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12. LEARNING AND TEACHING SCIENCE WITH
ANALOGIES AND METAPHORS

INTRODUCTION

Analogies and metaphors have always been important in learning and teaching
science. Indeed, science teachers who communicate ideas and concepts in their
classrooms using analogies are in good company. Many important discoveries in
science have been made in this manner. For example, Johannes Kepler developed
his concepts of planetary motion from the workings of a clock, Christian Huygens
used water wave motion to understand light phenomena, and Kekule developed the
idea of the benzene ring from his dream about a serpent biting its own tail. Yet,
analogies and metaphors only became a significant field of Australasian science
education research in the late 1980s, with most research papers appearing in
international journals from the early 1990s. Since this time, science education
researchers in Australia and New Zealand have made significant contributions to
research on learning and teaching science with analogies and metaphors.

In this chapter, we review Australasian research to outline the broad pathways
this research has followed and to highlight significant contributions the work has
made to science education. We describe a series of studies from different research
groups and highlight two seminal publications that are discussed later in finer
detail. The first publication Metaphor and analogy in science education (Aubusson,
Harrison & Ritchie, 2006a) provides a state of the art analysis of how metaphors
and analogies are used in science classrooms; the majority of the authors are
Australasian. The second publication Using analogies in middle and secondary
science classrooms (Harrison & Coll, 2008) provides both a scholarly argument for
using analogies in science teaching and also presents 50 concepts from biology,
chemistry, physics and earth and space science that have been taught using a model
for effective analogy teaching. The chapter concludes with an analysis identifying
where gaps remain in our understanding of the role of analogy and metaphor in
science education and suggests emerging fields for further study.

In his review of the role of analogies and metaphors in learning science, which
began during a period of sabbatical leave at Curtin University, Duit (1991) noted
that analogies allow new material, especially abstract concepts, to be more easily
assimilated with students’ prior knowledge, enabling them to develop a more
scientific understanding of the concept. A key question for science education
researchers and science teachers to investigate has been whether students can
economically and repeatedly employ these same analogical reasoning skills to
understand a new concept or phenomenon. Students often lack the background to
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learn difficult and unfamiliar concepts in biology, chemistry, and physics, so one
effective way to deal with this problem is for the teacher to provide an analogical
bridge between the unfamiliar concept and the knowledge which students possess.
For example, biology teachers often explain the specific way that enzymes interact
with substances by using an analogy with a lock and key; physics teachers might
explain the forces acting when a book rests on a table by using an analogy with an
object on a spring; chemistry teachers might explain chemical bonds in terms of
friendship bonds.

The Meaning of Analogy

Before moving further we pause to clarify what we mean by analogy in the context
of the science education research being reported in this chapter. The usage of the
term analogy in science education has been varied and in many cases the terms
metaphor, analogy and model have been used interchangeably (Aubusson,
Harrison & Ritchie, 2006b). An analogy is a process of identifying similarities
between two concepts. The familiar concept is called the analog and the unfamiliar
science concept is called the target. When using an analogy in science teaching,
ideally teachers should select an appropriate student world analog to assist in
explaining the science concept. The analog and target share attributes that allow a
relationship to be identified and contribute to the concept being taught; however,
there are features of the analog which are unlike the target, and these can cause
impaired learning if incorrectly matched. Many authors provide examples of this;
one such example—the camera as the base analog and the eye as the target adapted
from Harrison (2006)—is used to illustrate this mapping shown in Figure 1. In this
example of the camera and the eye analogy, there are features of the eye and
camera, which are similar while others are different.

Analogies are believed to help student learning by providing visualisation of
abstract concepts, by helping compare similarities of the students’ real world with
new concepts, and by increasing students’ motivation (see Treagust, Harrison,
Venville & Dagher, 1996). Concrete analogs facilitate understanding of the abstract
concept by pointing to the similarities between objects or events in the students’
world and the phenomenon under discussion. Analogies can be motivational in
that, as the teacher uses ideas from the students’ real world experience, a sense of
intrinsic interest can potentially be generated. From a teaching perspective, the use
of analogies can enhance conceptual change learning since they open new
perspectives (Venville & Treagust, 1996).

Despite their advantages and usefulness, analogies also can cause incorrect or
impaired learning depending on the analog-target relationship. If the teacher uses
an analog that is unfamiliar to the learner, development of understanding through
the analogy is prevented. However, the use of analogies in science teaching does
not always produce the intended effects, especially when students take an analogy
too far and are unable to distinguish it from the content being learned. Some
students only remember the analogy and not the content under study; other students
focus upon extraneous aspects of the analogy and draw spurious conclusions about
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the target concept. There are also possible problems with using analogies from a

developmental perspective and research has shown that analogies are more useful
for concrete operational thinkers.

