible for a good fit between
examples and ideas?

1. Rapidity of change

An eagle can fly for a long time (6 children, 15%). That is, it can stay up without coming
down for a longer time - "for many hours"(C.25) - than a ball. "Some things when they go
up they can stay there, flying for a long time" (C.14). The smaller time a thing needs to
come down the better an example of the initial idea it is. Also, the rocket "can stay up for a
longer time" (8 children, 20%). That happens because "the rockets have fuel and they can
stay more time up in the air" (C.22). Furthermore, the rocket "cannot come down

immediately" because it has to reach its destination" (C.13).

The initial idea includes two actions (go up and come down) which are connected with an
implication of the form: If the first action happens then the second action must happen as
well. In that case the particular task shows that the less time needed between these two

actions, the better the example will be.

Considering the role of the time, I hypothesized that the example of a stone thrown in the
air would be better than that of a ball thrown in the air. I tested this hypothesis with 13 of
these children. Eight (8) of them argued that the stone-example is better because the stone
will come down more quickly than the ball. Two of them said that the two examples are
the same, while 3 of them argued that the ball-example is better because a stone thrown up

can hit somebody.
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2. Autonomy of action
The most popular justification that the children used to explain why they chose the ball as

more prototypical example than the eagle, was that the eagle is a living thing while the ball
is not (14 children, 35%). This difference suggests that the eagle as a living thing can be
viewed as an autonomous actor. Thus, it can do things that are in contrast with the initial
idea. The rocket which is controlled by humans is treated in a similar way (but not so
frequently) as the eagle (8 children, 20%). The justification is based on the power of
autonomous action. In addition to autonomy of action living things have the power to

decide, to want and act accordingly; that is they have autonomy “control”.

Eleven of the children (27.5%) argued that the eagle example does not fit so well with the
idea "whatever goes up must come down" because the eagle can come down whenever it
wants. That is the eagle has the power of autonomous action. It can control its actions. The
presence of the scheme of autonomous action makes the particular example not fit with the

idea well.

So, "when the eagle goes up it can stay up as much time as it wants"(C.21). Furthermore,
because of its ability to fly, "it can go everywhere it wants"(C.33). Six of these children
(15%) reasoned that the eagle can do anything it wants because it has the ability to fly. Ina
similar way a rocket can come down whenever it wants because it has engines (3

children).

"When the bird goes up, it can decide whether to stay there or to come down"(C.39). In
some cases the children reffered to animals' consciousness. That is, "the eagle is a living
thing and understands that it can go up without coming down". Also, "the eagle is not a
non living thing that you can control, it can do anything it wants, it can go up or come
down without any help"(C.35). That is, the consciousness dimension is based on the

autonomy of the bird. There is a conscious control of its power for autonomous actions.
The above examples suggest that the eagle's desires (wants) have their origins not in

unconscious processes (e.g. being hungry, tired etc.) but in conscious processes (e.g.

understanding). The whole idea of making decisions and particularly the extreme case of
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consciousness of living things gives an indication of how the empirical schemes of two

examples can differ in abstract qualities.

Also, "the rocket is a non-living thing but people make decisions for it"(C.28). "In order
for a rocket to come down, people who are there must decide,” (C.18) (5 children). One of

the decisions can be that "the pilot stops the engines"(C.27)

3. Necessity

The eagle-example and rocket-example do not fit so well with the initial generalization,
because of the inherent natures of the eagle and the rocket. The necessity category can be

described in three forms:

(a) General reference to nature of the object
"The eagle because of its nature can fly"(C.4)

"A rocket when it has passed a specific distance can not come down" (C.3)
"When the rocket goes up, only some parts of it fall down. It has been designed in
this way" (C.35)

(b) Specific elements that are responsible for this nature

"Birds have wings and they can fly without falling down"(C.1)

"It (the rocket) has engines and come down whenever it wants"

(c) Specification of the nature of object and its implications
Consciousness, is controlled by humans or other animals (see in the previous category for

examples).

4. Support

A bird can be temporarily supported by its wings and so it does not come down. "The bird

flies when moves its wings, but when it stops moving them, it will fall down" (C.3)
An eagle does not fit so well with the initial idea because of a temporary (movement of

wings) or more permanent support. In the last case "When the eagle goes up it can stay

continuously up a tree"(C.34) or in "a nest" (C.11). Also, a rocket does not come down
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because it "can stay up, on the moon"(C.11) or on another "planet" (C.32). Furthermore, it

can "get into an orbit around the earth" (C.15) or "around the moon"(C.21).

5. Features of the route (actual time and space-location)

This category includes the particular features of the route. It is notable that an
“asymmetry” between the routes of different examples make them different. Assymetries
appeared in the actual time that the eagle or the rocket needs to go up and come down:
"the eagle goes slowly up and come slowly down" (C.31) while “the rocket goes quickly
up and comes slowly down”(C.31). These asymmetries can make one example a better
example than the others. Thus the example with the ball is better than the one with the

eagle "because the eagle cannot go up-down so quickly"(C.17).

7.3.4 Matching generalizations to examples and production of
examples

7.3.4.1 Aims

The aims of this task were to:

(a) explore whether children using their empirical schemes could match a "best"
example with a middle level generalization

(b) see whether children are able to produce examples which fitted well with various
levels of specification of a generalization

(c) identify the boundaries that exist between different levels of generalization and how
they could be seen through the different empirical schemes that children used, in the

production of different examples.

7.3.4.2 Materials

The materials used for this task were a pair of pictures and one piece of paper with three
ideas of science. In the one picture the children could see two metal plates, one cold and
one hot. In the other picture these plates were in contact (see figure 7.8). The ideas written
on the paper were:

a. Hot things frequently make things hot.
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b. Things which are in contact reach the same temperature.

c. Some things in contact allow with great difficulty the transportation of heat from one

thing to another.
All the above three ideas are about the transmission of heat. The first one is more general
than the second because it includes cases where there is no contact between things (e.g. the
sun makes hot the sea). The example with the plates fits better with the second
generalization. The third one includes only these things that are in contact but do allow
with difficulty the transmission of heat (e.g. glass). It is a “low-level” generalization while
the first one is a “high-level” generalization in relation to the second generalization (see

above for figure 7.7).

7.3.4.3 Procedure

The children were presented with the pair of pictures and were asked which of the three
ideas fitted best with the example (pictures). They were then asked to give other examples

* that fitted with the other two ideas.

Figure 7.8 Phase 1:Matching generalisations to examples and production of examples

(picture)
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7.3.4.4 Results

7.3.4.4.1 Which is the best-fitting generalization?
Most of the children (32 out of 40) suggested that the example with the two metal plates in

contact, fitted better with the (middle level) idea “things that are in contact reach the same
temperature”. They chose this idea as better for the interpretation of the example, instead
of the higher generalization “warm things frequently make the other things warm”, and the
lower generalization “some things allow, with great difficulty, the transportation of heat

from one thing to another”.

Some of them justified their choice saying that the example did not fit well with the higher
generalization because this idea “does not mention that the two things must be in contact
(C.36) or “if (these things) were not in touch the heat is not transported” (C.18).
Furthermore the example did not fit well with the lower generalization because in the

particular example “the heat will be transmitted easily” (C.18).

In these cases, the children recognized the expected specific properties (contact, easy
transportation) of the example, and looked for them in the text of the generalization. The
analysis that follows is based on the children’s justifications. It attempts to identify the

various empirical schemes that appeared in the children’s justifications.

7.3.4.4.2 When might an example be “bad” for a generalization?

1. Interaction

(a) The “leader’ of the interaction
A high level generalization has to be modified, specialized, and interpreted so as to fit well

with the example. The example does not fit well with the higher generalization because
“cold things can make other things cold” (C.12, 22, 24). In the particular example, two
opposite states or properties of things - hot, cold - interact and produce a new state. The
principle which might be responsible for this answer is the following: When two things
appear to have two opposite states or properties which can interact and modify their states

or produce a new state, it is expected that both of them will “lead” to this new state. As
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warm things have heat and can make other things warm, in the same way, cold things have

something that can make other things cold.

(b) Quantity

Furthermore, the example did not fit well with the higher generalization because “the other
thing - the cold one - could be very cold, so the heat of the other thing could be not enough
to make it (the cold one) hot” (C.13).

Therefore, the new state of things depends on how big or small are the properties of these

things.

(c) Initial state
The higher generalization distinguishes the state between “hot things” and “other things”.

Thus, the example did not fit well with this idea because in the particular example “both of

these things have temperature” (C.23) or because both of them are warm things” (C.39).

The initial state of the things that interacted was considered by the children. In the
particular task the problem appeared because the correspondence between terms such as

hot, cold and the values of the temperature were not clear.

2. Rapidity of change

The example did not fit well with the lower generalization because in this example “the
temperature changes immediately” (C.12), and “the heat passes quickly” (C.13), so “in
some time the heat becomes the same” (C.22). So, the small amounts of time that is
needed for the transmission of heat means that this transmission happens more easily, that

1s “quicker means easier”.

7.3.4.4.3 How can an instance be a “good” example of an idea®?

1. Higher generalization

A good example for this generalization is an example in which a source of heat makes
other things which are not in contact with the hot thing, warm. This example can mention

(a) in general the things that become warm:
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“The radiator became hot then all the class will become hot” (C.2)
“the sun makes other things warm” (C.13)
“the stove makes the other things hot” (C.17,31)
“if we light the lighter it will heat” (C.11)
(b) specific things:
“The sun makes people feel warm” (C.3),

“The sun makes the windows warm” (C.18)

In the above examples, we can distinguish two different groups of things, the source pole
and the receiver pole. These two poles are at a distance from one another and the things
that are between them (mainly the air) allow the source pole to cause an effect on the
receiver pole. The higher generalization can be interpreted as “things act on other things”.
The above examples strongly specify the source pole, copy the act (make warm), and
weakly specify the receiver pole (other things). So, the important thing here is the
identification of the “actor”. Finally the “actor” acts on “patients” which in many cases

might be so numerous that it is not important to specify them.

Another variation of this scheme which connects causes and effects can be seen in the
following examples :

“Hot lake, (or sea, C.8) then it makes the fish hot” (C.4)

“Hot weather, then our bodies become hot” (C.23)

“the cooker make the food hot” (C.27)
In these examples the receiver pole is inside the source pole. In general, the properties of a

thing that belongs (is inside) in a system, are the same as those of the system.

Furthermore, the mixing of two things with the same nature is different from their contact.
so in this higher idea good examples can be:

“a casserole with hot food.....”(C28)

“a bowl with hot water .... “ (C.39)

2. Lower generalization

What makes transmission of heat difficult can be described by the following categories of

empirical schemes:

243



(a) “Barrier”

“When the sun drops behind a wall, it is difficult to make the bed which is behind the
wall hot” (C.6)

“when we put something into the freezer, it becomes ice while the freezer does not
allow the heat from outside to come inside easily” (C.4).

The transmission of heat is difficult when there 1s a “barrier” between source and receiver

such as a wall. In some cases the receiver pole can be used as a “border” or a container.
(b) Quality - the nature of the material

“The freezer inside is made of plastic in order not to allow the cold temperature to go
out” (C.9)

The children suggested as receiver poles various materials such as aluminum, wood,
cement, plastic which do not allow the transmission of heat easily. So a good example for
the lower generalization is one in which the nature of the material that constitutes the
receiver pole or the material of the barrier has the special ability to “stop” the

transmission. All of the children believed that glass belongs 1n this category.

(c) Distance
“when our body is cold and we are far from the radiator it is difficult to become hot”

(C.23)
“Two glass bowls far away one from the other” (C.25).

Another reason that can “cut” the easy connection between source and receiver pole is a
distance between them. It appears to me that there is a strong relation between space
(distance) time and goals. The construction of many empirical schemes is based on this

relation between the above empirical schemes.

7.3.5 Constructing a generalization from examples

7.3.5.1 Aims

In this task, the children were presented with three pictures of examples and were asked to

construct a generalization which could describe what they observe in all these pictures. 1
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attempted to see whether the variation of the generalizations that the children produced
could be described as belonging to high, middle, or low levels of generalization. In other
words, to see if the variation of the level of the generalization that they constructed
depended on the picture-examples which they would focus on in order to construct the
generalization. I was also interested in what changes are required for different types of

examples (parallel, counter), to fit well with each of the three levels of generalizations.

The aims of this task were:

(a) to identify common empirical schemes in various examples

(b) to see how children interpret (and include) these empirical schemes in producing a
generalization

(c) to identify which of the concrete empirical schemes were common in these examples

(d) to explore the modifications that these distinct empirical schemes in various
examples underwent, in order for all the examples to become good examples of the

same generalization.

