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Science learning as the appropriation of the artifact-based: practices of normal science
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Conceptual change and science learning: one reading of Kuhn’s Structure
One of Kuhn’s (1962) central contributions in The Structure of Scientific Revolutions  was to question the view  that the history of scientific theories is one involving gradual progress toward ever better explanations of the physical world. He argued that the explanatory value of concepts and theories could only be understood relative to the coherent set of ideas and practices of a scientific community, which he referred to as a paradigm. Historical analysis that attempted to compare different generations of concepts and theories would necessarily fail if their embeddedness relative to different paradigms was not recognized, and, for the same reason, any attempt at ranking concepts and theories would be problematic.  That is, the internal coherence of paradigms makes it difficult to achieve any meaningful cross-paradigm translation of different generations of concepts and theories. It is this that grounded Kuhn’s view that the shift from one paradigm to another should be seen as a revolutionary Gestalt shift not reducible to the sum of incremental changes.

Much of the work on conceptual change in science learning (e.g., Carey, 1986; Eylon & Linn, 1988; McCloskey & Kargon, 1988; Posner, Strike, Hewson, & Gertzog, 1982; Smith, Maclin, Grosslight & Davis, 1997; Wiser, 1995) has been inspired by this aspect of Kuhn’s (1962) account of conceptual change in the history of science.  A central feature of this research is the emphasis on acknowledging that students have prior conceptions that are relevant to the scientific domain being learned. Various methods are employed (including pre-instruction tests and semi-structured interviews) to determine the nature of these conceptions and the relations between them. That is, following Kuhn’s notion of a paradigm shift, students’ pre-instruction concepts are considered to be grounded in coherent conceptual frameworks. The result has been to view conceptual change as involving the simultaneous restructuring of a number of concepts and conceptual relations.

This use of Kuhn by conceptual change researchers to understand science learning involves two components:

1. Adopting a reified view of Kuhn’s idea of paradigmatic coherence, a view that distills the notion of paradigm to a conceptual structure shared by members of a given scientific community.

2. Treating conceptual changes in the history of science as a model for the conceptual changes in an individual science student. That is, the former  are treated as a source of hypotheses for the latter.

A less reified reading of Kuhn’s Structure

Looking closely at Kuhn’s account of the nature of what he called “normal science,” scientific activity that precedes revolutionary change, we find that he adopted a significantly different understanding of that which establishes the coherence of a given scientific community, one that does not appeal to a conceptual structure being shared by members of a scientific community.

Kuhn (1962) borrowed Wittgenstein’s (1953) solution in the case of language use to describe the coherence of the practices within a tradition of normal science. Wittgenstein argued that our use of terms reflects categorization based on “family resemblance”. We learn to assign terms to a particular referent and extend its application to other referents that bear a partial resemblance to it or others similarly categorized. Similarly, Kuhn argued, scientific research problems and techniques are given legitimacy within a community by virtue of their resemblance to others previously established as central to the practices of that community. Specific problem solutions (e.g. motion of an object on an inclined plane, gravitational attraction between two bodies), which he later (Kuhn, 1977) referred to as exemplars, played a special role in his account of scientific activity during periods of normal science. Scientists engaging in normal science model their work on exemplars gradually extending the scope of current practice.

Since it is based on chains of extension from exemplars “the coherence displayed by the research tradition in which they [scientists] participate may not imply even the existence of an underlying body of rules and assumptions …” (Kuhn, 1962, p.46). Explicitly following Wittgenstein (1953), Kuhn points out that the problem of formulating such rules is similar to the problem of identifying criterial attributes that account for the range of things to which we assign particular category labels.

Among the reasons that Kuhn mentions for questioning the existence of explicit rules and assumptions underlying normal science practice relates to science education. Kuhn (1962) mentions the following about how students enter, through education, into the practices of normal science.

Scientists, it should already be clear, never learn concepts, laws, and theories in the abstract and by themselves. Instead, these intellectual tools are from the start encountered in a historically and pedagogically prior unit that displays them with and through their applications. A new theory is always announced together with applications to some concrete range of natural phenomena; without them it would not be even a candidate for acceptance. After it has been accepted, those same applications or others accompany the theory into the textbooks from which the future practitioner will learn his trade. They are not there merely as embroidery or even as documentation. On the contrary, the process of learning a theory depends upon the study of applications, including practice problem-solving both with pencil and paper and with instruments in the laboratory. If, for example, the student of Newtonian dynamics ever discovers the meaning of terms like ‘force,’ ‘mass,’ ‘space,’ and ‘time,’ he does so less from the incomplete though sometimes helpful definitions in his text than by observing and participating in the application of these concepts to problem-solution. (Kuhn, 1962, pp. 46-47) 

Thus, Kuhn gives priority to the mastery of specific applications and the implicit knowledge constituting this mastery over abstract concepts with explicit definitions.