Basic Analogue Mapping Target Analogue
i - —p- g
Base Features compares with Target Features
1 compares with 1
2 compares with 2
n compares with n

Analogue Example - Camera-Eye

CAMERA is like the EYE

variable aperture suits pupil size varies with light

prighmcss ' brightness

image on light sensor detector sent image on retina is sent to the

to memory chip brain

lens cap protects lens eyelid protects the eye’s
cornea

can focus on near and far objects can focus on near and far
objects

black inside of camera stops black choroid coat stops

reflections reflections

CAMERA is not like the EYE

is limited to quite bright light adapts to very low and very

bright light
permanent single image multiple non-permanent
_ images
one image two images give binocular
vision

Figure 1. Analogical Mapping

Two Pathways for Researching about Analogies and Metaphors

Viewgd in retrospect, the desire to understand analogy in the learning and teaching
of science was in part an outcome of a renewed respect, which had gained
momentum during the second half of the last century, for the role of metaphor and
analogy in knowledge exchange and production as well as their influence on
people’s perceptions of their world (Aubusson, et al., 2006b). At the time, however.
the ontology and epistemology of this research had its foundations in the studies 0%
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children’s science and conceptual change that dominated science education in the
1970s and 1980s. This body of knowledge led a group of researchers at Curtin
University to ask, “How are teachers making concepts accessible and comprehensible
to students?” One potential tool for such a purpose seemed to be analogy but, at the
time, little was known about the extent of use of analogy or the pedagogies associated
with their use in science classes. Indeed the work of Treagust, Duit, Joslin and
Lindauer (1992) was one of the first publications to examine how analogies are
used in the natural classroom setting; much of the previous research was published
in psychology journals reflecting the analytical examination of individual
performance of analogical thinking in psychology laboratory experiments.

These early studies instigated two broad pathways of investigation. The first
and most prolific grew from Treagust’s and later Harrison’s work, described in
more detail later, led to many investigations exploring and improving the ways in
which analogies were selected, designed and employed in science teaching and
learning. This research consisted of a series of ongoing, related threads of research:
observing teachers in science classes to see how they used analogies; investigations
of textbook analogical representations of science concepts; studies of the way
scientists use analogies; and the development of a model for teaching using
analogies.

Other researchers such as Cosgrove (1995), Aubusson, Fogwill, Barr and
Perkovic (1997), and Fogwill (1995), independently, identified the significance of
analogy in teaching and learning science and followed the Curtin pioneers with
their own studies of analogy in science learning. A number of these studies were
distinctive from the Curtin research in that their focus was on student-student or
student-teacher co-generated analogies rather than textbook or teacher-generated
analogies.

The second pathway examined the way in which science teacher metaphors
explained and influenced the ways that teachers perceived themselves as teachers
and how analogy could be used to influence teaching change. This pathway was
influenced by questions such as, Can metaphor be used to enable teachers to
change the way they see themselves as teachers and thereby change the ways they
teach science? This work, initiated by Tobin (1990), was in the USA (e.g., Tobin ,
1993; 1996; Tobin & Tippins, 1996) and Australia (e.g., Aubusson & Webb, 1991;
Ritchie & Russell, 1991; Ritchie 1994).

Thomas and McRobbie (1999a; 1999b; 2001) applied similar principles to their
studies of the potential of metaphor to inform students” metacognition and to
influence students’ understanding of their learning in school science classes.
Analogical theory has also been adapted as a procedure for analysis in science
education research and applied to developing understanding of science education
as a system (Aubusson, 2002) but such research is beyond the scope of this
chapter.
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THE FIRST PATHWAY: LAYING THE FOUNDATIONS OF ANALOGIES
INFORMING SCIENCE TEACHING AND LEARNING

How Teachers use Analogy

The seminal study of 50 science lessons investigating how teachers taught science
gTreggust et al, 1992} indicated that analogies were under-utilised and poorly used
in science classes. This study was followed by a series of investigations of analogy
use in science teaching by Treagust and his doctoral students, first scrutinising
current practice and then using intervention studies to determine ways of making
teachin'g with analogy more effective. An important finding of this work was that
analogies require explanation and analysis if they are to contribute to appropriate
conceiptual change. These studies resulted in the development of a model for
teaching using analogies called the FAR guide (see details later in the chapter).