7.3.5.2 Materials

The materials used for this task were three pictures and a blank piece of paper. In one
picture, they could see a car at night with its lights on, in the second a torch that makes a

child's shadow, and in the third a magnifying glass (see figure 7.9).

7.3.5.3 Procedure

The children were presented with the three pictures and asked to describe what they could
see in the pictures. Then, they were asked which science idea these picture could be
examples of. Having obtained such an idea I asked if all these pictures fitted equally well
with that idea. If they thought that there were some problems in the fitting of examples to
idea, I asked them to tell me how to change the pictures in order to fit them better to the

generalization.

245



Jfrom examples (pictures)

tion

liza

ing a genera

Construct

Figure 7.9 Phase 1

246



7.3.5.4 Results

7.3.5.4.1 What sort of generalizations did children construct?
The children constructed their own generalizations at various levels. These

generalizations indicate counter examples (lower generalizations), match with one
example only out of the three pictures (middle level generalizations) or can stand as

generalizations for more than one example (higher generalizations).

1. Lower generalization

"Light can pass through some things" (C.12). In this generalization the word "some"
indicates the existence of counter examples, that is, this lower generalization allows the

existence of counter examples. Light cannot pass through all things.

2. Middle level generalization

This type of generalization arose from just one (out of three) picture example. "With the
light we can see during the night, with electricity" (C.13). In this case the child had as best
example (and at the same time it was the example from which this generalization had
arisen) the car-picture. Therefore, big changes were required in order for the other two
examples to fit with this generalization. For example, in the case of the magnifyng glass
he kept the sun, and asked to put a cardboard in a window with a small hole. Thus, we can

see in this dark room because of the light.

3. Higher generalization

a. Include all (the three) picture-examples

"The light comes from a specific source " (C.12).
In this case the child tried to recognize the existence of sources of the light in each
example, although in two of them the sources were not observable. The existence of a

source seems necessary for the presence of the effects (existence of light).

b. Include two parallel examples

"The rays of light are refracted, become bigger" (the parallel beam) (C.25)
The child said that this generalization fits with the examples with the torch and the car but
does not fit with the example with the magnifying glass. He said that the magnifying glass
concentrates light on to the ground while the torch and the car headlamps refract light in a

bigger area.

247



7.3.5.4.2 What is responsible for the variation of generalisations?

1. Negative versus Positive Generalizations

Consider for example:

"Artificial light helps us much in our life" (C.20)

versus "Without light we cannot live" (C.22) and

"With light we can see in the night, with electric" (C.13)

versus "Without light we cannot see” (C.14)
Children gave the above generalizations. In these the first in each case is a positive
statements and refers to the contribution that the presence of an entity has in our life. The
second in each case refers to a hypothetical absence of an entity (light) which is related
with the absence of an effect (cannot live/see). This case of negative generalizations is
very interesting, because the absence of something is not easily shown in examples. There
are many more entities that could be hypothesized as absent in an example from this than

those that are present.

2. Powerful empirical schemes
The producer of the generalization "light can pass through some things" (C.18) chose as

the best example the magnifying glass picture. He recognized as "problematic" the picture
with the shadow and asked to change it, putting a glass instead of the boy in front of the
wall. Although the picture with the shadow could fit well with the above generalization,
(considering that "some" means "not all"), the child did not accept the good fit of this
example with the generalization because he thought of the scheme ‘pass’ as more

important-powerful.

3. Explicit use of empirical schemes
Also, in the case of the car, the child recognized that it was a good example of the

generalization. However, the child said that we have to put a man into the car (it is not

explicit) and then we can say that the light passes through the front glass to the man.
Another example of this dimension is the child who constructed the following

generalization, "The light comes from a particular source"(C.18). He suggested as a better

example for this idea the picture with the magnifying glass and the sun. The other two
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examples fitted well with the idea but they were not so good because "the sun can light

itself while the car and the torch need batteries (which are also explicit).

7.3.5.4.3 What are the origins of generalisations?

The generalizations that are constructed by children have their roots in (a) commonsense
knowledge and in (b) scientific knowledge. The presentation of some major dimensions

which lead to the construction of empirical schemes in the above categories follows.

1. Commonsense Knowledge

(a) Social Aspects

There were many children who based the construction of their generalization on social
aspects.

"Without light we cannot live" (C.22).
This child used social aspects also when he tried to change the other two examples. In the
case with the magnifying glass he suggested removing the magnifying glass and putting a
factory instead.

". It means that without the sun we could not have any energy.... the factory using

some particular machines will take the energy from the sun, and it will provide it to
us" (C.22)

Also, in the other example he suggested putting a child who needed the light.

"A child who had gone to his house and cut off his electricity supply,... he did not
know what he should do and he might have started shouting help,... so some
neighbors would help him" (C.22)

(b)Goals
"With light we can see" (C.33)

"We use light for a particular aim" (C.32)
In this case, the child following an emphasis on goals, was asked to modify the pictures
with the magnifying glass (in order to fit better with the above generalization) adding a
firebrand (torch). "We can kindle the firebrand and use it for the Olympic games"(C.32)
Furthermore, the picture with the child was rather forcibly adapted to fit well: because "we

use it to see the child's shadow"(C.32)

(c) Necessity

"Without light we cannot see" (C.14). Light has a strong relation with some of our

abilities. This relation which indicates for example that the action "see" cannot appear
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without "light" is known to the children from their experience and they state this relation

even though they do not know why it happens.

2. Scientific views

"In these two pictures the light passes through diverging lenses" (C.34)
"The rays of light are refracted, become bigger" (the parallel beam) (C.25)

In the above cases the children with their generalization identify different effects on the
light when it passes through different objects. Probably it is an indication of the existence

of different lenses.

7.3.6 Overview of Phase 1

The results demonstrated that there is a variation of examples and generalisations that
can be described by the following principles: A generalization has best examples. The
addition of parallel examples can lead to "higher" more general generalizations, while

the addition of counter examples can lead to "Lower" generalizations.

Some examples have a better fit than other examples with an idea. The presence (or

absence) of particular empirical schemes influences the fit between examples and

generalisations. Some of the main reasons which were identified (in children’s
justifications) as responsible for a good fit between examples and ideas, are the
following:

- Speed (rapidity of change). The principle is, the less time needed between two actions,
the better the example is.

- Autonomous action. Some objects can control their actions, that is they are able to
present autonomous actions. In the particular idea “When things go up they must
come down’, examples which consists of an object which can be described by the
scheme of autonomous actions are not good examples of this idea.

- Necessity. The fit between examples and ideas is influenced by the inherent nature of
the objects. So, the nature of an object is to some extent responsible for the way that
it appears in the example.

- Support-Barrier. Objects which can be supported by themselves or by another object

can ‘reject’” the movement that they would have because of gravity. Also,
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movement in a horizontal axis can be prevented by a barrier or a container. The
scheme of support in the vertical or horizontal axes plays an important role in the fit
between examples and ideas.

- Space-location. The position of an object in space and its relations (e.g. the distance
between two objects) with other objects that take part in an example of an idea play
an important role in the fit between examples and 1deas.

- Quantity. The size (big-small) and the weight (heavy-light) of objects that take part in
an example influence the fit between examples and ideas.

- Shape. Each object has a shape and it can influence the particular movement of an
object. Thus, the shape can be responsible for a contrary movement to the vertical
movement which an object tend to have because of the the gravity.

- Existence. The presence (or absence) of an object in an instance can have as result a

better (or worse) fit between this example and an idea.

The above reasons emerged from children’s justifications and were used in the
construction of the questionnaire used in phase 2. In phase 2 the aim was to explore the
role that changes of these categories of reasons have on the fit between various

examples and ideas.

251



7.4 Main study, phase 2: Making examples of ideas better or
worse

7.4.1 Introduction
Examples of ideas consist of specific objects which have particular relations. In this

study T explored how changes in the dimensions of the existence of objects, their
attributes (such as shape, size, weight) and their relations (such as time, space) can

highlight or hide features which make them better or worse examples.

7.4.2 Methods

7.4.2.1 Participants & Materials
The participants were the same children that participated in study 3. Thus, 407 children

ranging in age from 11 to 12.28 years with a mean of 11.56 years old participated in the
study. Twelve questionnaires were used (see the previous chapter for the description of

these questionnaires).

7.4.2.2 Procedure

In this part of the questionnaire (see Figure 7.10 and Appendix 7.1) the focus was now
on what makes an example better or worse. To do this the children were presented with
an idea and an example of the idea. They were asked to choose some changes that can
be made to five objects (they were components of the example and played particular
roles such as protagonists, structure related objects etc. - see previous chapter for a
detailed presentation of their roles) in order to make the example better or worse. The
changes referred to dimensions of time, space, existence, weight, shape and size (they
could make each object act more quickly, be away, not exist, be heavier, change its

shape, be bigger).
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Figure 7.10 The questionnaire

An example for the idea “When things are raised, they have energy, that
we call Potential Energy” is a boy up a tree (see picture on the previous
page). The child, the tree, the ground, and the potential energy take part in
this example. How could you change them to make the above example a
better example?

the P.energy

Make it... ™ to do

bigger not to exist heavier something to change its to be

quicker shape further away

the child O O O O O O
the tree O O O O O O
=r Q9 @ 9 Q9 Q
the ground O O O O O O

Q Q Q Q Q Q

How could you change them to make it a worse example?

Make it... to do
bigger not to exist heavier something to change its to be
quicker shape further away

the chiid O O O O O O
the tree O O O O O O
= Q3 Q9 Q@ Q@ 9 O
the ground O O O O O O
the P.energy O O O O O O
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7.4.2.3 Method of analysis

The research questions of this study and the way the data were analysed are presented

below:

(a) Are there differences in the frequency of choice of each feature for the five objects?
In this case whether the differences among the five objects influenced the number of
“yes” responses given to a particular change of feature by the children could be tested. If
there are differences, this means that for a given feature, objects differ in whether they
need to be changed to make the example better (or worse). The Cochran Q Test for k
related subjects was used. It provides a method for testing whether the frequencies of

each feature (e.g. make it bigger) differ significantly among the five objects.

(b) Are there differences in the frequency of choice of features for each object? The
Cochran Q Test for k related subjects was used to test whether for a given object, the

features differ among themselves with respect to how often they are chosen.

These two questions are obviously related: a high frequency for a feature and a given
object will re-appear as a high frequency for an object and a given feature. Therefore,
the results are presented together as a matrix (see figures in the analysis of each idea),

identifying combinations of features and objects which are salient in both analyses.

(c) Are there differences in frequencies of choices of features for the objects with the
same role (e.g. scientific concept, protagonist) in different examples of the same idea?
The chi-square test was used to determine the significance of differences between the
two independent groups of children who gave answers for the two different examples of

the same idea.

At the beginning, the results of the analyses of the above questions will be discussed for
each idea (both examples) separately. Then there will be a summary discussion of the
common and different things that appeared across the different ideas. At the end, issues
about the importance and the information that an analysis like this can give to

researchers will be discussed.
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The presence or the absence of significant differences will be shown in tables such as
Tables 7.1 & 7.2 (which apply to the case of potential energy) while the actual level of
significance can be seen in the tables in Appendices. In these tables (such as Table 7.1
& 7.2) there are symbols * against all the features (e.g. bigger etc) for each object (e.g.
‘air’) for which the frequencies -*“Fe”’- were unusually high. Thus the * symbols should
be read horizontally (e.g. for pot, first example, the features bigger, heavier and further
away are frequent in table 1). Also, there are symbols + resulting from looking at the
same data the other way, asking which objects -“Ob”- are chosen frequently for a given
feature. Thus, these should be read downwards. For example, for the feature ‘bigger’ the

objects pot, child, tree and potential energy were frequently chosen (see table 7.1).

Furthermore, the box around two (*) and two (+) symbols means that in both examples
of the particular idea there was a high frequency of children who chose the particular
feature among the other features for a given object and the particular object among the
other objects for a given feature. In contrast, the shaded boxes mean that there was a
difference between the two examples in the number of children who chose the particular

feature for the given object.
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7.4.3 Results

7.4.3.1 Potential energy
Idea: ‘When things are raised, they have energy, that we call potential energy’
Examples:
(a) ‘a child up a tree has potential energy’, and

(b) ‘a pot on a balcony has potential energy’

There are differences in the frequency of 'yes' responses according to: (a) the type of
object and (b) the sort of feature since the significance level of the Cochran Q test is less

than 0.05 in almost all cases ( 37 out of 44, see Appendix 7.2).

The cases of non-significant differences are worth discussing briefly:
(a) The feature of existence, being chosen hardly ever for any object, could show no

difference when children attempted to make better the example with the child up a tree.

(b) When the children suggested changes to make the example worse there were no
differences for the feature 'quicker' in both examples, the features 'heavier' and 'shape' in
the pot example, and the feature 'further away' in the child example. In the last three
features there were no statistically significant differences among the five objects since
all of them appeared with a similar frequency (about a quarter of the children chose

them, with a range of 10%).

