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 INTRODUCTION


     It is frequently said that the reforms in science education which took place during the sixties and the seventies, associated to the "learning by discovery" paradigm, were an attempt to bring science learning closer to scientific practice: "It was intended that children should enjoy science (by more direct engagement in scientific activities), should gain an awareness of what scientists do and should be encouraged to pursue the study of science at an advanced level" (Hodson 1988).

     This trend, as most studies have shown, resulted in a genuine fiasco. It is therefore easy to conclude that no attempt should be made to involve pupils in scientific activities as an objective of science education. We shall try to show that, on the contrary, the idea of approaching science learning to the way of doing science is not exclusive to the learning by discovery model but constitutes a permanent feature, although not always explicit, in innovations in science teaching. A thread which has shown to be fruitful, even through its wrong avenues, and that is being reinforced nowadays by the emerging constructivist paradigm (Resnick 1983; Novak 1988; Wheatley 1991) and by the implications of the contemporary philosophy of science in science education (Posner et al 1982; Gil and Carrascosa 1985, 1990; Hodson 1988; Cleminson 1990; Matthews 1990; Cobb, Wood and Yackel 1991; Duschl and Gitomer 1991; Gruender and Tobin 1991; Sequeira and Leite 1991...). In this paper we intend to analyse, from this perspec​tive, the main trends in the innovation of science education.
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 1. THE LEARNING BY DISCOVERY MODEL: A FAILURE... AND A STEP FORWARD


     It is not necessary to insist here on the numerous studies which have analysed the failure of the learning by discovery paradigm (Ausubel 1968; Gil 1983; Hodson 1985; Millar and Driver 1987...). The extreme inductivism in which this model fell into, the lack of attention to content, the wrong insistence on the completely autonomous activity of the pupils, and so on, have been repeatedly indicated, as well as the negative results obtained, both in the field of conceptual learning and in the understanding of the nature of science. Nevertheless, we consider that this criticism, although correct, turns out to be partial and should not justify a complete rejection of this wide movement of science education reform.

     We can point out, in the first place, that the idea of introducing science training as a component of the basic education of all citizens has been advanced by outstanding scientists and educators such as Dewey (1902), Langevin (1926) or Piaget (1972).

     The learning by discovery trend tried to implement this idea, according to which, pupils should become acquainted with scientific methodology so as to be able to understand scientific results. Moreover, with this involvement of pupils in scientific activities, it was intended to give an open and accesible view of science -in order to foster a more positive attitude towards science learning- and to highlight the specific nature and importance of its methods. And even if the results did not correspond to the aims, this attempt can be considered as the beginning of a systematic process of curricular reform of science education in which we are still immersed.

     Meanwhile, the objective of engaging pupils in scientific activities has even gained in importance. As Solomon (1991) states: "for most students, our general objectives might be favorable attitudes towards science and a feel for its method of theory-making". Burbules and Linn (1991), put the question in these terms: "One way to pose the central aim of science education is to ask, what epistemological attitude do we want to foster in students? In other words: what view of knowledge and discovery will best support the kinds of scientific activities we want students to undertake in science classes and in their lives?". From this point of view the results obtained with the learning by discovery paradigm cannot just be interpreted as a failure, but as the origin of subsequent restructuring, that is to say, as an invigorating element of science teaching which remained anchored in uncritically accepted traditions. In fact, the negative results obtained, directed attention towards the science education conceptions underlying the learning model (Leboutet 1973, Host 1978, Giordan 1978), in this way initiating an approach to the contemporary philosophy of science.
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 2. THE RECEPTION LEARNING PARADIGM: A NEW STEP FORWARD...

    AND A NEW FAILURE


     The criticism of the learning by discovery model brought about a reappraisal of learning by reception or, in other words, of teaching by verbal transmission. Nevertheless, that did not mean a mere return to the "traditional" model and a consequent halt on teaching reform. Neither can it be interpreted as a deviation from the aim of getting pupils acquainted with the scientific way of reasoning, although it could seem so at first sight. It is in effect true, that Ausubel (1968) bases his defence of teaching by verbal transmission on, among other reasons, the lack of capacity of most pupils for discovering all that they need to know, and this can be interpreted as a rejection of the involvement of pupils in scientific activities. But a careful consideration of some of Ausubel's proposals show a grater consistency  with the basic theses of contemporary epistemology than the learning by discovery paradigm. As an example, the importance given by Ausubel to the pupils' previous ideas and to the integration of the new knowledge in their conceptual structures, is consistent with the role that theoreti​cal paradigms play in scientific research. In the same sense, enhancing the teachers' guide to facilitate  meaningful learning -instead of the sparse acquisitions which produce the incidental discoveries of an autonomous pupils' work- Ausubel approaches to an essential characteristic of scientific research: any scientist knows how necessary the discussions with more experienced colleagues are, their feedback and orientation, which show how far removed scientific construction of knowledge is from autonomous work or incidental discovery. In such aspects, the reception learning paradigm is closer to the nature of science than the learning by discovery one. It is, of course, an insufficient approach which, moreover, conflicts other essential characteristics of scientific methodology. But it is interesting to point out that some particularly sound aspects of this paradigm are consistent with the idea of bringing pupils' activity closer to the construction of scientific knowledge. The incompatibilities are, nevertheless, very strong, beginning with the explicit limitation of learning to the reception of concepts, without attempting the pupils' engagement in the construction of knowledge.