A consistent finding in studies of analogy has been that they are “two edged
swords” (Harrison & Treagust, 2006), being both able to lead students in their
development of sound scientific conceptions as well as able to mislead students
resulting in the construction of alternative conceptions. Thus much of the research
has concentrated on the use analogies to promote the former and inhibit the latter.
These studies indicated that in the hands of a skilled teacher analogies had
great potential to contribute to student understanding of science concepts and
phenomena. The case has been consistently made, however, that effective teaching
with analogies requires the teacher to assist students to map the features of the base
analog against the science concept, proposition or phenomena under study. The
wheel-refraction analogy (Harrison & Treagust, 1993) provides an illustration of
such a mapping. In this analogy, for example, the wheels with axle behave like the
light ray traveling across different surfaces (air — paper, glass — carpet) where, like
light, the wheels travel at different speeds as they traverse (go-through) different
media-surfaces. When the teacher works with students to make explicit the
n?is!natches between the analog and the target (see for example the mapping of
similarities and differences eye camera analogy in figure 2), students are less likely
to generate misunderstandings.

How Texts use Analogies

Following the research by Treagust et al. (1992), a series of studies was conducted
!)y the Curtin group, supported by Australian Research Council large grants, that
investigated analogies in senior high school textbooks of chemistry (Thiele &
T.reagust, 1993, 1994b, 1995), of physics (Stocklmayer & Treagust, 1994) and of
blo‘logy (Thiele, Venville & Treagust, 1995). These studies, which used a classifi-
cation of analogies proposed by Curtis and Reigeluth (1984), indicated that while
many textbooks frequently used simple analogies few textbooks stated any limitations
of the analogies; consequently, these simple analogies were likely to create learning
problems for students. In some textbooks authors made use of margin spaces to
include analogies that often contained a pictorial component. The article by
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Stocklmayer and Treagust (1994) looked specifically at the way that textbook§,
over a period of one hundred years, used analogies to inform readers about electric

current.

GHT BEING REFRACTED AS IT PASSES
SN FROM AIR TO GLASS.

AIR AIR

IS LIKE

Figure 2. The wheels-refraction of light analogy

A Guide for using Analogies

In general terms, all researchers agree that the mapping of like z.md unlike q.ttnbutes
is essential to any effective pedagogy using analogy for‘ science l‘eammg. The
extensive body of research produced a guide for teaching with ana}logles (Treagust,
Harrison & Venville, 1998) called the Focus — Action — Re_ﬂectlon (FAR') Guide
(see figure 3) that has been shown to enhance learning of science conceptions and
reduce the construction of alternative conceptions (Harrison & Treagust 2000). The
competent and interested teachers who participated in our research helped develop
the three phases of this teaching approach (see Figure 3). o
Focus refers to the decision about using the analogy when .teachel:s initially
consider the difficult aspects of the concept to be taught (i.e., difficulties for Fhe
teacher and the students), whether or not the students already kno'vw_f som_ethmg
about the target concept, and whether or not the students are familiar with the

analog.
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Focus
Concept Is it difficult, unfamiliar, or abstract?
Students What ideas do the students already know about the
concept?
Analog Is it something your students are familiar with?
Action
Likes Discuss the features of the analog and the science
concept. Draw similarities between them.
Unlikes Discuss where the analog is unlike the science
concept.
Reflection
Conclusions Was the analogy clear and useful or confusing?

Improvements Refocus as above in light of outcomes.

Figure 3. The FAR Guide for Teaching and Learning with Analogies.

Action refers to the class presentation when the teacher pays careful attention to
the students’ familiarity with the analog and identifies the Like attributes (i.e.,
those features in common) and the Unlike attributes (i.e., those features not in
common) of the analog and the target. To achieve this, the features of the analog
and target are socially negotiated with students, similarities are drawn between
them, and ways that the analog and target are not alike are explicitly identified.
The Action phase of analogical teaching usually involves no more than three
cognitive steps: (a) familiarity with the analog, (b) mapping of the shared
attributes, and (c) negotiating with the students where the analogy breaks down.

Reflection takes place after the analogy has been used in class when the teacher
reflects on the clarity and usefulness of, and conclusions drawn from, the analog
and considers ways in which the analog, the mappings, or the analogy’s position in
the lesson may be improved. This Reflection phase may take place within the
lesson itself or after the lesson as later preparation occurs. In practice, these phases
are not distinct but run into one another. Because Reflection is a characteristic of
all good teaching, competent teachers will likely implement this step as a matter of
course.

The purpose of the FAR Guide is to help teachers maximise the benefits and
minimise the constraints of analogies when they arise in classroom discourse or in
textbooks. The guide came about as a result of many hours observing and
interviewing teachers and students and has been designed, as much as possible, to
reflect the skilled way in which exemplary, experienced teachers use analogies to
teach science. Because the three phases—Focus, Action, Reflection—are quite
self-explanatory and epitomise good teaching; most teachers assimilate the FAR
Guide with ease and their students benefit from and enjoy analogies when teaching
and learning science. Treagust and Harrison (2000) also investigated how expert
scientists used analogies.

