Teaching Nature of Science in Pre-Service Teachers through the History of Science- The Case of Electric Charge
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Abstract: Although there has been an overwhelming consensus as to the necessity of instructing Nature of Science to primary and secondary teachers, in some writings there appears to be no agreement among philosophers of science and science educators regarding the specific characteristics of Nature of Science and their importance. In the present study, after re-considering Nature of Science related to what teachers should know, we suggest an explicit instruction of it through the history of science. More specifically, the historical development of electric charge is selected as a means of instructing Nature of Science. Some research difficulties are being discussed in the following paragraphs.  
The Theoretical Context of the Research
Nature of Science (NoS) constitutes an integral part of the scientific literacy curriculum that contemporary science education aims to impart to primary and secondary science teachers. In science education, the term NoS comprises a cluster of platitudes that aim to capture notions referring to the epistemology of science, characteristics of scientific knowledge and beliefs concerning the inception of scientific knowledge and its development. Although there has been an overwhelming consensus as to the necessity of instructing NoS to primary and secondary teachers, in some writings there appears to be no agreement among philosophers of science and science educators regarding the specific characteristics of NoS and their importance (Alters 1997). 

With respect to the painstaking research already done on the topic (Osborne et al 2003, Smith & Scharmann 1998, Cleminson 1990), the topics pre-service teachers should deal, according to our view, are the tentative character of science, the subjectivity of scientific investigation contrast to the objectivity of scientific knowledge itself, the historical face of science, the function and distinction between laws of nature, models and scientific theories and the relation between science and technology. Some of the above ideas, such as to what sense and extent is scientific knowledge objective, and also issues related to laws, theories and models distinctions, are still open to discussion in the philosophical circles. In full consciousness we aim at entangling pre-service teachers in them. 

In the present study, after re-considering NoS related to what teachers should know, we suggest an explicit instruction of it through the history of science (Khishfe & Khalick 2002, Lederman & Khalick 1998). For the time being, we’ve focused on two aspects of the NoS.  Both aspects we are focusing on are controversial topics in the philosophy of science: the first topic is the interplay between subjectivity and objectivity in science while the second is related to laws, theories and models. We are aiming to support the instruction of those aspects by using episodes from the history of the notion of electric charge. If there is enough time, we’ll go on to the rest of the NoS aspects, also. 

History of science illustrates vividly the intimate connection between science and philosophy and its role in how science works (Irwin 1997). More specifically, the historical development of electric charge is selected as a means of instructing NoS. The slow and painful progress towards a modern understanding of electric charge provides plenty of opportunities of how science works. The relative simplicity of the prenatal stage of electrical science, and its many connections with early philosophy, make its study useful and attractive to the nonscientist, as a pre-service teacher. Familiarity with the outlook at the beginnings of a science may be of importance in evaluating current thought in various fields of knowledge. To these ends, we suggest at least one episode from the history of electric charge as a means of instructing every aspect of the nature of science. The episodes are chosen according to their historical importance and educational adequacy. 

Research Questions

The research questions of the present study are basically three: first, we aim to investigate which topics about nature of science pre-service teachers should be taught.  The second is to investigate pre-service teachers’ beliefs about nature of science, and specifically characteristics of NoS such as tentativeness of scientific knowledge, subjectivity of scientific process versus objectivity of knowledge itself, the historical character of science and functions and differences between scientific models, theories and laws of nature and the relation between science and technology. Concerning the subjective character of scientific inquiry, social, cultural and personal constraints of the scientists as well as human imagination are included.  The third question is to investigate teaching and learning procedures of pre-service teachers regarding the above characteristics of the nature of science, in the context of history of science. The history of the concept of electric charge is chosen as a case study. Regarding the third research question, it is subdivided to sub-questions regarding the corresponding five aspects of nature of science that pre-service teachers should be taught. At least one episode from the history of electric charge is chosen as a means for the teaching sequence.

RECONSIDERING NATURE OF SCIENCE

Regarding the first question, perusing the philosophy of science literature, on the one hand, and the science education literature on the other hand, there is a certain degree of agreement, except at least two aspects of NoS which deserve special attention. NoS is a topic related not only to science education and philosophy of science, but to history, sociology and psychology of science as well. Every one of this fields emphasizes to different aspects of the scientific endeavor, so it’s rather expected that NoS is neither universal nor stable (Lederman 1992). In this context a brief reconsideration needs to be made in order NoS not to be strictly viewed from the part of science education but from a more philosophical view also. 

The first aspect of NoS that should be reconsidered is the subjectivity of scientific process related to the objectivity of scientific product. The social influence of science as well as the scientists’ personal commitments to previous theories is embedded to what we call subjectivity of scientific process. In science educators’ publications very often science is presented as generally subjective, mainly when related to the social and cultural milieu, without distinguishing the “process” from the “product” (Osborne et al 2001, McComas & Olson 1998, Burbules & Linn 1991, Lederman 2007). 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). 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). On the other hand, philosophy of science literature reveals an ongoing discussion on the subject of subjectivity/objectivity of science (Nozick 2001, Hoyningen-Huene 2006, Popper 1972, Longino 1990). To these ends, we prefer to be more cautious as Matthews suggests: “the fact that knowledge is humanely constructed does not mean 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). 
 