(¢) Differences in frequency of choice of feature for each object were absent only in two
cases, when the children suggested changes in features of the air and the ground to make

the example worse.

The presentation of results in tables 7.1 & 7.2 (see in method of analysis for the
interpretation of symbols in these tables) is based on the features for each object that a
different number of children appeared to chose them in relation to other features, and the
objects for each feature that their frequency in children’s 'yes' responses differ
significantly from other objects. It seems that in both examples the children follow the
principle "more is better" which in the particular example translates "bigger is better" or

"the more potential energy the better the example".
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Table 7.1 Making the examples of Potential Energy better

Bigger  N.Exist Heavier Quicker Shape Away
Fe Ob Fe Ob Fe Ob Fe Ob Fe Ob Fe Ob

Irrelev.  air ¥+
air x4
Protag.  pot [*  + + * 1
child o+ + + |* &
Surfac.  balcony | *  + x4
tree * + +
Struct. ground ¥ T
ground ooy
S.Conc. pot.ener | * + ¥
pot.ener | * +

Table 7.2 Making the examples of Potential Energy worse

Bigger  N.Exist Heavier Quicker Shape Away
Fe Ob Fe Ob Fe Ob Fe Ob Fe Ob Fe Ob

Irrelev.  air +
air *
Protag.  pot * + * +
child 4 | x4 * 4+
Surfac.  balcony | * + | * + * + | * +
tree ¥4+ X+ * +
Struct. ground + +
ground ® + * +
S.Conc. pot.ener + *
pot.ener
Key to abbreviations
Fe : Feature * : statistically significant features
Ob : Object + : statistically significant objects

D : high frequency for features and objects in both examples

D . differences between the two examples

There are different ways to use the principle "more is better". To make something bigger
is one dominant way to make both text-book examples better. The quantity of the
scientific concept should increase. Potential energy has to be 'bigger'. The increase of
potential energy could be the result of some other increases. So, the surface related
objects (balcony and tree) and the protagonists (pot & child) have to be bigger. Making

bigger in a vertical axis the surface related objects (mainly the tree), has as a result the
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removal of the protagonists ‘further away’ and that could lead to increase the quantity
of potential energy. It seems that children think that making bigger the store of potential
energy - the protagonists - has as a result the increase of the scientific concept (potential

energy). Also, the protagonist (pot & child) should be heavier.

Furthermore, removing some objects ‘further away’ from other objects would have as a
result the increase of potential energy. So, if the protagonists and the structural related

objects are ‘further away’ from each other the example will be better.

A different approach to make the example (with the pot) better was the following:
children saw potential energy as a potential source of movement, and a better example
should show this movement. The irrelevant object could make something quicker (to
make the protagonist fall down from the surface related object). In this case the quicker

(less time) the better.

There were some statistically significant differences in the changes between the two
examples. More children in the case of the example 'a pot up a balcony' said that the
scientific concept has to make something quicker than in the case with the child up a
tree. The potential energy as a source of potential movement seems to be able to make
the pot (inanimate) move quicker than the child (animate). More children said that the
tree should be bigger than said the balcony should be bigger. A bigger tree equals a
higher tree with more potential energy for the child while a bigger balcony equals a
wider balcony which does not make any change in the potential energy. In addition the
structure related object has to be further away in the case of the example with the child
rather than the example with the pot. The tree can more easily be imagined to become
bigger-higher than can the balcony. Also the distance between the child up a tree and the
ground is not shown in the picture as big as the distance between the balcony and the
ground. So, more children asked to move the ground ‘further away’ in the case of the
example with the child than that with the pot, even though they only saw one of the two

cases.

Both examples could be made worse if various objects, mainly the protagonists, did not

exist. An example will be worse when its essential components do not exist, because the
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example does not then exist. Also, the example could be made worse by changing the
shape of protagonists, structure and surface related objects. That happens because after
changing the appearance of these objects their identity is not so recognisable. In other
words, the example loses again its components, they do not exist, and the example

become worse.

There is evidence that the children sometimes chose the same features but for different
reasons. So, some children said that by making the child in the picture heavier the
example could be made worse since the tree branch will break and the child will fall
down and then there will be no example. In this case, the example becomes dynamic
(with the addition of movement) and loses the 'duration' that it had as a static
phenomenon. Also, the balcony and the tree could be bigger, to make the example
worse (as well as better, as above). One or two of the children justified this choice
saying that a bigger tree will have stronger branches which will not break to provide as
evidence of the existence of potential energy the fall of the child. In a similar way, if the
balcony is bigger-wider the pot will not fall and so we would not have any evidence for

the existence of potential energy.

There were some differences in the frequencies of the changes between the children of
the two different groups. More children in the case of the example 'a child up a tree'
suggested making the tree and the child not to exist than did this for the balcony and the
pot in the example with the 'pot on a balcony'. Also, more children said that the child
had to be heavier, than said the pot had to be. By making the child heavier, they would
expect to break the tree branch. However, a heavy pot cannot break the balcony. More

children said that the balcony has to be removed ‘further away’ than the tree.
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7.4.3.2 Expansion

Idea: ‘dimost all solid things, expand when they are heated. This phenomenon is called expansion’

Examples:

(a) ‘In the summer the electric wires of the A.E.H (Public Company of Electricity) are expanded
between two pylons because of the high temperature, so they are loose” and

(b) ‘in the summer the railways lines expand because of the high temperature, so the lines bend up in
an arc’

The Cochran Q test showed that there are statistically significant differences in the
frequency of ‘yes’ responses considering the type of object and the sort of feature (34

out of 44, see Appendix 7.3)

Tables 7.3 & 7.4 show the symbol (*) for a given feature the objects with significantly
bigger frequencies among others, and the symbol (+) for an object the features with

significant bigger frequencies among other features.

In both examples of this idea the bigger the protagonists, the structure related objects,
and the scientific concepts are, the better the example is. Making the expansion bigger
the example becomes better. A way to make the expansion bigger is to make the sun
bigger. A bigger effect needs a bigger cause. Also, by making the rail or the wires
bigger they will not fit in a straight horizontal line. The curve due to the expansion will
be bigger and the example will be better. So, the shape of the protagonists has to change

more.

Table 7.3 Making the examples of Expansion better

Bigger  N.Exist Heavier Quicker Shape Away
Fe Ob Fe Ob Fe Ob Fe Ob Fe Ob Fe Ob

Protag.  rail R * o+
wires o+ T
Irrelev.  ground
ground *
Struct. sun * o+ 4+
sun o+ * o+
Surfac.  train * o+
pylons * ¥+ 4+
S.Conc. expansi. |*  +
expansi. | *  +
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Table 7.4 Making the examples of Expansion worse

Bigger  N.Exist Heavier Quicker Shape Away
Fe Ob Fe Ob Fe Ob Fe Ob Fe Ob Fe

Protag.  rail oot I * * 4
wires W * * +

Irrelev.  ground
ground

%
Struct. sun * +
sun * o+

K

Surfac.  train * *
pylons
S.Conc.  expansi. x4
expansi. * o+ * *

Key for abbreviations see page 257.

The train has to be quicker to cover in less time its distance from the curve, because then
the 'size-power’ of the expansion to stop the train, will be more observable. The train
also should be heavier, possibly in order to stop at the front of the curve and not (having
the ability as a light thing) to pass over the curve. In agreement with that, very few
children asked to make things ‘heavier’ when they attempted to make both examples

WOrse.

Very few of the children who attempted to make better or worse the example with the
electric wires in summer, asked to make any object ‘heavier’ making it better. In the
example with the wires, children made the example better suggesting that the sun has to
make something happen more quickly. It could make the wires expand quicker. There is
a statistically significant difference between the two examples. Children did not suggest
the same thing in the example with the railway lines because the railway lines were seen
as more rigid things that could not change so easily. However, in the example with the
train children said that the sun should be ‘further away’. Possibly that happened because
in the picture, the sun was very close to the ground, and this may have been seen as
conflicting with reality. Very few children asked to remove things (‘not exist’) when

they attempted to make both examples better.

In contrast, both examples could be worse if some of the objects did not exist or they
were further away or they changed their shape. The protagonists, the structure related

objects and the scientific concept which had to be bigger in order for the example to be
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better, had to be removed in order for the example to be worse. Furthermore, the
protagonists and the structure related objects should be removed further away or change
their shape, to make the examples worse since there would not be any indication of
expansion. Changing the shape of the sun by making it smaller, or removing the cause,

the sun, (‘further away’ ) the effect would be smaller and the example worse.

The children suggested making the train do something quicker. This was used both to
make the example not only better but also worse. In this case the example becomes

worse because it loses its duration.

The feature ‘further away’, was chosen for all objects by many of the children when
they attempted to make the example with the wires worse, but there were no statistically
significant differences among the objects. Particularly, in the example with the wires
more children said that the ground and the surface related objects had not to exist or be
removed than did so in the example with the railway. This difference was statistically
significant. In contrast only a very small minority of children suggested making any
object ‘bigger’ and ‘quicker’. The train did not play an important role in the example
like the pylons which keep the wires, so its removal is not so important. In a similar

way, it seems that the ground is not so important in the example with the railways.

More children said that the pylons rather than the train should be moved further away.
The children did not think that moving the train far away would make so important a

change to the example as would the movement of pylons which held the wires.

7.4.3.3 Equilibrium

Idea: ‘When things come in contact, the heat is transmitted always from the warmer to the colder’

Examples:

(a) ‘We put two pots with water (the one containing hot and the other cold water) in contact. The heat
is transmitted from the hot to the cold thing’ and

(b) ‘we put one metal pot with hot water inside another bigger pot that contains cold water. The heat is
transmitted from the hot to the cold one’
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In 34 out of 44 sets of data (see Appendix 7.4) the probabilities of ‘yes’ responses differ

according to the type of the object or feature. The cases that had no significant

differences are worth discussing briefly.

The children said that one can make the examples better, by making the transmission of
heat happen ‘quicker’. So, as expected ‘quicker’ was a feature which was chosen hardly
ever for any object by the children when they attempted to make both examples worse.
A feature that can help to make both examples worse is moving the containers which are
in contact (or a container inside a bigger one) ‘further away’or to remove (‘not exist’)
them. In agreement with that, in both examples very few children asked to put any
object ‘further away’ or remove them (in the example with the smaller pot inside a
bigger one), when they attempted to make the examples better. Only a small minority of
children asked to make any object ‘heavier’ in order to make the example with the

smaller pot inside a bigger one, worse.

In some cases the children hardly ever chose any of the features for a given object. So,
very few of the children asked to make any change to the ‘air’ when they attempted to
make both examples better, and to make any change to the cold water in order to make

the example with the smaller pot inside a bigger one, better or worse.

Tables 7.5 & 7.6 show the features which presented significantly bigger frequencies
among others and the objects which presented significantly bigger frequencies among

other objects.

Table 7.5 Making the examples of Equilibrium better

Bigger  N.Exist Heavier Quicker Shape Away
Fe Ob Fe Ob Fe Ob Fe Ob Fe Ob Fe Ob

Irrelev.  air
air
Struct. cold w. * +
cold w.
Surfac.  m.pot
m.pot
Protag.  hot wa.
hot wa.
S.Conc. heat
heat + * +

+H+ |+ +
+
*
+

¥ K| ¥ ¥ X ¥

Key for abbreviations see page 257.
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Table 7.6 Making the examples of Equilibrium worse

Bigger  N. Exist Heavier Quicker Shape Away
Fe Ob Fe Ob Fe Ob Fe Ob Fe Ob Fe Ob
*

Irrelev. air

air
Struct. coldw. * + % o iar +
cold w. +
Surfac. m.pot * o+ + | * +
m.pot * + + | * +
Protag.  hot wa. o+ * +
hot wa. * + * +
S.Conc. heat * o+ *
heat * +

Key for abbreviations see page 257.

Both examples are seen as better if the protagonist, the scientific concept and the surface
related objects become bigger. The more heat the better the example is. Other ways for
having more heat are to have more hot water or to make the pots bigger. It is possible
that the change ‘more hot water’ is described by children as making hot water heavier,
or make it bigger. Also, pots should change their shape if they have to be bigger. It
seems that another way for children to make the example better is to make the
proportion hot water: cold water bigger. In this case some children suggested the

extreme view that the cold water should ‘not exist’.

The hot water and particularly the heat should increase the temperature of the cold water
quicker, to make the example better. So, the less the time needed for a cause to produce
an effect, the better the example is. There were no statistically significant differences in

changes for making the example better, between the two examples.

