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Radical Constructivism: Notes on Viability, Ethics and Other Educational Issues 
Marie Larochelle 
Constructivism could come in for severe questioning if, as with certain other schools of thought, it did not show its epistemological colors, which is to say, the limitations, both constraining and empowering, within which it operates. On that point, it seems to me that radical constructivism, as conceived by Glasersfeld, is relatively clear: it is not a theory of the world, but rather of the organism which constructs for himself or herself a theory of the world (Glasersfeld, 1987a, 1995). Furthermore, this organism is not seen as an agent or an actor in his or her psycho-sociological totality, but rather as an observer or an ‘ordinary’ 1 subject of which the historicity and sociality are also of ‘ordinary’ variety (wherein historicity refers to a sort of operative genesis whereas sociality refers to the constitution of the ‘I and you’ via the reciprocity of routine experiences shared by subjects). 2 
From this perspective, constructivism might appear to some as a theory which contains an ‘impoverished conception’ of the actor. At least such an impression is conveyed by Lewin’s repeated criticisms (Ch. 4) concerning the ‘cold’ rationalization of ‘self’ as shown, for example, in the way constructivism purportedly deals with the ‘self’ only in experiential terms. It is true that constructivism does not aim to elaborate a ‘unified theory’ of the actor; moreover, were it to do so, it would, to put it mildly, be placing itself in an uncomfortable position in terms not only of its epistemological premises but also of its deliberate option in favor of action, that is to say, in favor of processes rather than the ‘states of the subject’ or the ‘states of the world’. Just as constructivism has rejected the illusion of the object, it must not allow itself to lapse into accepting the illusion of the ‘knowable subject’, as Morf (1998) defines it, for fear of simply making a metaphorical shift along the same ontological continuum. However, this does not signify that the question of the self, to continue with this example, is devoid of interest for constructivism. Nevertheless, its stance on reflexivity obliges it to approach the question of the self other-wise, most probably by adopting an approach which diverges from that favored by Lewin and which also appears to me to derive from what certain sociologists call the concern for ontological security. 

Accordingly, a radical constructivist does not attempt to know what the self is, nor to locate it relative to a supreme faculty or a center of subjective consciousness (Glasersfeld, 1987b), let alone to a somewhat supernatural psychic 
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force which could be thought of as exercising unilateral control over all the subject’s actions. In this respect, the process of sedimentation that Lewin mentions seems to me to be of critical importance. It goes without saying that this metaphor points to the fact that how a subject acts or figures things out is not independent from his or her own history and experiences, as radical constructivism has also maintained. However, Lewin’s imagery is tinged with a certain fatalism which causes these experiences to be viewed statically, as if the subject were no longer functioning in the present and had not been transformed by his or her experience. Moreover, by way of analogy, the concepts of ‘self’ and ‘sedimentation’ appear to me, accordingly, as a psychological version of the determinist sociological theories, with the ‘hidden forces’ of social structures and institutions being transferred to the ‘self’. Constructivism of the kind I am referring to questions the origin of the self, the conditions of its coming-to-be, as well as of its actual invention, and, finally, how the concept, via language and transactions between subjects becomes a way of interpreting experiences and identifying similarities and invariants within these experiences. To be sure, constructivism questions the effects of the recurrence of these invariants on the experience of a stable world which these invariants make possible, a stable world which gives the impression of an identity, of ‘Eigen values’. In short, to my way of thinking, constructivism views the issue of self as a reflexive and recursive construction, ‘a reflexive ordering of narratives of the self or of self identity’, in Giddens’ expression (1993, p. 460). 

In addition, this type of constructivism keeps its distances with regard to the issues involving self and identity, for a number of reasons. For one, the whole question has been weighted down with particularly heavy meanings throughout history (fixedness, causality). As well, the actions of the subject have been ascribed the curious status of ‘outer shell’ to some inner latent core, as if the subject’s meanings and ways of making sense of action escape his or her control and understanding. Certainly, I am not saying that the subject masters all the conditions and consequences of his or her undertakings, nor that actions are only realized piecemeal; I want to emphasize, rather, the dangers of theorizations which in a way are based on a conspiracy, be it couched in psychoanalytical or social terms, and which at the same time obscures not only the active, reflexive and oriented character of action but also its potential for renewal and innovation. Furthermore, there is also the risk of petrification which threatens all discursive production, as has been brought out by Foerster (in Segal, 1986). In education circles, the interpretation of the works of Piaget serves to demonstrate the continued need for vigilance within constructivism. For example, the concept of operating stage or structure, which was an analytic tool in the original work, has, through the multiple usages to which it has been subjected, acquired ‘une épaisseur de réalité’ (the characteristics of a substance) according to the expression of Moscovici and Hewstone (1984), 3 thus causing this concept to be transformed into a sort of logico-mathematical homunculus, to paraphrase Foerster (in Segal, 1986). 
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Even within such constraints, however, constructivism seems to me to provide fertile ground for the renewal of educational practices. Having noted the promise of constructivism, we obviously continue to be faced with the task of translating its notions, articulating their interconnections and placing them within contexts. It cannot be otherwise, for epistemological constructivism is not a teaching model. In light of the preceding considerations, it is my goal in the remainder of this chapter to pursue a number of tangents already alluded to. In particular, I will address certain questions raised by Lewin, notably the ‘educational handling’ of the concept of viability and the siren song of ethics. 

About Viability 
To begin with, it should be pointed out that I subscribe to Lewin’s point of view when he raises the question of how constructivism in education is on its way to being identified with ‘epistemological correctness’ in the absence of a serious and thorough examination of the ins and outs of this theory and of our interpretative habits as well. Indeed, as Bednarz and I have elaborated elsewhere (1998), constructivism anticipates thoroughgoing questioning of basic principles and epistemological ‘breaks’ (ruptures) of a kind that are much more disquieting than complacent affirmations of the sort, ‘If there is more than one way to get to Rome, all roads do eventually lead to Rome!’ Nevertheless, generally speaking, it is this ‘weak’ version of constructivism which seems to have won the favor of actors in education, thanks to such earthshaking principles concerning the active participation by students in the construction and learning of knowledge. 

Generally speaking, it can be said that renewed interest in the knowledge of students seems to have barely changed the usual conventions of teaching activity, whatever the level of instruction. It is certainly true that the student’s point of view is more often sought than was previously the case (that is, in fact, the major effect of so-called constructivism on educational practices; see Morf, 1998). However, more often than not, the concern for what the student has to say is limited to a normative perspective rather than to one which aims to clarify the conditions in which the student’s point of view first arises and then takes root. In this context, listening is engaged in only so as to spot ‘what’s gone wrong’ in the student’s point of view—vis-à-vis official knowledge, of course—without regard for the fact that the nature and scope of this knowledge are potentially quite distinct from the view developed by the student. All in all, it is as if the legitimacy and relevance of knowledge were not dependent upon a context. The important thing, then, is not the ‘complexification’ of the student’s knowledge nor his or her openness to other realms of possibility, using the terms of Piaget (in Inhelder et al., 1977), but, rather, the narrowing of the gap between what the student knows and what he or she ought to know, as is shown by analyses of teaching episodes carried out by, among others, 
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Geddis (1988), Gutierrez et al. (1995), Voigt (1985), and Larochelle (1998). Thus, it is still the same schema of docility (Foucault’s expression, 1975) to established knowledge which commands respect, and the same tendency to bracket off student knowledge which continues to be favored, although all this is done more subtly than was the case with the traditional perspective of ‘transmission of knowledge’; as before, re-institutionalization of the social hierarchy of knowledge and the preservation of orthodoxy in this area emerge victorious. 

In other words, even if the realist rhetoric concerning ‘knowledge as the reflection of reality’, or ‘knowledge of’ which underlies traditional educational practices has given way to the constructivist rhetoric of ‘knowledge that’ (Rorty’s distinction, quoted in Boudon, 1990, p. 57), which implies that knowledge is always knowledge that a person constructs, the principle of symmetry which caused this split is nevertheless ‘forgotten’. To a certain degree, we are dealing here with the methodological expression of the concept of viability, which presupposes that the various forms of knowledge under discussion should be explained using the same criteria or the same concepts. Now, it is on just this point that discourses of an avowedly constructivist cast are ambiguous. In fact, it seems as though the knowledge of students does not enjoy the same epistemological immunity or the same ‘adaptive function’ as do scholarly types of knowledge. It seems as if the coherency and overall organization of the models proposed by scholarly knowledge (one model for a group of problems) carries greater weight than models developed by students, and, moreover, that students would be better off trading in their eclectic knowledge for a more high-powered variety or at least a variety considered as such within a particular milieu. But is this plausible? How can modes of knowledge which are based on different postulates and which pursue different ends be interchangeable? In addition, how is this ideal of substitution to be articulated in connection with one of the key concepts of constructivism, i.e. the concept of viability? 

Indeed, when the viability of a schema or a structure is established by a subject, this entails that the subject perform an operation of reflexive monitoring of his or her experiences and cognitive paths. By the same token, the action which results from reflexive monitoring is, at least in principle, consistent not only with this operation of coordination but also with the understanding that the subject has of the conditions of his or her action. In other words, it is plausible to think that the subject has indeed good reasons to do what he or she does or to believe what he or she believes, even if from the point of view of a particular community this belief is not valid. However, what happens to the student’s competency at differentiating and rationalizing (within Giddens’ meaning of the word) in the above-mentioned practices? Is such competency not confined merely to displaying, as best as he or she can, a gamut of intellectual operations which allow him or her to reenact a scenario, replete with a prearranged script and stage? 

In the same vein, one might also wonder what importance is to be accorded to competencies in rationalization underlying the scholarly types of 
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knowledge upon which teaching is based. Indeed, if during the practices of substitution mentioned earlier, the student can eventually realize that he or she is the creator of his or her knowledge, it is not at all clear that the student would be also able to realize that the knowledge which is being presented to him or her is also the ‘knowledge that’ another person (or a ‘community of persons’) has constructed, in light of the habitual tendency toward reification which occurs whenever scholarly modes of knowledge undergo transposition and become knowledge-to-be-taught (Hodson, 1988; Lemke, 1993). 

As we have written elsewhere (Larochelle and Désautels, 1991), one might wonder whether it is still scholarly knowledge that is being referred to in the practices concerned. To begin with, this type of knowledge cannot be reduced to empirical and methodological certitudes. Furthermore, epistemological reflection is an integral part of scholarly activity, contributing to the precision and the cognitive range of this knowledge (Piaget, 1967). Finally, this activity is not conducted in a social void and, for that reason, does not exist isolated from the projects and tensions that mark the social field in which it is, as a particular activity, included. It is common knowledge, as sociology and the history of the sciences have taught us, that two competing theories can very well originate from a work which conforms to the rule book but that, nevertheless, one theory will compel recognition and the other will not! What role is to be played by the conditions which make the production of scholarly knowledge possible within the above-mentioned practices? Are these conditions not linked instead to an idea of knowledge-in-final-form that has been ‘purified’ of the contingencies, alliances and interdependencies which nevertheless provide it with depth and meaning, and which have cleared its path toward social recognition? And how is the student going to be able to understand this knowledge-in-final-form if he or she does not know which question it is an answer to, what its epistemological connections are, and, more generally what worldview it is based on? Is there not a risk that the student will ritualize the meaning precisely because he or she is not able to problematize it, to call it into question? 