     On the other hand, although the learning by reception model is explicitly opposed to the inductivism of learning by disco​very, we must note that underlying the proposals of an transmis​sion/reception of knowledge already elaborated, we can recognize the inductivist theses, because concepts are still considered as something external to the subject who must "receive" them.

     Learning by reception is as we can see, clearly and voluntarily quite distant from today's conceptions about how scientific knowledge is constructed. This could be the reason for its well established ineffectiveness in attaining its quite modest aim of an exclusively conceptual learning, neglecting procedural and axiological aspects. Effectively, research on "misconceptions" and "alternative frameworks" has seriously questioned the effectiveness of this transmission/reception model (Viennot 1976; Driver and Easley 1978; Osborne and Gilbert, 1980; Clement 1982; Minstrell 1982; Champagne, Gunstone y Klopfer 1985; Clough and Driver 1986...). On the other hand, although the model pays attention exclusively to conceptual aspects of science, it transmits, nevertheless, a certain view of how scientific knowledge is constructed and, more generally, of the nature of science. As Hodson (1985) explains, "it is the implicit philo​sophy of the curriculum (what one might call the 'hidden science curriculum') which carries the important message about what science is and is ultimately responsible for forming children's attitudes and beliefs". So, the reception learning paradigm was not only incapable of achieving a meaningful appropriation of concepts but also transmitted an impoverished view of science, responsible to a great extent for the negative attitudes detected in many pupils towards science learning (Schibeci 1984; James and Smith 1985; Yager and Penick 1986).

     The need for a deep restructuring of the science tea​ching/learning process was again evident. Yet, the results of both discovery and reception learning models had not just been a waste of time and effort. Now, researchers and curriculum designers had a clearer vision of the difficulties and were prepared for more rigorous approaches, without falling into simplistic disqualifications of "traditional teaching". The foundation efforts turned back again to the analogies between scientists and pupils' activities, producing the convergence of cognitive science findings and the contributions of contemporary history and philosophy of science. 
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 3. THE CONSTRUCTIVIST APPROACH AND THE UNDERSTANDING OF SCIENTIFIC WORK

    ACHIEVED BY THE CONTEMPORARY PHILOSOPHY OF SCIENCE AS TWO MAJOR AND

    RELATED ADVANCENS IN SCIENCE EDUCATION.


     We are not going to re-examine here the importance of the constructivist approach in science education (Resnick, 1983; Novak, 1988), which is currently considered as being the most outstanding contribution in this field over the last decades (Gruender and Tobin, 1991). Neither is it necessary to give a full description of the characteristics of the new approach to learning, thoroughly described by several authors (Posner et al, 1982; Driver 1986). Resnick (1983) summarized them in three statements:

-Learners construct understanding. They do not simply mirror what

 they are told or what they read... To understand something is to know relationships...

-Bits of information isolated are forgotten or become inaccessible to memory...

-All learning depends on prior knowledge...

     This summary is, of course, a simplification that forgets, as Resnick recognizes, many complexities, but it allows us to notice the undeniable similarity with the contemporary view of  the construction of scientific knowledge. This resemblance has been pointed out by many science education researchers (Posner et al, 1982; Gil 1983; Gil and Carrascosa 1985, 1990; Hashwhew 1986; Matthews 1990; Burbules and Linn 1991, Cobb, Wood and Yackel 1991; Duschl and Gitomer, 1991; Gruender and Tobin, 1991...), and appears as one of the fundamental supports of the new trend. In fact, the constructivist approach has shown a great capacity for incorporating many studies: from the contemporary epistemology (Bachelard, Kuhn, Lakatos, Toulmin, Feyerabend...) to the constructivists conceptions of Kelly or the works of Piaget or Vigotsky.   

