Subjectivity versus Objectivity of Science in the Context of Teaching Nature of Science to Pre-service Teachers.
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Abstract: In the present paper we reconsider one of the tenets associated with the nature of science, namely the idea that science is subjective. We propose that a distinction between the partially subjective scientific process and the rather objective end result of scientific inquiry would do better justice to scientific practice and product alike. Related to what pre-service teachers should know, an episode from the history of science will be used both as a case study and a means of instruction.  
Re-Considering Nature of Science 

The notion of Nature of Science (NoS) constitutes integral part of the scientific literacy that science education aims to impart to both primary and secondary students and future teachers of such students. Among other characteristics of NoS, the idea that scientific practice involves social and cultural influences is rather prevalent and it is usually taken to insinuate the subjective character of scientific knowledge. Although it is widely held among science educators that the idea of the subjectivity of scientific knowledge constitutes an indispensable element of any sophisticated epistemological attitude toward science, we believe that this idea should be put under scrutiny. 
A glance at the literature of science education reveals that the processes resulting in scientific knowledge and scientific knowledge itself are often being conflated. Moreover, when it comes to how the social influences the scientific, the views range from those which just presume the social character of science without further elaboration, to those that refer to the subjectivity not only of the scientific process but also of knowledge itself (Osborne et al 2001, McComas 1998, Burbules & Linn 1991, Lederman 2007). For example, Lederman (2007) feels students should come to appreciate that scientific knowledge is partially subjective. Just as citizens’ and students’ interpretations of observed phenomena are influenced by their beliefs, values and previous knowledge, so too are those of scientists (Lederman 2007). He also claims that students should come to realize that science, as a discipline, is socially and culturally embedded. This suggests that science affects and is affected by elements and contexts of the culture in which it is practiced, which is undoubtedly accepted. In the same spirit, McComas (1998) is dispelling one of the Myths regarding the NoS; that scientists are particularly objective. He argues that scientists cannot be absolutely objective for several reasons as the theory-laden observations and the allegiance to a certain paradigm. Similarly, Solomon et al underline the importance of the role of social context in the emergence of new ideas (Solomon et al 1992). Millar and Driver view “knowledge as personally and socially constructed, rather than ‘objective’” (cited in Matthews 1993). Up to this point, no discrimination has been done about the undoubtedly social character of scientific investigation and the rather objective character of its products. 

It is acknowledged, though, that the literature of science education reveals some more cautious views about the subjective factors, such as social ones, that influence science. Although recognizing the influence of social milieu in knowledge production, “the fact that knowledge is humanly constructed does not entail that knowledge claims cannot be true, nor should the creations of science be tied to "sensory inputs" in the way constructivists often do” (Matthews 1993, p.367). For example, regarding a specific physical phenomenon, let’s say the simple harmonic motion of a pendulum, could we present the period of such a motion as analogous to the square root of the length of the pendulum? Or the relation between the period of the pendulum and its length is a social and negotiable convention? There are also some others who express their critical stance towards the social factors which influence science: “Few deny that theoretical commitment and social and historical factors play some roles in science; however, there is considerable disagreement about their nature and strength” (Eflin et al 1999, p.109). To these ends, Kragh summarises that although “the positivistically coloured conception of science that is still the core of most science education is clearly unsatisfactory, we should rather be cautious about characterizing as social or socially constructed all of scientific knowledge” (Kragh 1998, p.241). 

The aim of the present paper is to draw attention to differences between the scientific processes, which involves indispensable subjective elements, and the scientific product, which is rather objective, and to propose the use of an episode from the history of science as appropriate for highlighting and instructing the differences.
Philosophical Views on Objectivity

The philosophy of science literature reveals an ongoing discussion on the issue of subjectivity/objectivity in science with more nuanced positions than the ones found in the science education literature. But what objectivity amounts to is far from clear-cut even in philosophical writings. 

Scientific realists’ view on objectivity of science is probably one of the clearest. To them, science and its theories offer description of an independently existing world. There are much more views of subjectivity/objectivity of science, which however are not so clear.