Studies with a group of interested teachers in their classrooms commenced
parallel with the textbook research. These studies initially followed the Treagust
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et al. (1992) ethnographic approach identifying how teachers used their own
analogies effectively in chemistry (Thiele & Treagust, 1994b) and in physics
(Harrison & Treagust, 1993). Other articles, initiated by Harrison based on his
experience as a long-time science teacher, described ways that analogies could be
used effectively, for example, to teach homeostasis (Harrison & Treagust, 1994a)
and the three states of matter (Harrison & Treagust, 1994b).

Initially, these analogy studies by the Curtin group had no teaching
intervention. This changed in Harrison and Treagust (1993) when the teacher used
a modified version of Glynn’s Teaching-With-Analogies (TWA) model with a
grade-10 optics class on refraction. This study was important in that it led the
research team to develop an approach called the FAR Guide (Focus-Action-
Reflection) (1991) for teaching science with analogies (Treagust, Harrison, &
Venville, 1998). Other research involved teachers improving students’ understanding
of scientific concepts using elaborated analogies (Venville, Bryer & Treagust (1994).
Treagust (2001) presents a good overview of the above studies. Each of these
studies involved the teacher generating the analogy to be used in the classes with
one exception—the work of Crowley (2002) which focused on grade 9 students
creating their own analogies to explain scientific phenomena presented in the
curriculum using a range of representations from their own world experiences. As
is discussed later, the studies by Aubusson and his colleagues had a focus on
student-generated analogies that arose independently of the Curtin researchers.’

Implementing this teaching approach led to perhaps the most influential of the
analogy studies of the Curtin group as the researchers examined the role of
analogies in engendering conceptual change in optics (Treagust, Harrison, Venville
& Dagher, 1996) and in a range of biology topics, the latter from four different
theoretical perspectives (Venville & Treagust, 1996).

Model-based Learning in Science

The research on analogies in science led naturally to research on the use of models
in science. An innovative investigation by Coll (1999) (see also Coll & Treagust,
2002a) involving secondary, undergraduate and graduate chemistry learners sought
to determine their preferred mental models of covalent bonding (Coll & Treagust,
2002b), ionic bonding (Coll & Treagust, 2003a), and metallic bonding (Coll &
Treagust, 2003b), by means of semi-structured interviews with a variety of focus
cards depicting models of bonding. The study revealed that, despite having
expertise in a number of highly complex and mathematically sophisticated mental
models, tertiary students, including graduate students, showed a strong preference
for simple realistic mental models and at the same time retained alternative
conceptions.

In a study that investigated secondary students use of models in organic
chemistry, Treagust, Chittleborough and Mamiala (2004) found that the majority
of students had a sound understanding of the descriptive nature of analogical
models but their understanding of the predictive nature of models was limited
despite the experience of using a variety of representations in chemistry class. The
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study suggested that teaching models play a pivotal role in initiating students’
devetlopn'lent of scientific models, mental models and expressed models. Later
studl_es' incorporated a wide variety of pencil-and-paper tasks designf;d and
administered to measure secondary students’ understanding of scientific models
(Treagust, Chittleborough & Mamiala, (2002) and secondary and university
stud.ents’ perceptions of the role of models in science as well as in learning science
(Chittleborough, Treagust, Mamiala & Mocerino, 2005). Mostly students’ responses
revealed a developing understanding; scientific models were associated with the

process of science and teaching models were relat .
; ed to the
science. process of learning

Co-generated Analogies

!n the above studies of teaching with analogies, the way in which teachers
interacted with students to create analogies was observed and reported. Treagust
et al. (!996) noted that students were capable of developing rich analogies ‘to ex él,,ain
refractlon. Furthermore, Harrison and de Jong (2004) observed that Ieaminpg of
science concepts was sometimes enabled when students responded to a teacher’s
analogical explanation with an analogical explanation of their own. For example
whenva teacher used dissolving sugar in a saturated solution in a teacup analogypfo;
chemlcal.equi!ibrium a student responded with an analogy of a boiling saucepan
sea_led with a lid, where the rate of evaporation equals the rate of condensat?on,
;I"illlels obsirvatign illustrates the way in which analogy can provide an exchange 0{}
me:;fin\gf::‘iheﬁ? teacher and student select and present analogies that carry

Other .resea.rchers focused specifically on teacher-student co-generated analogies
Among 'hlS series of studies of students’ understanding of electric current, Cos f:’ové
(1995) investigated the merits of working with primary school studen;s to gassist
them to construct their own analogy of electric current. With him, they developed a
rgle play where the students took on the part of electrons and’ moved armlljncl a
f:lrcle as energy carriers. They collected energy from a battery and released ener;
in an energy transformation at a light bulb. Their movements and the amount %3;
energy carried were influenced by a variety of changes to the circuit.