     This basic coherence of the results obtained by independent researchers has strengthened, logically, the value of the constructivist approach to science education and has made possible a growing consensus. The old aim of approaching pupils' activity to the characteristics of scientific knowledge construc​tion has thus gained new force, supported by a better understan​ding of the nature of science and by a serious theoretical foundation. We would like to stress, however, that this advance​ment has been possible in part, thanks to the previous research, with its "errors" and consequent reorienta​tions. Too frequently we forget this evolutive relation between different and opposite models, and so science education develop​ment seems to be submitted to a hazardous agitation. If we want to reinforce the theoretical character of science education, as a specific and coherent corpus of knowledge, it becomes necessary to take into account the preceding models, their resistance to modification -which is a clear index of a certain consistency and effective​ness- and, most particularly, their contribution  -frequently through the analysis of their insufficiencies- to the emergence of new approaches. It is likewise necessary to recognize the basic coincidence -in spite, obviously, of some nuances- of many proposals presented by their authors as different models. That is what happens nowadays with several constructivist teaching strategies (Nusbaum and Novick, 1982; Posner et al, 1982; Osborne  and Wittrock 1983, 1985; Driver and Oldham 1986; Hewson and Hewson, 1984; Hodson 1988; Giordan 1989; Pozo 1989...). In all of them we can find -stated in a one way or another- the view of science learning as a conceptual change in three basic steps:

- An elicitation phase of pupils' ideas, making them conscious of the plausibility and fruitfulness of those ideas.

- A restructuring phase, creating cognitive conflict, genera​ting pupils' dissatisfaction with their current ideas and prepa​ring them for the introduction of scientific conceptions.

- An application phase which gives opportunities for using the new conceptions in different contexts and consolidating them.

     The effectiveness of those conceptual change strategies has been supported by many researches undertaken in different fields of science education (Nusbaumm and Novick 1982; Anderson and Smith 1983; Hewson and Hewson 1984; Ministrell 1984; Roth 1984; Osborne and Freyberg 1985; Zietsman and Hewson 1986; Viennot and Kamisnky 1991...).

     None the less, other researches have shown that some alternative conceptions are resistant to instruction, even when teaching is explicitly aimed to produce conceptual changes (Fredette and Lochhead 1981; Clough and Driver 1986; Shuell 1987; Gunstone, White and Freshman, 1988; White and Gunstone 1989; Duschl and Gitomer 1991, etc). These difficulties and the interest for strengthening the foundation of the constructivist model require, in our opinion, a re-examination of the teaching strategies advanced.
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 4. CONCEPTUAL CHANGE VERSUS CONCEPTUAL AND METHODOLOGICAL CHANGE


     A primary and, in our opinion, serious limitation of 'conceptual change' teaching strategies is the insufficient attention to the ways of reasoning associated with the pupils' alternative frameworks. We shall summarise here our point of view on the subject (Gil and Carrascosa, 1985, 1990; Gil, Carrascosa, Furio and Martinez Toregrosa 1991):

- There is a certain parallel between the historical evolution of a science in its first steps and the formation of children's intuitive conceptions (Piaget 1970; Disessa 1982; Clement 1983; McDermott 1984; Saltiel and Viennot 1985; Furió, Hernandez y Harris 1987; Matthews 1990...).

-This isomorphism between pupils' intuitive ideas and pre-classi​cal conceptions cannot be accidental and could be the consequence of a similar way of approaching problems. This hypothesis is supported by a comparative study of the characteristics of what can be described as "commonsense physics" (Bachelard 1938; Holton and Roller 1963; Koyre 1981) and the pupils' ways of reasoning. It is easy to show, effectively, that both children and pre-clas​sical works on science, approach problems in a very similar way  which we have called the "methodology of superficiality" (Gil and Carrascosa, 1985) and Hashweh (1986) "common sense methodology", characterized by certainty, by absence of doubts or consideration of possible alternative solutions, by quick and very confident answers based on "common sense evidence"; by lack of consistency in the analysis of different situations (Ministrell 1982; Whitaker 1983: Halloun and Hestenes 1985; Hewson 1985; Champagne, Gunstone and Klopfer, 1985); by reasonings which follow a linear causality sequence (Closset 1983; Joshua 1985; Viennot 1989; Vien​not and Kaminsky 1991).

-Pre-classical conceptions could only be overwhelmed thanks to a new methodology which combines the creativity of divergent thinking and the rigour of hypotheses checking, through experi​ments under controlled conditions and a search for full consis​tency. We can suppose then, that pupils' conceptual change will not be possible without a similar methodological change (Gil and Carrascosa 1985, 1990; Hashweh 1986; Cleminson 1990; Duschl and Gitomer 1991). Historically, this methodological change, was not at all an easy one, and it is quite logical to think that the same will happen with pupils: only if they are repeatedly put in the situation of applying this methodology (that is to say, in the situation of putting forward hypotheses, designing experi​ments, carrying them out, analysing carefully the results with particular attention to the global consistency...) will they manage to overcome their commonsense epistemology, thus making possible the deep concep​tual changes which the acquisition of scientific knowledge demands.

     The preceding considerations imply a first criticism of the teaching strategies oriented to produce conceptual changes. Effectively, these strategies seem to pay attention almost exclusively to concepts. It is true that the conceptual change has its epistemological requirements and must not be considered merely as a change in content (Hewson and Thorley 1989). But, in our opinion more explicit attention to the methodological and epistemological commitments should be necessary, since science teaching is usually centred on declarative knowledge  (knowing "what") and forgets the procedural type  (knowing "how"). We cannot expect so that to speak of conceptual change leads automatically to paying attention to its methodological and epistemological requirements. On the contrary, we are afraid that, without very explicit insistence, the most creative aspects of scientific work will remain absent from our science lessons.