Examples could be made worse if something happens that will prevent contact between
the hot and the cold thing. It could happen if some objects do not exist or are moved
‘further away’. So, children made the examples worse choosing the feature ‘not exist’
for various objects and particularly the protagonist, scientific concept and surface
related objects (which children asked to made bigger to make better the examples). Also
the protagonists and the surface related objects should move ‘further away’ since

without contact the example will be worse.
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In contrast with the children’s attempts to make the example better, they tried to make it
worse by making the proportion hot water: cold water smaller. So, in the contact-
example the cold water should be bigger and heavier. The children made these changes
in one of the two examples (significant differences in the case of feature heavier)
probably because in the case of the example putting the smaller pot inside the bigger

one, the cold water (in the bigger pot) seemed more than the hot water.

7.4.3.4 Inertia

Idea: ‘The bigger the mass things have, the more difficultit is fo move them, because they present big
inertia’

Examples:

(a) ‘a lorry that has bigger mass than a car will move with greater difficulty and move slower than the
car’ and

(b) ‘a child can easily move a small toy-elephant, but it is much more difficult to make a big elephant
move’

In most cases there were significant differences in the frequency of ‘yes’ responses

considering the type of object and the sort of feature ( 33 out of 44, see Appendix 7.5)

However, there are some cases where the differences among objects for a given feature
were not significant because only a very small number of children chose the particular
feature in any object. This happens when they attempted to make both examples better
or worse choosing the feature ‘not exist’ or the feature ‘shape’ in the example with the
elephant. For the feature ‘bigger’ there were no significant differences among the
objects when the children attempted to make the example better since many asked to

make all the objects bigger.

There were some cases where there were no differences in the various features that were
chosen for a given object. So, very few children asked to make any changes to the
objects ‘toy elephant’, ‘inertia’ and to the ‘child’, ‘elephant’ when they attempted to
make the example with the elephant better or worse respectively. Also only a small
minority of children asked to make any changes to the ‘air’ in order to make the

example with the lorry better.
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Tables 7.7 & 7.8 show the features and the objects which presented significantly bigger

frequencies among other features or objects respectively.

Table 7.7 Making the examples of Inertia better

Bigger  N.Exist Heavier Quicker Shape Away
Fe Ob Fe Ob Fe Ob Fe Ob Fe Ob Fe Ob

Struct. car * 4 + % +
toy el. +
Irrelev.  air
child x4 * g
Protag.  lorry o+ oo+ F 4+ + +
elepha o+ +
Surfac.  ground  * * o+
ground
S.Conc. inertia *
inertia

Key for abbreviations see page 257.

Table 7.8 Making the examples of Inertia worse

Bigger  N.Exist Heavier Quicker Shape Away
Fe Ob Fe Ob Fe Ob Fe Ob Fe Ob Fe Ob

Struct. car * + * + .
toy el. * o+ o+
Irrelev.  air + +
child + + +
Protag.  lorry S Gl B
elepha +
Surfac.  ground + * 4+
ground +
S.Conc. inertia *
inertia *

Key for abbreviations see page 257.

It is notable that in both examples, children did not choose any change in the scientific
concept (inertia) to make the example better. Children thought that both examples of
inertia could be better if they made the protagonists (lorry and elephant) bigger and
heavier. The bigger (and heavier) protagonist the more inertia (and the better the

example).
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Another way children used to make the example better was the creation of bigger
differences in the comparison between the protagonists and the structure related objects.
So, in the example with the lorry, the car should be quicker, to have bigger differences
in the time that it needed to move from the lorry. The children wanted to make the
differences bigger sufficiently that some of them chose the extreme change to put the

structure related objects ‘further away’.

Some children attempted to make the example with the lorry better by choosing the
lorry and the car to be quicker. Also, the child in the example with the elephant can be

bigger and make something quicker.

In this idea, only very few children attempted to make the example worse by choosing
the feature ‘not exist’ for any object. Children attempted to make the examples worse,
by making the difference between the structure related objects and the protagonists
smaller. Children chose the car or the toy elephant to be bigger and heavier. Then the

comparison will not present any differences and the example will be worse.

Children thought that the example could be better or worse, making the lorry quicker in
the example with the lorry. It would be worse because the lorry will be moved in the
same time with the car and there will not be differences between the lorry and the car.
Also, in both examples changing the shape of the ground would have as a result the

examples to be worse.

There were some significant differences between the examples. More children said that
the lorry should be quicker and further away than said the elephant should be. Also

more children said that the car rather than the toy-elephant should change its shape.

7.4.3.5 Upthrust

Idea: ‘On a thing that it is a liquid there is a force acting upwards from the liquid. This force is called
upthrust’

Examples:

(a) ‘It is very difficult to push down a ball into the water, if you let it free it will come out, because of
the upthrust that it gets from the water’ and

(b) ‘a thing seems lighter in water than out of it, because of the upthrust the things gets from the water.
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There are significant differences in the frequency of yes responses considering the sort
of object or feature (33 out of 44, see Appendix 7.6). Tables 7.9 & 7.10 show the
features and objects with significantly bigger frequencies among other features or

objects respectively

Table 7.9 Making the examples of Upthrust better

Bigger  N. Exist Heavier Quicker Shape Away
Fe Ob Fe Ob Fe Ob Fe Ob Fe Ob Fe Ob
Protag.  ball I
stone * +
Surfac.  child + +
child + +
Struct. water
sea
Irrelev. wash basin ~ * + * +
ground
S.Conc. upthrust
upthrust
Key for abbreviations see page 257.
Table 7.10 Making the examples of Upthrust worse
Bigger  N. Exist Heavier Quicker Shape Away
Fe Ob Fe Ob Fe Ob Fe Ob Fe Ob Fe Ob
Protag.  ball R L o+
stone * ¥+
Surfac.  child *
child * * +
Struct. water *
sea x *
Trrelev. wash basin * +
ground * +
S.Conc.  upthrust *
upthrust * *

Key for abbreviations see page 257.

The children used the feature of the rapidity of change (‘quicker’) when they attempted
to make the examples better rather than worse. Both examples could be better if the
surface related objects (child in both cases) moved the protagonists in less time. The

children suggested that “child’ should be quicker and to make it quicker it needs to be
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bigger. They thought that the upthrust could be a sort of force that resisted the
movement of the protagonist (ball in the water) or helped it (stone in the sea) but they
suggested more ‘powerful’ surface related objects to show better that this force exists
(this is the reason that bigger children are needed). Also the ball should be heavier to
‘win’ more easily against the resistance of upthrust while the stone should change its
shape (significant difference with the ball) and be smaller to make its movement to the
surface of the sea easier. Furthermore, the wash basin should change its shape and
should be bigger, since a bigger bowl is needed to put the whole ball inside the water. In

summary, the examples could be better if the effect happens in less time.

For the objects ‘water’ and ‘sea’ there were no significant differences in frequency of
choice of features for each object when the children attempted to make both examples
better. A very small minority of the children asked to move any object ‘further away’ or

remove (‘not exist’) it, making both examples better.

In contrast, examples could be worse if some of the objects did not exist. Many children
attempted to make the example with the stone worse, choosing the feature ‘not exist’ for
the various objects. In this case, there were no differences among the objects. Also, the
‘child’ should be further away. Also the shape of the wash basin should change and be
small enough, so the ball could not be inside the water. Making the ball and the stone

heavier the upthrust will not be obvious as before.

The features ‘bigger’ and ‘changing shape’ were hardly ever chosen for any object by
children when they attempted to make the example with the stone better or worse

respectively.

7.4.3.6 Counter examples

7.4.3.6.1 Gravity
Idea: ‘When things go up, they must come down (to the ground) because of gravity’

Counter example: ‘A rocket was launched from the earth with speed more than 40.000 Km/h. So it
beats the earth’s attraction and doesn’t come back’
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The Cochran Q test showed that there are statistically significant differences in the
frequency of ‘yes’ responses considering the type of object and the sort of feature (18
out of 22, see Appendix 7.7). Table 7.11 & 7.12 show for a given feature the objects
with significantly bigger features among others, and for an object the features with

significant bigger features among other features.

The cases of non-significant differences appeared only when the children attempted to

make the example worse:

- There were no significant differences in frequency of choice of feature for each object
only in two cases, when they suggested changes in features of the ‘gravity’ and
‘people’, to make the example worse.

- In some cases the children very rarely chose any of the objects for a given feature. So,
they did not choose any object for the features ‘quicker’ and ‘away’, when they

attempted to make the example worse.

Table 7.11 Making the example with the rocket better

Bigger  N.Exist Heavier Quicker Shape Away
Fe Ob Fe Ob Fe Ob Fe Ob Fe Ob Fe Ob

Protag. rocket |* + 1 * + |* + |* T |

Irrelev.  air * +
Struct.  ground  *

Surfac.  people *

S. Conc  gravity * o+

Key for abbreviations see page 257.

Table 7.12 Making the example with the rocket worse

Bigger  N. Exist Heavier Quicker Shape Away
Fe Ob Fe Ob Fe Ob Fe Ob Fe Ob Fe Ob

Protag.  rocket [ + [* + ] [+ |

Irrelev.  air * *
Struct.  ground
Surfac.  people + + +

S. Conc  gravity

Key for abbreviations see page 257.

The counter example could be better if some object such as the unrelated object (air) and

the scientific concept (gravity) were removed. Also the example could be worse if the
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protagonist (rocket) and the structure related object (ground) were removed. So, the
scientific concept which should be made bigger in the positive examples to make them

better, in counter examples should not exist.

The counter example could be made better, by changing most of the features of the
protagonist. It should be bigger and go up quicker since the less time needed to go up

the better the example,

Also, the rocket should be more away from the ground. If it is further away it has more
possibilities not (or to delay) to come down. In this case, many children said that the

g'u(')‘ s
ground should also beaway.

Furthermore, the children sometimes chose the same features for making the example
better or worse. So, by changing the shape of the rocket the example could be made
worse since a rocket with a rectangular shape cannot go up. However, by changing the
shape of the rocket the example could also be made better if the rocket had a more

aerodynamic shape.

The counter example could be made worse by changing the rest of the features of the
protagonist. So, by making the rocket heavier it will be more difficult for it to go up.

Also many children said that it should not exist.

7.4.3.6.2 Transmission of heat
Idea: ‘4 lot of things allow heat to pass through their mass easily’

Counter example: ‘We can touch the edge of a glass tube without getting burnt, because the glass tube
doesn't let the heat pass easily through its mass’

In 14 out of 22 sets of data (see Appendix 7.8) the probabilities of ‘yes’ responses differ
according to the type of the object or the feature. Table 7.13 & 7.14 show the features
and the objects which presented significantly bigger frequencies among other features or
objects respectively.The rapidity of change seems not to play any important role for
children in this particular example.Very few children asked to make any object do

something ‘quicker’ when they attempted to make the example better or worse.
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Table 7.13 Making the example with the glass better

Bigger  N. Exist Heavier Quicker Shape Away
Fe Ob Fe Ob Fe Ob Fe Ob Fe Ob Fe Ob

Protag.  glass | o+ + * + |
Irrelev.  air * o+

Struct. gasstove
Surfac.  hand

S.Conc heat |* + |

* O ¥ ¥
*
+

Key for abbreviations see page 257.

Table 7.14 Making the example with the glass worse

Bigger  N.Exist Heavier Quicker Shape Away
Fe Ob Fe Ob Fe Ob Fe Ob Fe Ob Fe Ob

Protag.  glass + Ok [* + [* + |
Irrelev.  air

Struct. gasstove +
Surfac.  hand + + +
S.Conc  heat *

Key for abbreviations see page 257.

The counter example could be made better if we changed the shape of the glass and
made it bigger. If the glass becomes bigger the transmission of heat from one edge to
the other will need more time. Also we have to change the shape of the gas stove to
make the heat ‘bigger’. The feature ‘further away’ was hardly ever chosen for any object
by children when they attempted to make the example better. On the other hand, the
example will be worse if we put the glass, the hand and the gas stove further away. Also
we have to change the shape of the glass (by making it smaller). The result will be that

there will be no transmission of heat and so no counter example of the idea.

7.4.4 Overview of Phase 2

In both examples of all ideas, when the children attempted to make them better or
worse, there were significant differences in the frequency of ‘yes’ responses given to a
particular change of feature of an object considering the type of object and feature.
Thus, the differences among the various objects influenced the number of ‘yes’

responses given to a particular change of feature by the children, and the differences
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among the various features influenced the number of ‘yes’ responses given to a

particular object.

In all examples, change of existence was hardly ever chosen for any object, when
children attempted to make the examples better. The children made the examples better,
following mainly the principle “more is better”. They used this principle in various

ways:

(a) The more (bigger) the scientific concept the better the example (ideas of potential
energy, expansion, equilibrium). The increase of scientific concept could be the
result of some other increases:

- The bigger or heavier the protagonists the bigger the concept is (in all ideas)

- The bigger the surface related objects the bigger the concept is (ideas of potential
energy, equilibrium, upthrust)

- The bigger the structure related objects the bigger the concept is (idea of

expansion)

(b) The greater the distance the better the example is (idea of potential energy).