There are a number of noteworthy features of this view of science education. The first is the relative pedagogical priority of  “intellectual tools” like concepts, laws and theories, on the one hand, and their contexts of application on the other. That is, the context of application, the exemplar, is given priority as a unit.  Second, Kuhn exemplifies this  relative priority when he subordinates the meanings of general concept labels like ‘force,’ ‘mass,’ and so on, and how they are learned, to gaining mastery of exemplars.

Giving exemplars priority as a pedagogical unit is used by Kuhn as an argument for giving them priority in an account of the coherence of the practices of a normal science tradition. More recently, Giere (1988) has developed this view to make a more explicit  argument that characterizing what scientific theories are is best achieved with reference to exemplars. 

Scientific practice is organized in terms of what Giere (1988) called models, which are idealized physical systems that function as constructed representations of a range of phenomena. They are idealized in the sense that certain properties are asserted, and assumptions made, such that they cannot fully characterize any actual physical system in the world. The simple harmonic oscillator would be an example of a model in Giere’s sense. This model incorporates a mass experiencing a restoring force, and it is asserted that the displacement of the mass is restricted to one dimension and that frictional forces are assumed to be absent. A family of related models can be constructed: extending displacement to more than one dimension, incorporating a damping force, and so on. 

What a theory is then, according to Giere (1988), is a network of models. These models cluster, bearing a “family resemblance” (Giere, 1988, p. 86) to one another. Exemplars in this account are understood as that subset of models that are actually so firmly accepted that they function as anchors with respect to which further models are constructed as extensions. In principle, any model can function as an exemplar if it has achieved the appropriate degree of acceptance within the relevant scientific community.  

If one can state an organizing principle at all it will involve some statement about the relations that tend to hold between models. In the case of Newtonian mechanics, Giere has pointed out that the force function plays this organizing role and is reflected in the organization of scientific texts. Proposing this organizing principle reflects the same priority that Kuhn gave to exemplars. 

A view of normal science based on exemplars suggests the need for an alternative to the conceptual change approach to science learning. I suggest an approach that has two main features: first, to give exemplar mastery priority over concept acquisition, and second, to replace abstract concept restructuring with the appropriation of largely tacit, artifact-based conceptualizations in context. The second will require that we appeal to the powerful analytical tools available in functional approaches to semiotics.

The priority of exemplar mastery in science learning

The task that I am addressing is the need to formulate a cognitive theory of learning in science that is compatible with Kuhn and Giere’s accounts of the nature of normal scientific practice. 

Thus, the first issue that I believe needs addressing is the question of what it is exactly that we are seeking a  cognitive theory of. 

An assumption of conceptual change research has been that what needs to be characterized is the process whereby students acquire certain concepts assumed to be central to various domains of science. That is, the assumption is that the concept is the appropriate unit of analysis and reference is made to a small set of other concepts and relations that are implicated in a discussion of the concept of interest. For example, researchers have discussed ‘force’ and ‘motion’ (McCloskey & Kargon, 1988), ‘heat’ and ‘temperature’ (Wiser, 1995), and ‘mass’, ‘volume’ and ‘density’ (Smith et al., 1997) among others.  

Given the account of normal science presented above I take it to be problematic that a cognitive theory of learning focuses on the acquisition of concepts. The issue is not which concepts are best studied but the decision to take concepts per se as the unit of analysis. Recall that Kuhn gave priority  to exemplars, concrete problem-solutions, seen as specific contexts. This view, as seen above, was reinforced by Giere, in his view that what theories are are families of models (structured around exemplars). 

Giving priority to providing a cognitive theory of exemplar mastery amounts to granting at the outset of cognitive theorizing that any reference to an instance of conceptualization is understood as reference to a functional component of a larger system, the exemplar. That is, the appeal to exemplar priority here is an appeal to the systemic treatment of the relationship between exemplar mastery and the conceptualizations that constitute that mastery. 