In other words, even if more and more educational practices are called constructivist, their engagement vis-à-vis constructivism seems to me to be lukewarm and takes a form which appears to be more psychological than socio-epistemological. The position of the constructivist teacher is certainly not a simple one: he or she must take an interest in the ‘epistemological innovations’ of students (Confrey’s expression, 1998) in a way that extends beyond a desire for new intellectual scenery, while at the same time being sure to familiarize students with ‘scholarly epistemological innovations’, within a perspective of ‘epistemological democracy’. Indeed, if it is true that teaching practices cannot simply make do with nodding approvingly at students’ knowledge, it is every bit as true that these practices can no longer be envisaged as ‘the colonization of student’s knowledge by that of scholars’ (Terhart’s expression, 1988), notably by masking the fact that scholarly knowledge is constructed and negotiated, too. Let us not forget that throughout their education, students learn what kind of knowledge counts, indeed, this is the way that intellectual habitus 
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are instilled, as Lewin and many authors, following Bourdieu, have suggested (Muller and Taylor, 1995). This is also how, depending on the case, the student will either be prone to accept the social hierarchy of knowledge uncritically, indeed to think that the production of this symbolic capital is reserved for a minority of ‘gifted’ persons, or how, on the contrary, he or she will tend to gain consciousness of his or her ability ‘to create a difference’, to ‘act otherwise’, that is to say, ‘to be able to intervene in the world or to refrain from such intervention, with the effect of influencing a specific process or state of affairs’ (Giddens, 1984, p. 14). In the first case, as Bourdieu has explained (1980), we are dealing with an obvious power nexus of symbolic domination, to the extent that, over the course of their education, students are gradually led to fabricate a depreciative image of themselves as knowing subjects, and to apply the dominant criteria of evaluation (scientific or pseudo-scientific) to their practices of knowledge (Roth and McGinn, 1998). The following comments by an adolescent are an eloquent illustration of the stakes of this situation, both socially and cognitively, namely the possibility of establishing an inhibiting relationship to scholars, and the problem of understanding with which students are confronted whenever other fundamental characteristics of scientific knowledge are ignored, i.e. its relational qualities, how it proceeds by producing models (thus, how it is a product of the imagination as well as of negotiation with peers and of alliances of all kinds, thereby ensuring a viable future for the models in question). 

I have a lot of difficulty seeing how scientists can deal [with things we cannot see]. They [the teachers] explain it to us and we understand how [the scientists] could see that. They say: ‘the distance from the moon to the earth is such and such…’. I don’t know it by heart. But how did they measure that? They don’t have a measuring tape that long! I have a lot of difficulty with that…. And the guy who discovered it: how did he do it? It happened just like that one morning? I don’t get it. I understand when it has been explained, but this guy nobody ever gave an explanation to, how did he do it? He must have been really gifted. One must necessarily be gifted, interested, intelligent. Some are more intelligent than others. It is like the law of nature we were talking about: Some trees grow while others will always stay small. (Désautels and Larochelle, 1989, p. 155) 

In the second case, it is a matter of a completely different relationship to knowledge which is at work. What counts here is not the restatement of knowledge by students but rather an epistemological process for delving deeper into knowledge games and for enabling students to move from the exploration of one game to another in an informed but liberated manner. Furthermore as we remarked in an earlier research paper, 4 the re-presentation of knowledge games in symmetrical fashion (re-symétrie) seems to facilitate among students the establishment of a relationship between the process of official knowledge production and that of their own. This ‘re-symmetrization’ encourages the development of better informed and much less fatalistic representations of both 
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types of knowledge, as the following point of view expressed by one student leads one to believe: 

I admit I had never thought of the process of production. At first, I thought it was something like an inspiration from heaven. I rapidly changed this simplistic view of the process of production. My ideas about science have really changed since the beginning of the course. To me, scientists were geniuses, two to three times more intelligent than the rest of us. My idea was that they woke up one morning and said to themselves, ‘Today, I have this problem to solve’. They would then sit in front of a piece of paper and their intelligence would function by itself. They then produced scientific knowledge. But, from my own experiences, I realized that it was not that way at all. You have to work at it, go by trial and error; it is by working really hard that you can arrive at something…. I have learned that knowledge is much more a type of questioning than cramming the brain with facts and figures. (Larochelle and Désautels, 1992, pp. 235, 230) 

This type of relationship to knowledge is also different because learning transactions no longer focus on setting in motion cognitive activities alone which are then strengthened through repetition and application. The aim of education consists, then, as Morf has emphasized (1998), in encouraging knowledge development which shows a potential for spin-off, that is, which leads toward invention and research, or which according to Foerster (1992) allows for the ‘multiplication of potentialities’. 

These comments only go to show that I have made a decision concerning not only the meaning and orientation of educational practices but also the ‘multiplication of potentialities’ which radical constructivism has made it possible to entertain. It is quite possible that what I advance here will not win over the partisans of constructivism. In any event my choice presents a certain family likeness to those undecidable questions which Foerster (1992) has dealt with—those undecidable questions that are indeed decidable. Radical constructivism itself approaches an essentially undecidable question as though it were decidable, namely, whether we are ‘discoverers’ (in which case, according to Foerster, we are looking as through a peephole upon an unfolding universe) or whether we are the ‘inventors’ (in which case we see ourselves as the participants in a conspiracy for which we are continually inventing the customs, rules and regulations). Radical constructivism does indeed take a position and opts for the latter view. 

It is in light of such decisions that the tangents mentioned at the beginning of this text must be understood, because, in order to reflect on educational practices, it is not enough to draw inspiration from the ‘cold’ version of epistemological constructivism. It is necessary ‘to put constructivism in the educational context’ from a perspective which of course emphasizes a process of dialecticizing rather than one of subordination. Obviously, we are not working with ‘ordinary’ subjects but rather with social actors; nor is it the case that we are working with ‘ordinary’ educational tools, since these tools, whether they 
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be programs or textbooks, also belong to a category of actors inasmuch as they are the expression of those who invented them, and, as a result, are able to impose a certain type of interaction on other actors (Latour, 1989; Callon, 1989). At that point, what is now at stake is one’s ability to make viable choices (theoretically and empirically speaking) for which one is ready to assume, simultaneously, epistemological, ethical and social responsibility. 

In this light, we must thoroughly examine the logical underpinnings of the particular communicative and educational contract we favor (Brousseau, 1986; Schubauer-Léoni, 1986). This is so because, as the above-mentioned studies of Geddis, Gutierrez et al., and Voigt, and the preceding comments of the students all show, it is plausible to think that the representations that a person constructs concerning taught knowledge might also be dependent not only on the position which is assigned to him or her over the course of his or her education, but also on the epistemological status which is accorded to his or her own knowledge. But that is not all. As I have already mentioned, we must also examine the contents of teaching activities as well as the conventions of language used to give this content form; it goes without saying that such habits are inescapably affected by an epistemological, social and ethical representation of the forms of knowledge concerned. Otherwise, confronting students with ‘knowledge coming from nowhere’ not only mystifies the human endeavors from which it has derived, it also obscures the fact that the transformation of this knowledge into established forms of knowledge, that is to say, into a norm, implies a decision: in order for knowledge to become a norm, someone must see to this (Fourez, 1992)! 

It is in connection with this last point that I will conclude my remarks, and indicate how, in my view, radical constructivism does not shy away from ethics. 

The Siren Song of Ethics 
If constructivism is indeed a reflexive theory (i.e. one that practices what it preaches), it cannot then present itself as a meta-perspective dictating what ethics should be without simultaneously running the risk of lapsing into the very thing it denounces. Again, constructivism maintains that it is impossible to have an all-encompassing view; this precept applies to all discourses, including one of a constructivist type. This does not mean, however, that constructivism teaches us little more than the relativization of points of view; it also teaches that holding a point of view is a matter of choice, which amounts in a way to adopting a back-handed approach to ethics—that is to say, constructivism does not propose a moral code, but instead strives to make evident the fact that ethical issues are indeed at stake. Granted, as long as we believe that we encode reality in terms of substances and phenomena which are independent of our actions; as long as facts are believed to speak for themselves; as long as knowledge is considered a mere reflection of ontological 

-62-
reality and language simply a tool for denoting it; in short, as long as we conceive of ourselves as the mouthpieces of reality rather than the artisans creating it, then the effects of our discourse and practices will give us no pause for reflection (Larochelle and Bednarz, 1994), and the chances that these practices will be problematized in epistemological terms will remain slight. However, if, as constructivism has indicated, we act according to our understanding, we will have an entirely different situation on our hands. By reintroducing ‘the properties of the observer into the description of his or her observations’, we recognize at the same stroke that these observations are consequent upon the choices and distinctions that the observer makes; that is, they are consequent upon his or her way of reflecting on and working out the reasons, values, ideologies and representations that he or she agrees to promote. 

Just as with the issues surrounding the self, constructivism can constitute a powerful tool for deciphering the epistemological and ethical premises and effects not only of those kinds of discourse which present themselves officially as having some bearing on these questions, but also of those discourses in which epistemology and ethics act like stowaways. Now it seems to me that unavowed claims and programs are smuggled into the practices of teaching scholarly knowledge on a regular basis. Most of the time, this knowledge, notably in the scientific and the mathematical areas, is presented as if it were untouched by such ‘impurities’, as if it were a type of knowledge which does not pose any problems—in other words, as if it constitutes a ‘knowledge of’. It follows from this that it is of epistemological and ethical interest to examine our linguistic habits and practices in this area, as Mathy (1997) and Sutton (1996) have also emphasized. Who knows, perhaps in the process of examination we will be able to determine how, regardless of our option in favor of constructivism, such linguistic practices and habits conflict with constructivism in the form of continuing to separate what is connected (I am paraphrasing Bateson here), and by also asserting that by means of ‘the syntax of subject and predicate, “things” have qualities and attributes’ instead of saying that they are ‘produced’ (Bateson, 1980, p. 67), and that these things actually represent, as Foerster says, ‘keys which are useful to unlocking problems’ (in Segal, 1986, p. 33). 

The epistemological work done by Fourez (1985, 1988) on a text on ecology for students is instructive in this connection. As the following excerpts illustrate, his research not only clearly demonstrates that ‘school language’ constantly eliminates the observer from its descriptions, but, also, that ‘some very different visions of the world [and of the sciences] can be transmitted when teaching the same material’ (ibid., p. 39). 

For example, 5 the following statement presents the goal of the exercise to students, 

‘Learn to observe nature scientifically…. The scientist carries out numerous measurements, notes and samplings; he [or she] attempts to understand the functioning of his [or her] natural environment.’ 
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This statement conveys a representation of science and its practices which is very different from the one that underlies the following ‘modified’ version: 

‘Learn to utilize observation techniques that biologists use in the field… The scientist carries out numerous measurements, notes and samplings, he [or she] tries to understand the response of this environment toward specific experiments or projects.’ 

Now, the first statement, besides perpetuating an idyllic image of scientific practices, can also be a source of considerable confusion for students with its appeal to an idea of nature. As Stengers (1992) states, there is an essential difference between exercises in the critical observation of ‘natural’ beings and the type of observation conducted in accordance with the programs and apparatus of experimentation. In the first type of exercise, ants, spiders, etc., are not theoretical objects of science, but sources of questions and curiosity, whereas in the second, scientists attempt to present phenomena for which, by definition, the right way to observe and to reach conclusions has been devised, that is, according to Stengers, the way ‘which was devised to take precedence over all others’ (ibid., p. 8). The modified version of the above statement avoids the naturalistic trap and also widens the range of possible approaches to the subject by incorporating into its own approach the potential effect of the scientists’ interests and projects, which can occur in connection with widely differing preoccupations (emotional, economic, etc.). By proceeding thus, the statement conveys a different idea of scientists’ procedures by showing how their approach is particular and ‘infused’ with a project: knowledge is always someone’s knowledge and never simply, to borrow a metaphor, anonymous knowledge. Continuing along the same lines, this statement also conveys the idea that observation is an active process rather than a contemplative one: there are techniques involved (hence, there are conditions under which observation is rendered operative). Furthermore, these conditions are convention-bound in that they refer to criteria and distinctions which are recognized by the group of practitioners involved. 

The modification of statements which follow are equally interesting in terms of the possibility of reintroducing the observer into the description of his or her observations. For example, substitute the following statement ‘You must be able to distinguish the characteristics of the biotope from the biocoenosis’ for ‘You must distinguish the characteristics of a natural milieu the way scientists do’. The second statement would have us believe that all observation refers to certain criteria determined by the various scientific communities, thus conveying an idea of objectivity quite different from that which characterizes conventional educational discourses on the sciences. Likewise, the following statement ‘We will specify what an ecosystem is’ presents an ecosystem as something which could exist ‘independently’. By slightly modifying this statement ‘We will specify what it is we call an “ecosystem”’, it is the analytical activity underlying the formulation of a concept which is emphasized. In its new form, the statement 
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indicates that to speak of an ecosystem is to perform a certain interpretation of it, in connection with the convention-bound language that has been devised by scientists and placed in relation to their particular projects. 