(¢) Changing the shape (e.g. bigger) of objects the example could be better (ideas of

expansion, equilibrium.

In the case of time, it seems that in most cases “‘quicker is better”. The smaller the time
needed by the cause to produce the effect the better the example (ideas of potential

energy, equilibrium, upthrust).

Generally, to make examples worse, the things that play an important role in the

example were removed. An example can be worse if :

- certain objects do not exist (the same objects -ones playing important roles in the
example - which children made bigger when they attempted to make a better
example)

- the objects are moved further away

- objects change their shape, and we cannot recognise them
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- the cause is changed so as to have smaller effects (see sun in expansion). The smaller
the effects the worse the example is

- the example loses its 'duration’, changing a static phenomenon to dynamic

In some examples particular changes can have as a result either making the example
better or making it worse (e.g. make the child heavier in the example with the child up a

tree, make the train go quicker in the example of expansion).

There were some differences in the frequencies of the changes between the two
examples of an idea. This happens mainly for three reasons: the nature of the objects,

the importance of their role in the example, the constraints of reality.

In some cases, two objects which had a similar role in the examples, had such big
differences in their nature that the particular role they played in the example could not
constrain them in a specific way. For instance, the tree and the balcony are surface
related objects in the two different examples of potential energy. Although these objects
play a similar role in two examples of the same idea (they support the protagonist) they
have differences in their nature. That is, the tree can be bigger vertically while the
balcony cannot, which do not allow the examples to constrain the schemes of these
objects in the same way. Also, even though two objects could have the same role in two
examples, the importance of their role was not the same (the train and the pylons were
the surface related objects in the examples of expansion, but they had different
functions). Furthermore, reality often defines limits to the changes that are suggested by
the children (e.g. the child should be heavier since it could break the branch of the tree

while the pot did not need to be heavier since it could not break the balcony).

7.5 General conclusions of the study

Children 11-12 years old are able to establish connections between concrete examples
and generalisations. Examples do not fit equally well to a generalisation. Children think
of some instances as better examples of ideas than others. A generalisation can have a

best example. The addition of parallel examples can lead to ‘higher’ more broad
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generalisations, while the addition of counter examples can lead to ‘lower’ less broad

generalisations.

Children in their comparisons between examples referred mainly to:

(a) Objects’ attributes such as quantities (size, weight, shape), qualities (e.g.having or
not autonomous action) and necessity (the inherent nature of the objects)

(b) Objects’ relations such as the time between two actions, the space location of
various objects (distance and the empirical schemes of support and border)

(c) Objects’ existence

The fit between examples and i1deas is good when empirical schemes such as ‘support’,
‘border’, ‘autonomous action’, or several such anticipated empirical schemes are
satisfied, and poor when some are and others are not. Also, an instance is a ‘good’
example when its relevant features are salient, familiar, stable and it is not too complex.
Children asked for similar changes for objects which played similar roles in examples.
But some of the objects which had a similar role to the examples, had big differences in

their nature that appeared very different in examples.

There is consistency in children’s responses when they attempted to make the examples
better or worse. Children made the examples better, following mainly the principle
“more is better”. They used this principle in various ways. However, in the case of time,
it seems that in most cases “quicker is better”. The smaller the time needed by the cause
to produce the effect the better the example is. It is possibly the same principle as “more
is better’ if we interpret this as ‘rapidity’ and not as ‘duration’. In order to make the
examples worse, the things that play an important role in the example were mainly
removed, or moved further away, or changed their shape. On the other hand the feature
‘not exist’ was rarely used by children when they attempted to make the counter-

examples better.
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Chapter 8:
CONCLUSIONS AND FUTURE WORK

8.1 Introduction

The broad conclusions that may be drawn from this research are summarized in this
final chapter of the thesis. The chapter includes: a summary of the most important
findings, implications of the unifying framework of the description of schemes for
science education, an indication of where future work should be done and the main

limitations of the current thesis.
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8.2 Summary of the findings

Researchers in different fields have had various goals behind their accounts of what
mental representations are used in human reasoning. Philosophers attempt to describe
the fundamental relation between knowledge and reality, and the origins of knowledge.
The goal of psychologists is to explain how mental representations are responsible for
observed aspects of human thinking. Artificial intelligence researchers describe human
mental representations in a way that will enable computers to perform tasks which

require the use of intelligence.

I respect all these goals, but in the current thesis my major aim is to describe the mental
representations that children use in response to various tasks related to science
education. The current research drew on two main traditions (originated by Piaget and
Johnson-Laird respectively) in the area of mental representations, describing the tools
for thought (‘empirical schemes’) and exploring the content of thinking. A way of
describing many of the studies which belong to both traditions is that they all suggest
reasoning as based on schemes which are repeatable patterns in action. The current
thesis includes a series of studies that are based on the previous claim to describe
various areas of children’s reasoning such as analogy, exemplification and
transformation. Thus, the general starting point of the current thesis is that children, in
understanding the physical world, make imaginative transformations using empirical

schemes. A brief presentation of the main findings follows.

Children’s reasoning is based on empirical schemes

In the second chapter of this thesis, I argued that an approach to children’s reasoning as
a multi-leveled system is essential in charting a balanced view of their mental
representations. Children can use various levels of mental representations to make
imaginative transformations. To understand these levels consider, for example, ways
that a child can think when trying to transform a feature of an aeroplane such as the
“aerodynamic shape’:

a. Propositional level (the transformation can be based on the proposition “the

aerodynamic shape”)
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b. Empirical level (using the ‘“aerodynamic” empirical schema which is a common
abstraction of our bodily experience and observations such as the posture .- \‘L}.J\&
'x;\_“)allem N(JJE K“’w& W oA ;,{\;—u‘,,«,f\l o 5 or the movement of fast cars
versus lorries)

c. Mental image level (the transformation based on picture images of a particular bird

and a particular aeroplane)

It is suggested here that the differences which appeared in various attempts to describe
the mental representations system can be seen as a result of two dimensions: (a)
abstraction, (b) organization. This research does not argue that children do not use one
or more of these levels. However, it gives evidence that in the tasks of the particular

research children mainly use the empirical level, which may be the basic level of

thinking.

Empirical schemes that the children appeared to use in their transformations lie at a
middle level, - the empirical level - between the two ends of the continuum concrete to
abstract. Empirical schemes organize children’s mental representations at a more
abstract level than that which they use to form mental images. On the other hand they
are more concrete than verbal propositions. The empirical scheme ‘aerodynamic shape’
that the children kept constant while transforming the eagle into an aeroplane and vice
versa cannot be an image that fits perfectly with both objects since there are differences

between them (e.g. size, width, even the shape).

The empirical scheme is not so concrete as a picture of an F-16 aeroplane because then
it would fit only to this particular type of aeroplane and the children could not keep it
constant when they attempted to transform it into another object. On the other hand, it
is not so abstract as the verbal proposition ‘aecrodynamic shape’ which suppresses and
represents visual and enactment features in another mode (verbal). Propositions can
capture some of the features of empirical schemes since they can also show an
abstraction, but they cannot capture the analog nature of images and they cannot
describe schematic transformations. The empirical schemes are the result of “empirical
abstraction”. That is, children abstract information from objects and events. This leads

to knowledge about particulars; children think about and with particular instances-
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examples. These findings are consistent with the results of the project “Empirical
Abstraction” (Bliss & Ogborn 1997) which described schemes as re-usable building
blocks being neither too generic nor too specific. The final report of this project, in

which I participated, is included here as Appendix 2.1.

Empirical schemes are organised in packages

The children’s transformations can be explained by the use of schemes in a continuum
between the poles specific-generic. Schemes appear to be neither too specific nor too
generic. Empirical schemes such as “aerodynamic”, “wings”, “fly”, “movement” were

used by children. The children used the following general operations on them: add,

remove, modify, and keep constant.

In contrast with diSessa (1988) this research shows that children’s knowledge can be
characterized to some extent by organized structures. That was evident in various ways:
a. the children used generic schemes in their transformations;

b. identification of groups of schemes in the Analogy task;

c. groups of schemes which varied together in the schematic description of examples.

All the above suggest that children’s knowledge consists of patterns such as those

described by Johnson (‘image schemata’) rather than being fragmentary.

The analysis of the children’s analogies for a simple electric circuit provides evidence
for the existence of at least a partially organised system of schemes. The children
generated their own analogies, generally drawing on groups of schemes. Schemes which
were commonly evoked are the following: flow, path, container, open/close, barrier,
link, forward and continuous movement. The presence of some elements of analogies
predict the presence or absence of others. Types of structure were identified at the level
of pairs (e.g. a “source container” is a sufficient condition for the “flow”) and of groups
of schemes (e.g. “flow” comes from a “source container” and an “action on a dynamic
link’” can admit flow to pass with a “forward movement” from one edge to another one).
Also, types of structure were identified at the level of the “whole analogy” dimensions

‘cause vs. effect’ and ‘dynamic vs. static’.
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Clusters of schemes that vary together could be identified, going from non-exemplified
context to an exemplified one (study 3). Different packages appeared. For example,
‘blocking’ which contains the schemes barrier, support, rigidity, container or the
package of ‘autonomous action” which contains the schemes autonomy, force, invisible
entities. In general, the packages (factor structures) which emerged, were very similar

across the analyses of different examples.

Empirical schemes are matters of imagination

The children used their imagination to modify existing knowledge patterns. They used
the empirical schemes to generate novel meanings and transformations. The first study
with the transformation tasks gave evidence for the children’s use - and for the
importance of this role- of empirical schemes in their reasoning. The children easily
made the imaginative transformations between objects which belong to the same
ontological category. However, they faced serious problems when they attempted to

transform objects which belong to different ontological categories.

These difficult cross-ontological transformations became easier when the objects had
common functional schemes. The children kept constant in their transformations the
empirical schemes which contain structural features that are common to many different
objects, events, etc. That is, empirical schemes are common abstractions of a broad
number of physical experiences or phenomena, such as the movement of objects, the
ability of some objects to fly, and the acrodynamic shape. The children based their
transformations on this feature of common abstraction and used empirical schemes as

‘bridges’ even between different ontological categories.

In a similar way, the children based the transformations between analogical examples
(or events) on functional schemes. The children attempted to make transformations in
analogical examples by focusing on actions (using ‘functional schemes’) and on
schemes that describe them, rather than on parts and relations. Most of the children
made their transformations between analogical examples which are found in school text

books, giving a variation of transformation-matching. They did not worry about the
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transformation of all parts and relations, but their focus was on keeping the similar

actions or functions and common schemes stable.

Thus, in transformation tasks there were indications that children can transform one
entity into another using schemes. They distinguished essential features of a scheme
which they kept constant during transformation, from “accidental” features, which they
changed. The children’s transformations can be classified in the following categories:
“keeping constant”, “add”, “modify”, “remove”. They kept constant (mainly in the case
of objects with common fuctional schemes) mainly schemes that are related with similar
functions of objects rather than with surface similarity (e.g. similar position). So, they
kept constant functions of objects, the parts of objects that are responsible for the
particular function and features of objects that are needed for or facilitate their

functions.

The children used schemes that belonged to the categories ‘add’ or ‘remove’ for difficult
transformations such as: the source of movement, things that are responsible for a
particular sort of movement, the material that an object is made of, things that make an
object a living thing. In the case of pairs which lack common functional schemes,
children modified mainly parts considering their position, while in the transformations
between objects with common functional schemes they modified mainly what parts can

do and the material the objects are made of.

In the case of the generation of their own analogies, the children’s selection of the target
analogy highlighted one of the most important features of their thinking, the matching
between prior and new knowledge. That is, they showed a capacity to use relevant prior
knowledge in reasoning even though objects or events in the new situation had never
been directly associated with those in the remembered ones. Consider for example the
child who gave as an analogy for a simple electric circuit, a squeezed orange. He used
his imagination to create an analogy and possibly reorganise his existing knowledge

patterns of the electric circuit in a new way.

In summary, the children used their imagination in order to achieve new structure in

their “background” knowledge, through the processes of transformation and analogical-

281



metaphorical projection. The children whenever they attempted to modify existing
patterns in order to generate novel meanings imagined an entity as another entity. It has
been suggested that powerful empirical schemes counteract children’s resistance to
some kind of transformations, making it easier to imagine things which it is difficult to

imagine.