At about tl}e same time, Aubusson et al. (1997) collaborated in investigatin
three case studies of learning science through analogies. The three teachers assisteg
students in developing their analogies to explain what they thought were occurrin
when a current_ flowed through simple circuits or when gasses were exchanged iﬁ
human biood circulation. These studies identified that co-generated analogies could
make a significant contribution to student learning when the analogical development
was carefully moderated by the teacher. In particular, the teachers needed to
encourage students to explicate the reasoning behind their representations and
carefully map ar_lalogical attributes. Notably, in one of the cases where students
were dealing with concepts and phenomena that they found very difficult to
understand, this process required many lessons.
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In Fogwill’s class, the development of the analogies progressed through iterations
over many lessons and was periodically tested against evidence from practical
work and text-based sources. In all these studies one of the aims in the construction
of the analogy was to develop an analogical model that was as accurate as possible,
that is, an analogy where many important, causal relationships could be mapped
between the target and base analogs.

More recent studies of co-generated analogies (Aubusson & Fogwill, 2006;
Fogwill, 2007) have suggested that the development of an analogy that represents
the phenomenon as accurately as possible may be an unnecessary or inappropriate
goal. In particular, these authors noted that even poor analogies, in the sense that
they may not represent the phenomenon accurately, could be valuable in learning if
the teacher required students to explain and discuss the analogies in depth to
identify the reasons why the analogy does and does not accurately represent their
view of the phenomena under discussion. The inherent quality of the analogy may
not be the most important aspect; rather the quality of the associated thinking and
discussion is critical (Aubusson & Fogwill, 2006). These authors’ current
speculation is that it is not just that thoroughly explaining the mismatch between a
target and base analog demonstrates a very sound understanding of the target
phenomenon, rather that the creation and analysis of the matches and mismatches

enables students to generate a more sound understanding of the phenomenon and
related science concepts.

When teachers engage students in discussion with the analogies that students
construct, the students are more readily able to map attributes of their analogies
than those provided by the teacher (Harrison & de Jong, 2005; Harrison, 2006). In
this way, the usefulness of co-generated analogies becomes evident because when
students develop the analogies themselves, they provide a way in which to begin
learning based on their own experiences (Aubusson & Fogwill, 2006). When
students create their own analogy they use things with which they are familiar to
represent their view of the phenomenon at the time. Subjecting the analogy to
scrutiny by making decisions about how well the analogy conforms to practical
evidence or information available to the students allows them to discuss its strengths
and weaknesses, and thereby clarify their personal theories. The students may
refine and improve the analogy. On the other hand, the analogy might be judged

inadequate and set aside once it has done its work in promoting the discussion and
analysis that contribute to deeper scientific understanding (Aubusson & Fogwill,
2006; Fogwill, 2007). The end to keep in mind, when using analogy for learning, is
not the perfection of an analogy per se but the learning that is derived from the
process of interpreting, explaining and discussing the analogy. This latter point is
the essential focus of the work of Bellocchi (2008) who, in using analogy-writing
activities in his Year 11 chemistry class, noted that the students’ discussion of the
analogies involved their own hybridization of the elements of both the analog and

target discourses.

ANALOGIES AND METAPHORS
Analogy and the Affective Domain

It seems surprising that while the relationship between student interest in and
gttltude towards science have often been informally discussed among researchers
in the ﬁelc_I at conferences and in personal communications, little research has
targeted this aspect of analogy in school science. Nevertheless, the little data we
have are encouraging. Fogwill (1995) and Aubusson and Fogwill (2006) reported
that. students like lessons in which analogies were used to learn science. Harrison
reviewed over 15 years of his research of analogies and found many examples that
:?upported the hypothesis that teaching with analogies could contribute to student
interest and enjoyment of science (Harrison & de Jong, 2004; Harrison, 2006). He
als:o noted th'fat many of the teachers exhibited enthusiasm and were anh';ated v\;hen
using anal_ogles in their teaching. In preparing this chapter, when reading many of
the quotations cited by researchers to indicate learning or thinking processes among
Zﬁ]gdent'csj, it ;slfe'med that the quotes often implied that students were interested and
aged in their conversations usi ies—| i i
Fa il e e s using analogies—both when it occurred in class and
' An excellent example of how analogies engender interest and motivation in
science conceptualisation is the interview with a student named Dana in the optics
lessons reported by Treagust et al. (1996) and described in more detail in Harrison
(2006).. !Essentially, Dana’s responses to questions about the optics lessons went
from dlsn.'lterested to enthusiastic and knowledgeable once the analogy was evoked
Thus, while the evidence is scant, there appears to be a prima facie case to investigatf;

the relationlship between learning and teaching with analogies and students’ interest
and enthusiasm for science.

