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Although constructivism has the ascendancy among learning theories in the 1990s,
this has not always been the situation. In the first half of this century, behaviour-
ism was the dominant learning theory in education, at least in the USA (Schunk
1991). Published research in the USA prior to the late 1950s had a predominantly
behaviourist tone, although cognitively-based research did occur without becom-
ing mainstream (see the review by Oakes 1947). How these changes from behaviour-
ist to cognitive theories of learning influenced the science education community
can be discerned from observations of the research literature on learning in sci-
ence education during this period.

In this chapter, we present a brief outline of the developments towards a view
of learning that includes issues of mainstream constructivism of the late 1980s
and the early 1990s, and issues of social constructivism that have gained increas-
ing attention in science education. With regards to the different views of learning,
we believe that rival positions emphasise different aspects of the learning process.
Further research should not focus on the differences but present an inclusive view
of learning and conceptualise the different positions as complementary features
that allow researchers to address the complex process of learning more adequately
than from a single position.

Initially, this chapter provides an overview of the various developments in views
of learning in science education from behaviourism to constructivism, and describes
frameworks for categorising current research on science learning. Secondly, we
examine the role of Piagetian ideas of learning in science education, which leads
to the third section which addresses conceptual change approaches from the
perspectives of learning pathways, conceptual change theory and resistances to
change. The fourth section of the chapter focuses on social-constructivist aspects
of learning. The final section provides an overview of this chapter and a brief
description of the other seven chapters in this section of the Handbook.

Chapter Consultant: Stella Vosniadou (University of Athens, Greece)
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CONCEPTIONS OF LEARNING
From Behaviourist to Constructivist Views of Learning in Science Education

Scner_msts in the USA in the late 1950s grew increasingly concerned about the poor
quality of science education'in secondary schools and this concern led direclll)y to
the now famous curriculum development projects of the 1960s. This activity and
the deliberations of concerned scientists and educators led to the book, The Proc-
ess of Education (Bruner 1960), which ‘served as both a reservoir and ’watershed’
(Shu!man & Tamir 1973, p. 1098) in changing and shaping the immediate future
of science education. The four themes of Bruner’s book each focused attention on
learning and the learner. The first theme was concerned with the role of the
structure of the subject matter in learning, emphasising that learning and teach-
ing of structure is more productive than mastery of facts and techniques. The
§ccond theme was readiness for learning, especially how learning of new ‘ideas
!nvolves revisiting them in the curriculum so that the learner can use them effectivel
in pro_gresswely more complex forms. The third theme involved intuition anz
?nglyuc_all ttpinkilng that led to the notions of discovery and inquiry which were so
nfluential for a long time. The fourt i
s oo Stimu'lati . h theme related to the desire to learn and how
These themes greatly influenced activities in science education as was evident in
Shulma}n and Tamir’s (1973) review in the Second Handbook of Research on Teach-
ing, which identified the central themes in science education during the period 1963—
_19?'3 as being the structure of the subject matter of science education and the
¥mpact of major curriculum developments. In White and Tisher’s (1986) chapte
in the ?‘hird I?’andbook of Research on Teaching, these same two themes —pth;
learéaers acqu_ls‘ition of knowledge and the implementation of curricula — were
:Jisoen. as organising themes in their review of research on natural sciences educa-
The influence of different learning theories is evident in changes of focus in
rese::arch in science education. In the decades before Shulman and Tamir’s (1973)
review, res_earchers were interested primarily in discovering whether or not changes
in a teaching procedure or in a curriculum led to changes in students’ perfor?n—
ances. Attention to why or how these changes came about was of little interest
and was less common. In his seminal paper comparing a quantitative study of
student lgarnin g (and other output measures) among 72 Harvard Project Physics
v.;:lasse.s with a qualitative study of science classes in nine schools, Welch (1);83)
identified how the goal of the research and nature of the resez;rch questions
chan.geq the essence of the whole research enterprise. These changes toward
qualitative studies, similar to those reported by White and Tisher (1986) irn.n::l‘.redS

researchers looking for reasons for any effects in learning and examining the details

of learning outcomes.
dBy t?le late 1960s, the influence of behaviourist theories of learning in science
education was waning and Piaget’s ideas of intellectual development came into

prominence. Even so, the focus of Piaget’s research on the deVEIOPIEHAL V1 RUEH
tive structures or cognitive operations by the individual was incorporated initial
into research that was still influenced by behaviourism. This research examined
Piaget’s constructs of concrete and formal thinking and attempted to create con di-
tions and design convenient measuring systems so that students could move from
concrete to formal thinking in optimal ways. The major challenge to the focus of
Piaget’s research into learning in the 1970s came from Novak (1978) and his
interpretation of the work of Ausubel (1968). Novak challenged whether children
develop general cognitive structures or cognitive operations to make sense out of
experience and instead asked whether they acquire a hierarchically-organised
framework of specific concepts to allow them to make sense of the experience.
Essentially, Novak argued that Ausubel’s theory of meaningful reception learn-
ing, being dependent on the framework of specific concepts and integration
between these concepts, provided a better analysis and explanation of the data
from studies than did Piagetian stages.

Although research on students’ learning in science from a cognitive perspective
was evident in the first half of the 20th century, this interest in students’ learning
in science became a central aspect of research around the world only in the mid-
dle of the 1970s. There appear to be two major reasons for this research develop-
ment (White 1987). First, the curricula designed in the 1960s and early 1970s
had been far less successful in terms of improvements in the standards of sci-
ence education, particularly in learning outcomes, than was expected from the
effort invested in them. Second, various disciplines relevant to science educa-
tion, such as philosophy of science, cognitive psychology and pedagogy,
encompassed the notions of ‘constructivism’. Initially, research in the middle
of the 1970s focused on investigating students’ learning of science phenomena,
principles and concepts such as heat, energy, photosynthesis or genetics. The
large number of empirical studies provide ample evidence that students’ learn-
ing in many fields in the science curriculum is substantially different from the
scientific concepts held by scientists. Most of these conceptions are held strongly
.and hence are resistant to change. As a result, research shows that students
learn science concepts and principles only to a limited degree, sometimes persist-
ing almost totally with their preinstructional conceptions, sometimes trying to
hold onto two inconsistent approaches — one intuitive and one formal — and
sometimes possessing genuine alternative conceptions which are unrecognised
and undervalued in their potential implications. In research since the middle of
the 1970s, science educators treated students’ conceptions in isolation, topic by
topic. When this led to limited success in modifying students’ beliefs, research-
ers extended the scope of their investigations (Duit 1994).

Learning science is related to students’ and teachers’ conceptions of science
content, the nature of science conceptions, the aims of science instruction, the
purpose of particular teaching events, and the nature of the learning process. For
example, many students hold limited empiricist views of the nature of science (cf
Désaultels & Larochelle’s chapter in this Handbook). Further, many students’ views
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_of learning and the learning process are limited in that they conceptualise learn-
ing as the transfer of prefabricated knowledge that then is stored in memory
Acciording]y, science is primarily learned as an accumulation of facts. (See Sut;
ton’s chapter in this Handbook for a discussion of how scientific writing. reinforces
thlS way of learning.) This passive view of learning influences the students’ concep-
tions of what counts as work in school. Classroom discussions of alternatife
viewpoints and negotiated consensus are not considered a part of the ‘work’ of

the classroom, and simply are viewed as wasted time that hinders efficient progress-

FBaird & Mitchell 1986). The social aspects of understanding and learning are
increasin g_ly important (Solomon 1987; Taylor 1993) because knowledge construc-
tion requires an active process of interpretation within a social and cultural set-
ting by a learner (see Roth 1995 and Metz’s chapter in this Handbook). In this
respect also, models and modelling play an important role in contributing t‘o learn-

ing in classrooms and in other contexts (see Gilbert & Boulter” o ipos
ter’s ch
Handbook). apter in this

Frameworks for Categorising Research on Science Learning

'_l'he different positions or orientations of learning taken by theorists have
important implications for instruction. However, a major problem is the need to
place the different positions within a framework so that commonalities and differ-
ences can be identified. Eylon and Linn (1988) made such an analysis by choosin
four research perspectives referred to as concept learning, developmental a'ijfferemiag:'
and Problem-so!w‘ng perspectives. Concept learning studies are concerr;ed with the
qualitative differences among the conceptions that students use to explain scientific
phenomena and examine students’ topic-related understanding of scientific
concepts. Reviews of such studies include Driver, Squires, Rushworth and Wood-
Robinson (1994) and Pfundt and Duit (1994). The developmental perspective offers
a more global view of the learner than the concept-learning perspective and
examines h_ow individual conceptions change over time, often from a Piagetian or
neo-Plagetlan pe.rspective to a Vygotskian perspective. In the developmental
?;;:ZZZI‘;;; a major research focus is on what develops (see Metz’s chapter in this
The differential perspective examines individual differences in abilities and
_aptltudcs and the interaction of these differences with instruction. Of specific
interest are scientific proficiency, intellectual skills, psychologicél aptitudes
relevant to scientific proficiency, and distributions of these skills across
demogra'phlc groups. Studies of this type are no longer so common because the
complexlty of the interactions vary with other factors such as science knowledge
learqlng context and social context. The problem-solving perspective compris.ge;
stpdle_s of the processes or procedures that individuals employ to answer
scientific questions. Of particular interest in this perspective is the research on

characteristics of novices and expert problem solvers (Reif & Allen 1992) which

shows that teaching general problem-SOIVINg SKILIS 15 CQIIHILEIL URLAtss SxIHIE>
topic-specific concepts influence reasoning and interact with general ability.