Conceptual learning as the appropriation of artifact-based 

Conceptualizations in context

Recall that Kuhn strongly questioned the ability to give explicit expression to general concepts outside of their contexts of application. I pointed out above that he down played the importance of the definitions that may sometimes be given to certain terms like ‘force,’ and ‘mass’ as students enter into the practices of normal science.  

Taking this aspect of Kuhn’s view seriously does not mean that conceptual units would not be examined in the approach being proposed here. However, it does mean that studying students' developing conceptualizations should be carried out while acknowledging that these are largely tacit conceptualizations in context. What is being rejected is a study of concepts as abstract entities that are learned in their own right with contexts of application only addressed peripherally. In other words, the account of normal science presented above is not consistent with a cognitive theory of science learning that incorporates a distinction between the acquisition of "core" understanding of concepts and principles on the one hand, and transfer to specific contexts of application on the other. This means that we cannot probe explicitly for students’ concepts prior to instruction or as learning progresses. It also means that designing artificial tasks to get at students’ concepts implicitly will miss the point regarding the contextual nature of conceptualization. How then can we study conceptualization? 

Jay Lemke (2000a) has outlined a reformulation of the traditional notion “concept” in a way that is consistent with Kuhn’s skepticism regarding the independence of concepts from contexts of application. Lemke, adopting a material, semiotic view of scientific knowledge asks the following in the context of a discussion about what the concept of energy might be: 

What, then, in semiotic terms, is a scientific concept? is it the word “energy” and the ways we use that word? Is it the symbol E and the mathematical equations in which that symbol appears? 

Is it a diagram of energy levels, or a graph of potential energy wells? is it the set of procedures for experimentally measuring thermal or electrical energy in some system?  (Lemke, 2000a, p. 5)

Lemke answers this line of questioning as follows:

In the semiotic view, there is no real phenomenon corresponding to the concept of energy; rather there are only a great many complex material phenomena which can be interpreted or construed according to various discourses and symbolic schemes … (Lemke, 2000a, p. 6)

Therefore, we find in Lemke’s work a reformulation of the notion “concept” to a complex set of artifact-based conceptualizations (he uses ‘interpretation’ or ‘construal’).

However, the significance of a statement rejecting the notion of ‘concept’ and replacing it with ‘artifact-based conceptualization’ rests on the specifics. We need powerful analytical tools that will allow us to determine the specific artifact-based conceptualizations that students need to appropriate as they master scientific exemplars. Lemke appeals in his work to the findings of research in systemic-functional semiotics (see e.g., Halliday, 1985; Halliday & Martin, 1993; Kress, van Leeuwen, 1996; Lemke, 2000b).

In my own work (Amin, 2000; in press a) I have drawn from another functional semiotic approach, referred to as cognitive  linguistics, which scrutinizes the interaction between cognitive processes and the surface structure of language (see e.g., Fauconnier, 1997; Goldberg, 1995, Lakoff & Johnson, 1980; 1999; Langacker, 1987; 1991; Talmy, 1988).

The framework of cognitive linguistic adopts a view of language where the choice of some linguistic form or construction in a communicative situation implies the choice of a particular construal of the entity referred to. For example, I can refer to the table in my living room as ‘coffee table,’ ‘table,’ or ‘piece of furniture.’ How specific I want to be will depend on my communicative goals in any given situation. Choosing to refer to the behavior of a visitor as ‘civil’ as opposed to ‘polite’ implies that I have construed him as being good mannered despite his natural inclination. Saying ‘I gave him the book’ or ‘He took the book from me’ involve two different perspectives on the same scene. And notice that in sentences like ‘The company was in a mess financially’ and  ‘He was out of control’ the prepositions are spatial. This has been interpreted as reflecting a systematic metaphorical construal of states as containers. The company is being construed as being “contained” in a state of financial mess and the man is construed as being out of  the state of control construed as a “container.”   

In other work I have appealed to the cognitive linguistics literature to in order to study the understanding of physical processes. The approach I adopt takes the  interaction between language use and conceptualization as it basic assumption. For example, I have  characterized the layperson’s tacit conceptualization of thermal phenomena (Amin, in press a) by examining the syntactic environments in which the verb heat and the nouns heat and temperature appear. 

Adopting a cognitive linguistic perspective on these syntactic contexts has allowed me to propose a core set of conceptualizations that constitute the laypersons understanding of thermal phenomena. In a separate analysis I have contrasted the conceptualization of processes and causal interactions in lay and scientific language use in this same domain (Amin, 2000).