     In the same sense, Duschl and Gitomer (1991), studying carefully the implications of the contemporary philosophy of science, state: "if we are to produce radical restructuring of concepts, the personal correlate of Kuhn's revolutionary science, then it seems that we must also teach the procedural knowledge involved". Duschl and Gitomer criticize the hierarchical view of conceptual change that "assumes that changes in central commit​ments to a theory of science bring simultaneous changes to other ontological, methodological and axiological commitments within the conceptual framework" and they attribute to this wrong vision of how conceptual changes take place the insufficient study of the nature of procedural knowledge (Duschl, Hamilton and Grandy, 1990) and the partial ineffectiveness of conceptual change teaching strategies.

     In fact, although several authors have referred, more or less explicitly, to the relationship between alternative frameworks and ways of reasoning and problem solving (Osborne and Wittrock 1983, 1985; Resnick 1983; Gil and Carrascosa 1985, 1990; Hashweh 1986; Reve et al 1987; Hills 1989; Viennot 1989; Burbules and Linn 1991...) the teaching strategies we are analyzing do not seem to approach sufficiently pupils' activity to the characte​ristics of scientific research, that is to say, of  scientific knowledge construction. It is necessary to stress that we are not advocating a return to a "process" or a "discovery" learning approach. As we have already argued those trends give a wrong view (very simplistic and linear) of a scientific treatment of problems. On the contrary, we consider that it is necessary to present scientific work in all its richness and complexity (far from the simplistic views so often embraced by teachers). This is, of course, a very important question which demands a constant attention to avoid the usual disregard, of the most creative aspects of science and the reduction of the scientific treatment of problems to a linear sequence of fixed stages. In figure 1, we summarize an attempt to give a more correct view of scientific methodology which governs our objective of facilitating pupils' acquaintance with the scientific way of constructing knowledge 

as a requirement for effective conceptual change.

     But there is still another aspect of conceptual change strategies which demands, in our opinion, re-examination in the light of the contemporary philosophy of science. We shall dedicate the next section to this point.
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 5. CONCEPTUAL CHANGE VERSUS SCIENTIFIC TREATMENT

    OF PROBLEMATIC SITUA​TIONS


     The sequence of the teaching strategies oriented to produce conceptual changes consists, basically, in eliciting pupils' ideas, making them conscious of the plausibility and fruitfulness of those ideas and next creating conceptual conflicts to prepare the introduction of the scientific conceptions which higher explicative capacity will make possible the conceptual change.  In our opinion, the systematic confrontation of pupils' ideas with the scientific ones, can produce inhibition and a quite logical rejection. That obliges us to question the sense of making pupils conscious of their ideas for immediately putting them into conflict. 

     It is easy to understand that this eliciting plus conflict genera​tion strategy is quite far away from the scienti​fic research process. This research is not undertaken to question ideas, or to produce conceptual changes, but to treat problems which interest scientists, problems which are treated, logically, with the possessed knowledge and with new ideas constructed in a tentative way. During this process the initial conceptions may  suffer some changes or even be radically questioned, but this will never be the objective that remains the solution of the problems posed.

     From a constructivist point of view it is essential to associate knowledge construction with problems: as Bachelard (1938) stressed "all knowledge is the answer to a question" and this conflicts radically with the conceptual change teaching strate​gies which take pupils' conceptions as a starting point. Besides, a basic scientific attitude in the treatment of problems is to take one's own ideas -even those most sure and obvious- as simple hypotheses that are necessary to question, particularly imagining other hypotheses. This can give another status to the cognitive conflicts: it does not supposes an external questioning of the personal conceptions, nor the systematic recognition of the insufficiencies of one's own reasoning (with its consequent affective implications) but a confrontation of some personal ideas (taken as hypotheses), with other hypotheses (as personal as the preceding ones). We are not proposing, then, the elimination of the cognitive conflicts, but trying to prevent them from appearing as a confrontation between the personal wrong ideas and the scientific correct ones.

     On the other hand, Burbules and Linn (1991), recalling that science advances more from disconfirmation than from confirma​tion, argue that "in science education such considerations weigh against the idea of supplanting a whole false student picture with the correct one...". And , as Solomon (1991) argues, "having encouraged a range of private opinions the teacher cannot simply dismiss those which do not conform to the accepted theory. That way no more open dialogue would be possible".