Analogical mapping is constructed between empirical schemes

Children have some mental representations for external reality. For example, their
knowledge of the nature of water provides them with a scheme of how it moves. Also,
their knowledge of electricity provides them with a scheme of how the electric flow
moves. When a child considers an analogy between ‘water movement through drinking
straws’ and ‘flow movement through wires’, he/she is trying to build a relation between
those two schemes. The analogical projection is not between an internal mental model
and the external world. It is between two internal mental models (Holyoak & Thagard,
1996). A researcher who attempts to make an analysis of analogies has to describe these

mental representations, that is, the schemes which are the components of the analogical

mapping.

Holyoak & Thagard (1996) point out that the construction of analogy is based on some
‘schemas’. They mention as an example, the formation of the concepts sound waves and
light waves as analogies from water waves. These analogies are based on the
commonalities between the instances of the complex concept ‘wave’ which “convey
patterns of relations among constituent elements, as schemas” (p.24). The concept (or
better, scheme) ‘wave’ has been developed from a specific analogy, tied to a particular
kind of example (water waves), to a more abstract entity that can be applied to a vast
range of situations. Analogical thinking sets as a requirement that the person needs to be
able to look at specific situations and somehow to pull out abstract common patterns

even though the situations may be substantially different.
Analogies have in the past been mainly studied at a “propositional” level. In this

research I attempted to investigate them at a nonpropositional level, identifying the

nature of the empirical schemes that take part. Progress in our understanding of
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children’s reasoning in the construction of analogies, may depend on studying
children’s “empirical schemes” as well as their structuring, that is, their synthesis into
packages. Results show that there is structure in empirical schemes. Schemes are not
just small fragments of knowledge, they are organised in packages., elements of which

invoke each other.

Causal relationships in analogies

The analogies of the simple electric circuit that the children constructed are based on the
relationship of causes to effects (an interpretation of a dimension identified through
multidimensional scaling). Actions of some objects (causes) change the state of the
world (effects). It seems that what often matters in an analogy is the set of causal
relationships it evokes (Holyoak & Thagard, 1996). In explanatory uses of analogy such
as in the tasks of the second study, what matters is the causal relationships in the source
analogue that can suggest causes for what is to be explained in the target. Thus, in the
analogy with the orange, the squeezing of the orange is the cause of the production of
the juice, and that explains a similar cause the ‘closing of the switch in the electric

circuit’ which has as effect, the production of an entity (flow).

When the children gave their analogical example having as source example an electric
circuit, their reasoning tended to follow a linear causal relationship. They postulated a
group of elements as a “cause” which produced some “effects” (described by another
group of elements). Furthermore, the second dimension played an important role in the
construction of analogy is the “dynamic-static” dimension. The group with “dynamic”

elements was clearly distinguished from that with the “static” ones.

Examples constrain empirical schemes

A theme which runs through a number of sections is the interaction between entities.
That is, the way in which the empirical schemes - that describe an entity - are
constrained, interact and are modified by other entities that take part in the same
phenomenon. Children in classrooms are often asked to imagine entites as components
of various phenomena. The way that various exemplified contexts work is related to the

schematic way their components are perceived by children.
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In the current thesis sets of entities (in a picture) were investigated (a) prior to being
used as an example of an idea, and (b) when used as such an example. The meaning of
entities changes from one case to the other. Thus, the use of an object in an example of
an idea constrains the way children imagine the objects, highlighting or hiding some of
its features. However, many examples can not constrain and succesfully reduce the
appearance of the ‘autonomous action’ scheme, which appears to be too strong to be

suppressed.

In general, with the special exemption of very few schemes, the objects in the the two
examples of an idea, either stayed close together or moved closer together on all factors,
when going to the exemplifying context. However, in some cases the examples of an
idea might work in two opposite directions highlighting very different schemes of an
entity. For instance in the example with the child who attempts to raise a stone in the
sea, fewer children said that that the upthrust is a ‘barrier’ while in the example with the
child who attempts to push down a ball into water more children said that upthrust is a
‘barrier’.These shifts are related with the nature of the idea being exemplified and with
the particular role that entities play in the example (e.g. protagonists, scientific entities,
structure related objects). For example, the scientific entities (eg. potential energy,
inertia, uptrust) appeared mainly as invisible entities out of an exemplifying context.
They were not so well known and the example helps children to identify more schemes

for the description of these abstract entities.

Broadly, we predict that for objects relevant to a given example, the frequencies of
schemes will become more differentiated when the example is given. Examples
appeared to work in a similar way as metaphors: they highlight or hide some features of

entities, suggesting new ways of seeing entities.

Examples do not fit equally well to an idea

The children saw differences in how well examples fitted general ideas. ‘Good’
examples are the ones where the relevant features are salient (large), familiar, have the
ability of autonomous action and are not too complex. It seems that there is a guiding

structure of mental and external representations which follow the scheme: A

284



generalization can have a best example. The addition of parallel examples can lead to
“higher” more general generalizations, while the addition of counter examples can lead
to “Lower” generalizations. The fit between example and an idea is good when
empirical schemes such as ‘support’, ‘barrier’, ‘autonomous action’, are satisfied, and is

poor when some are not.

The presence (or absence) of particular empirical schemes influences the fit between
examples and ideas. The children in their comparisons between examples referred
mainly to objects attributes such as quantities, qualities and necessity, objects relations
such as spatiotemporal relations and objects existence. Considering the quantities of
objects such as their size, weight and quantity, the children suggested changes that could
make an example be ‘better’ following mainly the principle ‘more is better’ in various
ways. For example, the bigger or heavier the protagonists of examples the bigger the
scientific concept is, and the bigger the scientific entity the better the example.
Particularly, in the examples of expansion, the children suggested changes in the shape
of objects to make the examples better. Considering the idea of potential energy, the
children argued that an example consisting of an object (eg. a child) which can be
described by the scheme of autonomous action, is not a good example of the idea. In
some cases the fit between examples and ideas is influenced by the inherent nature of
the objects. Thus, an eagle does not fit so well with the idea “What goes up must come
down” because “the eagle because of its nature can fly”. Furthermore the spatiotemporal
relations of objects influences the fit of examples with ideas. For example, for the idea
“What goes up must come down”, a stone rather a ball thrown in the air is a better
example of the idea, because the “stone will come down more quickly than the ball”.
Also the position of objects in space and their relations with other objects that take part
in an example of an idea play a crucial role in the fit between example and idea. For
example, an aeroplane appeared as a better example of the idea of potential energy in

comparison with a child up a tree, because of its greater distance from the ground.
The results were confirmed by the fact that the children suggested removing the things

that played an important role in an example, when asked what would make the example

WOrse.
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8.3 Implications for science education

The thesis shows how the idea of schemes can be applied to the various kinds of
thinking investigated. Some important implication of this research for science education

follow.

Some ‘barriers’ to imagining scientific entities

At many points my dissatisfaction with the traditional approach to ontological
categories should have been apparent. This research adds to the ontological perspective
of conceptual change, the fact that the notion of ontologically distinct categories needs
to be explored in terms of schemes. It has implications for science education because the
transformation of everyday phenomena into scientific concepts may be based on

common functional schemes.

Chi and her colleagues (1992, 1995) applied the notion of ontologically different
concepts to the issue of conceptual change in science learning. She argues that learning
in science involves conceptual change across ontological categories since the scientific
meaning of many science concepts belongs to different ontological categories form the
naive intuitive meaning held by students. Also, she proposed that some science concepts
are more difficult to learn than others because they require a conceptual transition
between different ontological categories. She based her analysis on the identification of

predicates such as contain, move, block etc. which might be regarded as schemes.

The transformations which are explored in the present thesis are closely related with
imagination. The earlier chapters of the thesis discuss a wide range of ways of using
imagination. Here, I will make a few speculative points about imagination in science
education. The starting point should be that imagination constructs knowledge even
when it transforms knowledge into something unreal and impossible, and that this is the
main path for creativity. Teachers should give children opportunities to make
imaginative transformations: a. of objects (e.g. a human into a robot), b. events (e.g. a
simple electric circuit into a bridge that opens and closes), (c) examples of ideas (e.g.

make the example with a child up a tree of the idea ‘what is raised has potential energy’
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a better one). Also children could use their imagination to generate their own analogies

and examples of 1deas.

Using examples of ideas in classrooms

All the world around us is full of abstract ideas. One can see such abstract ideas in the
form of big headlines on the TV news, in newspapers, books, magazines etc. Concrete
examples of these ideas help people to understand them. Something similar happens in
science classrooms. A teacher often gives a general idea such as “When things are raised
they have potential energy” and attempts to clarify it through the use of some concrete
examples such as a boy up a tree or an aeroplane high up etc. Thus, the use of examples

seems to be an important feature of the science classroom.

There are important implications from the results of the third study that show a shift in
the way that entities are seen in different contexts. An example can not stand on its own
without the commentary which helps readers to clarify its purpose. Exercises with the
explicit description of examples by children can help teachers to see what for children
the focus of the example. Teachers should know that examples do not work in the same

way for all children. The presentation of more than one example seems appropriate.

Implications for science curriculum development

One important implication for science curriculum development is the construction of
analogies by pupils. Holyoak and Thagard (1997) have suggested that one useful
strategy for correcting pupils misconceptions may be to have pupils generate analogies
themselves. In the present study, one could argue that many children knew the electric
circuits well and only in this case could they create ‘interesting’ and useful analogies. In
the case where students have little knowledge of the domain of instruction, it is expected
that their analogies will be bad ones; however, Holyoak and Thagard (1997) argue that
using the generation of analogies to point out children’s misunderstandings would be a
useful way of correcting their misconceptions. Children’s analogies such as the analogy
of an electric circuit with a squeezed orange, can be a helpful tool in the exploration of
children’s thinking, can illuminate the children’s focus (e.g. in the current study
schemes of processes seem to play a protagonist role), and can be a motivating factor in

learning. Most of the children showed clear signs of excitement as they constructed their
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analogies, as | worked with them. As Holyoak and Thagard pointed out ‘a good analogy

is not only understood; it is also felt’.

A second implication for science curriculum development is the use of exercises in
textbooks, asking children to give examples of ideas. Pupils seem to me to be able to
give examples of ideas and a teacher could use these examples to learn more about their
understanding. Particularly, exercises which compare examples of the same idea, and
which consider positive and negative examples, can show what are the most important

features of an idea for pupils.

Finally, imaginative transformations of objects and scientific entities can help children
to understand the differences and the sameness between objects or between everyday
and scientific use of entities. It seems to me that transformations such as a robot into

human can help children to understand some metaphors (e.g. human as machine).

8.4 Limitations of the study

The limitations of the current research have to do with:
(a) the inclusion of many areas in the research
(b) the nature of the prompts used for the interviews

(c) the order of questions

The attempt to find common tools for analysing and understanding children’s reasoning
about the physical world seems to me to be important. Each of the studies
(transformation, analogy, examples, examples and generalizations) could be the topic of
a whole thesis. The idea in the current thesis is to use a common conceptual tool, that is
empirical schemes, to describe all these various areas. Equally the exploration of these
various areas gives a better picture of the nature of schemes. Briefly the advantages of
an approach through a variety of linked studies are:

- to see and describe various kinds of thinking as imaginative transformations

- to use the same tool to explore the nature of various kinds of thinking

- to have a clearer picture of the nature of empirical schemes
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One limitation of the studies presented in this thesis and particularly of the second
study, is that children’s focus on actions and common schemes (when they described an
analogy or generated their own analogy) could be explained as the result of the content
of the particular event (open/close the switch of the electric circuit). In the exploratory
study, the use of a ‘perfect analogy’ may lead children to these responses. That is, the
two analogical events had been selected by the author (of the science textbook) in a way
that the focus in the analogy was to be on common actions and schemes and not on
surface similarities. I tried to solve this problem in the main study where I explored the
way that children produce by themselves spontaneous analogies although they can be

“partial analogies”. However, more events and analogies should be explored.

The order of questions in the questionnaire (study 3) was important. Firstly, the children
were asked to give their own examples of an idea, then to reply to questions about
objects without reference to any idea and finally to reply to questions about the same
objects but now as a part of an example of a given idea. The children were asked to
give their examples before they were presented with the textbook examples because I
wanted to avoid any effect from the textbook examples chosen for the questionnaire in
the construction of their own examples. Also, I did not put the questions about what the
objects can do in general before the construction of examples, because I did not want the
children to try to make their examples using the objects that they had described just
before. In the questionnaire, the questions about objects without reference to any
example came before those in which the objects were components of an example. I did
not follow the opposite order because I thought that the children might focus on one
example (the one that to be given to them) to give answers for what objects can do in

general.

One could argue that the order of questions sets a particular context for the answer and
to some extent influences children’s responses. Unfortunately, any order would have
limitations. The main limitation one could expect from the order followed, is that the
children constructing their examples of a given idea at the beginning, might be
influenced by the example of the given idea in the description for the objects out of any
exemplifying context they made later. However, the changes that were observed in the

children’s responses for the objects between the non-exemplifying and exemplifying
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contexts show that any such effects were not sufficient to ‘wipe out’ differences

between perception of entities used in exemplifying and non-exemplifying contexts.