Farnham-Diggory (1994) acknowledged the problem of categorising in educa@

tion, including categorising approaches to learning. She limited learning theories

to three mutually-exclusive models which she calls behaviour, development or

apprenticeship models. For her, the essential criterion for distinguishing the

behaviour model of learning is a comparison of expert and novice differences on

the same scale(s), with any difference observed being transformed by incrementa-

tion. Novices are systematically able to accrue her science knowledge types —

declarative, procedural, conceptual, analogical and logical — until they reach expert

levels. This category denotes learning as training in a particular behaviour. The

existing cognitive structure changes only in that something new is added. This

categorisation of learning looks essentially like that sought and examined from

the large curriculum projects of the 1960s. In the development model, novices and
experts are distinguished on the bases of their personal theories and explanations
of events and experiences. Personal theories and the concepts and principles to be
learned usually are embedded in different qualitative frameworks. Teachers chal-
lenge students’ personal theories by questioning, contradicting and challenging
that theory, in a process which she calls perturbation, so that the student is
encouraged to revise it. The result is a qualitative shift in thinking and a
reconstruction of her five types of knowledge. This categorisation of learning
looks essentially like that introduced from the work of Piaget and the recent
constructivist positions and is so broad that it encompasses all four of the learn-
ing perspectives described by Eylon and Linn (1988). In the apprenticeship
model, the novice learner gets to be an expert through the mechanism of
acculturation into the world of the expert. Often this learning of new knowledge
is tacit and a novice’s learning is facilitated by becoming a member of the culture
of the expert.

The categories of Eylon and Linn (1988) and by Farnham-Diggory (1994) both
provide valuable frameworks for identifying and describing main themes of sci-
ence education research on learning and instruction over the past decades. They
also appear to be suited to identifying trends of future development in this domain.
Farnham-Diggory’s three ‘models’ seem to be distinct at first sight but, in every
real teaching and learning situation, there are facets of all three models included
(Farnham-Diggory 1994, p. 467). Even constructivist approaches, which fall into
the ‘development’ category, usually include ‘training’ of certain kinds when, for
instance, terms or skills have to be learned. Cognitive apprenticeship approaches
unavoidably incorporate issues that fall into the development model as soon as it
comes to teaching and learning of certain science concepts and principles. We
conclude that progress in teaching and learning science is not achieved when the
three models of Farnham-Diggory are viewed as ‘rival’ approaches. We rather think
that it is necessary to find out in which way the three models can be harnessed in
intelligent ways to address the different facets of learning that science education

includes.
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An Inclusive View of Science Learning

Entizrt;:;ﬁi:lhcrchl_s }a:nbc.ncouraging tendency towards an ‘inclusive’ view of sci-
one : g which brings ltogc_:thcr approaches of different theoretical orien-
ions. In sh(’)rt, learning is viewed as conceptual development in much th
same way as introduced by the seminal work of Piaget (1954). Hi uc(l: p
equilibration of assimilation and accommodation appears to be -acc::p:e;ast?lfi

as a valuable perspective (Lawson 1994). Piaget also can be viewed as one of

t_he ‘fathers’ of the variants of constructivism that dominated science educa-
tllé)gnsthrough the 1980s a.nd the first years of the 1990s alike (von Glasersfeld
Treaé;lz:;t tge ‘}:e;ﬂ]:()f this constructivist view (Steffe & Gale 1995; Tobin 1993
Treagust, Duit raser 1996) is the idea that the conceptions iu:ld b '
individual guide understanding. A further key aspect pf b Sk oo
knowledge about the world outside is viewe e thlS‘ o i th'at
outside th-? individual is not denied; rather, Ciltaiss' :;;Tt::d‘:g:ls;r&cz::oa?l' . l‘;ahty
about reality is our tentative construction. Accordingly, learning is no‘:e' 110‘;
as transfer of knowledge but the learner actively constn;cting oreven VI?VC
his or her kn_owledge on the basis of the knowledge already ileld In :J?t'mg,
there are social aspects of the construction process; although ind'ividual lﬁoﬂ,
Fo construc_t their own meaning of a new idea, the process of constructi sl
ing always is crqbedded in a particular social setting of which the indir:rgi(;l:lflu?—
S?étigl-ég;we;ecr; em mainséreatr)n c;lonstructivism in science education throughoui:
3 was undoubtedly a tendency to i
constructi‘ on process and emphasise the indivi):iual’:zg:;ttrj:i?; ?;SF;Z;S ':S)f t_h"-
constructivist perspectives of various kinds that have gained growin at.te Ot":lal
In science education over the past years stress the significance of socgial a e
of knowledge construction (Hennessy 1993; Roth 1995; Metz’s chapter ‘SP*:EES
Handbook). Updoubtedly these social perspectives have influenced tll:c de::::l "
ment and.ennchment of the original constructivist view towards an incl i
view that 'mcorporates both social and individual aspects alike e
The mainstream constructivist view of the 1980s and early l99l0$ with its fo
on quallfatwe understanding distinguished on the basis of pcrsona’l theori CU;
f:xplananf)ns and changes in learning that occur by perturbations created b lis af;l
ing, falls into Farnham-Diggory’s (1994) development model. On the othe); I:acd-
so_c{al-constructivist perspectives, with their attention to the influence on th i i
Zl:jlztﬁeof .knggvledgz tr:‘fonstruction, usually fall into her apprenticeship :ns;);:
other significant ifference between the two cons ivi iti :
their view of knowledge in relation to the inﬂuencet 1':;3 t:}‘::if;i:i;i:? Z?ncer_ﬂi
group on learning. In accordance with the leading cognitive science vi 30013‘_
k.nowledge acquisition, mainstream constructivism has held that mental re e
tloqs of certain structures or features of the world outside are stored in thprlisema-
brain. I_dearnir'lg is seen as construction of mental models. Knowled eetl:lma'n
something an individual possesses. Social constructivist perspectives (e . G rgen
1995) do not deny that there is something stored in the human brair.lg‘iautezﬁz;l
»

claim that knowledge has significant ‘social’ aspects: knowledge can be distributcd
among the members of a certain community or shared by this community.
Knowledge, then, is something that is ‘between’ the individual and the social.

THE ROLE OF PIAGETIAN IDEAS OF LEARNING IN SCIENCE
EDUCATION

It is hardly possible to overemphasise the impact of Piaget’s thinking, including
his idea of stages of cognitive development, on our contemporary views of learn-
ing despite the many critiques of his approach. In order to do justice to Piaget’s
way of thinking about learning, it is necessary to take into consideration that his
main concern was not psychological but epistemological (Bliss 1995). As Lawson
(1994) argued, Piaget wanted to develop epistemology from a mere philosophical
enterprise to an empirical domain. Piaget, therefore, has to be viewed as an empiri-
cal epistemologist who was interested in the development of knowledge in humans
(compare Metz’s chapter in this Handbook). His epistemological commitments were
strongly influenced by Immanuel Kant, and can be called constructivist in the
contemporary sense (Lawson 1994; von Glasersfeld 1995). Piaget’s original train-
ing in biology influenced his views about knowledge construction in that he drew
on analogies to adaptation of living beings to their environment. This orientation
becomes most obvious in his distinction of assimilation and accommodation and
the idea of equilibration which is the kernel of Piagetian thinking.

Assimilation is the process of the individual’s adaptation to new sense impres-
sions, with the inputs basically fitting the already-existing cognitive structure. On
the other hand, accommodation indicates that, in the adaptation process,
restructuring of the already-existing structure is necessary when the inputs do not
fit existing cognitive structure. Assimilation and accommodation are always
intimately interrelated; there is no assimilation without accommodation and vice
versa. If the inputs do not fit, there is a disturbance of the mental balance or, in
other words, a cognitive conflict. The balance can be restored by a process which
Piaget calls equilibration, that is, by an interplay of assimilation and accommoda-
tion. It is easy to find this key Piagetian view in most contemporary constructivist
approaches as discussed in the following section of the present chapter. This view
also is the kernel of the influential instructional strategy of the ‘learning cycle’
(see Karplus 1977 and Abraham’s chapter in this Handbook) which is based on
Piagetian epistemology and which has been proven fruitful and successful (Law-
son, Abraham & Renner 1989). If the learning cycle strategy is carefully analysed
and compared to constructivist approaches of the 1980s that also deliberately
employ cognitive conflict (Driver 1989), there are only marginal differences in
instruction. :

Piaget’s stage theory, which has often been discussed and questioned, holds that
there is a development of general thinking skills. There are four kinds of logical
operations that children and adolescents exhibit in sequence: sensorimotor (about
the first 18 months of life); preoperational (until about seven years); concrete



operational (after about seven years); and formal operational (between 11 and 15
years). There is no doubt that the idea of general, logical thinking skills and their
development in certain stages can be valuable in describing cognitive develop-
ment, but there is a number of difficulties with Piagetian stage theory (Bliss 1995).