In conclusion, if I return to the implications of radical constructivism for education, I can only stress that they necessitate problematization of a much deeper kind than that which confines ‘students’ knowledge’ and the appropriation of scholarly knowledge within a purely psychological framework. Our educational practices, our own relationship to knowledge, in short, our reflexive monitoring is also concerned. On that score, I believe constructivism holds out the promise of a powerful ethical project since—and this is not, as Audet (1993) has warned against, to fall prey to the naive belief that we can exercise mastery over everything, including ourselves—constructivism reminds us that it is we who constitute our world (to borrow an expression from Giddens, 1993). We do have the capacity to decide, which is what we do in teaching on a daily basis anyway, consciously or not. 

Notes 
I would like to thank Paul Cairns and Donald Kellough for translating my text from French into English. 

1
This qualification, borrowed from Morf (1998), signifies that the characteristics of the subject—notably the categories inherited from psychology—do not enter into the description of knowledge. 

2
It should be noted that, in accordance with its premises and its project of elaborating a rational model of cognition, constructivism envisages this ‘identity’ of subjects from an epistemological perspective rather than a social one, in the sense that if the social realm is referred to (Glasersfeld, 1991), it does not however undergo theorization. Constructivism does not, at any rate, claim to constitute a social theory. However, this absence of a fully developed theory occasionally gives rise to some curious interpretations and, indeed, shortcuts, in which whatever qualifies as social is referred to as a factor (for example, Lewin (Ch. 4), speaks of ‘social factors’), and not as something as inescapably constitutive of the identity in question. It is possible that through the use of this expression, an attempt is being made to avoid the ‘thingified subject’ or the ‘cognitive puppet’, terms that are otherwise current among certain deterministic social theories. However interesting this avoidance might be, it does not solve all problems and actually helps perpetuate the belief, particularly widespread in psychology, that ‘whatever is social is exterior’, as Van Haecht puts it (1990, p. 112), hence, that the individual is not social. 

3
The tendency to transpose the ‘ideas, words and relationships’ of scholarly knowledge into the everyday material world of ‘things, qualities and forces’, as Moscovici and Hewstone have emphasized, can certainly be seen as a manifestation of an empirico-realist epistemology. However, this tendency might also be interpreted as a way of making particularly counter-intuitive knowledge easier to digest, somewhat in the manner of the amateur scholars so acutely portrayed by Flaubert in his unfinished novel, Bouvard et Pécuchet (c. 1880). The same tendency has been abundantly 
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demonstrated in the vast research project that has been conducted since the 1970s about the ‘spontaneous conceptions’ made by students of all ages who have taken science courses (for a listing of studies on the subject, see Pfundt and Duit 1994). Furthermore, it has also been documented in the studies of students’ representations of science and scientists. See, among others, Désautels and Larochelle (1998); Driver et al. (1996); Ryan and Aikenhead (1992); Roth, McRobbie and Lucas (1998). 

4
This research project aimed at familiarizing young adults with the scientific endeavor, particularly by means of an in-class simulation of a scientific community and through the re-creation by peers of a number of issues and interrogations which accompany the production of scholarly knowledge and its recognition (Larochelle and Désautels, 1991b, 1992; Désautels, 1998). 

5
The very first example has already been presented in Larochelle and Bednarz (1994). 
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6 
Constraints, Paideia and Occasioning 1 : Can Mathematics Teaching be Part of Paideia? 
Thomas E. Kieren 
This chapter could well have been entitled ‘Dancing the Structural Dance’. Such a name would at once acknowledge that this contribution and the work of Glasersfeld point to individuals using their own structures in shaping their experience and using that experience reflectively to change or shape their structures. It would also point to the continuing interplay between the personal actions of the individual and the variety of occasions, and constraints from those occasions, in the environment of experience. In this chapter this structural dance will involve individuals, their teacher, their peers and all the elements of a community as each member of the community brings forth a piece of a mathematical world with others. 

Lewin defines paideia as ‘the complete process of education through which one became a competent participant within culture’. In what sense can the activity in a mathematics classroom be part of paideia? From Lewin’s chapter I use questions of knowing what one has done and why such doing is right; and of the nature and functioning of constraints in Glasersfeld’s constructivism to explore constructive activity in a mathematics classroom. Lewin suggests that working with mathematical ideas provides an experience of strong constraint for mathematics learners. A consideration of activities of students working in a space for learning fractions is interpreted as showing that students experience various levels and kinds of mathematical constraints related to the nature of their changing mathematical understandings. Within a classroom setting such constructing is done while experiencing a variety of other constraints as well. I suggest that it is this complex of experienced constraints, both mathematical and non-mathematical, that allows us to observe the on-going mathematical activity as part of paideia. Looking at the issue of constraints from the point of view of the classroom and the teacher, while the student is constructing or bringing forth a mathematical world determined by their own structures and viable in terms of the student’s own experienced constraints, one can observe some of the teacher’s constructions as providing the occasion for the students constructions as well as the student’s constraints. Such a view of teacher activity suggests that while part of what a teacher is doing is constructing models of student mathematics, she or he is also constructing a mathematical setting to occasion student mathematics. In addition the teacher is constructing a 
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community and a culture with the students. Hence decisions underlying such occasioning and culture making, being part of paideia, are essentially ethical ones. 

Constraints in Action 
A class of middle school students has been exploring fractional numbers with aid of a ‘fraction kit’ which consists of two unit pieces and two units worth of halves, thirds, fourths, sixths, eighths, twelfths and twenty-fourths as shown below. They have engaged in such activities as covering one piece with, say, 





one third or with other pieces, and making up appropriate equations showing additive or equivalence relations. Now the teacher asks the children: 

‘Try to find out how much was shown by these expressions: 




Nearly all the children immediately engage in what could be observed as appropriate activity. A few of the children know how to ‘add fractions’ from previous experiences and do so; but for most this is new and interesting. The teacher circulates among the students responding to their queries. Occasionally she sends a student to the chalk board and asks, ‘Why don’t you show your working to the rest of us?’ Soon there are a large number of ‘works’ on the board. These vignettes are cases of middle school students constructing or bringing forth their mathematical worlds based on their own histories and structures. That is, the actions of the students are evidence of their own constructive 

VAN: 


TEACHER: Why do you think that? 


VAN: Take 1/12 off from 1/3; and add 1/12 to 1/6. Then you have two fourth-pieces. 
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PETER: 


TEACHER: Can you explain that? 


PETER: Just cut the 1/3 into 2/6 and you get it. 

ANDREA: 


TEACHER: Why does that work? 


ANDREA: You can cut 1/3 into 4/12 and cut 1/6 into 2/12. So 6/12. 

JANE: 


TEACHER: Can you explain that to the rest of us? 

JANE: It’s simple. You find the least common denominator; that’s sixths. So two sixths plus one sixth make three sixths and that reduces to one half. 

STEVE: You can use a half piece. 

TEACHER (sounding puzzled): What are you trying to do? 


STEVE: There…That’s it. 

activity based on their own histories of experience and not attempts to mirror some pre-given outside world. To do such constructive cognizing or bringing forth, an organism and these students in particular would, of necessity, have the capabilities outlined by Glasersfeld: 

· The ability and, beyond it, the tendency to establish recurrences in the flow of experience [which for him entails] 

· remembering and retrieving (re-presenting) experience, and the ability to make comparisons and judgments of similarity and difference; 

· apart from these…the organism likes certain things better than others, which is to say that it must have some elementary values. (1993, p. 17) 

The variety of the student responses shows these features at work and indicates that what might appear to an observer to be a ‘closed’ mathematical task—adding two fractions—can and does allow for a variety of constructive activity by students. 

But what, one might ask, is the role of the environment—the materials, the queries, the teacher, the fellow students—in such constructive activity? Lewin 
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(Ch. 4) in his contribution raises several questions which elaborate this matter. He does so in the context of the notion of paideia: ‘the complete process of education through which one became a competent participant within culture’ (p. 39). The almost direct tie between paideia and cognition can be seen in the enactivist definition of cognition from Varela, Thompson and Rosch posed through two questions: 

What is cognition? Enacting: A history of structural coupling [through which an individual with others] brings forth a world. How do I know when a cognitive system is functioning adequately? When it becomes part of an ongoing existing world (as the young of every species do) or shapes a new one (1991, pp. 206-7) 

This definition of cognition, together with Lewin’s definition of paideia, leads one to note that participation in paideia is a test for the viability of persons’ (and particularly children’s or young peoples’) cognitive activity. Before turning to Lewin’s questions specifically directed at constructive cognition, the idea of paideia raises other questions for mathematics education: 

Is mathematics education part of paideia per se? Is this so for all students or just for some or perhaps a select few? Or does one simply turn to mathematics to acquire some disembodied skills which might be useful tools for engaging in paideia? 

One answer to these questions will be provided by interrogating on-going classroom activity through the eyes of Lewin’s more specific questions relating paideia to constructivism. Lewin’s first question arises from his attention to the elements of cognitive activity as expressed by Glasersfeld above. In particular, Lewin focuses on the fact that such activity appears to involve rational choice making. In fact, Glasersfeld (1993) suggests that successful cognition does not simply involve doing the right thing; the student needs to know what they are doing and why such doing is right. These criteria lead to Lewin’s first question: 

What can it mean to know what one is doing and why it is right? (Ch. 4, p. 39) 

Glasersfeld (1993), using ideas drawn from Piaget, has underwritten the concept of viability as a means of a person (and an observer of that person) ‘knowing what is right’ in action. But Glasersfeld’s idea of viability raises for him the questions of constraints. The person tests the viability of her or his actions against their perceived and felt constraints. Lewin (Ch. 4) raises the following question, which forms the second question about constructive cognition and brings us directly to the function of the environment in constructive cognition: 
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I want to raise the question of how constraints function in those acts of constitution through which we become who we find ourselves to be (p. 39) 

Viability and Constraints 
To investigate further the ideas of viability and constraints we return our attention to the classroom discourse which started this chapter. These brief dialogues are drawn from the field records of a teaching experiment/teacher development project in an urban middle school. The class members have a variety of ethnic backgrounds and have been characterized by the school as having a wide variety of past mathematical performance. The teacher has an undergraduate degree in mathematics education and has taught for five years. The children are studying fractional numbers; here most of the students are just starting to look at them as elements in an additive structure, although a few, including Jane, come to this experience with more formal algorithmic knowledge of addition of fractions. As suggested above, the teacher and the students are going over items from an assigned homework activity which they were free to approach as they saw fit. Although from casual inspection the task itself looks to be a closed one, both the students and the teacher took these to be open questions. Now as (Ch. 4) has observed, mathematical questions, perhaps especially these, come with strong constraints. But by considering a number of the children’s responses as well as their reasoning (verbal and diagrammatic) with respect to their actions, I wish to have us move beyond these strong historical mathematical constraints and explore what we might observe these students to take as constraints. Using the language of Lewin, I want to explore how the children’s mathematical knowing in action and the possible underlying conceptions co-arise with the constraints and indeed elements or aspects of the environment of action. Finally as a consequence of this, I wish to explore the role which the teacher played in these activities. 

Let me point to just a few features of these actions and interactions as they pertain to viability and constraints. But let me remind you that these interactions were not events isolated from one another. All but two of the twenty-eight students involved had produced a response to the teacher’s intervention and those shown above were by no means unusual. Further, picture that these responses were drawn out and visible to all, and the interchanges between the teacher and individual students were done publicly. In fact, many of the interchanges above prompted other questions from other students. 