    For all these reasons, the teaching strategy that seems to us more consistent with the constructivist cognitive approach and with the characteristics of scientific reasoning, is to organize learning as a treatment of problematic situations that pupils can identify as worth thinking about (Gil 1982; Gil and Martinez-Torregrosa 1983, 1987; Driver and Oldham 1986; Burbules & Linn 1991; Gil, Carrascosa, Furió and Mtnez Torregosa, 1991; Wheatley 1991). A scheme for this teaching strategy is shown in table 1.

     This strategy aims basically to involve pupils in the construction of knowledge, approaching pupils' activity to the characteristics of the scientific work, giving to scientific treatment of problems the rich and complex view reflected in figure 1. But such a strategy -that we can designate as "radi​cally constructivist"- frequently causes reticence among teachers and science education researchers, who express the quite commonsense idea that "it is not sensible to expect pupils to construct by themselves all the knowledge that required so much time and effort from the scientists".

TABLE 1. TEACHING STRATEGIES

FOR ORGANIZING LEARNING AS A RESEARCH ACTIVITY

	PRIVATE 

 1. Conceive problematic situations that, taking into account the ideas, world view, skills and attitudes of pupils, generate interest and provide a preliminary conception of the task.



	 2. Propose the qualitative study of the problematic situa​tions, taking decisions -with the help of the necessary bibliographic researches- to define and delimit concrete problems (an activity during which pupils begin to make their ideas explicit in a functional way).



	 3. Guide the scientific treatment of the problems, which implies, among other things:

    -Invention of concepts and forming of hypotheses (occa​sion for using alternative concep​tions to make predictions)

    -Elaboration of possible strategies for solving the problems, including, where appropiate, experimen​tal designs to check hypothe​ses in the light of the body of knowledge.

    -Carrying out the strategies elaborated, and analysis of the results -checking them with those obtained by other pupils and by the scientific community- that can produ​ce cognitive con​flicts between different concep​tions (taking all of them as hypotheses), requiring the forma​tion of new hypotheses.



	 4. Propose the application of the new knowledge in a variety of situations to deepen and consolidate them, putting special emphasis on the S/T/S relations​hips which frame the scienti​fic development, and leading all this treatment to show the nature of coherent body of knowledge of every science.

     Favour particularly synthesis activities (schemes, reports ...) and the elaboration of pro​ducts  which help to give sense to the task and increase the interest in it and the conception of new problems.




     Actually, it is difficult to oppose the view that pupils by themselves cannot construct all the scientific knowledge. But we do not think of pupils as practi​sing scientists working in frontier domains: this metaphor, used by several authors has, of course, many limitations (Burbules and Linn 1991) and cannot give a useful view of how to organize pupils' work. A metaphor that contemplates pupils as novice researchers gives a better appraisal of the learning situation. Effectively, any researcher knows that when someone joins a research team, he or she can catch up quite easily with the standard level of the team. And that does not happen by a verbal transmission, but through the treatment of problems in fields where his or her more experienced colleagues are experts.

     The situation changes, of course, when problems which are new for every member of the team are treated. In this case, the progress -if there is any- becomes slow and sinuous. The proposal to organize pupils' learning as a knowledge construction corresponds to the first situation, that is to say, to an oriented research, in fields very well known by the "research director" (the teacher), and where the partial and embryonic results obtained by pupils can be reinforced, completed or even questioned by those obtained by the "scientific commu​nity". 

     The constructivist approach to science learning has to respond to the characteristics of oriented research, a research where results obtained by different teams are steadily compared and where teams count on the feedback and help of an expert.

    We do not believe it necessary to repeat here the well known reasons for advocating small work groups as a way of increasing involvement and creativity in approaching open and unfamiliar situations (Ausubel 1978; Gìl 1983; Solomon 1987; Burbules and Linn 1991; Robinson 1991) such as are those aimed at the construction of knowledge. But we want to emphasise the necessity -less frequently stressed- (Gíl and Martinez-Torregrosa 1987; Wheatley 1991) of facilitating the interaction between the groups. This constitutes an essential feature of scientific work and can show to the pupils the insufficiency of the ideas and results obtained by a single collective and the need to compare them with those obtained by other groups, with the contribution of the teacher as "spokesman for many other researchers", that is to say, of the knowledge that the scienti​fic community has accepted, as a result of a long and difficult process.

    To sum up: against the metaphor which presents pupils as simple receiver and that which views them as autonomous resear​chers (Pope and Gilbert 1983) or practising scientists (Burbules and Linn 1991), we propose the metaphor of the "novice resear​chers" which takes into account the limitations, pointed out by Burbules and Linn, of the "practising scientists" idea. This metaphor is associated, as we have tried to show, with three basic elements of what we have called a "radical constructivist orientation" for science learning: open problematic situations, scientific work in co-operative groups and interactions between the groups and the "scientific community" represented by the teacher (Gíl and Martinez-Torregrosa 1987; Wheatley 1991).