First, and foremost, the idea that logical thinking operations are independent

from contexts has been seriously challenged. Research clearly showed that there is
a strong domain-specific effect. In other words, the student’s choice of logical
Ope‘ration depends on the particular science content and the problem’s context. If
an individual uses formal operational thinking in one domain, it is not ocrt;:lin
that the same person would use that kind of thinking in other domains also (Seiler
1_9'?3). These findings, that have been supported by numerous studies, call into ques-
tion not that general logical operations are of significance in learning science but
that they are not universally transferred to other tasks once applied in certain tasks.
Neverthcless, studies usually show significant positive correlations between Piage-
tian stages and science achievement (Lawson & Thompson 1988; Shayer & Wylam
l_98 1). Shayer and Adey (1992) also demonstrated that deliberate training in Piage-
tian logical operations had some general impact in that accelerated learning
occurred in content areas not included in the original training.

Lawson (1994, p. 163) provides a comprehensive critique of Piagetian stage
theory. He claims that Piaget’s belief that thinking patterns are isomorphic with
rules of formal propositional logic is the most problematic position in his theory.
_He proposes to distinguish the terms intuitive and reflective, with ‘reflective’ replac-
ing ‘formal reasoning’ in the Piagetian sense. The reflective adult is able to consider
alternative theories and ask which is the most appropriate, whereas the intuitive
thinker does not consider the relative merits of alternative theories.

In conclusion, Piagetian ideas still could provide powerful tools for thinking
about learning (Bliss 1995). Piaget’s view of knowledge acquisition as outlined by
the equilibration process still appears to be widely accepted as a useful perspec-
tive. Even stage theory could provide valuable orientation if interpreted in a non-
orthodox manner.

CONCEPTUAL CHANGE APPROACHES

‘Conceptual change’ has become a term that denotes key aspects of the mainstream
constructivist approaches of the 1980s and early 1990s. Conceptual change
approaches have their roots both in science education research (Duit in press; Pos-
ner, Strike, Hewson & Gertzog 1982) and in developmental psychology (éarey
1985: Vosniadou 1994). In the first case, conceptual change theory implies that

students’ conceptions need to be exchanged for the new science conceptions. This

was at the heart of the Posner et al. (1982) framework. On the other hand
developmental research on conceptual change is usually descriptive and can onl);
lead to recommendations for what to change or how to bring about conceptual
change. Certainly the idea that context is an important variable in this process

R e R
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ent with conceptual change research. As a consequence of this development ancE]
prominence, there are many slightly-different or even substantially-different mean

ings given to this term. Nevertheless, there seems to be some agreement among
the key representatives of conceptual change approaches. The term conceptual
change denotes that learning of science concepts and principles usually involves
major restructuring of students’ already-existing preinstructional conceptions. In
other words, students’ preinstructional conceptions and science conceptions are
usually embedded in different qualitative frameworks.

Undoubtedly the term conceptual change is not well chosen as it invites a number
of misinterpretations, among which is the idea that students’ preconceptions have
to be exchanged for the new science conceptions. In the late 1970s and the early
1980s especially, a predominant focus was that students’ conceptions (often called
‘misconceptions’) have to be extinguished and replaced by the correct science view.
Research has shown that this is not possible. Indeed, there appears to be no study
which found that a particular student’s conception could be completely
extinguished and then replaced by the science view. Most studies show that the
‘old’ ideas stay ‘alive’ in particular contexts. Usually the best that could be
achieved was a ‘peripheral conceptual change’ (Chinn & Brewer 1993) in that
parts of the initial idea merge with parts of the new idea to form some sort of
hybrid idea (Jung 1993; see also Chinn & Brewer’s chapter in this Handbook for
a discussion of intermediate stages in knowledge change). Further, extinction
of old ideas is not only impossible but also undesirable. Many students’ everyday
conceptions — for instance, conceptions of the process of seeing, the propaga-
tion of light or heat phenomena — have proven fruitful and valuable in most
everyday situations. The vast majority of adults (even scientists) successfully
draw on such conceptions in everyday situations.

Conceptual change approaches therefore hold that the aim of science instruc-
tion is not to replace everyday views but to make students aware that, in certain
contexts, science conceptions are much more fruitful than their own conceptions.
Ideas of ‘situated cognition’ (Brown, Collins & Duguid 1989) have substantially
supported this view of context dependency of conceptions (Hennessy 1993) and it
is claimed that every cognition and every learning event is situated (see below).
The situated cognition perspective provides a valuable framework for describing
and understanding research findings which show that change does not come €as-
ily and is limited to particular contexts (Tytler 1994). In relation to context depend-
ency, Hewson and Hewson (1992) view conceptual change as change of status
given to the old and the new conceptions: old students’ conceptions lose status at
the same time that the new science conceptions gain status.

Learning Pathways - Conceptual Change Versus Conceptual Growth

The key assumption of conceptual change approaches is that learning has to
start from certain already-existing conceptions and that learning pathways (Scott
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1992) have to be designed so that they lead from these preconceptions towards
thni: science{ conceptions to be learned. Learning pathways can be described as
being continuous or discontinuous. Continuous pathways of teaching/learning
try to avoid the fundamental restructuring that is necessary in the case of the
discqntinuous pathways of teaching/learning. One kind of instruction using a
continuous pathway starts from aspects of students’ preinstructional concep-
tions or frameworks that are at least in part compatible with the science view to

be achieved. From there, a basically continuous passage of learning is possible.

A second continuous learning pathway is that of ‘reinterpretation’ (Jung 1986);
the strategy is different in that the starting point is a set of students’ concep:
tions that appear to be in contrast to science conceptions. Key facets of the
students’ conceptions, then, are reinterpreted in such a way that they are basi-
cally in accordance with the science conceptions.

In contrast to the above teaching/learning approaches, discontinuous
pa}hways deliberately draw on the conflict between students’ conceptions and
science conceptions. Cognitive conflict, therefore, is a significant tool in these
Rathways (Scott, Asoko & Driver 1992). There are three primary kinds of cogni-
tive c‘onﬁict: students are asked for predictions and then are challenged by the
conflicting results of an experiment; there is a conflict between students’ and
the teacher’s ideas; and there is a conflict between the ideas of different students
_The theoretical orientation of cognitive conflict usually is Piaget’s idea of restor;
ing mental equilibrium by intimate interplay of assimilation and accommoda-
tlon‘ (Lawson 1994; Rowell & Dawson 1985). Reference also is given to
Festl_nger’s (1962) theory of cognitive dissonance (Driver & Erickson 1983). The
CI‘ulell issue in cognitive conflict strategies is that students need to ‘see-’ the
conflict. lWhat appears to be clearly discrepant from the perspective of a teacher
can be viewed as only marginally different or might not be considered discrep-
ant at all from the perspectives of the students.

When the issue of conceptual change versus conceptual growth is debated
two features are not given sufficient attention. First, even when students:
everyday conceptions and science conceptions are in stark contrast, it is not
ab§olutely necessary to start from these conceptions. It is not even neéessary to
brmg t'h‘e'se everyday conceptions explicitly into play in instruction. There are
possibilities of finding ‘intelligent’ teaching/learning pathways that initially
bylpass, 50 to speak, students’ conceptions of the phenomena affiliated with the
science concepts and principles to be learned. In such cases, learning pathways
start with general thinking schemata (or with conceptions that are not in contrast
with the science view) and they lead to the science conceptions, perhaps via
analogies (see' Chinn & Brewer’s chapter in this Handbook for a discussion of
how old knowledge is used to construct new knowledge). Second, conceptual
growth and‘ conceptual change should be viewed as complementa’ry terms. In
every learning pathway from students’ conceptions towards science concep-
tions, there are facets that can be indicated by the two poles of that complemen-
tarity (see thg previous remarks on the intimate interplay of assimilation and
accommodation in Piagetian theory). Studies of learning processes have clearly

shown that real learning pathways are very complex and cannot adequately be
described by just conceptual growth or conceptual change (Duit, Goldberg &

" Niedderer 1992; Niedderer 1996). They are quite different for different students

of the same groups. Usually, there are ‘backwards and forwards’ movements,

“dead-end streets’, parallel developments and the like. Tytler (1994, p. 311)

therefore considers that terms like conceptual change (he uses the term ‘theory

“exchange’) can only be useful in describing the thinking of student cohorts.
“These terms might offer insight into difficulties in attaining new concepts, but

they do not offer much explanatory insight into the process of individual

construction of understanding.
It is somewhat difficult to come to a clear-cut conclusion regarding the success

o of conceptual change approaches. A key difficulty is that these approaches often

include fundamental restructuring of more traditionally-oriented science instruc-
tion. Conceptual change strategies, in other words, often are only one facet within
approaches that aim at making science instruction understandable and fruitful for
the students in a very comprehensive way. Therefore, it is difficult or even impos-
sible to compare the new approaches with others. All that is possible, then, is to
investigate whether conceptual change approaches achieve the aims which they

" intend. In reviewing advantages and problems of the mainstream constructivism
'_ of the 1980s and early 1990s in science education, Solomon (1994) is rather scepti-

cal. However, Wandersee, Mintzes and Novak (1994) come to a much more

* optimistic conclusion from an analysis of 103 conceptual change studies. Although
~they found a number of methodological limitations in several studies, they
~ concluded ‘even with the aforementioned caveats in mind, we remain impressed

by the relative success some researchers have achieved today’ (Wandersee et al.