Of course it is easy to see the strong mathematical constraints at work here. While it seems evident to me that each student is using her or his own schemes to perceive and then take structure-determined constructive action in this situation, one could also say that these constructions are all leading to the ‘same answer’. Indeed, it was on the teacher’s agenda that the students would 
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not only compare their work with that of others but see the products of their work as equivalent in some way. This is the strong mathematical constraint against which all of the students’ action/results might be compared. Thus at that level Jane and Steve and Van’s sums, for example, prove to be the same—they are all equal or equivalent to one half. 

But is that the whole story? It appears to me that this strong mathematical constraint is a type of second order constraint or formal constraint. There are less formal constraints which are clearly in operation here. This was seen in the frequent questions between students or from students as to whether their action/results were actually the same or about in just what ways they were the same as some of the other students’ responses. This occurred not because most students were not aware of what they had done or how they had done it—most were—nor because they could not explain why their action/result was viable—many students could do this. This questioning occurred because something other than strong mathematical constraint was also observable here. 

Even within these less formal mathematical actions one can distinguish different kinds or qualities of action/results and possible evidence for differing constraints at work. For example, one might interpret Van as acting and thinking with the fraction pieces in finding his solution of two fourths. But his response to the teacher can be interpreted as showing an ‘equivalence in action’ reasoning underlying his confidence in his response; and as an ability to ‘prove’ informally that two fourths could be deduced from his actions. So while his first response may have been physically determined, the teacher’s question signaled for Van another kind of constraint. In this setting Van felt a responsibility to defend his actions—to know why they worked. But it appears that the teacher’s question also provoked Van to think, or at least talk, about his response in a way which involves an abstraction from his previous action. In contrast, consider Steve’s response and solution. In Steve’s case, fractional amounts were very closely tied to actions on pieces. He actually found a piece, one half, and showed how one sixth and one third as pieces (with some transformation) could be fitted to it. His ‘same amount’ image seemed much more tied to actual regions than to the fractional amounts as numbers. Viability for him was literally a matter of physical fitting. In later discussion it is not surprising that Van could comprehend Jane’s formal solution while Steve was limited to the world of his actions. Put differently, while Van’s reasoning—that which appeared to be elicited by the teacher’s question—referenced actions in the physical world, Steve’s reasoning directly included physical actions. In terms of constraints, one might observe Steve as feeling only the necessity of the physical constraints of the kit (which to an observer have the strong mathematical constraints built in). On the other hand, Van appeared to feel the constraint actually to ‘prove’ that two fourths could be developed from one sixth and one third. While such a proof might be thought of as part of the constraint of mathematics itself, it is more explicative to see it as a felt constraint inherent in belonging to this particular mathematical community. 

-74-
To conclude this part of the discussion, the point of the interpretations above is to demonstrate that while knowledge of mathematics could be experienced as a strong constraint in this environment, it was operating only in an indirect way for most of these students. In fact, at this point in the instruction, probably only a small number of students, such as Jane, acted directly with the mathematics itself as a constraint. Even for her, because her response to the teacher’s query had a mechanical quality, the mathematical constraint had a rather narrow procedural meaning. Perhaps the sedimentation of experienced constraints from her life in ‘school mathematics’ cultures, which were narrower than the one she was experiencing here, is observable in what Jane took to be viable in her reasoning actions in this setting as well. But what of the constraints which were operational in the more informal mathematical constructive activity of the other students in the dialogues above? Looking at the materials themselves one might say that the strong mathematical constraints were built directly into them by the teacher and hence the students would be almost obliged to experience them. I would argue that from the diverse complexity of the responses, the students’ perceptions of these features were likely different from the mathematics ‘put into the pieces’ by their creator. 

Occasioning and Constraints 
In the discussions above the role of the teacher in this mathematical action has been left at an implicit level. Interpretation of the dialogue below, as well as reinforcing and extending the discussion above, will consider the interactive dynamics between the student and the environment, especially the teacher. To do this I will use the term ‘occasion’ as a verb to describe her actions, and indeed the function of all the elements of the environment with respect to the constructive mathematical actions of the individual students. Kieren, Davis and Sumara (1994) would say that while each student acted constructively based on her or his structure (which reflects her or his history of interactions and thus includes sedimented constraints (Lewin, Ch. 4)), the environment—the kit, the questions themselves, but especially the way in which the teacher listened and acted in the classroom—occasioned that constructive action. Bickhard (1989) uses the term ‘selection pressure’ to describe such environmental impacts. The word ‘occasions’ is an attempt to highlight the students’ knowledge in action, their bringing forth of a mathematical world with others, as co-arising with the environment. Such constructed knowledge in action is seen as a co-emergent phenomenon. The dialogue below allows us to observe the complex of constraints experienced by Peter in his constructive actions as well as to observe the ‘structural dance’ (Maturana and Varela, 1987) in which the teacher’s activity provides the occasions for Peter’s actions and in turn his constructive activity provides occasions for the teacher’s and his fellow classmates knowing in action. 
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Protocol: Peter’s Solution of 


PETER: Use eights[sic]. Four eights[sic]. (Making this drawing) 




TEACHER: Wow! How did you ever think of that? [brief pause] 

PETER: Half of a twelfth plus one twenty-fourth plus one fourth of a sixth is an eighth—and that happens twice. Half of a twelfth plus half of a twelfth plus a fourth of a sixth is an eighth—and that happens twice. Altogether there are four eighths. 

TEACHER: (Like nearly all of the class and the observer): What? 

PETER: See; I’ll show you. (Makes this drawing) 




The Questions of Constraints in Action 
Peter’s many constructive actions in this dialogue can be interpreted in light of Lewin’s questions with which this chapter was started. Clearly, Peter acted in a manner which was appropriate to the situation; he knew what he had done and why what he had done was right. He could draw his ideas (re-present them) and explain them in terms which referenced the pieces or his image of them; but, in fact, his explanation was independent of his actions on the pieces. It appears from the drawing under Peter’s last comment that Peter’s later reasoning was constrained differently from his initial actions. Initially, he acted to have pieces (eighths) fit on his physical pattern of other pieces. But his response to the first question of the teacher justified that action/result on other grounds. It could be argued that Peter, in his second answer, is engaged in formulating a sort of proof that a state of four eighths can be rearranged to be the same as that of three twelfths plus two twenty-fourths and one sixth. One 
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might go even further and say that Peter’s first two responses were anticipated by him to be viable in this classroom space. They fitted with his perception of activity which would be acceptable and with his expectation that sense-making activity was valued in this classroom. They also fitted with his wish to be seen as doing ‘something different’ (as four eighths had yet to be offered as a response in the class). In other words, his actions fitted with the constraints of his construction of social contracts with the teacher and his peers. 

What can we ‘conclude’ about constraints in action from this episode and those like it shown in less detail in the student responses which opened this chapter? First, that although constraints induced by the mathematical nature of the episodes can be considered ‘strong’ either in terms of some perceived nature of mathematical truth or because some elements of the situation were designed on a mathematical basis, such experienced mathematical constraints are by no means monolithic. They are moderated by the natures, models and levels of students’ mathematical cognitive structures (Glasersfeld, 1987; Pirie and Kieren, 1992). But that does not diminish the impact of such experienced constraints on the constructive activity. It appears in the work of many students, but particularly so in Peter’s work above, that the teacher’s question prompted him to accommodate his mathematical construction of fractions to what he appeared to see as new constraints. He simply could have observed, like Steve in the first set of responses, that four eighths fit on his arrangement of fractional pieces. But he chose to alter his actions and his reflections on his actions to make his actions viable in a new way. Put another way, the teacher’s query appeared to prompt Peter to review his previous scheme of equivalence—fractions are equivalent if their amounts match physically, and begin to alter it in some way—fractional amounts can be reasoned to be equivalent. Notice, however, that in neither case did he use the ‘standard’ notion of fractional equivalence. 

A second conclusion is that mathematical constructive activity, at least in a classroom such as this, is itself not a monolithic or singular phenomenon. It is clear that Peter was engaged in many constructions at once. In a sense such a view muddies the constructivist waters when we wish to apply its concepts and tenets to practical educational settings rather than using them as tools in the study of mathematics learning by individuals. In the ‘controlled’ environment of a teaching experiment, the researcher can try to ‘isolate’ observations of these felt constraints by manipulating the situation, changing the questions asked of the student, or simply by interviewing the student on the spot about some possible constraint. But the teacher or a researcher in a regular classroom situation observes that such constraints could be acting all at once to influence the actual actions of the student. The ‘effects’ or impacts of such constraints cannot be observed as independent by the observer nor are they likely to be felt in that manner by the student. 

But I, with Lewin, take an optimistic view of this complexity of constraints. If mathematically related constraints can be seen to come in many levels of strength and if mathematical construction by persons in classrooms is seen as this many-sided, all-at-once phenomenon, then it is also easier to see mathematics 
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education as part of paideia rather than simply as an arena, rather divorced from paideia, where one picks up a ‘tool kit’, albeit an important one, for paideia. In a representationist view of mathematics learning the student is simply trying to mirror or match a pre-given idea or procedure. Such a view seems congruent with the ‘math as tool kit’ position. But constructing a mathematical world or a mathematical reflective abstraction appears to involve one not only with the strong constraints of mathematics as a body of knowledge (Davis, 1994), but also involves realizing in ones actions the felt constraints of logical language and validation, and of the quest for membership in a community. Acting under such felt constraints in an ‘all-at-once’ way does appear to be part of paideia. 

The Structural Dance of Occasioning 
The dialogue above shows a continuing interplay between Peter’s personally constructed actions (some of which are obviously mental in nature) and a variety of occasionings offered by the world around him. Peter had experienced in this setting doing other exercises with the kit and had taken part in and observed previous interactions related to such work between the teacher and fellow students. Constraints sedimented from such experience; the kit and the particular exercise all occasioned his first response. Peter’s action surprised the teacher but also provided the occasion for her own action which was determined by her sense of the situation; an observer might interpret what she did as showing that she was not looking for pre-given ‘answers’, but rather for personal solutions which ‘fit’. Hence, she asked a proscriptive or ‘fitting’ question: ‘How did you ever think of that?’ This question appears to have elicited a more sophisticated kind of understanding on Peter’s part. The teacher’s genuine puzzlement in understanding Peter’s reasoning shows that Peter’s ‘proof’ was not simply a match for some pre-given mathematics. But this puzzlement experienced by his teacher and peers provided an occasion for Peter to feel the constraints of membership in this ‘mathematical community’ and take yet another alternative action in order that his ‘proof’ might be seen as ‘fitting’ in this community. Both Peter and the teacher acted and appeared conscious of their actions (i.e. knew what they were doing and why they were doing it); both showed their thinking and knowing in action. Their co-arising action may well be an example of what Maturana and Varela mean when they say: 

Everything we do is a structural dance in the choreography of coexistence. (1992, p. 248) 

Concluding Remarks 
It has been my purpose in this chapter to interpret several vignettes of classroom mathematical activity first to show the viability of a constructivist view of such on-going activity. But beyond that, these interpretations were intended to show also how constraints worked in such activity. In this regard I have 
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attempted to make two points. First, although one could observe strong mathematical constraints at work in these situations, these manifested themselves in a wide and personally determined way in the actions of students. Further, it appeared that these students experienced and acted on many other kinds of constraints as well. Second, it was observed that these constraints were not experienced independently of one another but in an all-at-once fashion. Finally, through these interpretations, I have attempted to show how the teacher acted to provide the occasions for student construction and that these teacher activities were also the result of constructions occasioned by her perception of student activities. Thus the mathematical cognition could be observed to co-arise in a complex fashion within the environment and community around it. 

This complex, co-arising view of constructive mathematical cognition suggests to me that mathematics education is indeed part of paideia. I think Lewin would argue that the teacher’s purposes in the actions described above were ethical ones and that constructivism à la Glasersfeld can be a basis not only for a teacher or researcher’s better understanding and modeling of students’ mathematical constructions, but also provides a sound basis for the mathematics teacher’s participation in the paideia of her students. 