8.5 Further research

The development of schemes with age could be followed up in longitudinal studies.
Interviews and questionaires used in this research would need to be complemented by
detailed case studies because one needs to be able to identify developmental factors the

importance of which is revealed in questionnaires and interviews.

To see the extent to which not only pupils but also teachers construct, use analogies,
examples, and ideas in a science classroom other detailed research is needed.
Exemplification, analogical thinking and manipulation (transformation) of objects are
everyday practices in science classrooms. However, there is no guide to suggest when
an example or an analogy work well and the choice of examples or analogies is
intutitive or a result of the teacher’s experience. Research on how teachers use analogies
and examples in school practice to shape pupils’ view of the natural world and on how

pupils transform and extend analogies and examples to construct a new entity is needed.

8.6 Concluding remarks

In writing this thesis I have become aware that there are gaps in past and present
research into the analysis of the nature and the way that repeatable patterns are used in
children’s reasoning. The framework for the analysis of children’s reasoning proposed
in the current research offers a principle, that is the use of empirical schemes, which, not
in itself novel, is applied here with the new aim of unifying a variety of studies in this
way. This framework unifies the research on imaginative transformations (e.g.
analogies, transformation of objects, transformation of examples into ideas and vice
versa). It seems to me that this framework i1s a promising one in which research on

imaginative transformation might be brought together. A number of features of
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children’s reasoning were evident in the studies reported in the current thesis. Here, I

will draw out what appear to me to be some of the general isssues:

Mental representations can be described as a multi-leveled system.

o These levels include a middle, basic level neither very abstract nor very concrete.
The ‘empirical level’ is the basic level in thinking.

e Empirical schemes are knowledge structures about particulars.

e Children use imagination in transforming objects and events.

o A package of elements is transformed into another through analogies.

e FEmpirical schemes interact.

e Examples can be described using empirical schemes.

e Examples constrain empirical schemes.

In the minds of the readers of this thesis, questions such as the following are likely to
have arisen: how do we know that children use schemes in their reasoning? It seems to
me now after having seen the various repeatable patterns in children’s reasoning which I
identified in this thesis, that if it is difficult to persuade someone that they exist, it is
equally, or more, difficult to ignore the existence of these patterns and to hold that

reasoning is not based on empirical schemes.
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Appendix 2.1 The final report to ESRC of the research project ‘Empirical
Abstraction’.

Empirical Abstraction and
Concrete Physical Reasoning Schemes~

Final Report
Background

Some such notion as 'scheme' is present in a wide range of work on cognitive
development and reasoning. It is already there in Bartlett, and it essential to the thought
of Piaget (Bliss 1995, Piaget and Garcia 1987). The nature of reasoning schemes has been
debated in the writings of, amongst others, Carey (1985), Keil (1979, 1981, 1990, 1992),
Gelman (1990), Carey and Gelman (1991), Hirschfield and Gelman (1994), and diSessa
(1988, 1993). The notion is implicit in much early work in cognitive science on 'naive
physics' (e.g. Hayes 1979, 1985), and is implicated in much work on mental models (e.g.
Gentner and Stevens, 1983). A similar notion is involved in work on categorisation (e.g.
Rosch and Lloyd 1978). There is however, very little agreement in detail about what
constitutes a scheme, beyond it being some internalised patterned complex of activity or
expectations. Some authors have a broad-brush approach, e.g. Keil's notion of modes of
construal of the world, or the idea of large ontological categories such as physical event
or object (Carey 1985, Chi 1992). Others (e.g. diSessa) hold that units of thought are
many, varied and fragmentary. Some (e.g. Johnson-Laird 1983) use a notion like mental
model or scheme to indicate tools used for thought; others (e.g. Gentner and Stevens) use
a similarly-named notion to describe patterns in what people think. Some (e.g. Spelke
1990, Medin et al 1990) see certain schemes as innate; others look for developmental
mechanisms. It is this lack of agreement about a crucial idea which motivated us to
investigate methods for identifying and characterising schemes.

Here, we restrict our focus to schemes originating in reasoning about the physical world,
in making sense of physical objects and events, but even so the variety of views sketched
in above can be found. Our essential starting point is Piaget's notion of 'empirical
abstraction’, an outcome of the child's physical interaction with the world, leading to
internalised schemes representing the physical nature of things. However, having had the
idea, Piaget neglected it, being more interested in logical and mathematical schemes.
Indeed he saw the dependence of physical reasoning schemes on the behaviour of
physical objects themselves as a difficulty for his theorising. We, by contrast, see such
schemes as 'effort' and 'support’, derived from the activity of making and experiencing
movements, not only as basic elements in everyday reasoning about force and motion
(Ogbormn 1985, Bliss and Ogborn 1990, 1992, 1993, 1994), but also as potential building
blocks for reasoning - often metaphorncally - about many other domains. And we find
support (note the metaphor!) in such work as that of Lakoff and Johnson (Lakoff and
Johnson 1981, Lakoff 1987, Johnson 1987) grounding semantics in bodily action.

If the notion of 'scheme’ has any value, it must be the case that one can identify "the same’
scheme being used in different contexts. It must also be possible to name and characterise
a number of schemes of rather general use; it would be desirable to have some analysis ot
or typology ot schemes. And it would be very helpful to have a variety of empirical
methods adapted to the further investigation of the existence, use and nature of schemes.
Our guiding hypothesis was that these goals might be achievable, in the limited case of
physical reasoning schemes deriving from empirical abstraction.
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Objectives

The overall goal of the research was a preliminary and limited investigation of empirical
abstraction and concrete physical reasoning schemes, to pave the way for further
research, in the context of pupils' engagement with scientific ideas; more specifically:

« to contribute to the theory of everyday common-sense thinking and reasoning through
the development of an analytic framework for the classification of concrete physical

reasoning schemes and the development of a typology of concrete physical schemes as
tools for thinking.

« to contribute to knowledge of the development and use of children's concrete physical
reasoning schemes, with relevance to the learning of science.

* to contribute to the development of research tools in two ways:

-by the development of a methodological framework for investigating concrete
physical schemes as tools for thinking.

-by the construction and testing of a novel set of generic tasks for the
investigation of concrete physical reasoning schemes.

These objectives were translated into nine more specific research questions, of three
kinds: analytical, empirical and methodological. These questions are reproduced and
addressed in the Results section later.

We have addressed all the specific research questions. The analytical questions were
addressed through the process of identifying putative schemes for investigation, and of
attempting to identify schemes in use in data obtained. We now see more clearly the
nature of schemes as articulated packages of potential, and recognise more sharply the
inter-connectedness of many schemes.

The empirical and methodological questions were addressed jointly through the
construction of, piloting, and analysis of data from, a planned set of elicitation tasks. The
intended relationship to learning of science, though present, played a more minor role

than expected, in part because of the need for tasks to be suitable for both 6-7 and 13-14
year-olds.

The strongest results are an analytic framework for thinking about the nature of schemes,
with new features informed by our results, the construction of a number of generally
applicable (generic) tasks designed to investigate different aspects of schemes, and the
evidence we can present of the stable existence from an early age of a fairly small number
of physical reasoning schemes which inform much reasoning, physical and non-physical.

The main weakness in the results derives from the fact that, being committed to
developing a range of generic tasks, the timetable did not allow enough for the full
revision and re-trial of tasks, so that some have had to be piloted with rather small
numbers of subjects. We accepted this rather than restricting the number of tasks
developed, because we found that the different tasks all gave usefully different
perspectives on the issues involved in defining, eliciting and characterising schemes.

The project benefited greatly (at no cost) from the work of an associated doctoral student,
Mr C A Tsatsarelis, who independently conducted several relevant studies (and later

joined the project team). Where these studies are mentioned, they are credited explicitly
to him.
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Methods: 1 Overview and Design

A central objective was to develop a methodological framework, producing generic tasks
available across different types of schemes. A theoretical typology of schemes was
originally intended to be one axis of the framework. It quickly became clear that the way
schemes relate to one another is more complex and more interesting than anticipated, so
that the theoretical analysis needed to be informed by data from tasks to be devised.

In its place we conducted a content analysis of a range of texts, including science texts
but also newspapers and journals, looking for metaphorical uses of physical reasoning
schemes. It was striking how frequent these were, and how many were based on very
simple physical processes: forcing, pressing, containing, blocking, flowing, moving,
hitting, balancing, breaking, bending. Others (e.g. reflection, combustion) were present,
but it was these mechanical processes which seemed most often to be invoked. We
decided to focus attention on these schemes, with a reasonable range of them in the
various tasks to be developed.

A first dimension of our methodological framework was four categories of tasks (see
proposal):

* imaginative transformations

« thinking of something as...

* instances of something like...

» thinking metaphorically with physical schemes

Another dimension distinguished whether tasks required the production or recognition of
a 'scheme' or an instance of one (generative or selective tasks). In both, counter-
suggestions probe the strength of commitment to ideas. We also varied the extent to
which the scheines under investigation were explicit or not.

A third dimension was the need to adapt tasks to a wide age range (from 6 years old).
Tasks relying too much on language were not suitable for very young children. In
piloting we paid attention to whether tasks seemed authentic and produced a good flow of
spontaneous thought.

The tasks themselves used a range of stimuli, non-linguistic as well as linguistic: pictures,
objects, metaphors, stories, etc. They used a range of elicitation techniques, tfrom open
invitations to speculate, through interviews about specific stimuli, to 'yes/no' responses.

They was designed to have possible generic forms, that is to be able to be adapted to
different domains.

Our previous work suggests that many physical reasoning schemes originate through
children’s actions on and experience of the physical world early in their development.
These actions are internalised by the age of 5 or 6, acting as tools for thinking and
generating knowledge about the world which becomes highly tacit. Devising tasks to
explore such tacit thinking is difficult. Subjects may be asked to make explicit things
which are so obvious and taken-for-granted that they normally remain unsaid. In the
various tasks we adopted a range of strategies to help to make such thinking explicit, for
example by presenting objects whose behaviour is surprising, by creating unusual
scenarios, by inviting participants to imagine the world behaving oppositely to how it
should, by asking questions appropriate to one ontological category about entities

belonging to another (e.g. can the mind move by itself?). Throughout, therefore, everyday
thinking was challenged.
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Task categories

Ten studies were conducted. One analysed texts for the metaphorical us€ of schemes.
Nine (three conducted by Mr Tsatsarelis) involved scheme-elicitation tasks, and fall into
four groups according to the methodological framework above.

Imaginative transformations... asking for entities or events to be transformed in
imagination. These tasks investigate schemes through seeing what is held invariant in

transformations. Difficulties of transformation suggest boundaries between incompatible
schemes. Four such tasks were devised:

Imaginative denial of rules (Topsy Turvy World),

Imaginative constructions (Lonely Giant); '
Transforming an object into another (Object transformation) [Tsatsarelis];
Transforming an event into another (Event analogies) [Tsatsarelis]

Thinking of something as... trying to think of instances as like a given scheme (e.g. is a
gale like the flow of something?). Something concrete is to be imagined or explained in

one or more general ways, going from the instance to the scheme. Two such tasks were
devised:

Fitting schemes to counter-expectations (Anomalies)
Dimensions of schemes (Ontologies)

Instances of something like.. creating or identifying instances of a scheme (e.g. what

counts as a ‘container'?), going now from the scheme to the instance. Two such tasks
were devised:

Application of Schemes (Prototypes)
Fit of examples to (scientific) 1deas (Examples) [Tsatsarelis]

Thinking metaphorically with physical schemes: using physical schemes as the basis of
metaphors to reason about non-physical situations. One such task was devised, given that

data about metaphorical uses was also available from the text analysis and from several
other tasks:

Schemes as metaphors (Metaphors)

Methods: 2 Task development and specific results

In this section we summarise the various tasks developed, and outline specific results
from each. Fuller details are in Appendix 2.

Imaginative Transformations
Imaginative denial of rules (Topsy Turvy World)

Task design:

Generative. Schemes not presented explicitly (implicit in goals set).

Focus on constraints on changing schemes.

Setting: common knowledge.

Schemes commonly evoked: up-down, fall, support, contain, rigidity, flow.

Children:
6-7 years 19
13-14 years 6
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Children were asked to imagine what familiar actions (e.g. making tea) would be like in a
world in which everything is 'topsy turvy'. ~

Inverting' one scheme affects others (e.g. if things fall upwards, support is changed).
Thus schemes are related in packages; inversion of everything leads to contradiction.
Very fundamental ("Kantian") schemes (inside-outside, bounded space, time sequence,
cause-effect) are conserved and not inverted. Up and down, support, falling, rigidity,
fluidity can be changed.