1994, p. 192). Guzetti, Snyder, Glass and Gamas (1993) carried out a meta-
analysis of 70 of studies of intervention strategies in science education and in

~ science-related reading education. They included only studies that incorporated

quantitative measures comparing treatment and control groups. For this reason,
key constructivist conceptual change approaches, such as the Children’s Learning
in Science (CLIS) project in Leeds (Driver 1989; Scott & Driver’s chapter in this
Handbook) were not included. Guzetti et al. (1993, p. 149) concluded: ‘Based on
the accumulated evidence from two disciplines [reading and science education],
we have found that instructional interventions designed to offend the intuitive
conception were effective in promoting conceptual change. The format of the
strategy (e.g., refutational text, bridging analogies, augmented activation activi-
ties) seems irrelevant, providing the nature of the strategy includes cognitive
conflict.’

The Conceptual Change Theory
The most influential theory of conceptual change was developed by a group of

science educators and philosophers of science at Cornell University (Hewson 1981;
Posner et al. 1982: Strike & Posner 1985). The theory has become “very popular
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and useful’ (Pintrich, Marx & Boyle 1993, p. 169) in science education as well as
in a number of other fields, and has been extensively applied and subsequently
changed (see the review by Hewson & Thorley 1989). According to the theory
there are four conditions that foster conceptual change. There must be dissatisfac:
tion vgith current conceptions and any new conception must be intelligible, initially
plausible and fruitful. ’

The theory provides answers to the question: ‘How do learners make a transition
frpm one conception, to a successor conception?’ The transition is conceptualised in
Piagetian terms as equilibration of assimilation and accommodation. The theory
establishes analogies between conceptual development in science and in individual
learners. The four conditions for conceptual change are derived from the work of

philosr_)phers and historians of science, especially Kuhn (1970), Lakatos (1970) and
Toulmin (1972). The metaphor of the student (or the child) as scientist, which also is

a lez‘lding metaphor in several other constructivist approaches, therefore plays a
significant role in conceptual change theory [see Driver’s (1983) ‘pupil-as-scientist’
perspective which is reminiscent of Kelly’s (1955) idea of ‘man-the-scientist’]. Another
key characteristic of the theory is the term ‘conceptual ecology’ which denotes that
the already-existing cognitive structure of the learner is a system of closely inter-
related items which, in several respects, is reminiscent of interactions in eco-systems.

Ir} c_ritically analysing their 1982 theory, Strike and Posner (1992) suggest that
the initial theory put too much emphasis on the rational and neglected affective
and social issues of conceptual change. They also claimed that students’ conceptual
t_acfa!ogy should be viewed much more in terms of a dynamic system than as in the
u_-utla] theory. There, the interaction of prior conceptions and the new concep-
tions was not sufficiently acknowledged.

Pintrich et al. (1993), in addressing deficiencies of the initial theory of conceptual
change by Posner et al. (1982), use the thermal metaphor of ‘cold’ to denote their
reservation about overly rational approaches and ‘cognition only’ models of
students’ learning. The theory of conceptual change, according to the authors, is
too much oriented to rational aspects in two ways (compare the critique by Strike
& Bosner 1992). First, it is based on a philosophy of science perspective that places
major emphasis on rationality, or the significance of logical arguments in the proc-
ess of conceptual development. Compared with the approaches by Kuhn, Laka-
tos.and Toulmin, more recent developments in the philosophy of scienr::c (eg
social constructivist approaches like the one by Knorr-Cetina 1981) have poinie;:i
out that manifold ‘non-rational’ issues play a role also. Second, the rational is also
ove}'emphasised in the process of conceptual change in individuals from their initial
pr_el‘nstructional conceptions to the-science concepts. The key metaphor of the
1n1t1al_ theory of conceptual change, the student as scientist, is undergoing rigor-
ous discussion (Caravita & Halldén 1994). It is questionable that this metaphor in
fact provides valuable analogies for understanding the process of conceptual
chan.ge. The learning communities in science classrooms and the scientific com- '
munity are very different in that they operate on the grounds of fundamentally
_dlfferent aims and within fundamentally different institutional conditions. For
instance, schools are much more driven by the need to maintain bureaucratir; and
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institutional norms rather than scholarly norms. O’Loughlin (1772) construcict d
similar critique against constructivist approaches in stating that the culture in sci-
ence classrooms, with its power structures and discourses, is not adequately taken
into account.

In summarising this line of critique, conceptual change has to be viewed as a
process of bewildering complexity that is dependent on many closely interrelated
variables. Conceptual change, the process of conceptual development from
students’ prior ideas towards science concepts, has to be embedded in ‘conceptual
change supporting conditions’, including the motivation, interests and beliefs of

- |earners and teachers as well as classroom climate and power structures.

" Resistances to Change

Learning of key science concepts and principles is difficult because there is resist-

" ance to conceptual change due to everyday experiences, possible biological

predispositions, and the complexity of the learning task. Learning science is
especially difficult in fields in which students’ preinstructional conceptions are

* deeply rooted in daily life experiences. Conceptions that are based on empirical

evidence through sense experiences (like the process of seeing, thermal phenomena,
‘and conceptions of forces and motions) fall into this category as do everyday ways

-~ of speaking about natural and technical phenomena. A further resistance to change

is a biological predisposition to interpret empirical evidence in ways related to
how the human mind has evolved. Vosniadou and Brewer (1992) introduced the
term of ‘entrenched’ belief in the sense that beliefs are presuppositions organised
in complex interrelated structures. They explicitly go beyond science content and
include conceptions like ‘ontological beliefs’ (i.e., beliefs about fundamental
categories and properties of the world) and ‘epistemological commitments’ (i..,
beliefs about what scientific knowledge is and what counts as good scientific
theory).

The initial theory of conceptual change by Posner et al. (1982) provides
explanations of why conceptual change often is so difficult. If a conception is
deeply rooted (entrenched) and has proven successful in most previous daily
life situations, there is no dissatisfaction with this conception. Further, if there
is no conception available that is intelligible and plausible from a student’s
perspective, a change is most unlikely. Students are frequently unable to
understand the new theory, because their old conceptions provide the interpreta-
tion schemata, the goggles so to speak, for looking at the new science concep-
tions. Hence, the new conceptions do not become intelligible and plausible to
students, who are unable to understand the new view because they do not pos-
ses sufficient ‘background knowledge’ (Chinn & Brewer 1993; Schumacher, Tice,
Wen Loi, Stein, Joyner & Jolton 1993; Strike & Posner 1985). Without a certain
amount of background knowledge, the arguments in favour of the new concep-
tions might not be understood. There is a certain dilemma which has similari-
ties to Bereiter’s (1985) learning paradox that a new conception becomes
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includes not only ontological changes of the type that Lht el al. GISCUss, U
~also changes of a broader nature.
: There are many studies of students’ science conceptions which indicate that

- counter-evidence does not necessarily change students’ points of view, as is
explicitly or implicitly assumed in many teaching and learning approaches that
_-emphasise cognitive conflict. A paradigmatic example stems from a study by Tib-
~ erghien (1980). A 12-year-old girl is asked to find out if an ice block wrapped in
*aluminium foil will melt faster than an ice block wrapped in wool. The girl believes
that the iceblock wrapped in wool will melt first, because wool is warm and
. therefore will give heat to the ice. When the ice block wrapped in aluminium foil
melts first, the girl’s initial conception is not shaken and she invents a number of
protective arguments in favour of her idea.

Chinn and Brewer (1993) provide a review of the role of anomalous data in
knowledge acquisition, especially in science. They describe seven ways in which
students deal with discrepant evidence by ignoring anomalous data; by rejecting
anomalous data; by excluding anomalous data; by holding anomalous data in abey-
ance; by reinterpreting anomalous data; by peripheral theory change; and by theory
change. They also discuss conditions under which anomalous data can occur and
- identify how people respond to anomalous data. Among these are characteristics
of the prior knowledge like its ‘entrenchment’, ontological beliefs, epistemologi-
cal commitments and, as previously mentioned, back ground knowledge (see also
Chinn & Brewer’s chapter in this Handbook).

understandable only if there is already some knowledge about that conception
available. The condition of ‘intelligible’ does not ‘guarantee’ conceptual change. f{
There are several cases in the literature of students understanding a new theory 5.
but not believing it (e.g., Jung 1993). B
Schumacher et al. (1993) discuss motivational factors that impede conceptual g
changes and claim that, ‘if a misconception is held in an area where students have 'T'
little interest, they will be unlikely to invest the cognitive resources’ (p. 4). In other .5?
words, dissatisfaction substantially depends also on affective features. The’seg
authors review research on resistance to change in several domains such as stud-
ies of human judgement and decision making, psychotherapy and attitude change.
They conclude that resistance to change as found in science misconceptions appears
to be a very common human trait. There usually are important benefits to having :
stable conceptions, beliefs or attitudes. These conceptions, beliefs and attitudes
have been formed by the individual in processes of adaptation to life-world experi- :
ences and usually provide valuable frames for behaviour. To give them up usually i
is a loss of stability for the students. §
Chi, Slotta and de Leeuw (1994) developed a theory of conceptual change
for learning science concepts. It assumes that conceptual change occurs when a
concept has to be reassigned to an ontologically distinct category. They :
distinguish the three ‘trees’ of categories of ‘matter’ (or things), ‘processes’ and :
‘mental states’, and they provide examples across the sciences for which learn- :
ing of key concepts includes changes of ontological categories. They hold that }
the most difficult concepts to be learned require a change of ontological
categories. There is no doubt that, when students have severe difficulties in |
accepting science concepts, a change of an ontological category often is neces-
sary. The physics concept of force, for instance, falls into the category of rela-
tions between objects (namely, interactions) and not into the category of
properties of things as in daily life. Here force is usually seen as something that
strong humans and animals possess. Chi et al. (1994) therefore point to
important barriers to learning science concepts but their present theory is limited -
(Duit 1995). First, their choice of categories is somewhat arbitrary. The ontologi- |
cal change in the case of the concept of force needs a more elaborated set of
categories than the three categories used, namely, the change from a property
of objects to relations between objects. Second, learning of key science concepts
often is not adequately described by such changes from one category to another. '
In the case of heat concepts, the undifferentiated heat concept of daily life has
to be differentiated and unfolded into the concepts of temperature, heat energy,
internal energy and entropy. The naive everyday concept of heat includes facets
of all of the aspects indicated by the physics heat concepts mentioned (Kesi-
dou, Duit & Glynn 1995). Third, Chi e/ al. argue at the level which Pintrich et 3
al. (1993) call ‘cold’ conceptual change, and they do not consider affective issues. b
.