Note 
1
Research behind this chapter is sponsored in part by Grant 410 93-0239 of the Social Sciences and Humanities Research Council of Canada. 
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7 
Epistemological Origins of Ethics 
Hugh Gash 
Lewin’s chapter focuses on the need for a constructivist ethics. His position calls for an analysis of ways in which knowledge and relationships are associated. This response is concerned with the following themes: first, connections between ways of knowing and ways of relating in constructivist writings; second, some constructivist issues in Lewin’s chapter; and third, I describe a series of constructivist intervention studies designed to apply constructivist educational strategies for ethical reasons. 

Ways of Knowing and Ways of Relating 
A number of constructivist theorists have drawn attention to the ethical and social implications of their epistemology. For Kelly (1955) ways of knowing were ultimately ways of relating. This follows from the anticipatory and dynamic nature of knowing. Kelly saw behaviour as governed, not simply from what people anticipate in the short term—but by where the choices will lead in the longer term. What we know about people bears on the ways in which we relate to them. The constructions that we make determine the nature of our interdependencies. Maturana (1988, 1991) has been clear about the ethical implications of two types of explaining and Foerster (1991) has shown how thoughts about one’s relationship to experience have ethical implications. Which is the primary cause, the world or my experience of it? Foerster adopted the position that his experience is the primary cause and the world the consequence. This ties him inseparably and inevitably to his responsibility. Finally, Glasersfeld has noted that constructivism leads to greater tolerance in social interactions. This tolerance arises when one realizes that neither problems nor solutions are ontological entities but arise out of ways of constructing. A world arises out of a way of seeing, a way of experiencing. That is not to say that we find all ways or all worlds equally likable (e.g. Glasersfeld, 1991, 1995). 

I would like to draw attention to three features of constructivism before turning to some specifics of Philip Lewin’s contribution. First, constructivism emphasizes the role we have in organizing our experience, the way in which we make our understandings. Glasersfeld (1995), by his use of the word ‘radical’ in the phrase ‘radical constructivism’, signalled a break with a tradition that has been dominant for about two thousand years. Further, by showing the connections that the constructivist epistemological position has with cybernetics, he 
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displayed both it’s plausibility and power. To those whose implicit epistemology reflects the traditional view, one of the most unsettling of the implications is that different ways of understanding, different answers, may not be wrong. Instead, they may reflect an alternative way of looking at experience. Second, constructivism invites an openness to consider the ideas of other people and an openness to reconsider one’s own ideas. Such openness requires both tolerance for uncertainty, and respect for others. Third, in coming to understand something new, there is a fragility in the learner stemming from the need to let go of previous knowledge. As adults we know how hard it is to change. So constructivist teaching requires respect for this fragility in the learner. Respecting learners in this way has two desirable consequences. First, it will allow students to grow to trust their own processes. Second, this trust in turn will allow them to develop confidence to examine their worlds responsibly. 

Constructivist Issues 
The Problem with Viability 
As Lewin pointed out in the first part of his chapter, the constructions of the learner generate their own constraints. This is an essential part of an individual’s development. The choices people make in life leave their marks on them. These choices depend on the reflexive interaction between a person’s prior organization of past experience and the perceived opportunities in ongoing experience. Once one moves from considering an individual’s constructions to considering how these are perceived by another, one can enter the ethical domain. From an ethical point of view, it is not enough to say that viability will be the criterion of choice. There can be an unsettling moral blindness compatible with cultural life and indeed with viability. 

I agree that there is a need to attend to the ethical domain. It is certainly possible to avoid it, but as Glasersfeld has remarked, when one understands constructivism it touches everything. There is a dilemma in that ethical issues. being about right and wrong, provide a challenge to the respect that constructivism gives to different ways of understanding. There are a number of reasons why this dilemma has not been resolved. First, as Lewin has pointed out, there is a coincidence between the values of constructivism and of contemporary culture. Another reason is that many people understand constructivism to imply a profound relativism. 

Towards a Constructivist Ethics of Mutual Respect 
In the two years I spent at Georgia (1973-5) there was a series of informal interdisciplinary seminars we called ‘constructivist evenings’, which were organized by Ernst von Glasersfeld. The metaphorical nature of the word ‘reality’ was a 
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recurring theme. Reality, to use Robert Pirsig’s (1973) word, was a ‘cleavage’ term: one’s attitudes to constructivism and its implications seem predictable from one’s attitude to the word ‘reality’. Indeed, the interpretation of ‘reality’ is central to the distinction between adaptation and viability (e.g. Glasersfeld [1980]1987, p. 67). So while I agree wholly with Lewin that to forget the historical nature of constructions entails a loss of coherence, the distinction between hard and soft constraints perturbs me. I wonder if there is a way to express Lewin’s intention that does not seem to allow reality to reappear in the guise of hard constraints. 

‘Reality without Parenthesis’ 
If I were not being constructivist, I could put this in another way. My first and unguarded reaction is to attack the possibility of distinguishing between hard constraints and soft constraints! That distinction seems to me either (1) to be the result of a realist epistemology, or (2) to invite or make legitimate such an interpretation. Sensing the emotions associated with threat, my discourse switches to ‘reality without parenthesis’. This is a moment to notice that there were many ‘war arenas’ in our world in the 1990s. The relation between threat and rigidity seems to be a general phenomenon. I want to draw attention to the way that the emotion I experience on interpreting the text is an important determinant of my response. 

I pause and decentre 
I remember the value of mutual respect, and I rephrase my response: my concern is that the introduction of hard and soft constraints invites precisely that trivialization of constructivist insights that Lewin (Ch. 4) decries (pp. 44-5 above). The problem is that the terms ‘right’, ‘wrong’, and ‘error’ carry heavy non-constructivist connotations. Hard/soft constraints (and right/wrong) require an observer; and can only be observed after an individual has done something. There is a difficulty in specifying the meaning of ‘correctness’ within constructivist theory. In this paragraph, my emotion is respect, and a desire to discuss the distinctions hard/weak, and correct/incorrect. As a result, my response is not dismissive. The emotion or construct under which I operate plays a powerful role in determining my response. 

Notice, however, that I have introduced in the preceding paragraphs what I find to be an important ethical corollorary of the constructivist position. Namely, the grounds or implicit epistemological assumptions in an argument are braided-interwoven with the form of one’s social relations and with the emotions at play in social interaction. I will return to this later. At present I am proposing decidability/undecidability as an alternative to hard and soft constraints. 

Lewin wrote about hard and soft constraints in ways that acknowledge ideas of scientific orthodoxy (hard) and the right of individuals to differ on 
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cultural matters (soft). I think there are problems with this view. First, scientific orthodoxy is no remedy for the durability of misconceptions of scientific concepts in nonspecialists. So the existence of so called ‘hard constraints’ is no guarantee that these constraints will actually constrain. There are similar problems with soft constraints. Cultural rules may be variable and so qualify for the appellation ‘soft constraint’. However, there are severe consequences to ignoring cultural rules in cultures with clear social rules (e.g. business or religious cultures). Compare ‘liaisons’ of President Clinton and President Mitterrand, and public reaction in each case. Clearly there are differences in the cultural construction of boundaries between individual and social domains. For me, the distinction hard/soft distracts from constructivist insights into the role of the individual’s activity in knowing and invites ‘creeping realism’. However, I do acknowledge the important role of social support for ideas an individual constructs and expresses. 

Consider from a constructivist stance some uses of the term ‘correct’ as a prelude to introducing (un)decidability as an alternative to soft and hard constraints. People construct their descriptions of wine from a particular bottle, their gender stereotypes, and their responses to ‘9×7=?’. What can be said about correctness in each case? It is often difficult, and I include myself, to remember consistently to eschew rightness/wrongness, correctness/incorrectness, and espouse viability. There is much cultural support for the idea that one way is best. 

I act regularly as a judge in wine competitions. In this capacity I have noticed that people’s judgments may differ radically (but legitimately) from their peers’. Tasters may, for example, simply apply different categories (with different meanings and associated criteria of validation) to the experience. Application of different categories to their experiences of a wine by two individuals would not be wrong. I have also observed a social consensus emerging in groups of wine tasters who meet regularly. In the case of gender stereotypes, constructs (e.g. emotional, dependent, and strong) differ developmentally and culturally. I have samples of data from 8- and 11-year-old children in different countries illustrating such differences in perceptions of personal-social gender stereotypes. Again, difference does not imply incorrectness, and again social support for an individual’s stereotyped views plays an important role (see Gash, 1993). 

It is clearer that a person can be wrong about their numbers. However, an answer to a mathematics problem may be wrong either because of processing errors, or because the wrong ‘items’ were manipulated. Again, however, as in the other two examples, while it is the constructed entities and the actions of an individual on them which create the error, ultimately the error is social. Following Maturana (1988), the error is only recognized after the event when the mathematical expression has moved from the level of experience to the level of explanation. So agreement about correctness in mathematics stems from agreement about items and which operations on them are permissible. 

An alternative way in which we can look at constraints is to use ‘decidability/ undecidability’, just as Heinz Foerster did in defining metaphysics: ‘We turn 
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nto metaphysicians…whenever we decide on questions that are in principle undecidable’ (1991, p. 63). The advantage of this is to provide a way to expose the items and operations in any position. There are various ways to proceed in solving a problem, negotiating a perturbation, or generally adopting a position. In addition, the results may not be viable. However, there are ways of deciding whether the procedures used are viable. We can decide whether a number is divisible by seven, no matter what its size. It took centuries to provide the procedure to decide that xn+yn=zn has no solutions in positive integers for n greater than two (Fermat’s theorem). Now, thanks to Andrew Wiles, this is decidable. More generally, if we examine disagreements in terms of process, then we look at the ways in which the positions have been constructed. Positions taken will have been constructed from individual viewpoints. These positions may contain undecidables. But by searching the process and examining both the items and the operations one can hope to see where the difference lies, and on what it is based. For all these reasons I prefer and advocate decidability/undecidability as an alternative to the distinction between hard and soft constraints. 

While Lewin has made his distaste for some of Maturana’s views explicit, I suspect Lewin’s criticism stems in part from his view of Maturana’s reconstrual of terms such as ‘love’. I would like to offer a positive perspective on a way Maturana (1988) described the intersection of epistemology and ethics. He distinguished two types of explanation. I identify one of these ‘explanatory paths’ with a constructivist orientation, the path of reality in parenthesis. In the other ‘explanatory path’ reality is without parenthesis. What Maturana says about these types of explanations offers a basis for a constructivist ethics. 

‘Reality in and without Parenthesis’ 
When we operate in an explanatory path of ‘reality in parenthesis’ we accept responsibility for the making of our statements and their limitations. In addition we offer explanations based on the procedures needed to arrive at them. In disagreements there is a recognition that the other may have been applying different criteria of acceptability in their explaining. Further, in conversation we may cease to differ by recognizing the different domains in which we have been operating. 

On the other hand, when we operate in an explanatory path of ‘reality without parenthesis’ we do not accept responsibility for our statements. Tolerance is jettisoned. Our cognitive processes are hidden. We do not have to base statements on their constitutive operations. The truth of statements is not in question. In disagreements the other is wrong, and power is exerted to demand compliance with what is self-evidently true. I think the use of decidability/ undecidability avoids invoking the ‘reality without parenthesis’ which seems to be implied by hard constraints. 

Would it be possible to promote the important ethical consequences achieved by adopting the explanatory path of ‘reality in parenthesis’? Could 
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parents learn, for example, to interact in this way with their children? It is my suspicion that learning to be tolerant of others may be learned most easily in infancy in transactions with parents and others. At some stage in development I believe it becomes more difficult to be tolerant. If we can judge by the global political situation, it seems very difficult for many adults to learn. 

Deuterolearning: Learning to Learn 
Lewin identified early learning experiences as critical for the future education of young people. It is by means of education that we hope to pass on what we have found valuable in our experience. Bateson (1972) described how a process of multilevelled recursive learnings provided a framework to explain how personality is formed. I used Bateson’s formulation in thinking about children’s learning of gender stereotypes (Gash, 1993), and, with my colleague Vincent Kenny, I have tried to develop general ways of reducing prejudice (Gash and Kenny, 1997). 