Popper, for example, argues that knowledge is objective both in the sense that it is objectively true (or truth like) and in the sense that it has an ontological status independent of the knowing subject. He does not deny that there is such a thing as personal or subjective knowledge, but he argues that this should be studied from a biological or evolutionary point of view. According to Popper’s theory, scientific knowledge is classified as objective. He also claims that knowledge is objective in the sense that while it is held by a given individual mind, it owes at least as much to the total accumulated wealth of human knowledge, as to the world of direct experience (Popper 1972).
Another suggestion relies on the alleged distinction between context of discovery and context of justification in science. Some believe that there is a meaningful core in the discovery-justification distinction, consisting in the abstract distinction between the factual on one hand and the normative or evaluative perspective of scientific knowledge on the other (Hoyningen-Huene 2006). 

A quite different approach comes from Collier, who defends objectivity as “subject-dependent: to be objective is to be objective for someone” (cited in Soper 2004). For example, the earth goes round the sun whether or not we know about it. But, to decide it is an objective fact, which means that it is surely humanly dependent, it’s a subject that decided so. Concerning the scientific process, Collier emphasises on the external pressures to which scientists consciously succumb, and the biases against objectivity these pressures pose.

Often, objectivity is being thought of as inter-subjective agreement. In this spirit, acknowledging the social character of scientific activity, some have declared the openness of the scientific dialogues as the necessary safeguards of the objectivity of scientific knowledge produced. Longino in her attempt to integrate social context, scientific activity and objectivity, argues that science is objective due to the fact that it is a social activity and therefore a public activity (Longino 1990). Thus, publicity becomes the key to understanding the sense in which science is objective. For, the public nature of the scientific process gives rise to critical transformation which enhances its objectivity. In her own words, “A method of inquiry is objective to the degree that it permits transformative criticism” (Longino 1990, p.76). Thus, it is critical practices institutionalized by scientific communities that often qualify science as objective. However, although inter-subjective agreement is evidence for objectivity, it is neither necessary nor sufficient for it (Nozick 2001, Crasnow 1993). 

Much different is ‘Standpoint Epistemologies’’ approach. In Standpoint Epistemologies the subject of knowledge, which is an individual knower or the scientific community, always appears in scientific accounts of nature and social life as part of the object of knowledge. This is because, according to Harding, social factors influence every step of scientific inquiry; the selection of problem, the formation of hypothesis, the collection of data and so on. So the subject of knowledge, which is part of the society, must be considered as a part of the object of knowledge from the perspective of scientific method. According to Harding, the subjects/agents of such epistemologies need stronger standards for objectivity than those of older epistemologies. “Strong objectivity requires that the subject of knowledge be placed on the same critical, causal plane as the object of knowledge” (Harding 1993, p.69). In other words, both the subjects and the objects of knowledge are objects under standing scrutiny. 

Finally, Grene advocates the contextual objectivity as the only kind of objectivity that there may be. “Contextual objectivity is a critical truth-seeking as practiced within a given social context” (Grene 1987). This sort of objectivity is strongly associated with Annis’s “historical realism”: “From the fact that justification is relative to the social practices and norms of a group, it does not follow that they cannot be criticized or that justification is somehow subjective. The practices and norms are epistemic and hence have as their goals truth and the avoidance of error” (Annis 1978). According to Grene, everything depends on the context, both in the sense of context of inquiry and the sense of the context forced on us by the complex structure of the natural world. 

In our paper, we do not provide the ultimate answer to the above debate. Instead, we merely argue that pre-service teachers should become aware of the ongoing philosophical discussion; otherwise their view of science and scientific practice will be biased and incomplete. Given our critical stance towards the received view about subjectivity/objectivity in science, and asserting a prominent role for history of science in nature of science teaching (Matthews 1989, Irwin 1997, Solomon et al 1992), we use a historical episode as a case study but also as a means for instruction. The aim of the present paper is to propose the use of Gilbert’s work on electricity as appropriate for highlighting and instructing this still ongoing philosophical concern regarding the subjectivity of scientific processes and the objectivity of scientific knowledge. 