INDIVIDUAL AND SOCIAL CONSTRUCTION -
SOCIAL-CONSTRUCTIVIST ISSUES OF LEARNING

As outlined above, there is a growing line of critique against mainstream
‘conceptual change’ approaches in science education that address the tendency to
- overemphasise the individual’s learning and neglect social issues in knowledge-
construction processes, and to view knowledge primarily as something stored in
© the individual mental system, as mental models of the world outside. Marton (1986)
developed a phenomenological counterposition to mainstream constructivist
perspectives which he calls a ‘phenomenographic approach’ (Lybeck, Marton, Stro-
emdahl & Tullberg 1988; Rennstroem 1987). He distinguishes between a ‘mental
* model based perspective’ and an ‘experientially based perspective’ of conceptions.
* The first perspective views conceptions as mental representations (i.e., as tangible
constructs in the learner’s head), whereas the latter perspective depicts concep-
tions as being characterisations of categories of descriptions reflecting person-
world relationships. From the perspective of mainstream constructivism,
conceptual change takes place within a person’s head. From the phenomeno-
graphic perspective, conceptual change is achieved by changing one’s relationship
with the world. In discussing ‘challenges to conceptual change’ from the phenom-

enographic perspective, Linder (1993) emphasises that students need to develop

Fourth, the theory presents only a syntactic, not a semantic, explanation of
conceptual change (Vosniadou 1994). Therefore, the perspective of entrenched
beliefs in the above meaning appears to be a more inclusive position because it
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meaningful relationships with the new conceptions in particular contexts. He
concludes that less emphasis should be put on: b

el

... efforts to change segments of students’ existing repertoires of conceptu-
alizations and more efforts on enhancing students’ capabilities to distinguish
between conceptualizations in a manner appropriate to some specific context
— in other words, being able to appreciate the functional appropriateness of
one, or more, of their conceptions in a particular context, making science
education into a functional base from which to view the world. (Linder 1993,
p- 298)

Similar views have been developed within social-constructivist approaches which;
draw, not only on phenomenological ideas, but also on the work of Vygotsky (1986)
and the Soviet school of activity theory based on Vygotsky’s work (Wertsch &;
Toma 1995; Metz’s chapter in this Handbook). Other sources are social-:
constructivist studies of the genesis of knowledge in scientific communities (Knorr-:
Cetina 1981) and empirical studies of everyday mathematics and science (Lave &:
Wenger 1991). In social-constructivist approaches that have been employed in sci-
ence education, the idea of situated cognition usually plays a key role (Hennessy:
1993; Roth 1995). Brown, Collins and Duguid (1989) describe the basic ideas of
situated cognition as follows:

The activity in which knowledge is developed and deployed, it is now argued,
is not separable from or ancillary to learning and cognition. Nor is it neutral.
Rather, it is an integral part of what is learned. Situations might be said to
co-produce knowledge through activity. Learning and cognition, it is now pos-
sible to argue, are fundamentally situated. (p. 32)

From the perspective of situated cognition, learning means change from one:
sociocultural context, usually the everyday context, to a new, science context or, in
other words, changes from the practice of one culture to another (for crossings:
between cultures, see Cobern & Aikenhead’s chapter in this Handbook). Ass,
language is a key aspect of culture in the sense used here, science learning also i
viewed as change of languages or change of language games. Learning science
means to learn ‘talking science’ (Lemke 1990). ‘Authentic’ learning situationsg.
according to Roth (1995) are dominated by open-inquiry activities and play a key%:;
role in change in classrooms. ‘Cognitive apprenticeship’ is often seen as the besti:
method for introducing the learner into the new culture as the expert guides th

apprentice (the novice). By developing participation in activities within the com-
munity in question, step-by-step the apprentice becomes a member of that com-j=
munity. The metaphor of apprenticeship provides a different flavour to th

continuous and discontinuous learning pathways in conceptual change approaches.
The process of acculturation, the slowly growing understanding, in numerous:.
hermeneutical circles can be viewed as a promising counter-position to conceptua
change strategies which sometimes appear to be instructional en gineering. Briefl
summarised, situated cognition, authentic learning situations and cognitiv
apprenticeship are closely interrelated.

8 s MUy

Social-constructivist ideas have gained growing attention in science education
over the past years. On the one hand, there are attempts to employ these ideas to
address limitations and one-sidenesses of mainstream constructivist approaches
and to further develop them (Anderson, Belt, Gamalski & Greminger 1987; Scott
1995; Ueno & Arimoto 1993). On the other hand, there is a number of studies
that explore the potential of the social-constructivist perspective to investigate and
support meaning construction in learning communities. Roth’s (1994) work on
open experimenting in science instruction and his studies on collaborative design
(McGinn, Roth, Boutonné & Woszczyna 1995) could be taken as examples (see
Tytler 1994 for a discussion on the social-constructivist perspective as a theoreti-
cal framework for interpreting students’ learning processes in science). Clearly,
the focus of empirical research is studying collaborative meaning construction and
learning (i.e., guided inquiry in small groups). In this field, the potential of the

- social-constructivist views of knowledge becomes obvious as being ‘distributed’

and ‘shared’ rather than being the property of individuals.

To view learning science as change from one culture to another, or as initiation
into a new culture, opens avenues that appear to go beyond making science learn-
ing merely more effective. For example, Cobern and Aikenhead (in this Handbook)
provide a broad view of what they call ‘cultural aspects of learning science’. Their
approach is based on the social-constructivist perspective but is given particular
characteristics by two aspects. The first is the idea of ‘anthropological’ learning
(Aikenhead 1996) which involves viewing science learners as anthropologists who
enjoy, and are capable of, constructing meaning out of the foreign culture of sci-
ence. The second aspect is a view of ‘crossing over’ between an everyday life culture
to the science culture in societies or parts of societies for which the everyday culture
is far from being science and technology-oriented (e.g., Aborigines and Native

_Indians). Science learning in science-oriented ‘Western’ societies can be viewed as

analogous to that kind of ‘crossing over’ in non-Western cultures where deep-
rooted difficulties of learning science go far beyond the issues of knowledge
construction.

CONCLUSIONS

. Domain-specific preinstructional knowledge has proven to be the key factor

determining learning and problem solving in research in all science domains.
Ausubel’s (1968, p. vi) famous dictum, ‘The most important single factor influenc-
ing learning is what the learner already knows . . ’, has been corroborated many
times since it was written. Although this dictum concerns learning science in a
particular way based on what the learners already know, science instruction
frequently is not designed for the science perspectives to be learned effectively.
This is true for science content (i.e., for science concepts and principles) and for
science epistemologies and ontologies (i.e., for views on the nature of science).
Learning science is only successful if learning pathways are designed to lead from
certain facets of preinstructional knowledge towards the science perspective.
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The conceptual change approaches to learning which are critically reviewed in -
this chapter must be considered whenever science instruction is designed. -
Conceptual change strategies of some kind have to be embedded in what has been .

called ‘conceptual change supporting conditions” which incorporate issues such-_g'j o

as students’ interests, motivation and self-concepts, or the classroom climate and &
power structures in school. Social constructivist views of learning appear to £
contribute primarily to the provision of such conceptual change supporting condi-
tions. It is an important challenge for science education research on learning a'nd,%‘
instruction in the future to investigate relations between issues of conceptual change
(of designing adequate learning pathways) and the many supporting conditions. ¢’
Little research knowledge is available on this so far. Only during such a process of :
further development and refinement of the inclusive view, will it be possible to see &
whether the implementation of this view actually leads to more effective learning £
than using previous, more limited views. The inclusive, social constructivist view =
of learning appears to be suited also to guiding our thinking about science educa- =
tion beyond the aim of making science teaching and learning more effective. It.-."‘s‘\--i
could lead to an inclusive view of science education in a much broader sense in &
that it also incorporates considerations of future aims of science instructions. =
The views of learning science discussed in the present chapter all are ona ‘macro’ s -
or phenomenological level. The rapid advances in the neuro-sciences regardingis-
the structure and function of the human brain so far have not contributed
substantially to views of effective learning. In underpinning key facets of his revised
Piagetian view of learning with recent findings on the architecture of the human
brain, Lawson’s (1994) attempt to provide a ‘micro’ view of learning by referring’
to neurological issues is an exciting first step that appears to provide promising §
insights for the future. However, at the moment, it seems that the explanatory and:
predictive power of the ‘neuro’ view is still too limited to contribute to the develop- &
ment of powerful teaching and learning strategies. s
The other seven chapters of this section of the Handbook on Learning provide £
a comprehensive picture of the essential areas that we believe are important in;
understanding learning in science classrooms: language and science; culturals:
aspects of learning science; learning science through models and modelling; leam-li‘“y
ing about science teaching; what young children can be expected to know about
science; theories of knowledge acquisition for identifying gaps in our knowledge:
as well as guiding teaching; and students’ representation of the nature of scientifici
knowledge. g
In the chapter entitled ‘New Perspectives on Language in Science’, Suttoni;éw
explores the relationship between language and learning in science by arguing that 3
the impersonal nature of today’s scientific writing does not help students connect...
their scientific understanding with their own human concerns and those of other ;-
people. As well as providing illustrations of historical changes in science writing
Sutton makes recommendations for introducing a personal voice back into sci-+
ence and what is meant by communication. ' 5
In their chapter, entitled ‘Cultural Aspects of Learning Science’, Cobern and &
Aikenhead provide a cultural perspective on science education, illustrate it with "

&

examples from secondary science on how students’ culture can affect their learn-
ing of science, and identify related issues for teaching and research. The authors

- show how, for many students in school, learning science is not a straightforward

process but often involves a variety of cultural border crossings.