Is it the case that the powerlessness to which Philip Lewin has referred arises because of the implications of the radical constructivist model? Is it that the varieties of ways to explain experience, which are all legitimized by constructivism, have paralysed our sense of evaluation? Have we become afraid to adopt positions ourselves? If this is so for some, let us accept the challenge to differ, and offer encouragement to all to make explicit what they feel is valuable. It is a truism that each generation in any culture must pass on its insights to the next generation. If we believe in the theories we work with, we will work to pass on what is valuable. I believe that the increase in awareness of the validity of different viewpoints is reflected in a variety of contemporary cultural phenomena. These include constructivist writings, and the collapse of dominant totalitarian systems (e.g. Communism, the USSR, and many families). At present in Ireland there are tensions between (a) old authoritarian forms of control such as the Church, and (b) the democratic desire for a pluralist society. The international community will be aware that these tensions are explosive in the North of Ireland. Yet constructivist insights offer a way out, if people can see how to put these insights into practice. At this time our hopes for peace are high in the Republic of Ireland. 

The constructivist model of learning and development provides an account of the conditions needed for change. It is in a system’s interest to change if it will become more viable after the change. This could be explained in many ways. In what follows I delve into one example introduced above—parenthesizing reality. 

If we adopt the explanatory path of ‘reality in parenthesis’, the limits of statements are transparent. We can allow others the space to hold different viewpoints within this explanatory path. Different viewpoints imply different domains of reality. If we allow others with different viewpoints to go unchallenged, we concede power and choose not to represent our own viewpoint. In my experience, 
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there are ideas central to constructivism that are difficult to communicate. In my courses I try to make these ideas interesting, even intriguing, but the cultural support for modernist ways of thinking is deeply ingrained in my students. I suspect this is as true of American students as it is of Irish ones (e.g. Schommer, 1990). In spite of these difficulties, one way that teachers are ready to accept that there are different realities is with examples of developmental differences. Children’s worlds and understandings are different from those of teachers’ in easily identifiable ways. The developmental metaphor is a useful one in introducing constructivist insights. Elementary teachers, in particular, recognize the need to ‘teach’ gently and with mutual respect. I have found this a good example to use to communicate the fragility of the child when she or he is coming to understand something new. 

During the past few years, I have been engaged in a series of constructivist projects designed to promote attitude change in different domains. The fundamental idea has been to stimulate intra-individual conflict by means of questioning and counter-examples. This is to strive to promote different realities in the classroom. The initial project was to investigate the feasibility of promoting more flexible approaches towards gender stereotyping in elementary school children. Teachers used tactics such as questioning and providing counter-examples to create conflict between the children’s ideas and their experience. If, for example, a child has a fixed idea about a gender stereotype the teacher invited or provided a counter-example. This provided evidence to the contrary; it gave an example of a different reality. We encouraged the teachers to try to find children who could provide counter-examples. If this failed, teachers could provide counter-examples themselves. 

The initial project on gender demonstrated the effects of the constructivist teaching programmes that provided opportunities for the children involved in the experiment to reconsider their views on gender stereotyping. The control children had their regular classes. The programme was evaluated by comparing the children in the experiment group and the control children on a standard measure of personal-social gender stereotypes. The children in the experiment had lower scores than the control children. In other words, the children in the former group were less rigid, and more flexible, about assigning stereotypes exclusively to males or females. Further, there was evidence that the lower scores of that group were durable. For example, a sample group of children who had participated in the study was retested one year later and the difference between the experimental and control groups remained significant. (An account of this project can be found in Gash and Morgan, 1993 and Gash et al., 1993.) 

More recently I have been involved in extending these approaches to other cognitive domains: these have included attitudes towards mental disability (Gash, 1993), attitudes towards special needs (Gash, 1996), attitudes towards children from the Third World (Gash, 1995), conceptions of the heroic (Gash and Conway, 1997), and the child’s self concept. Initially these classroom intervention projects were undertaken to promote positive attitudes towards a particular target group. There have been explicit prosocial aims in each project. These 

-86-
aims have been to invite children to reconsider the ways in which they have come to think about a particular issue by providing them with alternatives, and considering the implications of each view. 

The aim of two of the projects, on the child’s self concept and on the concept of the hero and heroine, was rather different. In the first of these we were concerned to provide opportunities for developing the self concept. The hypothesis was that children with secure self concepts will not have a need to feel good by putting down others. We all need to feel important some of the time. If people feel good about themselves and what they do, I believe they will not learn to feel good by humiliating others. 

The final domain I mentioned was the heroic. We hoped that it would be possible to refocus the concepts of heroes and heroines held by the children who were 9 and 10 years old. The initial context for this study is that in our culture certain aspects of the heroic are promoted to the neglect of other more prosocial dimensions. A casual examination of the offerings in some of my local video stores illustrates the prioritizing of violence in that domain in my local Irish culture. The heroic has both connections with the self and with culture, and comparisons of boys and girls in the US and Ireland have provided additional examples of differing cultural constructions (Gash and Conway, 1997). 

The self is a construct to which, as Glasersfeld has said, we do not have direct access. Glasersfeld wrote about the self in this way: ‘the self is a relational entity…which manifests itself in the continuity of our acts of differentiating and relating and in the intuitive certainty we have that our experience is truly ours’ (1987[1970], p. 187). Bateson (1972) has provided an analysis of the way in which continuity in the patterning of experience is acquired. He explained it as second-level learning, or the learning of the contexts of viable first-level learnings. Contextual specification is, as I understand it, very largely a way of organizing social experience. It is at the boundary between intrapersonal experience and inter-personal experience. 

The historical learnings that constitute the self are notoriously difficult to change. This is partly the result of social support for individual identity. Friends will notice if you change. We are mirrored in the expectations of our friends, and that mirroring constitutes a powerful part of our identity. So choice is constrained by group identity. Heinz Foerster, for example, provided the story of the man who had seen himself through the eyes of his wife. He was seeking help, very depressed because of his wife’s death. ‘All his life, in the union of these two humans, the man had seen himself through the eyes of his wife. When she died, he was blind. But when he saw he was blind, he could see! So it is with us: we see through the eyes of the other’ (Foerster, 1991). In this example one can see how an individual’s identity can be contextualized and change. Such change is possible but seems difficult in ordinary circumstances. It seems to involve changing levels, if we understand levels as Bateson explained them. Such changing of levels or, in another metaphor, altering of boundaries, is often accompanied by a great release of energy in an individual. Consider the examples of falling in love, and of religious conversion. If this is so, let us 
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hope for new defining of boundaries and changes of level through reading the proceedings of this conference. Then we can resume our lives with more energy! 

Conclusion 
So to complete the circle I return to Lewin’s contribution. I agree with him and support his drawing attention to a number of issues: that there is a need to use constructivist approaches to consider ethical ideas; and that historical personal constraints have inevitable ethical implications. I have referred to arguments that constructivist processes involved in knowing are simultaneously social ways of relating to others and entail an ethics of mutual respect. I would like to finish by suggesting that there may be stage-like sequences in coming to understand and apply constructivist insights in our practice and living. In my own development as a constructivist, I believe there have been shifts in levels of awareness, shifts which resemble stages. 

The first stage involves coming to recognize the validity and authority of the different realities of cultures, age groups, and individuals. Radical constructivism has played an important role in highlighting this and the consequent importance of intra-personal interpretations. A shift occurs in understanding the importance of the inter-personal social support for the ideas and beliefs an individual holds. However, to be fully open to our possibilities may imply a third stage that entails responsibly considering and working out the social consequences of our decisions. In the initial section of his chapter Lewin raised the following issue: How have we been marked by our experience in that region of the psyche which undergoes paideia? An answer may be offered along lines implicit in the stages that have just been outlined. As an example at the first level or stage, I suggest that the nihilism Lewin feared in contemporary culture may be avoidable if people can be challenged to examine the bases of their actions and to understand their role in understanding the world. Such nihilism stems from the failure to consider the circumstances, constructs or framework within which decisions are made (cf. Maturana, 1991, p. 51). 

It seems a short step from recognizing the role of individuals in constructing their worlds (stage one) to beginning to examine the role of social support for constructs (stage two). The self is a construct that has difficulty existing in isolation from its social network—so it is relevant to ask how viable are the relations with this network? Under what emotions and constructs is this balance conserved? Questions of this type are likely to provide opportunities for allowing different realities to coexist responsibly. I hope that individuals who have been marked by constructivism will exhibit ways of retaining spontaneity and finding viable alternatives in difficult circumstances. A guide to providing such alternatives has been provided by Boxer and Kenny (1990) in a detailed account of ways in which different limited perspectives interact socially in systemic ways. This leads to the third level in which the social embeddedness of 
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constructs invites consideration of the ethical dimension. One suggestion is that we could teach people to follow the rule proposed by Heinz Foerster (1992): ‘For any discourse I have, say, in science, philosophy, epistemology, therapy, et cetera, to master the use of my language so that ethics is implicit.’ However, the danger of talking about ethics on its own, is that one will unavoidably become prescriptive of a reality without parenthesis. Heinz Foerster (1992) avoided this in his reading of Wittgenstein; I paraphrase: ‘the reward of good action is in the action itself.’ And I conclude with a quotation from Glasersfeld: 

From the constructivist point of view, it makes no sense to assume that any powerful cognitive satisfaction springs from simply being told that one has done something right, as long as ‘rightness’ is assessed by someone else. To become a source of real satisfaction, ‘rightness’ must be seen as the fit with an order one has established oneself. (1987[1983], p. 329) 
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8 
Perspectives on Issues Concerning the Self, Paideia, Constraints and Viability, and Ethics 
Leslie P. Steffe 
Lewin raises four major issues for constructivism in the opening chapter of this section: how we think of ‘self’ within a constructivist framework; how constructivism addresses the notion of paideia—‘the complete process of education through which one becomes a competent participant within a culture’; how science and mathematics differ from the humanities because of different constraints and forms of viability in them; and whether constructivism should produce an ethics of the field. Lewin’s concern with ‘self’ is that without some understanding of how our being arises from our situatedness in time, we are cut off from understanding our conditions as biological organisms and historical persons. Although asking questions about what constitutes self may seem unrelated to mathematics and science education, the way in which students construct their relationship to knowledge (mathematical or scientific) and to their learning and doing of the knowledge in question is one of the major problems confronting constructivist educators in these fields. 

Issues Concerning the Self 
There are two basic issues surrounding the way in which Lewin framed the question of the self and the distinction that Glasersfeld (1995) makes between the experiential self and the self as center of subjective awareness. The first concerns Lewin’s introduction of being into the concept of the self, and the second concerns Glasersfeld’s notion of the experiential self. Glasersfeld restricts the experiential self to that part of the ‘self’ which is experienced on the sensory-motor level, e.g. the kitten biting its own tail, or a human seeing his or her hand (the human is the only one getting tactual signals from it). Of the self as center of subjective awareness, Glasersfeld explained that ‘it is precisely this awareness of what one is doing or experiencing that is the foundation of what we ordinarily call our self. It does not have to be thinking in any elevated sense. If you are becoming aware of tying your shoe laces, you also become aware of the fact that there is a you who is doing it’ (1995, p. 122). 1 In contrast to the experiential self, 
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The other and more important ‘self’ 2 is the one that has my memories, the one that thinks and reasons whenever I do these (remembered) things, and the one that just now has pains in its shoulders because it struggled to mend a garage door yesterday. It’s a wholly mysterious entity—mysterious in a sense different from the garage door, which certainly had its own mysteries for me! This self is capable of remembering, reflecting, feeling, liking, and disliking—all things that are mysterious, but about which one knows certain effects. In this regard, I am an unrepenting dualist and until someone offers me a plausible model of ‘consciousness’, I see no reason to change my view. (Glasersfeld; personal communication, 22 October 1998) 

A Sense of Continuity 
By introducing the notion of ‘being’ into this mysterious self, Lewin suggests that it is not solely epistemic, but that it is also entailed with being or existence. Glasersfeld (Ch. 1) interpreted Lewin’s suggestion by noting that as authors of our own experiential realities, we attribute continuity to ourselves as its constructors. In amplification of why he is reluctant to refer to the agent’s continuity as ‘existence’, he notes that it is this very agent who constructs their ‘notions’ of space and of time (Piaget, 1964). So, for Glasersfeld, ‘existence’ is an epistemic affair. Larochelle (Ch. 5) apparently agrees that the experiential self is a construction of an acting agent: ‘[A] radical constructivist does not attempt to know what the self is, nor to locate it relative to a supreme faculty or a center of subjective consciousness’ (p. 55). Interpreted further, Larochelle’s comment implies that the experiential self is not a static affair of existence or being. Rather, it is a complex of dynamic, changing and multifarious selves dependent on the acting agent’s own history and experiences as well as on the narrative scripts provided by the community at large. Lewin commented that ‘this is my view too; this is what living in time means’ (Lewin; personal communication, 21 October 1998). So, starting with the dawning awareness of space and time in the individual, there would seem to be agreement among Larochelle, Lewin and Glasersfeld concerning the epistemic nature of the experiential self, an agreement that turns on Glasersfeld’s interpretation of ‘existence’ as a sense of continuity of the self in the construction of experiential reality. 