    We shall finish this section stressing that science teaching of the sort that we are proposing requires the transformation of all the activities of science learning, from the introduction of concepts to laboratory work, passing through the paper and pencil problem solving... and not forgetting evaluation! (Linn 1987; Hodson 1992).

     We do not dispose here of the necessary space to undertake even a slight study of these different activities, but our researches in these fields (Gil, Carrascosa, Furió and Mtnez Torregrosa, 1991; Calatayud, Carrascosa, Gil et al, 1990), as much as those of many other researchers, seem to aim at their transformation into open problematic situations to be treated in the creative and rigorous way which characterizes scientific work
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 6. TO CONCLUDE: SCIENCE TEACHING AS RESEARCH


     The science learning paradigm as a research activity that we are proposing here is highly appreciated by the teachers who participate in seminars and courses designed to introduce the new model experimentally. Sometimes, however, they put a question which expresses a deep concern: how can a teacher attain all the knowledge this model requires?. Let us consider, for instance, the difficulties of translating the curriculum into programmes of activities capable of generating interest and of facilitating pupils' creative and successful work. It is obvious that no teacher can fulfil such a task... but, in fact, it is the question itself which does not make sense: effectively, any study on science methodology or epistemology shows requirements for scientific research at least as wide and complex as those we are contemplating here, but no scientist is supposed to possess all the knowledge and skills necessary for the scientific treatment of problems: everybody knows that scientific work is a collective activity. In the same way, the teaching task should not be an isolated activity, nor should any teacher feel overwhel​med by responsibilities which are, without any doubt beyond the capacities of a human being. It is essential that collective work can take place in all the teaching process -from the curriculum design to evaluation- with teachers involved in open and creative activities of research and curriculum development (Driver and Oldham 1986; Cobb, Wood and Yackel, 1991). From this point of view, the complexity of the strategies proposed can be seen as an invitation to break with monotonous teaching and to allow both pupils and teachers to profit from the potential creativity of the constructivist model.

	PRIVATE 
 REFERENCES


ANDERSON C.W and SMITH E.L. (1983). Childrens conceptions of light and color. developing the concept of unseen rays. Paper presented at the annual meeting of th American Educational Research Association, Montreal.

AUSUBEL D.P. (1968). Educational Psychology. A cognitive View.  New York: Holt, Rineheart and Winston, Inc.

BACHELARD. G. (1938). La formation de l'esprit scientifique. Pa​ris: Vrin.

BURBULES N., & LINN M. (1991). Science education and philosophy of science: congruence or contradiction?. International Journal of Science Education. 13 (3), 227-241.

CALATAYUD, M.L., CARRASCOSA, J., GIL, D. et al. (1990). La construc​ción de las ciencias fisico-químicas (Programas guías de trabajo y comentarios para el profesor). Valencia (Spain): NAU LLIBRES. 

CHAMPAGNE, A.B. GUNSTONE, R.F., & KLOPFER L.E. (1985). Effecting changes in cognitive structures among physics students. In West L.H.T., & Pines A.L. (Eds). Cognitive structure and conceptual change. Orlando. FL: Academic Press.

CLEMINSON, A. (1991). Establishing an epistemological base for science teaching in the light of contemporary notions of the nature of science and of how children learn science. Journal of Research in Science Teaching. 27 (5), 429- 445.

CLEMENT, J. (1983). A conceptual model discussed by Galileo and intuitivily used by physics  students, in Genter D and Stevens A.L (eds). Mental Models. Hilsdalle, N.Y: Erlbaum.

CLOSSET, J.L. (1983). D'où proviennent certaines erreurs rencontrées chez les élèves et les étudiants en électrocineti​que...?. Bulletin de l'Union des Physiciens. 657, 81-102

CLOUGH, E., & DRIVER, R. (1986). A study of consistency in the use of stu​dents'conceptual frameworks across different task contexts. Science Education, 70 (4), 473-496.

COBB, P. WOOD, T., & YACKEL, E. (1991). Analogies from the philosophy and sociology of science for understanding classroom life, Science Education, 75 (1), 23-44.

DEWEY, J. (1945). The child and the curriculum.  Chicago: The University Chicago Press.

DISESSA, A.A. (1982). Unlearning Aristotelian Physics: a study of Knowledge-based learning. Cognitive Science, 6, 37-75.

DRIVER, R. (1986). Psicología cognoscitiva y esquemas conceptuales de los alumnos. Enseñanza de las Ciencias, 4 (1), 3-15.

DRIVER, R. (1988). Un enfoque constructivista para el desarrollo del curriculo en ciencias. Enseñanza de las Ciencias, 6 (2), 109-120.

DRIVER, R., & EASLEY, J. (1978). Pupils and paradigms: A review of literature related to concept development in adolescent science students. Studies in Science Education. 10 (37-40).

DRIVER, R., & OLDHAM, V. (1986). A constructivist approach to curriculum development in science. Studies in Science Education 13, 105-122.