Gilbert and Boulter examine ‘Learning Science Through Models and Model-
ling’ and show how models can and do contribute to learning in classrooms and
other contexts. A major aspect of this chapter is a description of the use of models
and narratives in the classroom and in other contexts involving computers,
educational television and museums.

In their chapter, entitled ‘Learning About Science Teaching: Perspectives From
an Action Research Project’, Scott and Driver provide an account of an action

 research project whose aim was to draw upon a constructivist view of learning in
* developing approaches and materials for teaching particular concepts in high

school. The chapter focuses on curriculum design and pedagogy, as well as the

. nature of the teachers’ involvement in the project.

In her chapter entitled ‘Scientific Inquiry Within Reach of Young Children’, Metz
examines emergent literature about the process and products of children’s scientific

- inquiry, children’s domain-specific knowledge and children’s collaborative cognition.
. This literature shows that children between six and 13 years of age can engage in
__independent empirical investigations. While the literature has gaps for older children

and adults and includes some inadequate experimental designs, it supports both fruit-
ful theory construction and improvement of the inquiry process itself.

The chapter by Chinn and Brewer entitled “Theories of Knowledge Acquisition’
analyses the problem of knowledge acquisition and presents eight core questions that
are the basis of a framework for assisting researchers, theorists and teachers to identify
the gaps in current knowledge. The chapter shows that there is a wide range of
theoretically-important questions that have not been adequately investigated and that

- teachers could develop more effective instruction if better answers existed.

The epistemology of school science is the issue addressed by Désautels and Laro-

chelle in their chapter entitled ‘The Epistemology of Students: The “Thingified”

Nature of Scientific Knowledge’. The authors show that an understanding of the

" nature of models, laws and theories appears to change little as a result of school-
. ing and that empirical perceptions of scientific phenomena dominate over theoreti-
~ cal and personal perspectives. A major feature of students’ epistemologies of

science is the tendency for students to give science a material entity.
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Within a short period of 25 years, science educators developed perspectives that
have expanded from national to global dimensions. We are indeed in a global
revolution in science, mathematics and technology education (Organisation for
Economic Cooperation and Development 1996). No doubt this developmental
change relates to advances in science and technology, especially those involving
transportation and communication. But, like most changes, new issues and
problems emerge. In science education, one of those new issues is a need to reform
the curriculum.

Although reform must include changing multiple facets of science education,
such as teaching and assessment, clearly the curriculum emerges as a central focus
of any reform effort. Considering global perspectives and science curriculum
reform engages the problem that forms the theme of this chapter: ‘How can educa-
tors both reform the science curriculum to achieve the common goal of scientific
literacy and accommodate the unique needs and aspirations of their region or
nation? The subtitle of the chapter anticipates the answer to the question. Once
science educators have identified and clarified the curriculum’s goals for scientific
literacy, the critical issue becomes the transformation of those goals to policy,
programs, and practices. Associated with any answer to the question is the use of
resources, which include those human and material aspects that can be used for
support or help when needed. What are the available resources for designing and
developing a science curriculum? Answers to this question define the possibilities
and limits of curriculum reform and they are certainly unique to a region or nation.

The perspectives developed in this chapter are based on presentations from the
curriculum strand at an international conference entitled International Conference
on Science Education in Developing Countries: From Theory to Practice held in
Israel in 1993. To provide coordination and coherence among the presentations at
that conference, we developed an organisation that generally parallels (with criti-
cal additions) the conference sub-theme of “Transforming Goals to Practices’.

Chapter Consultant: Winston King (University of the West Indies, West Indies)
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488 Bybee and Ben-Zvi
SCIENTIFIC LITERACY AND THE SCIENCE CURRICULUM

The process of curriculum reform must begin_ with.‘and be informed by, th;!arger.
and more comprehensive purposes on which science educators from _we!';e
countries can find common agreement. During the conference, .lhe goal of scienti |§
and technological literacy transcended the unique requirements of more-

developed and less-developed countries. Presentations by Haggis (France), Cobern’ :

(USA), Whittle (Malawi), D’Ambrosio (Brazil) and Roseman (USA) de.Ve:o
the important first step of curriculum reform, namely, the reappraisal a.
reformulation of goals so that they represent the contemporary perspective of
ientific literacy. .
sagi;vid Layton): Edgar Jenkins and James Donnelly, _f rom the _Unwcrsnt_y olj ee p
Great Britain, completed a comprehensive, internat:ong] review _of smenllt}ilc and
technological literacy for UNESCO (1993). A caret.'ui review of this thor9ugh s
mary of the literature clarifies the meaning of .SCIe.I'IIIﬁl.: literacy. In thls‘ chapter,
instead of attempting a thorough review of sc.lentlﬁc lltf:racy, we descnll)e
important aspects of scientific literacy for the science cumculum: We largely bz
this discussion on the aforementioned review by Layton, Jenkn.ls and Donne
(1993) and Achieving Scientific Literacy: From Purpose to Practice (Bybeerl9‘i7h):
Using the term ‘scientific literacy’ implies a general education appr?ach ort
science curriculum. General education suggests that part of a studen_l§ educalmo;
that emphasises an orientation towards person_al dcvelopl_'ne_m and c1t|zc.nshrpl:' :
general education orientation contrasts with a s_pemahsed ed_ucatﬂ;n t a{ﬁ
emphasises competence in a specific career or occupation, such as science. Assum-

ing a general education orientation for the science curriculum suggests that one

should begin the design of a program by asking what it is that a student ought
know, value, and do as a citizen. : : : e
We contrast this approach to designing a science curr!cu]um‘wnh an initial effort
in which individuals ask what it is about physics, chemistry, biology an‘d the ear
sciences that students should learn. We view the fsciencc-t':‘:chnology—somety (S-T:_
approach to science curriculum as a means of !ntrpdur.fmg the general educatl
idea within the general purpose of achievmg scientific literacy. ) e
Closely associated with scientific literacy is the recommendation that e utm'lia' _
design science curriculum materials for all students. Peter Fensham, an Aus ral
science educator, has written several thoughtful essays on the topic of s&m;n‘oe
education for all students (Fensham 1985, 1986/87, 1988). Paralleling the discus-

sion on general education, Fensham clearly differentiates the demands of teach-'

ing science for future scientists from the goal of a scientifically literate cmze;l
The ‘scientific literacy’ and ‘science for all’ themes are clomplem.entary. F;cns am
(1985) provides a useful metaphor to help developers realise the difference tween
a science curriculum for future scientists and one for all students. The fprmer views
science internally, presenting science as scienti;ts see it; the latter views scmtrl:ce
externally, from the perspective of someone in society. From the perspec_mi
described here, science should be organised and taught in a context that continu
ally affirms a personal and social perspective.
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It is more beneficial to think of the aforementioned components of scientific
literacy as goals towards which all individuals can develop for a lifetime. Indeed,
one can define goals or thresholds for purposes of curriculum and instruction.

_ The business of science education ought to be the continual development of

individuals’ understandings and abilities within the components described above.

Within the components of scientific Ii teracy, one also has to represent a variety
of expressions of understandin gs and abilities. For example, individuals probably
can use scientific terms correctly, but most agree that equating scientific literacy

- with vocabulary represents a lack of understanding of the idea of scientific literacy.
- Figure 1, based on the work of Bybee (Biological Sciences Curriculum Study 1993;
- Bybee 1995, 1997; Uno & Bybee 1994), presents different aspects of scientific

literacy that could be helpful to those designing science curricula.

RETHINKING GOALS FOR THE SCIENCE CURRICULUM

The history of science teaching reveals several common goals for students and
that historical changes are primarily shifts in emphasis among the goals rather
than the creation of entirely new goals. Thus, studying the history of science educa-
tion, in particular the changing structure and function of goals, provides insights
for curriculum developers today. Extended historical reviews of the goals of sci-
ence teaching include A History of Ideas in Science Education (DeBoer 1991),
Reforming Science Education (Bybee 1993) and the chapter entitled ‘Goals for the
Science Curriculum’ in Handbook of Research on Science Teaching and Learning
(Bybee & DeBoer 1994).