Levels of Experience 
There is still an issue, however, concerning the experiential self as a complex of dynamic, changing and multifarious selves because Glasersfeld restricted the experiential self to that part of the ‘self’ which is experienced on the sensory-motor level. However, re-presentation, which is the regeneration of sensory material in its immediate absence, opens the possibility of levels of experiencing, of which Glasersfeld (personal communication, 23 October 1998) said, ‘I certainly agree that you can introduce various “levels of experiencing”—and I 
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am looking forward to seeing your classification’. This opens up a fundamental research problem in mathematics and science education, because mathematics and science are extraordinarily experiential and, unfortunately, it is the kind of experience that all too many people have learned to avoid. 

Larochelle (Ch. 5) believes that connecting the experiential self to the ‘conditions of its coming-to-be, as well as of its actual invention, and, finally, how the concept, via language and transactions between subjects becomes a way for interpreting experiences and for identifying similarities and invariants within these experiences’ (p. 56), helps us to place the question of the experiential self into the realm of human construction and investigation. Larochelle’s idea of the experiential self becoming a way for interpreting experiences of others extends the core experiential self of which Glasersfeld speaks to the social self (Glasersfeld, 1995, p. 126). Likewise, the core experiential self needs to be considered in relation to the child’s construction of mathematical and scientific experiences. One way to establish such a relation is to maintain the spontaneity of spontaneous development in mathematics and science learning in the schools. Not only do children construct space and time, they also construct a multitude of other mathematical concepts and operations before they are seven or eight years of age. This spontaneous construction, when coupled with a spontaneously constructed ‘system of physics peculiar to the child’ 3 (Piaget, 1964, p. 1), indicates that mathematical or scientific experiences are already implicated in children’s spontaneous development and hence are constitutive aspects of children’s construction of a stable reality that includes mathematical or scientific aspects. To the extent that a child is aware of its actions or interactions that an observer would call ‘mathematical’ or ‘scientific’, the observer can legitimately speak of the child’s awareness of itself as an agent of mathematical or scientific action or interaction, which does extend the child’s basic concept of self. 

When the spontaneity of spontaneous development is maintained within children’s mathematics learning, Kieren (Ch. 6) speaks of students ‘constructing or bringing forth their mathematical worlds based on their own histories and structures’ rather than ‘attempts to mirror some pre-given outside world’ (pp. 70-1 above). As spontaneous development occurs in part as a result of autoregulation of children’s interactions in their socio-cultural as well as their physical milieu (Piaget, 1964), it is in principle possible to connect school learning in mathematics and science with the products of spontaneous development by bringing those products forth in the educational setting. Although the systems that spontaneous development produces are distinguishable from those of mathematicians or scientists, this does not disqualify these systems as serving in the mathematics and science education of children. 

The problem of how to maintain the spontaneity characteristic of spontaneous development in school learning is a critical one because the way in which children regard their mathematical or scientific experiences is largely a matter of school learning. Children do eventually become aware of their mathematical or scientific experiences 4 and establish a relationship between their selves as 
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centers of subjective awareness and these experiences. In the usual conventions that constitute mathematics and science teaching, these subjects are regarded as ‘hard constraints’ in the sense which Lewin explains. In this view, mathematics and science teaching is not based on the products of children’s spontaneous development outside of school, and thus it does not contribute to the continuation of this spontaneous constructive activity. This raises major issues for the continued evolution of the relationship of the self to mathematical and scientific knowledge throughout childhood and beyond into young adulthood, because the rejection of one’s sense of oneself as an agent of mathematical or scientific action or interaction may create a disturbance in the self as a center of subjective awareness that can handicap further learning in mathematics or science. In fact, it can lead easily to a rejection of those parts of one’s experience. 

Issues Concerning Constraints and Paideia 
Separating the experiential self and the self as center of subjective awareness is crucial because it allows us to account for how an individual, for example, might maintain a sense of tolerance or viability of the self given what might be considered as hard constraints. According to Lewin (personal communication, 21 October 1998), what makes a constraint hard is the degree to which the boundary conditions establishing the constraint are assumed as given. Moreover, in the sciences and mathematics Lewin claims that inquiry takes place under conditions of well-defined constraints. In the same communication, Lewin further elaborated: 

Scientists and mathematicians agree ahead of time on the nature of the conditions under which their inquiry will be regarded as valid. In the case of science, this question is the question of method and experimental design…In the case of mathematics, the presuppositions of the field of inquiry are simply accepted. 

Hard Constraints in Mathematics and Science Teaching 
Kieren (Ch. 6) not only addresses the issues concerning the self, but also the issue of how constructivism addresses paideia, and in doing so, addresses issues concerning hard constraints. Kieren’s primary concern is whether mathematics education can be seen as ‘part of paideia rather than simply as an arena, rather divorced from paideia, where one picks up a “tool kit”, albeit an important one, for paideia’ (p. 78 above). In this, he explicitly questions the separation of mathematics and paideia, and implicitly questions the necessity of strong constraints as emerging from accepting certain presuppositions of mathematics as given. 

Kieren is quite successful in painting an image of a practice of mathematics education that occasions constructive action on the part of students, which, 
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in turn, provides occasions for the teacher’s and other students’ knowing in action. Rather than speak in terms of hard or soft constraints, Kieren chooses to emphasize a complexity of socio-mathematical constraints which are of the nature that children experience in their spontaneous mathematical and scientific development. He accomplishes what he sets out to do because he works in a framework (enactivism) compatible with a radical constructivism rather than with what Larochelle refers to as the ‘weak’ version of constructivism—a constructivism in which mathematics and science are regarded as givens. In the weak version of constructivism, Larochelle (Ch. 5) appropriately comments that ‘renewed interest in the knowledge of students seems to have barely changed the usual conventions of teaching activity, whatever the level of instruction’ (p. 57 above). This is in contrast to the recursive image of mathematics teaching that Kieren develops—the teacher acts to provide occasions for student construction, and these teaching acts are the result of constructions occasioned by perceptions of student activities. 

Lewin believes that ‘Science and math are frequently taught as though the constraints were hard, when they are only presupposed. But the sociocultrual conditions under which education takes place are always operative, and to that extent, teachers in mathematics and science must be attuned to how the boundary conditions of instruction affect the content of instruction even (and especially) when the content of instruction seems straightforward to them’ (Lewin; personal communication, 21 October 1998). In Kieren’s work (Ch. 6), these boundary conditions are decidably different from what would be the case if he regarded the presuppositions of mathematics as being simply accepted and therefore as constituting hard constraints. He explicitly questions the necessity of teachers regarding inquiry in mathematics as taking place under conditions of well-defined constraints. When discussing the ‘hard constraints’ he as a teacher could see in fractional tasks, Kieren (Ch. 6) commented that ‘Although constraints induced by the mathematical nature of the episodes can be considered “strong” either in terms of some perceived nature of mathematical truth or because some elements of the situation were designed on a mathematical basis, such experienced constraints are by no means monolithic. They are moderated by the nature, modes, and levels of students mathematical understandings’ (p. 77 above). 

Further, Kieren (Ch. 6) sees no reason why a teacher must, a priori, establish the nature of the conditions under which inquiry in his or her classroom will be regarded as valid. 

A consideration of activities of students working in a space for learning fractions is interpreted as showing that students experience various levels and kinds of mathematical constraints related to the nature of their changing mathematical understandings. Within a classroom setting such constructing is done under the experience of a variety of other constraints as well. It is suggested that it is this complex of experienced constraints, both mathematical and non-mathematical, that allows us to observe the on-going mathematical activity as part of paideia. (p. 69 above) 
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Kieren’s comment opens the issue concerning how (not whether) a teacher might use his or her knowledge of mathematics in mathematics teaching. That this is a major problem in mathematics education is made clear by Lewin (Ch. 4). 

One may invoke a rhetoric of viability and still allow in practice for only one possible solution. All the work of specification will have been done by the teacher drawing upon the reigning tradition in establishing the conditions of inquiry while the student/knower is conceptualized as creative and inventive. In some ways, this ‘paradox of happy agreement’ may seem the best of all possible epistemic worlds, (p. 43) 

Such a practice is consequent upon the choices and distinctions that the teacher makes; that is, they are consequent upon his or her way of reflecting on and working out the reasons, values, ideologies and representations that he or she chooses to promote (Larochelle, Ch. 5). In making these choices, Larochelle (Ch. 5) commented that, ‘it seems to me that unavowed claims and programs are smuggled into the practices of teaching scholarly knowledge on a regular basis. Most of the time, this knowledge, notably in the scientific and mathematical areas, is presented as if it were untouched by such “impurities”, as if it were a type of knowledge which does not pose any problems—in other words, constitutes a “knowledge of”’ (p. 63). 

Decidability-Undecidability 
Concerning ‘soft constraints’, Lewin commented that: ‘I explicitly do not ground the idea of soft constraints in the frame of reference of a single actor. It is precisely the negotiation of constraints with other knowers that makes constraints in the sociocultural domain soft’ (personal communication; 21 October 1998). Larochelle and Kieren opened the question whether the hard constraints of mathematics and science aren’t also negotiable. Gash (Ch. 7) explicitly stated his position concerning this question in the following passage. 

While I agree wholly with Lewin that to forget the historical nature of constructions entails a loss of coherence, the distinction between hard and soft constraints perturbs me. I wonder if there is a way to express Lewin’s intention that does not seem to allow reality to reappear in the guise of hard constraints. (Ch. 7, p. 82) 

Gash’s (Ch. 7) advocacy of decidability-undecidability as replacing hard and soft constraints finds some justification in the thinking of Max Born. After rejecting the thesis that the sense perceptions of different individuals are identical in his famous comment, 

Thus it dawned upon me that fundamentally everything is subjective, everything without exception. That was a shock (Born, 1968, p. 162), 
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he went on to say, ‘The problem was not to distinguish the subjective from the objective, but to understand how to free oneself from the subjective and to arrive at objective statements’ (ibid., p. 162). Using methods of thinking of the physicist rather than the philosopher, Born said of his approach to the problem, ‘I suggest the expression “decidability” for a fundamental rule of scientific thinking (although I did not find the word in the dictionary): use a concept only if it is decidable, whether it can be applied in a special case or not’ (ibid., p. 170), and used what he regarded as the kernel of Einstein’s theory of general relativity as illustrative. 

An observer in a closed box can therefore not decide whether the acceleration of a body relative to the box is due to a gravitational field or to an acceleration of the box in the opposite direction, (ibid., p. 171) 

In this case, to decide involves a second observer, as pointed out by Foerster in his statement of the principle of relativity, which 

rejects a hypothesis when it does not hold for two instances together, although it holds for each instance separately. (Foerster, 1984, p. 59) 

Von Foerster (1984) goes on to remind us that the principle of relativity is not a logical necessity nor can it be proven to be either true or false. 