DUSCHL, R., & GITOMER, D. (1991). Epistemological Perspectives on conceptual change: implications for educational practice, Journal of Research in Science Teaching, 28 (9), 839- 858.

DUSCHL, R., HAMILTON & GRANDY. (1990). Psychology and Epistemology. Match or mismatch when aplied to science education?. Internatio​nal Journal of Science Education, 12 (220-243).

FREDETTE, N., & LOCHHEAD. J. (1981). Students conceptions of electric current. The Physics Teacher, 18, 194-198.

FURIO, C., HERNANDEZ, J., & HARRIS, H. (1987). Parallels between adolescents' conception of gases and the history of Chemistry. Journal of Chemical Education. 64 (7), 617-618.

GIL, D. (1982). La investigación en el aula de Física y Química. Madrid: Anaya.

GIL, D. (1983). Tres paradigmas básicos en la enseñanza de las ciencias. Enseñanza de las Ciencias, 1 (1), 26-33.

GIL, D., & CARRASCOSA, J. (1985). Science learning as a conceptual and methodolo​gical change. European Journal of Science Education, 7 (3), 231-236.

GIL, D., & CARRASCOSA, J. (1990). What to do about science misconceptions?. Science Education, 74 (4).

GIL, D., CARRASCOSA, J., FURIO, C., & MTNEZ-TORREGROSA, J. (1991). La enseñanza de las ciencias en la educación secundaria. Barcelona:Horsori

GIL, D., & MTNEZ-TORREGROSA, J. (1983). A model for problem-solving in accordance with scientific methodology, European Journal of Science Education, 5(4), 447-455

GIL, D., & MTNEZ-TORREGROSA, J. (1987). Los programas-guia de actividades: una concreción del modelo constructivista de aprendizaje de las ciencias, Investigación en la Escuela, 3, 3-12

GIORDAN, A. (1978).  Observation - Experimentation: mais comment les élèves apprennent-ils?. Revue Francaise de Pedagogie, 44, 66-73.

GIORDAN, A. (1989). De las concepciones de los alumnos a un modelo de aprendizaje alostérico. Investigación en la Escuela, 8, 3-14.

GRUENDER, C.D., & TOBIN, K. (1991). Promise and Prospect. Science Education, 75 (1), 1-8.

HALLOUN, I.A., & HESTENES, D. (1985). Common sense concepts about motion. American Journal of Science Education, 7 (3), 231-236.

HASHWEH, M,Z. (1986). Towards an explanation of conceptual change. European Journal of Science Education, 8 (3), 229-249.

HEWSON, P.W. (1985). Epistemological commitments in the learning of science: exemples from dinamics. European Journal of Science Education, 8 (2), 157-171.

HEWSON, M.G., & HEWSON, P.W. (1984). Effect of instruction using students prior knowledge and conceptual strategies on science learning. European Journal of Science Education, 6 (1), 1-6.

HEWSON, P.W., & THORLEY, N.R. (1989). The conditions of conceptual change. International Journal Science Education. 11, special issue, 541-553.

HILLS, G.L. (1989) Students "untutored" beliefs about natural phenomena: primitive science or commonsense?, Science Education, 73(2), 155-186

HODSON, D. (1985). Philosophy of science, science and science education. Studies in Science Education, 12, 25-57.

HODSON, D. (1988). Towards a phylosophicaly more valid science curriculum. Science Education, 72 (1), 19-40.

HODSON, D. (1992). Assessment of practical work. Some considerations in Philosophy of Science. Science & Education, 1 (2), 115-144

HOLTON, G., & ROLLER, D. (1963). Fundamentos de la Física Moderna. Barcelona: Reverté.

HOST, V. (1978). Procédures d'aprentissage spontanées dans la formation du scientifique, Revue Francaise de Pédagogie, 45, 103‑110

JAMES, R.K., & SMITH, S. (1985). Alienation of students from science in grades 4-12. Science Education, 69, 39-45.

JOSHUA, S. (1985). Contribution à la delimitation du contraint et du possible dans l'enseignament de la physique (essai de didactique experimentale). Thèse d'Etat. Aix-Marselle, 2.

KOYRE, A. (1981), Estudios galileanos (Siglo XXI: México)

LANGEVIN, P. 1926. La valeur éducative de l'histoire des sciences. Bulletin de la Societé Francaise de Pedagogie, 22. Diciembre de 1926.

LEBOUTET, L (1973). L'enseignement de la Physique. Paris: PUF.

LINN, M.C. (1987). Establishing a research base for science education: Chalenges, trends and recommendations. Journal of Research in Science Teaching, 24 (3), 191-216.

MATTHEWS, M.R. (1990). History, Philosophy and Science Teaching: A Rapproche​ment. Studies in Science Education, 18, 25-51.

McDERMOTT, L.C. (1984). Research on conceptual understanding in mechanics. Physics Today. July, 24-34.