Throughout the history of science education, three major goals for students
have been (1) to acquire scientific knowledge, (2) to learn the procedures or
methodologies of science and (3) to understand the applications of science,
especially the relationship between science and society. The terms used to express
these goals have changed throughout history. Scientific knowledge, for example,
has been called facts, principles, conceptual schemes and major themes. Scientific
procedures have been referred to as the scientific method, problem solving, scientific
inquiry and the nature of science. Also, for a long time, there has been confusion
between an emphasis on knowing about the procedures of science and doing
scientific investigations. The applications of science have found expression as life
adjustment, science personpower shortage and the contemporary science-
technology-society (S-T-S) movement. In the following discussion, we use the terms
‘scientific method’, ‘knowledge’ and ‘applications’ broadly and generically to
encompass the variety of terms used by science educators.

Sometimes the goals of scientific knowledge, method and applications are
accompanied by clearly articulated justifications, but at other times they are
advanced and accepted less critically. Science educators periodically should examine
goals and their representation in science programs. Science programs will represent
a curricular emphasis (Roberts 1982) — the structure and function of goals. Sci-
ence educators should decide why they hold the views which they do and if they

s,
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This framework presents scientific and technological literacy as a continuum in which an
individual develops greater and more sophisticated understanding of science and technol-
ogy. This framework functions as a taxonomy for extant programs and practices and as a
guide for curriculum and instruction.

Nominal Scientific and Technological Literacy

Individuals demonstrating nominal literacy associate vocabulary with the general area of
science and technology. However, the association represents a misconception, naive theory
or inaccurate concept. Using the basic definition of nominal, the relationship betwee_:n
science and technology terms and acceptable definitions is small and significant. There is,
at best, only a token understanding that bears little or no relationship to real understand-
ing.

Functional Scientific and Technological Literacy

Individuals demonstrating functional literacy respond adequately and appropriately to
vocabulary associated with science and technology. They meet minimum standards‘ of
literacy. That is, they can read and write passages with simple scientific and technological
vocabulary. Individuals might associate vocabulary with larger conceptu_al _schgmes, fqr
example, that genetics is associated with variation within a species and variation is associ-
ated with evolution, but with token understanding of associations.

Conceptual and Procedural Scientific and Technological Literacy

Individuals demonstrate conceptual and procedural literacy by an understanding of both
the parts (e.g., facts and information) and the whole (e.g., concepts, structure o!‘l a
discipline) of science and technology as disciplines. Further, the individual can identify
the way the parts form a whole vis a vis major conceptual schemes apd l_he way new
explanations and inventions develop vis a vis the processes of scientific inquiry alnd
technological design. These individuals understand and can use t}_u: structure of scientific
disciplines and the procedures of inquiry and design for developing new knowledge and
techniques.

Multidimensional Scientific and Technological Literacy

Multidimensional literacy consists of understanding the essential conceptual structures of
science and technology plus understanding features that make that understanding of _ the
disciplines more complete, for example, the history and nature of science. In addilllon.
individuals at this level understand the relationship of disciplines to the whole of science
and technology, to society and to contemporary science-related and technology-related
social issues.

Figure 1: A framework for scientific and technological literacy
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can justify the particular emphasis in light of contemporary societal demands.
This examination enables them to justify their focus and determine specifically
what they mean by each of these major goals in curriculum design.

Reasons for teaching science knowledge, methods and applications have
included (1) enhancing personal development, which includes aesthetic apprecia-
tion, intellectual development and career awareness, (2) maintaining and improv-
ing society, which includes the maintenance of a stable social order, economic
productivity and the preparation of citizens who feel comfortable in a scientific
and technological world, and (3) sustaining and developing the scientific
enterprise itself. This enterprise involves the transmission of scientific knowledge
from one generation to the next (so that each subsequent generation has a
knowledge base from which new scientific discoveries can be made) and the
formation of a scientifically enlightened citizenry sympathetic to the importance
of science as a field of inquiry.

The challenge for science educators now, as in the past, is establishing an
appropriate balance among competing goals given today’s social needs. Recently,
more than ever before, there is recognition of the potential relationship between
the three major goal areas and this allows us to balance our curriculum focus on
scientific knowledge, method, and applications without viewing the goals as mutu-
ally exclusive and thus diminishing our support for any one of them. In the follow-
ing paragraphs, we briefly examine the goals of scientific knowledge, methods,
and applications for the curriculum. .

In primary and secondary schools, the main reason for teaching science today
is the same as it has been in the past — to give students an understanding of the
natural world and the abilities to reason and think critically as they explain their
world. Students should begin early with observing and describing the world around
them and moving towards progressively more elaborated scientific explanations of
phenomena. By the end of high school, students should be able to provide
comprehensive explanations for the most obvious and compelling events that they
experience, such as the seasons, day and night, disease, heredity and species vari-
ation, and dangers of hazardous substances.

With respect to the methods of science, students should learn a disciplined way
of asking questions, making investigations and constructing explanations of a
scientific and technological nature, The latter certainly can be developed in a
personal/societal context. Students should learn that scientific inquiry is a power-
ful, but not the only, route to progress in our world. Inquiry should not be taught
in isolation but as a tool for finding answers to questions about the world in which
students live. Science curricula and teaching consistently should empbhasise students’
conceptual development of scientific explanations, as opposed to step-by-step
methods that too often characterise the nature of scientific inquiry.

Concerning the applications of science, students should confront contemporary
and historical examples of how scientific kn owledge is related to social advances
and how society influences scientific advances. Once again, the focus should not
be on learning about science and society for their own sakes, but to bring students
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to an appreciation of the complexity of ic sciemiﬁc{techno]ogncal egter;:lns\i anc}
to provide contexts and explanations for m}ponam science-related and technology
i hallenges which they confront. o
re}g::?;ini?ft;;eilcﬂ:wledge.g method, and applica!ions should not be tal.}ght in 1?ola-
tion. Each needs to be taught in connection with tl'n'T other, with the aim of enlarg-
ing students’ understanding of their world in‘ meaningful ways. : e
Scientific literacy expresses the conﬁgurauoq and balance of goals for scien
education and thus the design or review of curnculum'sho_uld assess the degrelc to
which the curriculum incorporates the acquisition of SCIICI'III'ﬁC knowlegc, c'ireve ﬁp—
ment of inquiry abilities and understanding of the applications _of science. o:v a:
degree and in what form are the goals expressed? Doeslthe curnculum sugges 0:
orientation for the structuring of the goals or does _lt suggest variations ml the
structuring of goals? Are there guideline_s or suggestions for the use of goz:' selsr;
the design of curriculum materials, teaching strategies and assessment practic ]&
If the curriculum were achieved, what levels and types of sc1:°.nuﬁc lltgraiy ‘\;Ould
be developed for the constellation of components descnped r:arher. ]ou .
individuals continue into careers associated with science, engineering and relate
il i k d: integration
Science curriculum developers should continue to work towar s an integratic

of the three major goals of acquiring scientific knoyv[edgc, dcw?l_opmg the _abtlltl:es
of scientific inquiry, and applying the understandings and abilities ?f'_ sc1ent_:l€; bc:
personal decisions and societal challenges. I!_“ deveio;?ers do, students’ lives wi ;
enriched, the levels of scientific literacy will be heightened, and the sympathy
towards science as a way of knowing will be enlarged. More_ students will pursue
careers in science and engineering, and we should continue to develop the
understanding and skills required to solve our most vexing problems.

TRANSFORMING GOALS TO A FRAMEWORK FOR CURRICULUM
AND INSTRUCTION

An essential step, and one that is neglected too often, consists of ti‘u':- tr:npslanc;z
of goals into a curriculum framework and the‘need to address the c‘t:tlca };s:c:nd
design and development of new science cprncula. The framewor! lspet:;; east i
explains the basic components used to design tht? science program. In ; [t) ]éc.
was common for a curriculum framework to spec_lfy only criteria for con e: se
tion. Little, if any, attention was paid to a learnin g?lcachmg model and few curI;
riculum developers attended to assessment practices. A complete frameword
provides information needed to make decisions gbm}t the cqntem, the scqpe and
sequence of activities, the selection of ei_”fectwe mstructlona_l strat;g;:s an-
techniques, appropriate assessment practices and other sp_ccrﬁcs of t :: culr
riculum. At a minimum, a framework defines enough of the science curriculum to
i iate it from other science programs. _

dlfg:;ngu:‘:e::hnological metaphor, a framework provides the requirements ang
specifications for a design project. The framework has to fulfil certain criteria an
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acknowledge constraints. At the same time, the more specific details must be left
to those who actually will develop the science curriculum. Although there will be
modification as the curriculum framework actually is developed and im plemented,
there should be fidelity to the original intentions, specifications, constraints and
overall design.

A framework has advantages and disadvantages. An advantage of the framework
is that program developers at local, state and national levels have opportunities to
provide specific ideas. One assumes those decisions would be made in terms of the
unique characteristics of students, schools and states, yet still fulfil the curriculum
developer’s requirements. A disadvantage is that it is incomplete. It lacks a full
scope and sequence of lessons, the precise placement of concepts and skills, the
selection of topics and learning activities, and the strategies for assessment,
management of materials and other practical matters. In a sense, the incomplete
nature of a framework is a necessity based on the understandin g that curriculum
developers and school personnel must make the final adjustments to the cur-
riculum in terms of the unique characteristics of the school, community and
students,

In Figure 2, we list some general characteristics that should facilitate the transla-
tion of goals to a curriculum framework. The list of characteristics is by no means
complete or intended to suggest a particular curriculum. We intend only to provide
an orientation or characteristics that individuals can use to develop a curriculum
framework. We have found it quite helpful to use this list also to describe the cur-

rent curriculum, thus creating a discrepancy model for current and proposed sci-
ence curriculum.