With these analyses I aim to demonstrate how analyses of artifact-based conceptualization are relevant for the study of science learning. While in my own analyses I focus on language, other artifacts can be similarly studied (see Amin, in press b for a brief survey)

Situating this approach within situated approaches to learning

The two implications I have drawn for a cognitive theory of science learning drawn from Kuhn’s account of normal science suggest that the approach I am advocating here is a specific instance of what has been referred to as a “situated” or “practice-based” approach to learning (see e.g., Hutchins, 1995; Lave, 1988; Rogoff, 1997). In contrast to viewing learning as the acquisition of abstract entities like concepts, proponents of this approach have suggested that we view learning as something more like “apprenticeship” or “evolving participation.” 

The choice of these terms are intended to emphasize a view of learning as taking place in the context of specific activities in which people participate at specific times. Thus, these approaches have generally been referred to as socio-cultural or socio-historical to emphasize the cultural or historical situatedness of the activities within which learning is taking place.

Another important feature of studying learning as situated is to take into account the material basis of the activity under consideration. Human activities invariably involve the use of cultural artifacts and theorists adopting a situated or practice approach to learning insist that any study of cognition and learning cannot ignore this material grounding.

To replace the emphasis on the study of concepts with an emphasis on conceptualization within actual units of scientific practice such as exemplars is to prioritize the cultural activity as a unit of analysis. To replace the independent study of concepts with the study of conceptualization interacting with specialized artifact use is to acknowledge the material basis of cognition and learning.  

Conclusion

The dominant influence of Kuhn’s The structure of scientific revolutions  on cognitive theories of science learning has been to encourage a reified notion of revolutionary conceptual change. I have suggested that this has been the result of an unwarranted, reified reading of Kuhn that departs significantly from what he  intended by reference to paradigmatic coherence. His account of coherence was grounded in the notion of exemplar which leads to a materially grounded and situated view of scientific practice and learning.
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Abstract

Thomas Kuhn’s  The Structure of Scientific Revolutions  has had considerable impact on cognitive theories of science learning. His central idea, that different generations of scientific theories should be seen as internally coherent and valid epistemological alternatives, has contributed to the emphasis on constructivism in theories of science learning. In particular, conceptual change research has drawn on this idea in formulating an account of students’ conceptual restructuring as they learn science. I argue here that the notion of “exemplar,” which played a central role in Kuhn’s account of normal science but has been relatively neglected, can form the basis for an alternative approach to a cognitive theory of science learning. Such a theory would (1) give exemplar mastery priority over concept acquisition, and (2) replace abstract concept restructuring with the appropriation of largely tacit, artifact-based conceptualization in context. I suggest that such an approach would fall under the rubric of practice-based approaches to learning without rejecting the appeal to cognitive units of analysis.  

Resumo

O aprendizado de ciências como apropriação de práticas da ciências normal baseadas em artefatos

O livro A estrutura das revoluções científicas, de Thomas Kuhn,  tem tido um impacto considerável nas teorias cognitivas de aprendizagem de ciências. Sua idéia central, de que gerações diferentes de teorias científicas deveriam ser encaradas como alternativas epistemológicas coerentes e válidas,  tem contribuído para a ênfase no construtivismo nas teorias de aprendizagem de ciência. A  pesquisa no campo de mudança conceitual  (conceptual change), em particular, utiliza-se dessa idéia em sua formulação de uma abordagem ao processo de reestruturação conceitual de alunos em seus processos de aprendizagem de ciências. A noção de "exemplar" tem sido relativamente negligenciada, a despeito do papel central que jogou na formulação original de Kuhn sobre ciência normal. Neste trabalho, eu argumento que esta noção pode formar a base  de uma abordagem alternativa à uma teoria cognitiva de aprendizagem de ciência. Em tal teoria,  (1) a  maestria do exemplar tem prioridade em relação à  noção de aquisição do conceito, e (2) a reestruturação conceitual abstrata é substitutída pela apropriação de uma conceitualização contextualizada, baseada em artefatos e, em grande medida, tácita. Eu sugiro que tal abordagem poderia se encaixar dentro da rubrica das abordagens fundamentadas em práticas sociais à aprendizagem (practice-based) sem todavia a rejeição de unidades analíticas cognitivas. 