The second aspect of NoS that is really noticeable both in philosophy of science and in science education is the part that has to do with the functions and distinctions between laws, theories and models. Although in science education literature it’s been mentioned that students and teachers should be taught that laws, theories and models are different kinds of scientific knowledge ( Lederman et al 2002, Osborne et al 2001),  there are very few suggestions about what exactly to be taught and how. In philosophy of science there is an also ongoing discussion on the topic of laws (Ott 2009, Psillos 2002, Cartwright 1979, Carnap 1966, Nagel 1962, Hempel & Oppenheim 1948), theories (Hendry & Psillos 2007, Van Frassen 1977), and models (Frigg & Hartmann 2006), including a great charge of philosophical concepts and views. Our present view about what preservice students should be taught includes a distinction between laws of nature and natural laws, giving an emphasis on the ontological and epistemological level correspondently. Secondly, preservice teachers should be taught that models are not pictures of actual reality but the scientists’ attempts to represent the reality. Regarding scientific models, students should be taught about their functions. According to our view, the main function of scientific models is revealed in theory construction, and particularly how scientists construct theories using models. Regarding the relation between laws and theories, a rather historical approach is chosen, in order students to be taught that usually theories include laws, already constructed. Elaboration and discussion on the topic is necessary in order laws, theories and models to be a matter of instruction and not a matter of perennial misconception. 
PRE-SERVICE TEACHER’S VIEWS ON PARTICULAR ASPECTS OF NATURE OF SCIENCE

In the second research question we are investigating preservice teacher’s views on NoS. Having the critical evaluation of assessment instruments in mind (Lederman et al 1998), we have used VNOS-C, an assessing tool constructed by Abd-El-Khalick and Lederman (Lederman et al 2002) which is an open-end questionnaire. One of the questions regarding the atom has been quite modified in order to fit our needs. Two questions, the one regarding the creativity of science, and the other regarding the definition of species, by biologists, were completely skipped for not fitting our direct teaching goals. Some extra open-ended questions were also added in order to focus better on students views on theories, laws and models. This instrument is designed to be used in conjunction with follow-up interviews, which will be conducted in due time. The results of this survey have not been indexed yet. Once we finish processing student’s questionnaire and interviews, the teaching objectives may quite change in order to meet their needs. 

TEACHING AND LEARNING SEQUENCES REGARDING THE NATURE OF SCIENCE

Regarding the third research question, we support a historically contextualized explicit-reflective approach to instructing the above topics. 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 teaching experiment method setting has proven a powerful means to investigate the development of students’ conceptions towards the science points of view (Komorek & Duit 2004). 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.
Regarding interplay between the subjectivity of scientific process and the objectivity of the scientific product itself, 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 directed to recognize that these scientific elements have survived and have some kind of objectivity. Students are 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. 
Regarding the second aspect of NoS on which we have focused, the one related with the functions and distinctions between theories, laws and models, the historical approach of Coulomb ‘s Law and the historical construction of Maxwell’s theory are chosen as teaching tools. The first objective which has to do with the ontological and epistemological level of laws is connected with Coulomb’s Law. Concerning the second objective, relation between laws and theories, a historic perspective is suggested using the electromagnetic theory of Maxwell and the Laws which are included in this. Secondary sources facilitate students to become familiar with the scientific context of Maxwell’s era. Regarding the third teaching objective, the one related with the role models play in theory construction, Maxwell’s idle-vortex model is used. After they are informed about the prevalent theories for the nature of electric charge, primary sources are available, such as Maxwell’s vortex-idle particle model and its description from its creator. 

We do not claim that there are definitive lines between aspects of scientific knowledge such as theories, models and laws, nor do we claim that there is an ultimate answer regarding the subjectivity/objectivity of science. There are though several well worked-out philosophical views which deserve the attention of science educators, and which should be brought to the attention of pre-service teachers. For, elaboration and detailed discussion of the issue is necessary in order laws, theories and models to be a matter of instruction and not a matter of perennial misconception. 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.
Key-Research Difficulties

The first question-difficulty which is arising is whether it is a good idea or not to entangle students in the philosophical discussion for the two aspects of NoS we have already mentioned. According to our view students should participate as critically as possible to any scientific field. In this context, it’s obvious that the answer is absolutely “yes”.  

The second question has to do with the criteria according to which episodes from the history of the concept of electric charge are to be selected. History of science has a prominent role in teaching nature of science. The history of the development of just one concept, electric charge, instead of using examples taking from the whole history of science, has been chosen for revealing directly the historical character of science. We propose a different episode from the history of electric charge for every aspect of nature of science we aim at teaching. But are the criteria posed sufficient?

A third difficulty has to do with the assessment of the nature of science. There are some assessing tools already tested which cover the majority, but not all, of our teaching goals. That means that we need a complementary assessing tool. What about the reliability of the assessment of the research if we match two different tools?  
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