Gilbert’s Work on Electricity

Gilbert’s ‘De Magnete’ was published in 1600, a time when the Renaissance era dovetailed with the beginnings of the scientific revolution. Gilbert’s writings reveal an intimate knowledge of the methods employed by navigators and other craftsmen of his days. On the other hand, in Gilbert’s era experimentation was generally confined to workmen and craftsmen and not to respectable scholars. Nonetheless, Gilbert was one of those who began to bridge the gap between scholar and experimenter, contributing in the making of a new scientific context; a context which synthesized logic and experiment and which soon became known as New Experimental Philosophy. 

Gilbert, a scientist of his era, tried to strike a balance between the modern spirit of experimentation and the medieval spirit of speculation (Boas 1951). According to some historians, Gilbert was both an experimenter and a speculator, while for others he was both an empirical scientist and a metaphysician (cited in Hesse 1960). He showed clearly how science could be fruitfully pursued and how futile was much of the work published up to that point, by authors who simply read what other people had written over centuries, about phenomena, phenomena which no one had bothered checking. Thus in his introduction to ‘De Magnete’ Gilbert writes: “To you alone, true philosophers, ingenuous minds, who not only in books but in things themselves look for knowledge, have I dedicated these foundations of magnetic science” (Gilbert 1600). In this context, it’s been more than expected that Gilbert’s work has been strongly influenced by the socio-cultural milieu of Renaissance, Middle Ages and personal constraints.  

Gilbert, however, was above all a scientist of his era; one who hard though he tried to strike a balance between the modern spirit of experimentation and the medieval spirit of speculation, he nonetheless allowed his theoretical prejudices colour his experimental reports and hence the conclusions he drew from them (Hesse 1960). An example of such a prejudice was his insistence on the non-existence of electric repulsion. The reasons for his belief that “All electrics attract objects of every kind; they never repel or propel” (Gilbert 1600, p.176) seem to be that electric repulsion did not match his conceptual scheme of things. His explanation of electrical attraction had its origins to moistness. He assumed that an electric when rubbed emits a material effluvium. He concluded that in electrical attraction the electric and the attracted body are united by the effluvium: “The electrical effluvia spread in all directions … And, as if they were material rods, they take up and hold straws, chaff and twigs, until their force is spent or vanishes…” (cited in Roller & Roller 1957). The view that if one body exerts a force upon another there must be some material connection between them was commonly held in Gilbert’s day. Action at a distance was a type of reversion to the sort of mysticism and magic from which scientists were trying to break free. It must have been due to his conceptual scheme that Gilbert failed to ‘discover’ electrical repulsion although he must have observed its effects many times. He noticed that objects coming in contact with an excited electric are likely to fall away from it to the ground, but he believed this to be solely due to the force of the effluvium being spent or vanished. Although he possessed much more equipment than what was required, his limiting hypothesis hadn’t left any room for repulsion between electrics. 

There is at least one more episode from Gilbert’s work on electricity and magnetism that reveals Gilbert’s theoretical commitments. It is his careful insistence in distinguishing between the force of attraction exerted by electrics on light bodies and magnetic coition in which bodies “run together with mutual forces”. The reason for that insistence lies in his animism, speculation or personal beliefs. In spite of the apparent modernity of his work, Gilbert held on to an animistic notion of the physical world, perceiving magnetism as the "soul" of the planet. He wished to maintain that loadstone and iron and their properties are alone fundamental and predominant powers in the universe. Although the distinction between electric and magnetic forces has been a scientific accepted one, Gilbert’s interest for it had its origins in his animism. These striking episodes from Gilbert’s work highlight the subjective elements that may be involved in the scientific processes. 