THE SECOND PATHWAY — LAYING THE FOUNDATIONS FOR RESEARCH
ON METAPHORS OF TEACHING SCIENCE

At about the same time that Treagust and his colleagues began to investigate
teachers’ use of analogy in science lessons, other studies such as those by Tobin
Kahle and Fraser (1990) raised questions about how and why science teacher;
tal:lght as the_y did. Tobin (1990) provided an analogical interpretation of the
science teaching-learning nexus; a key finding of this research on metaphors
re'vealed that how teachers see themselves as teachers may not match how the
might want their students to operate as learners. ’
This fs a path less well trodden. In 1990, Tobin invited the science education
community to consider the potential of metaphor as a “master switch” for teachers
changing their view of themselves as teachers, their students and, thereby, the ways
they teach. In this and a later study (Tobin, 1990; 1996; Tobin & Tippin; 1996)yit
was argued first that science teachers’ strongly held beliefs about thei,r role as
teacher could inhibit the development of more innovative teaching practice: and
secopd.that by enabling science teachers to re-vision their teaching rol’e by
modifying the metaphor(s) that guide their teaching, they could make changes to

their teaching that were desirable to them. Tobin (1990 i
: ; rovides th
Sarah illustrating this aspect: ( ) provides the case study of
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Important beliefs that applied ... were described in terms of a distance
metaphor... Sarah explained she should be distant from the students. Yet as a
facilitator of learning Sarah believed she should be close to students. These
metaphors seemed to imply a contradictory course of action... Sarah had
problems, (and) wanted to make changes ... She decided to reconceptualize
her role as manager in terms of being a social director... According to the
metaphor, the teacher’s role is to create opportunities for learning and invite
students to learn, as guests are invited to a party... Sarah pursued her (new)
role... Numerous changes occurred in teacher and student behaviour (pp.
124-125)

In particular, it seemed evident that if a teacher viewed him or herself as, for
example, captain of a ship, comedian or performer it was very difficult to move
towards student-centred approaches to teaching and learning science even when a
teacher expressed a desire to do so. However, by constructing a metaphor more
compatible with a desired mode of teaching and learning change becomes more
likely.

The invitation to encourage teachers to review and change their beliefs about
themselves as teachers and how they go about teaching was taken up by a number
of researchers including Aubusson, Ritichie and others (Aubusson, 2006;
Aubusson & Webb, 1991; Ritchie & Russell, 1991; Ritchie, 1994; Ritchie,
Bellocchi, Poltl & Wearmouth, 2006; Thomas and McRobbie 2001).

When working with primary school science teachers, Aubusson and Webb
(1991) asked about 40 teachers attending an extended science and technology
professional development program to describe the way they saw themselves as
teachers using a metaphor. Most described metaphors that emphasized teacher as
organiser and controller. A few days later they were then asked to identify what
role the teaching metaphor indicated for their students. For example, the teacher-
as-musician suggested a role for students as piano keys she played. Once they had
logically derived their metaphor for learners from their metaphor for teacher, many
teachers were very dissatisfied with the role they assigned their students. Typically
they sought to review and change their teaching metaphor. As one teacher reflected
on review of his metaphor, “I need to become the coach who can leave the game to
the players once it is in progress and wait until half time to be able to have more
input. I must admit ... T would probably be a coach who runs onto the court during
the game” (p. 26).

Ritchie (Ritchie & Russell, 1991; Ritchie, 1994) worked closely with a science
teacher Bernice who sought to change the way she taught from teacher-centred to
student-centred. She developed a rich analogy of science teacher-as-travel agent
for herself. According to her view of the teacher as travel agent: The teacher-as-
travel-agent could arrange for different students to learn different things in
different ways—travel to different destinations by different means; organize travel-
learning for small or large groups etc. However, the student as traveler also had to
take significant responsibilities as traveler. By using the teacher-as-travel-agent
metaphor to guide her decisions and action as teacher, Bernice revolutionized her
pedagogy and the way her students learnt science in her classes. These early
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studies involved teachers seeking change and working through metaphor with
support from a researcher. Recent studies have also indicated that teacher
metaphors_: can be used collaboratively to stimulate discussions and analysis that
prov1fie ll'lch 'msights into early career science teachers’ views of teaching and
learning in science (Aubusson, 2006; Ritchie, et al., 2006). These studies of teacher
metaphors as a master switch for change indicate that analogy can provide a tool
to: create teacher dissatisfaction with the status quo as a precursor to change;
clar_lfy what a teacher would like to become; and facilitate change toward:"»g a:
desired student-centred teaching. The last of these, however, has only been