[T]he crucial point to be recognized here is that I am free to choose either to adopt this principle or to reject it. If I reject it, I am the center of the universe, my reality is my dreams and my nightmares, my language is monologue, and my logic monologic. If I adopt it, neither I nor the other can be the center of the universe, (ibid., pp. 59-60) 

Given the acceptance of the principle of relativity, the practice of science and mathematics, as well as the practice of teaching science and mathematics, certainly relies on negotiation in making decisions concerning establishing objective statements. In this context, the idea that constraints are internally generated through our living in time (Lewin, Ch. 4, p. 53), or its equivalent—the constructions of the learner generate their own constraints (Gash, Ch. 7, p. 81)—takes into consideration the frame of reference of the actor. In this frame of reference, the attitude that constructions of the learner generate their own constraints is not simply an appropriate attitude. Rather, it is necessary because constraints emerge only as experienced constraints. However, in the observer’s frame of reference, the observed constraints of the actor are in the experiential field of the observer. 5 Including the observer as well as the actor clarifies the relative nature of constraints in radical constructivism, because to arrive at an ‘objective statement’, the principals involved must perform tests on which to base their decisions (Born, 1968, p. 173). In radical constructivism, then, although the subjectivity of experienced constraints is irrefutable, it is possible in principle to make tests which lead to decisions of compatibility or incompatibility. 
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Constraints and Decidability 
If decidability is regarded as the means to understand how to free oneself from the subjective and to arrive at objective statements, constraints and this idea of decidability are distinguishable and cannot be reduced to one another. It helps to understand the relationship between them if the idea of constraint is placed in the context of adaptation. Like Glasersfeld, Lewin (Ch. 4) rejects adaptation as adaptation to a pre-existing and mind-independent world. However, Glasersfeld (1995) reformulates adaptation in the context of experiential reality, and this contributes to what I regard as the negative and the positive role of constraints. 

Knowledge, rather than being regarded as true only if it reflects a real world, is regarded as viable only if it has not clashed with obstacles or constraints. This knowledge of clashes or constraints and failures describes reality in “negative terms”’ (Glasersfeld, 1995, pp. 72-3). Often overlooked in this negative description of reality is the additional condition that knowledge remains viable only if it finds some confirmation in experience. I regard these confirmed conceptual structures as the positive aspect of Glasersfeld’s model of knowing and they complement the negative aspect. Glasersfeld articulates the positive aspect of his model in terms of schemes, and specifies accommodations of those schemes as being induced by whatever constraints the knower may encounter in their use. 

The concept of accommodation is a part of the notion of adaptation, and hence, of learning. Learning in the context of adaptation is regarded as those more or less permanent modifications of the involved schemes that eliminate perturbation induced by experienced constraints. 6 In this idea of learning, the term ‘constraint’ has two meanings—‘constrained by’ and ‘constrained to’. The former meaning pertains to the negative aspect of constructivism and the latter to the positive aspect. A scheme is constrained by clashes with reality, and constrained to those experiential situations in which it is used (or confirmed). In this context, ‘decidability’ refers to whether a certain scheme either fits or does not fit within an experiential situation—to whether it can be used or not by making tests. On the other hand, ‘undecidability’ refers to whether no decision of fit can be made—to those cases where the test fails to provide a basis for decision. 

Although ‘constrained by’ and ‘constrained to’ may seem dichotomous, they can function together. 7 For example, even when the listening agent seemingly understands the utterances of another, this may involve coordinations of previously unrelated concepts or operations, coordinations which may remain outside of the awareness of the listener. In this case, the listener may be constrained to his or her perceptions of the utterances of the other and believe he or she understands, 8 but from the observer’s perspective, would not have understood without making the coordination or modification. So, accommodation can and does occur in the context of social interaction. Moreover, what seems to be a constraint in the ‘constrained by’ meaning can be in retrospect a confirmation of a superseding scheme. 
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It seems essential to retain the above distinctions between ‘decidability’ and ‘constraints’. There is a further distinction between ‘decidability’ and ‘viability’ which also seems essential. For example, in a famous metaphor concerning reality in radical constructivism, Watzlawick (1984, pp. 14-15) recounted a story of a captain sailing his ship through an uncharted channel devoid of beacons and other navigational aids. The course of the ship chosen by the captain would remain viable while sailing only so long as the ship did not run into obstacles hidden beneath the water. Without the proper navigational aids, the captain could not make tests to find the hidden obstacles and use the results of the tests in making decisions concerning the course of the ship so it would not meet these obstacles. Sailing without navigational aids eliminated the possibility of deciding on a viable course. 

Foerster has spoken repeatedly in terms of the distinction between problems that are in principle decidable and those that are in principle undecidable (Foerster, 1991). He grounds ethics in the consideration of those problems which are left to us to decide without navigational aids or for which tests are inconclusive. This is compatible with Glasersfeld’s (1995, p. 127) assertion that ethics must be manifest in the choice of goals, and viability of schemes of action or thought in the context of specific goals. 

On an Ethics of the Field 
In the frame of reference of the actor, ethics lies outside of the domain of viability. In the observer’s frame of reference, 9 the choice of goals does not seem to be any more or less rational than Born’s principle of decidability. So, an ethics of teaching mathematics or science can in part be based on rational choice of the teacher, if the teacher is considered as Maturana’s (1978) second-order observer, or an observer of the circumstances of observation. That is, the teacher must make decisions or tests prior to teaching concerning the choice of goals he or she might subsequently test for appropriateness in the teaching context. Such decisions should be regarded as involving schemes of action or thought which the teacher uses in making tests prior to teaching. In this case, decidability pertains to more than decidability at the experiential level. It involves a second level of decidability that follows on from the second level of viability explained by Glasersfeld (1995). A conceptual item is viable on the second level if it fits within a coherent conceptual network of structures which, at their point of experience, have turned out to be viable in the experiential sense. This second level of viability depends on doing thought experiments or tests to decide if a conceptual item fits within a goal structure. These decisions serve as a basis for establishing viability at the second level. 

Establishing viability of a chosen goal structure in interactive communication with students involves a second-order (not level) of viability (Glasersfeld, 1995). When a conceptual item is found viable not only in our own sphere of actions, but also in that of another, this establishes a second-order of viability 
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to the conceptual item. A second-order of decidability, then, involves von Foerster’s statement of the principle of relativity in making tests on which decisions concerning the compatibility of our conceptual constructs with those of the other are based. 

Clarification of the first and second levels of viability, and of the first and second order of viability, serves as a basis for a first and second level of decidability and a first and second order of decidability. These are important distinctions to make in establishing goal structures pertaining to mathematics and science teaching. They are also important distinctions to make in a consideration of ethics because ethics is usually thought to begin with consideration of the other. For example, Gash (Ch. 7) commented that ‘Once one moves from considering an individual’s constructions to considering how these are perceived by another, one can enter the ethical domain’ (p. 81). Moreover, Glasersfeld (Ch. 1) commented that ‘From my point of view, the generation of ethics will have to be part of the model we design to grasp our interactions with the experiential constructs we call “others”’. In contrast, a second-order of decidability at the second (conceptual) level of decidability is necessary to establish a goal structure because the teacher needs to contemplate a particular goal in the context of its appropriateness for students. Of course, this still involves a consideration of the other, but it is a conceptual consideration that does not involve an experiential other. There are also ethical considerations in building a goal structure through decisions that are not referenced to another. These decisions involve considerations of internal consistency in those cases that cannot be decided on the basis of logical necessity. 

In his critique of the lack of an ‘explicit ethical posture’ in radical constructivism, Lewin (Ch. 4) capitalizes on the possibility of the development of an implicit ethics within the individual in the following comment, 

If we take radical constructivism seriously, if we understand that constraints are internally generated through our living in time, then it seems to me we must equally take seriously how the sedimentation of those constraints anticipates our behaviors in the future. It seems to me that the relative coherence of those constraints constitutes ‘character’, an internal region of epistemic and ethical inertia. It does not merely lay the ground for ethics; it already is an ethics, (p. 53) 

Lewin argues that 

[t]he behavior we call ethical arises as a consequence of how a person has made sense of their experience. As a result of our experience, certain preferred ways of acting and thinking come to be developed [second level of decidability but within subject]. We can refer to these preferred modes of construal as habit or sedimentation or tacit knowledge or deutero-learning or any of a number of other terms. This is the constructivist part; we make sense of our experience on the basis of how we have constructed ways of making sense of experience in the past. Some of this constructive process depends on a kind of 
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individual creativity and personal preference [first- and second-levels of viability]; some of it depends on social and physical constraints, on the demands others make of us or the limitations of the physical world [second- and first-order decidability, respectively]. Note that much if not most of this process takes place without conscious awareness or intention, especially since virtually all of it takes place by about age five, and that it is usually extremely difficult to alter or modify this early learning—this paideia—in any fundamental way later on in life, (personal communication, 31 October 1998; parenthetical comments added) 

According to Lewin, then, ethics does not simply begin with considering how an individual’s constructions are perceived by another. Rather, an ethics is implicit in the constructions of the individual. As such, they seem to arise from the same presuppositions that Glasersfeld (1995, p. 68) made concerning the construction of schemes which served as a core consideration of Kieren (Ch. 6) in his argument that mathematics education be considered as a part of paideia: 

· the ability and, beyond it, the tendency to establish recurrences in the flow of experience; 

· this, in turn, entails at least two further capabilities: remembering and retrieving (re-presenting) experiences, and the ability to make comparisons and judgments of similarities and differences; and 

· the presupposition that the organism ‘likes’ certain experiences better than others; which is to say, it must have some elementary values. 

Lewin (Ch. 4) has argued that a starting point for an ethics in radical constructivism that begins with notions such as respect for the other and openness, or tolerance and mutual respect (Gash, Ch. 7, p. 81) is based on the normative ethics of Kant, which, he asserts, Glasersfeld’s ideas do not sanction. In making his argument, Lewin (Ch. 4) deconstructs the Kantian imperative that one should always treat others as ends rather than as means. We can see that Glasersfeld’s three postulates would not lead necessarily to that imperative. Although it is an appealing imperative for any number of reasons, it can easily be subordinated to, for example, a goal of climbing a corporate hierarchy, where people are often treated as means rather than ends. There may have been an ethical reason for the choice of this goal rather than some other goal which honored the Kantian imperative, depending on one’s values. Although Lewin chooses to cast his argument in terms of viability without a consideration of goals, his example carries the force of his argument that there is not a sharp separation between ethics and epistemology, and that an ethics emerging from constructivism would be a model of ethics consistent with constructivism rather than a constructivist ethics that begins with ethical precepts. 

Larochelle (Ch. 5) apparently agrees with Lewin on this point. ‘[I]t [constructivism] teaches that holding a point of view is a matter of choice, which amounts in a way to adopting a back-handed approach to ethics—that is to say, constructivism does not propose a moral code, but instead strives to 
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make evident the fact that ethical issues are indeed at stake’ (p. 62). Constructivism does not dictate that everyone will adopt a particular ethics. Rather, it predicts that ethical considerations will emerge naturally as humans interact and form communities. Gash (Ch. 7) expresses this idea as an important ethical corollary of the constructivist position: ‘Namely, the grounds or implicit epistemological assumptions in an argument are braided-interwoven with the form of one’s social relations and with the emotions at play in social interaction’ (p. 82). Constructivism does impose constraints on those people who chose consciously to adopt constructivism as a stance. 

Notes 
1Glasersfeld reinterpreted Descartes’ pronouncement ‘I think, therefore I am’ as ‘I am aware of thinking, therefore I am’. 

2The self as center of subjective awareness. 

3See Larochelle (Ch. 5) and Glynn and Duit (1995) for references concerning children’s scientific conceptions. 

4The spontaneous development of the systems of mental operations ‘peculiar to the child’ in the mathematical or scientific realm occurs in the main outside of the awareness of the child. 

5In the observer’s frame, the environment of the actor is everything in the experience of the observer that is not the actor. 

6Glasersfeld (Ch. 1) points out that experience is more than sensory experience. 

7Clashes with reality are experienced most often in the context of a scheme being used. 

8Such a belief may not have involved a conscious decision. In that case, it would not be an interpretation. Not until the subject becomes aware of possible interpretations can we say that decidability operates. 

9The observer may be the actor observing his or her own actions. 
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