At the same time, a thorough experimenter, Gilbert strived and managed to separate facts from fictions, as his lasting achievements testify. There are some features of his work that show clearly that scientific knowledge is characterized by a certain level of objectivity. To begin with, he was the first to coin the term “electricity”, opening the way for new ideas and facilitating explanations (Roller & Roller 1958). Moreover, he was the first to classify materials to two categories, electrics and non-electrics; to use the terms “electric force” and “electric attraction”, and to distinguish between magnetic and electric forces. And all these he did through experimentation. In the course of conducting his experiments, he found that the attracting force increases as the distance between the electric and the attracted body decreases. Moreover, Gilbert has done remarkable work on methodology of science; examination of earlier hypothesis, framing new hypothesis, introduction of experimental methodology in electricity and magnetism. Some of Gilbert’s ideas and findings were embraced by the scientific community of his times and evolved in the light of new experiments, hypothesis and interpretation. In writing up his own work, he successfully described all his work, so that it was all open to confirmation by others. In fact, it is fairly accurate to say that they constitute the foundations of the modern electromagnetic theory. More than anything else, the aspects of Gilbert’s work that survived exemplify the objective character of scientific product. After all by the term objective we mean that scientists, no matter what their values are and what do they believe, Orthodoxies, Catholics, Marxists, or communists, have accepted some of Gilbert’s scientific products as true or approximately true. 

Gilbert’s methodology and work did not yield a modern scientific theory but they did get closer to one than all previous works on electricity and magnetism. A scientist of his era, Gilbert, his work and contradictory if not schizophrenic methodological approach to it illustrate the issues we are concerned with: the socio-cultural influences on scientific practice and the rather objective character of scientific knowledge. Based on this historical episode, a teaching and learning sequence for pre-service teachers has been designed and will be used to instruct and test. 
Involving the Students

Regarding our approach to teaching NoS, we adopt the historically contextualized explicit-reflective approach. Explicit, means that the topic is dealt with directly and is not left to emerge implicitly through exposure to other related concepts. Reflective means that the method used includes iterative opportunities so that the learners test out, receive feedback and revise their originally held ideas about NoS. Finally, historically contextualized means that the topic is taught within a specific, relevant historical context. To these ends, we use the parts of Gilbert’s work which deal with the notion of electric charge. 

The study is based on the Model of Educational Reconstruction (Duit et al 2005). “In this model, science content analyses from an educational point of view and empirical studies on students’ explanations and learning pathways are closely linked in order to develop instructional modules” (Stavrou et al 2008, p.417). Students’ learning pathways towards the scientific point of view will be investigated using a teaching experiment design (Komorek & Duit 2004). The teaching experiment has been designed for the purpose of eliminating the separation between the practice of research and the practice of teaching (Steffe & Thompson 2000). It may be viewed as a Piagetian critical interview that is deliberately employed as a teaching and learning situation. The interviewer assumes the roles of a “classical” interviewer, who tries to understand students’ individual conceptions, and a teacher, who must have answers to students’ conceptions and make the appropriate intervention at just the right moment. In this context a teaching and learning sequence aiming at conceptual change is being designed. 
During a semi-structured interview learners will let us know their views on the topic. Contextualization follows using secondary sources adequate to give students the big picture of Gilbert’s era, which means information about social conditions and crucial methodological issues. Adequate questions are posed in order preservice teachers to recognize the social and personal factors that may have influenced Gilbert’s work. Excerpts from De Magnete follow, focusing on Gilbert’s experiments regarding the classification of materials to electric and non electric as to the distinction between electric and magnetic forces. Students are highly encouraged to recognize that these scientific elements have survived and have some kind of objectivity. Students are also encouraged to distinguish between the subjective elements of the process and the objective elements of the product and to apply their new mental frames to further real-world contemporary or historical situations. For that purpose semi-structured interviews will be conducted and videotaped so as pre-service teachers’ learning pathways to be evaluated according to qualitative content analysis methods. A report of practical experience, however, will have to wait until the end of the Fall ’11 semester. 
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