The Science Learner

Ir_lﬂuenced by notions of metacognition, Tobin’s (1990) w i
different direction by Thomas and McRobbie (Thomas(, ]995)?; Tl'(:(r)ll;a‘: 2::5 ;?[!;gloggiea
2001; 2006) who asked, if metaphor can be used to influence teacher beliefs anci
teacher change, might they not also be useful in encouraging students to change the
way they see themselves as learners. Thomas and McRobbie first established that
students could meaningfully describe and communicate ideas about how they saw
themselves as learners in terms of metaphors. Later they worked with science
stl_ldents asking them to use metaphors to outline their beliefs about learning in
science (Thoma§ & McRobbie, 1999, 2001). Students were encouraged to describe
attributes c_)f _thelr metaphors in a detailed mapping. Similarly, the teacher (Thomas)
made‘expllclt to his students attributes of the constructivist metaphor he used in his
teaching. Consequently, some students reinterpreted or modified their learner
metaphors and_changed their learning behaviour. Changes included strengthenin
features of their learning strategies to better match features of constructivist ang

connecting metaphors that they perceived to be importan i i i
1 t for th
science student, explained: ’ Sivlemingy- Ty

The metaphor’s the principle of the way I learn. I just go on wi
fnetaphor’s taught me. I just think about what we”v-lt dor%e in tizlglas\:h\ith‘;l;ﬁ
is wha‘f the rpetaphor’s really saying...when I see something new I timd out
where it fits in with what I"ve learnt in the past. Way back ago we had a test
and we were talking about buckyballs, and I was reading about a week ago
that they”ve now got 120 carbon atoms or something like that; like the next
step up from buckyballs. Before we”d done the metaphor I wou’ld never have
considered those sorts of connections. In the past I just read though [the text]
an'd h‘o‘pe to learn it off by heart. I still read the text... but now when I read, I
!:hmk Where does “this” fit in with what I”ve already done?” and “How dozes
it fit?”” and I can tell myself “This has to do with thar”. (Thomas, 2006)

Fllls in the studies of teacher change, it is noteworthy that science students’ views of
themselves as learners and the way they went about learning could change. Yet, the
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changes required considerable support from an expert science teacher familiar with
metaphor, research and constructivist learning theory.

In all the cases reviewed where change was reported in patterns of teaching and
learning, the metaphor was not used in isolation. Significantly, the metaphors were
allied with discussions about constructivist notions of learning and/or teaching
approaches consistent with such a referent. Thus the metaphor did not act
independently but as a bridge from familiar ways of learning and teaching to
understanding and enacting new constructivist ways of learning and teaching. The
metaphors provided a reasoning tool to map matches and mismatches among
current views, new views, current actions and new actions.

WHITHER ANALOGY AND METAPHOR IN SCIENCE EDUCATION?

Much has been achieved in Australasian studies of analogies and metaphors in
science education providing a foundation for further research. However, there is a
need to rethink what is meant by “familiar”. There is universal agreement among
researchers that one reason for the effectiveness of teaching with analogies is that
the familiar is used to make the unfamiliar accessible and understandable. Yet, it is
debatable how familiar some analogies are. For example, using the analogy of two
wheels on an axle passing from one surface to another to provide an analog for
refraction (Harrison & Treagust, 1993) has proved productive but it is difficult to
sustain an argument that students are very familiar with the movement of such
wheels across different surfaces. The same could be said of many of the analogies
reported above. On the other hand, if the pairing up of electrons is compared to
students at a party pairing up to dance, it likely that students are familiar with the
couple dancing but that the mapping between the base and target analogs is
limited. An important difference in these instances (and many analogies) is that in
some analogies, the base analog already exists as a complete entity while others
need to be constructed, and put together from a number of parts. In the camera —
eye analogy, for example, the camera provides an existing available analog base
mapping. By contrast, many analogies require varying degrees of construction. A
truck (electron) carrying a (energy) load around a circular track as an analogy for
electric current requires little adaptation. However the analogies of students
moving in a circular path carrying balloons with the addition of a suite of analogs
to model the battery, ammeters, voltmeters, batteries etc. (e.g., Aubusson, et al.
1997; Cosgrove, 1995) require considerable modification from familiar experience.
Thus there exist vast differences in analogy in terms of their degree of
construction and the extent of their familiarity. Even when students construct the
analogies themselves, they typically use familiar objects but it is difficulty to argue
that the analog they produce is familiar or pre-existing. Take for example the
complex student-teacher co-generated analogies for electrolysis where students
constructed their analogy using their own movements and books to produce a
complex simulation role play including covalent bonds, ionic bonds, and
movement of ions that was in no way related to everyday or familiar experience
(Aubusson & Fogwill, 2006). We need research to understand the ways in which
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analogle§ are cop:s.tructed to explore, for example, differences in the ways in which
pre-existing familiar things (e.g., camera-eye) and constructed analogs (e.g., electric
iit;ﬁ:t role pig §imula(tiions) influence learning. The task remains to d:atermine
co-construction and w| -existi i i
iy here pre-existing analogies can be used most effectively