Imaginative constructions (Lonely Giant)

Task design:

Generative. Schemes not presented explicitly (implicit in goals set).

Focus on schemes through unusual uses of materials and resources. Mainly functional
schemes invoked.

Setting: common knowledge.

Schemes commonly evoked: container, motion, force, rigidity, cause-effect.

Children:
6-7 years 5
13-14 years 7

Children were asked to imagine constructing a car from more or less unsuitable materials
(e.g. bricks, paper, boxes, trees) so that materials had to be transformed in imagination.

The results bear upon theories of abstraction. Older children had a generic notion of ‘car’,
with explicit broad functional units; materials were shaped to fit these functions. Younger
children started from available materials, letting their nature or appearance suggest a use.
But these uses were still organised around functional schemes, though implicitly (e.g. a
paper bag for a seat because both are containers). Younger children’s thinking was
transductive; older children thought functionally.

Transforming an object into another (object transformation) [Tsatsarelis]

Task design:
Generative. Schemes not presented explicitly (implicit in goals set).
Focus on invariances of schemes through making 'impossible’ imaginative

transformations. Special attention to transformation across ontological categories, and on
functional schemes.

Setting: common knowledge.
Schemes commonly evoked: functions such as move by itself, fly, contain.

Children:
11-12 years 38 (Greek)

Children were asked to transform one object of a pair into the other. Pairs could belong to

the same ontological category or not (natural living kinds or artefacts). Artefacts did or
did not share common functional schemes.

Transformations between objects of the same ontological kind were easy.
Transformations from one kind to another were harder; hardest in the direction from
artefact to living thing. Shared functional schemes made cross-category transformations
easier. Shared schemes can bridge ontological differences.
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Transformational steps used four devices: adding, modifying, removing and keeping
constant particular features. Shared functional schemes led to use of 'keeping constant’.
Lack of common schemes led to use of 'modify’ or 'remove'.

Transforming one event into another (event analogies) [Tsatsarelis]

Task design:

Generative. Schemes not presented explicitly (implicit in goals set).

Focus on the schematic nature of school science processes, through construction of
analogies.

Setting: school science knowledge.

Schemes commonly evoked: flow, action, path, barrier.

Children:
11-12 years 39 (Greek)

Given pictures taken from school science text books of processes of scientific interest
(e.g. current in a circuit) children were asked to construct analogies for these processes.

They could find analogies, generally drawing on schemes from everyday knowledge.
Detailed statistical analysis of the co-occurrence of elements in analogies (objects,
scientific entities, processes) shows that the underlying thinking is regular and well-
structured. Dimensions 'dynamic vs. static' and 'cause vs. effect' can be seen. Types of
structure were such as 'a source/container provides something which can flow, if acted on
dynamically'. Interaction with scientific knowledge appears to have left children with
broad pictures of the nature of a number of processes, not simply with surface facts.

Thinking of something as...
Fitting schemes to counter-expectations (Anomalies)

Task design:

Generative. Schemes not presented explicitly (implicit in goals set).

Focus on the use or adaptation of schemes to predict and account for the behaviour of
objects which appear to violate common knowledge schemes.

Setting: common knowledge (unusual devices).

Schemes commonly evoked: support, balance, motion, force, rigidity, fluidity.

Children:
13-14 years 7

Children were asked to account tor the behaviour of objects (‘potty putty’, a gyroscope, an
executive 'perpetual motion' toy) which behaved in ways violating their expectations.

A given object evokes a package of schemes, e.g. movement, rigidity and support. The
behaviour of these anomalous objects violated such schemes, allowing us to see how they
interact. Schemes were not abandoned but rather imagined as realised or combined in
novel ways (e.g. motion lends support). We observed a dynamic process of scheme fitting
and revision. Action on the objects was crucial to produce revision of scheme fitting.
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Dimensions of schemes (Ontologies)

Task design: .

Selective. Schemes pre-selected, implicit in diagnostic questions.

Focus on detecting the consistent presence of schemes in thinking about a wide variety of
objects, some unpredictable in their scheme-formation.

Setting: common knowledge.

Schemes: object in motion, source of motion, support, container, carrier, fluid flow.

Participants:
13-14 years 58 (one group of 28; one group of 30)
adults 22

This task, using a questionnaire format with simple yes/no answers, was designed to
complement small scale interview tasks.

Hypothesised schemes could be recovered from patterns of responses to simple
ontological questions (e.g. "Does it hold something up?"; "Does it stop something
falling?" for 'support’), showing how a variety of physical entities were understood in
terms of such schemes. Of 22 objects asked about, some were 'unproblematic’ in terms of
schemes (e.g. a car); others were chosen to be problematic (e.g. the mind).

Factor and cluster analysis extracted schematic groupings which were closely related to
those built into the design. With some variations, these were applicable as much to
problematic objects as to unproblematic ones, and were similar across age differences.
An unanticipated rather abstract scheme, 'fillable space’, appeared to emerge. The
‘problematic’ exemplars all had intelligible (but not a priori predictable) descriptions in
terms of these schemes (e.g. the mind as a container and carrier)

It appears that something like such schemes can be taken to 'exist' in participant's thinking
about the physical world.

Instances of something like...
Application of Schemes (Prototypes)

Task design:

Selection. Schemes presented explicitly.

Focus on recognising instances of schemes in a variety of different physical contexts.
Setting: common knowledge.

Schemes: support, containment, flow, floating.

Children: .
6-7 years 29
13-14 years 6

Children first agreed about a target-scheme shown in a picture. They then had to identify
other examples of the scheme in each of nine different contexts, shown as drawings ot

scenes (e.g. a waiter serving customers wine; a bath overflowing). Finally they chose the
best example from all the pictures.

Younger and older children showed a similar underlying pattern of difference in their use
of all four schemes. Each scheme was used in a local and specific way by 6-7 year olds
but more generically and across more contexts by the older ones.

For example, for 'support’ younger children's examples are obvious (waiter-tray) or local

(bath-legs); older children choose less obvious examples (e.g. chairs tightropes and
trampolines supporting people). Young children used 'containment' only in a local sense
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(cups-containing-drinks) - spaces did not 'contain’, as they did for older children. 'Flow'
was similar. 'Float' showed the same tendency, but older children had not yet extended its
range of convenience very much.

Fit of examples to scientific ideas (Examples) [Tsatsarelis]

Task design: S
Selective. Schemes implicit in choice of examples and questions.
Focus: Examples and generalisations. How particular cases function as examples or

counter examples of general 'scientific’ ideas. How seeing a case as an example constrains
its schematisation.

Setting: school science knowledge.

Children:
11-12 years  six groups of about 40 (Greek)

Firstly, children were given a 'scientific' idea (e.g. light travels in straight lines), and an
example, a parallel example and a possible counter-example. They were asked whether
the examples were good or not, and whether the example changed the idea for them.

Examples tended to be judged good on grounds of salience or immediacy (size or speed).
Counter examples produced specialisations of ideas, or over-ride principles. Parallel
examples sometimes lead to a wider generalisation.

Secondly, a questionnaire presented first a picture of a scene (e.g. a boy up a tree) and
then the same scene but now described as an example of a scientific idea (e.g. potential
energy). Six such ideas were used, each with two different picture-examples. Both before
and after revealing the idea, children were asked whether elements of the picture might fit
a number of schemes (e.g. block something, force something, contain something).

Interpretable factors could be extracted (e.g. autonomous action, static barrier/support,
particular or generic location). Factor scores provide a characterisation of the elements of
the examples in terms of these schemes.

After presenting the idea, assignment to schemes became more differentiated and
selective. Seeing something as an example constrains how it is imagined.

Thinking metaphorically with physical schemes
Schemes as metaphors (Metaphors)

Task design:
Selective. Schemes presented explicitly.

Focus: use of physical reasoning schemes in thinking metaphorically about non-physical
situations.

Setting: common knowledge.
Schemes: support, flow, containment, barrier, tloating, balance.

Children:
13-14 years 6

For each of the above schemes, we constructed a pair of scenarios predicted to be one
plausible and one implausible example of the scheme used metaphorically (e.g.
containing feelings, supporting a person's activities). The non-examples each violated
what we took to be one criterial aspect of the scheme (e.g. proximity for support).
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Children were asked whether such scenarios were or were not good instances of a scheme

used metaphorically (in the form of questions about the scenario of the type, "Would you
say that Peter contained his feelings?"), and to explain why or why not.

Agreement with predictions was generally good. Disagreements arose mainly with 'flow’
and 'floating'. Metaphors were taken not to apply on grounds relating to broad schematic
features: e.g. that 'flow' should be continuous and not too rapid - discrete or rapid changes
were disqualified. 'Floating' metaphors were often required to be rather literal to qualify.

Children could argue for or against the validity of these metaphors, invoking physical
features of the schemes to do so.

Results: Overall
We originally posed the following three analytical research questions:

(1) What would be a plausible set of concrete physical reasoning schemes usable in a
wide range of contexts of thinking about physical reality, and so in learning science?

(2) How can the differences between and the relationships between such schemes be
characterised analyrtically? Can any claim that an analysis of types of schemes is in
some sense comprehensive be sustained?

(3) What is the appropriate granularity at which to define schemes, from the highly
general (e.g. space, object) to the more particular (e.g. running river, falling ball)?

To respond to them we have to be clearer about the nature of schemes. Using the
language of complex adaptive systems (e.g. Holland 1995) we regard schemes as tagged
(labelled) re-usable building blocks used in packages to make models. Take the scheme
'support’, for example. It has acquired a name (tag) which people recognise instances of
very early. It is widely re-usable (sitting on a chair, holding a cup, lending moral
support). It is a building block used in combination with others such as fall, effort,
solidity. The combined package of schemes constitutes a model allowing one to predict
or account for events (that one will fall if the chair breaks; that morale has sagged).

A scheme has a small set of porentials (to adopt a linguistic term) which provide
entailments and link it to other schemes. The potentials of 'support’ include 'something
underneath’, 'prevented from falling', 'above the ground'. If a potential is not satisfied
something must substitute for it (a bird has nothing underneath, so must support itself by
its own effort’). Notice the intimate links to other schemes (falling and effort).
Entailments are direct one-step inferences from 'how things are'. That removing support
will make something fall is such an entailment.

Schemes need to be neither too specific nor too generic. The more generic, the greater the
possible range of convenience. But the more specific, the greater the number of
entailments. Effective thought requires a compromise. Thus support is less specific than
'resting on something solid’, but more specific than 'being there'. Its re-usability derives
from this: it is generic enough to be used in many situations but not so generic as to apply
almost everywhere. This makes it recognisable, able to carry a usable tag-label.

The 'right' level of specificity is relative to the domain of thought (for experts, highly
generic things become specific). This makes answers to questions about granularity and
completeness into empirical questions for given domains. But it does seem (empirically)
that the schemes appropriate to thinking about the movement (or not) of physical objects,
established early in life, prove to be re-usable in many other domains, including social
life. A quite small set of a dozen or so such schemes accounts for a good proportion of
metaphors found in texts (movement, action/force/effort, container, carrier, support, fall,
barner, space, flow, break/not break, stretch/squash, balance).
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This discussion leaves open the question whether 'schemes' are a linguistic or
psychological phenomenon. We think the question ill posed. Were they not tagged and so
used in communication, they would not acquire their (growing) power. But they would
not become essential metaphoric components of meaning (Lakoff 1987, Johnson 1987) if
they were ill-fitted to making effective and predictive mental models. Such over-
determination makes schemes very stable.

Evidence to sustain this analysis comes from a number of tasks. No task ran into
difficulty over tagging schemes, even with very young children. The Prototypes task
shows directly that tagged schemes are readily recognisable. In generative tasks, similar
scheme tags were produced by children. Re-usability in different physical contexts is
shown by the Prototypes task; re-usability in non-physical contexts by the Metaphors task
and the Ontologies task, and is further shown by the spontaneous use of metaphor in
other tasks. Generative tasks all showed schemes being spontaneously re-used. The
Topsy Turvy and Anomalies tasks were good at showing how schemes are linked to
others in packages, making models. This packaging helps account for the difficulty in
bridging ontological categories in the Object Transformation task. The Examples task
shows how being part of a model constrains the choice of schemes. The existence of
entailments deriving from potentials is brought out by the Ontologies task, showing how
sets of possibilities cohere into schemes. The Lonely Giant and Prototypes tasks showed
change in generic levels with age. Many tasks illustrated how children could use schemes
to attempt to model a variety of new - even peculiar - situations, with the Event Analogies
task illustrating that models (analogies) are made up of coherently organised schemes.
The evidence (e.g. from the Topsy Turvy task) that schematic thinking tends to be
conservative, avoiding contradicting very basic pre-suppositions, lends further support to
the idea that schemes ar