Goals (e.g., learn science knowledge and processes)

Rationale (e.g., social change, scientific advances)

Grade Levels (e.g., K-6, 10-12)

Time Requirements (e.g., 20 Min./Day at K-2; 55 Min./Day at 10-12)
Student Population (e.g., all students, at-risk)

Type of Schools (e.g., urban, rural)

Academic Subjects (e.g., life science, integrated)

Curriculum Emphasis (e.g., STS, fewer topics in greater depth)
Relationship to Other Subjects (e.g., complements health, supports reading)
Curriculum Materials (e.g., textbook, student modules)

Instructional Emphasis (e.g., reading, active learning)

Instructional Strategies (e.g., hands-on, cooperative learning)

Instructional Model (e.g., BSCS 5Es Model, Learning Cycle)

Educational Equipment (e.g., kits, local equipment)

Educational Courseware (e.g., MBL, telecommunications)

Assessment (e.g., built into instruction, portfolios, end-of-unit tests, performance-based)
Implementation (e.g., concerns-based adoption model, staff development)

Figure 2: Some characteristics of a curriculum framework for science
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This discussion of the development of curriculum frgme\yorlss makes the
general and abstract nature of the goals of developing scientific literacy more
specific and concrete, thus taking an initial step Ipwards th.c problem of .achtew
ing a common goal and accommodating the unique requirements of different
regions or countries.

TRANSFORMING FRAMEWORKS TO SCIENCE CURRICULUM

In this section, we discuss some issues associated with the development of materi-
als for school science programs. Our discussion might be general dl{e to the
international audience and the broad range of criteria .'_md constraints that
individual science educators must consider. We begin with th.e premise that
transforming criteria described in curriculur_n framework§ for science programs
represents the best efforts of individuals Wil]‘lll‘f the colns.tramtfs of tlme.and budget
and the requirements of their countries or regions within tl'.nelr countries. .
In some situations, individual science teachers or teams will develop new materi-
als based on their curriculum framework. We only can imagine that these materi-
als can range from single lessons used in rural schools by tea_chers \_who have lltFle
science background, to complete science programs used in regions or entire
countries. The curriculum frameworks should be invaluable resources in the de§lgn
of science curriculum; that is why we placed significant emph'ams on that section.
However, when it comes to the actual development of materials, we have several
recommendations. First, teams of scientists, science educators, an;l science teach-
ers should be used to design and develop the materials. Se:zond. mdmduz.lls who
are not associated directly with development should review the materials for
accuracy of science content, usability of the mater_ials by science teachers, and
alignment of curricular components such as teaching l.nethods _and ass:iessnllent
strategies. Third, materials should be field tesled‘.lf possuble._ cjurrlculym evelop-
ers should include at least one round of field testing and revision during program
AR . .
de;e::ll:mszh:)ols. regions or countries will adapt curriculum rn.alerlals for tht.?lr
unique setting. In the 1960s and 19705.. for examgle, over 20 different cm:inmes
adapted materials from the Biological Sciences Curriculum Slut.:ly (BSCS). Adapta-
tion of science curriculum should include more than translation of' the pr?gram
from one language to another. The curriculum framewo_rk can est.abllsh the c_IOSf:-
ness of fit’ or ‘compatibility’ of a current science cu_rncu]L?m W}th. the specifica-
tions of the school. region, or country. The probability of ldc.ntlfrymg a program
that is perfectly compatible with specifications is quite !ovy. which is the reason for
our recommendation to adapt a program. Using similar cha.ragterls.tlcs and
comparing the extant program with the currif:u]um framework wrl_l }dentlfy those
aspects of the program that require modiﬁcanfms and p_erhaps a.ddm'ons. Depend-
ing on the degree of adaptation, the new curriculum might need review, field test-
ing and evaluation.
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TRANSFORMING CLASSROOM PRACTICES

Changing the science curriculum implies changes in teaching science. In fact,
consistent with the theme of this chapter, the final translation of a curriculum
into actual classroom practices must be considered an essential aspect of any cur-
riculum development effort. Science teachers must make the final decisions about
the use of science materials in their classrooms. Of necessity, they will make deci-
sions based on unique aspects of the classroom. Some of those unique aspects
include the basic needs of students, students’ conceptual levels and developmental
stages, available resources, background of the science teacher, time available for
instruction, the teacher’s understanding of science, and assumptions about students’
learning.

We associate terms such as ‘implementation’ and ‘staff development’ with this
final step of curriculum reform. Based on research (Fullan 1982; Hall & Hord
1987; James & Hord 1988), we recommend that implementation and staff develop-
ment should be a significant consideration in the development of any science cur-
riculum. We recognise the complicated nature, time, and constraints when
considering the diversity of schools and science curricula. But, teachers must
understand science content and pedagogy. They should understand the philosophy
and materials of the program, and the expected outcomes and assessment strate-
gies of the program. Some of the responsibility for full implementation of a sci-
ence curriculum belongs to the curriculum developers; the curriculum must be
complete, accurate and provide the appropriate resources and support for teach-
ers. Others will have to assume responsibility for administrative support, staff
development, and the provision of materials and equipment.

SOME PRINCIPLES FOR DESIGNING AND DEVELOPING SCIENCE
CURRICULUM

This section presents some fundamental principles that transcend differences in
economic, developmental, political ideology and religious preference. Core ideas
about the science curriculum that could facilitate constructive adaptation and
cooperative development are identified. These principles are presented from the
perspective of science curriculum, but our general view is that they represent a

synthesis that incorporates many issues confronting the international community
in the reform of science education,

Design and Development of Science Curriculum Should Recognise that Student
Learning Neither Begins Nor Ends With the Science Curriculum.

Constructivist literature on learning informs us that students already have concep-

tions of the natural and designed world and that they have developed explana-
tions for many phenomena. In addition, an individual’s science education occurs
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outside the school and in other settings, such as the family and peer culture, and
through other social influences, such as the media and organised religion. Although
the form and accuracy of the science education which a student receives from these
sources can be questioned, its occurrence and influence cannot be questioned. This
suggests the need for recognition of students’ current understandings, and the
meanings of those understandings for the students, as science programs are
designed, developed and implemented.

Design and Development of Science Curriculum Should Include Strategies,
Resources and Materials for Science Content, Teaching, Assessment and
Implementation.

In the past, science educators primarily have focused on the content and secondar-
ily on instruction, leaving assessment and implementation to others or ignoring
them completely. The design and development of science curriculum must
incorporate assessment as a part of the curriculum and instruction. The develop-
ment of science curricula must account for who is going to use the science program,
where they are going to use the program, and how they are going to learn about
the program. This recommendation places an additional burden on those
responsible for new science curriculum, but it provides a complete, coherent and
consistent program that actually is used. The burden is a challenge but it is worth
the effort.

Design and Development Should Recognise and Incorporate the Human Resources,
Especially Science Teachers, in the Transformation of Goals to Practices in Order
to Optimise the Classroom Learning Environment and Enhance the Development
of the Learner.

Any science curriculum must meet general criteria, such as accurately represent-
ing science concepts and methods of inquiry and appropriately accommodating
students’ learning and development. Curriculum developers have some responsibil-
ity to recognise science teachers’ needs, such as classroom management and
program effectiveness, as it is the science teacher who has to establish the connec-
tions between the curriculum and students and use those connections to develop
meaning and enhance learning. Development of science curriculum must be done
with a sensitivity to the environments and situations in which teachers use the
materials and a realisation that any new program probably requires more change
for those teaching the program than for those designing and developing the
program.

Science teachers have the responsibility to adapt materials for their unique situ-
ations, to be clear and to modify their teaching to both new science content and
educational approaches. The changes in teaching science suggested in this discus-
sion are likely to result in personal and professional stress among the teachers
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Fespor_lsiblc for implementing the science curriculum. On the part of those develop-
INg science programs, we must recognise the changes that will occur and design
programs that best meet the science teachers’ needs, such as management, effective-
ness and efficiency. Others in the educational system must assume res;;onsibi!ity
for §upporting the implementation process through adequate materials, supplies
equipment, and staff development. We cannot avoid the personal and profes-.
sional stress associated with change, but we can recognise it and provide adequate

support for the science teacher who must assume responsibility for implementing
the program.

Design and Development of Science Curricula Should Consider the Culture and

Educational Context From Which, and Into Which, One Plans to Implement the
Curriculum.

Science eQucators must strive to maintain the integrity of science, education and
c_ultural diversity. We can avoid the pitfalls of one region or nation dictating. cur-
riculum, even unintentionally. To do this, we must be sensitive to educational needs
a_nd requirements and focus on helping the classroom teacher to adapt the cur-
riculum framework to usable materials and adjust current teaching practices so
they are more effective. Science education personnel and programs can be thought
of as resources. Some nations, regions, territories and schools have more resources
than others. The critical issue is not the existence of resources, but the way in which
the resources are used, the way in which they are exported and imported, and the
way in which they are modified to meet the needs of science teachers. '

CONCLUSION

‘ln t‘hl‘s chapter, we have attempted to synthesise many excellent ideas from diverse
ujldmduals who, over the years, have addressed the general theme of science cur-
riculum. Collectively, they convey a message of hope that we can help students
progress towards a goal of scientific literacy. Individually, the work of reforming
science programs will take the creativity, insight, knowledge and skills of those
who understand the unique requirements of their nations, schools and teachers.
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