I_dong since Tobin first proposed metaphor as the master switch for change, the
ﬁndmgs of small-scale interventions with willing teachers are promising ’The
capacity of mefaphor guided reflection, among larger groups of teachers' has
shown its capacity to promote dissatisfaction with current views of teaching a;ld to
suggest altem:cltives when linked to existing explicit alternative ways of teaching
(e.g., contructivist-related approaches). However, it is by no means certain that the
use _of metaphor to improve science education provides a viable, educationally
fslgmﬁcar]t change strategy. There is a need to examine whethe; the intensive
intervention by researchers can be reduced and whether collaborative teams of
teachfars rqight make it possible for large scale change effects to be realized

Ll.ttle is known about the relationship between the use of analogy in.science
teaching and the positive, affective outcomes some researchers have noted
Further:more, the long-term influences on science learning and memory of usin :
analogies in Feaching concepts is almost unexamined. We know little about hms
stuslents.cont-mue to draw on analogies used in science classes when they go about
their _dally life or in science assessments, such as responding to examination
questhns. Treagust and Harrison (1993) reported on student understanding of
refraction some weeks after learning about it through analogies and noted that the
wheel and axle .':}nalogy continued to influence students understanding.

Also, Fogwill (2007) observed that many months after lessons, students
recalled analogies from their science classes. Some students even, imagined
thems_.elve:_s moving arms as they had done during role-plays, when answerin
questions in the final end of school physics examination. Howe,ver such researcl%
is rare. In Particular, it would be fruitful to return to students months, or a year after
their lea_mmg experiences with an analogy to investigate: the extent to which their
conceptions have developed, reverted or further shaped by the analogy; when, if
and why the students continue to call upon analogy; and the ways in ;vhich ;:he
analogy does or does not influence their recall of knowledge.

Muc.h research has been conducted to investigate the ways in which teachers
work with students using analogical mapping strategies to promote effective use of
analogy to generate clear “accurate” understandings. However, we know of no
research that has investigated whether such productive Ieami,ng processes are
tra.nsferrfad to other settings or implemented by students themselves when the
think 'twth analogies in the absence of a teacher. After 25 years, studies o}f,'
analogies and metaphors in science education have taken us a long v’vay towards

enriching our philosophical, theoretical and practic
s al ki
much remains to be learnt. . e S
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13. THE PEDAGOGY OF PRACTICAL WORK
IN SCIENCE

In general, practical work in science education can be characterised by its activity
and location. There is a view that practical work involves students “doing science”
in laboratories although some areas of science education have traditionally had a
significant involvement in out-of-classroom field-work, for example ecology and
astronomy. As a result, for most of the 20" Century the pedagogy of science
education was focussed on how students could be organised in laboratories when
“doing science”. It was only when teachers were challenged not only by learning
theory, but also by classroom-based research that asked students about the purpose
of practical work that teachers became aware that practical work was not fulfilling
its promise.

Any chapter reviewing the pedagogy of practical work in school science needs
first to consider its purpose and nature and then how this has changed over time.
The place of practical work in school science is so taken for granted that explicit
justifications are not generally required of curriculum documents and teaching
materials. Australasian school science curricula have indicated, either directly or
by implication, many purposes for practical work. These curricula have stated their
reasons for including practical work as: developing conceptual understanding
(declarative and procedural); developing skills; and developing improved attitudes
towards science. It has also been argued that practical work may offer teachers the
opportunity to induct learners into science so that they may share in the “wonder
and excitement which have made the development of science such a great human
and cultural achievement” (Fensham, 1990, p. 300). In addition, practical work is
sometimes presented as a means of helping students achieve generic educational
outcomes such as logical thinking and problem solving.

Historically, the nature and purpose of practical work has changed. Research
about practical work in Australasia has been scant. It was not until the 1970s that
research became a major feature of science education in Australasia with the first
ASERA conference in 1971 indicating its formal genesis (Northfield, 1990).
Therefore to introduce this historical overview we have drawn from Northern
Hemisphere sources.

As formal teaching in science developed in Britain and its colonies during the
latter part of the nineteenth century, practical work became an important part of the
school science curriculum (Lock, 1988). In the early decades of the 20™ Century
the focus of practical work was influenced by Armstrong’s heuristic approach and
students were expected to discover things for themselves and solve problems.
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