MILLAR, R., & DRIVER, R. (1987). Beyond processes. Studies in Science Education, 14, 33-62.

MINISTRELL, J. (1982). Explaining the "at rest" condition of an object, Physics Teacher, 20, 10-14.

MINISTRELL, J. (1984). Teaching for the development of understanding of ideas: forces on moving objects. En Anderson C.W (ed) Observing science classroom. observing science perspectives from research and practice. Columbus, OH: ERIC/SMEAC.

NOVAK, J.D. (1988). Constructivismo humano: un consenso emergen​te. Enseñanza de las Ciencias, 6 (3), 213-223.

NUSBAUM, J.,  & NOVICK, S. (1982). Alternative frameworks, conceptual conflict and accommodation: towards a principled teaching strategy, Instructional Science, 11, 183-200

OSBORNE, R. & FREYBERG, P. (1985). Learning in Science Postmouth, N.H: Heinemann. 
OSBORNE, R., & WITTROCK, M. (1983). Learning Science: a generati​ve proceess. Science Education, 67, 490-508.

OSBORNE, R., & WITTROCK, M. (1985). The generative learning model and its implications for science education, Studies in Science Education,12, 59-87

PIAGET, J. (1970). La epistemología genética. Barcelona: Redondo.

PIAGET, J. (1972). Intellectual evolution from adolescence to adulthood. Human Development, 15, 1-12.

POPE, M.L., & GILBERT, J. (1983). Personal experience and the construction of knowledge in science. Science Education, 67, 193-203.

POSNER, G.J., Strike, K.A., Hewson, P.W., & Gertzog, W.A. (1982). Accomodation of a scientific conception: towards a theory of conceptual change. Science Education, 66, 211-227.

POZO, J.I. (1987). Aprendizaje de la ciencia y pensamiento causal. Madrid: Visor.

POZO, J.I. (1989). Teorías cognitivas del aprendizaje. Madrid: Morata.

RESNICK, L.B. (1983). Mathematics and Science Learning: a new conception. Science, 220, 477-478.

REVE, R. et al. (1987). Everyday and academic thinking: implications for learning and problem solving, Journal of Curriculum Studies, 19 (2), 123-133.

ROBINSON, W.R., & NIAZ, M. (1991). Performance based on instruction by lecture or by interaction and its relationship to cognitive variables, International Journal of Science Education, 13 (2), 203-215

ROTH, K.J. (1984), Using classroom observations to improve science teaching and curriculum materials. En Anderson C,W (ed) Observing science classrooms: observing science perspectives from research and practice Columbus, OH: ERIC/SMEAC.

SALTIEL, E., & VIENNOT, L. (1985). ¿Qué aprendemos de las semejanzas entre las ideas históricas y el razonamiento espontaneo de los estudiantes?. Enseñanza de las Ciencias, 3 (2), 137-144.

SCHIBECI, R.A. (1984). Attitudes to science: an update. Studies in Science Education, 11, 26-59.

SEQUEIRA, M., & LEITE, L. (1991). Alternative conceptions and history of science in physics teacher education, Science Education, 75 (1), 45- 56.

SHUELL, T.J. (1987). Cognitive psychology and conceptual change: implications for teaching science. Science Education, 71 (2), 239-250.

SOLOMON, J. (1987). Social influences on the construction of pupils' understan​ding of science. Studies in Science Education, 14, 63-82.

SOLOMON, J. (1991). Teaching about the nature of science in the British National Curriculum, Science Education, 75 (1), 95- 103.

VIENNOT, L. (1976). Le Raisonnement Spontané en Dynamique Elémentai​re. Tesis doctoral. Université París 7. (Published in 1979 by Herman: París).

VIENNOT, L. (1989). Obstacle epistémologique et raisonnement en physique. tendence au contournement des conflicts chez les enseignants. En Construction des savoirs: obstacles et conflits. Ottawa: Agence d'ARC Inc.

VIENNOT L and KAMINSKY W, 1991, Participation des maîtres aux modes de raisonnement des élèves, Enseñanza de las Ciencias, 9(1), 3-9

WHEATLEY, G.H. (1991). Constructivist perspectives on Science and Mathematics learning, Science Education, 75 (1), 9-21

WHITAKER, R.J. (1983). Aristotle is not dead: student understanding of trajectory motion. American Journal of Physics, 51, 352-357.

WHITE, T.R., & GUNSTONE, F.R. (1989). Metalearning and conceptual change. International Journal Science Education, 11, 577-586.

YAGER, R.E., & PENICK, J.E. (1986). Perception of four groups towards science classes, teachers and value of science. Science Educa​tion, 70 (4), 335-363.

ZIETSMAN, A.I., & HEWSON P.W. (1986). Effects of instruction using microcompu​ter simulations and conceptual change strategies on science learning, Journal of Research in Science Teaching, 23(1), 27-93.



PAGE  
17


