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COULD SCIENTIFIC CONTROVERSIES BE USED AS A TOOL FOR TEACHING SCIENCE IN THE COMPULSORY EDUCATION?
The results of a pilot research based on the Galileo – del Monte controversy about the motion of the pendulum.
ABSTRACT
This paper presents the results of a pilot research which aimed to introduce aspects of the nature of science (NOS) in physics teaching, based on a historical context. Taking into account that the study of the simple pendulum is included in physics curriculum we were inspired by the scientific and philosophical controversy between Galileo and Del Monte about the pendulum motion. The intervention was addressed to thirteen high school students who initially completed a pre test questionnaire, participated in two 2 hours teaching interventions and finally answered a post test. Although the results are not suitable for statistical analysis and generalization, because the sample was both limited and convenient, findings cautiously indicate that scientific controversies may be useful for teaching nature of science. In the last paragraph suggestions are offered for improvement and fine tuning of both the teaching tools and the questionnaire. The results, the teaching goals, the impediments and the tasks used in intervention, are discussed in the light of similar studies. 

1. INTRODUCTION 
In most countries it is generally accepted that science has a legitimate place in the secondary school curriculum. In contemporary aims of science education, there is an increasing interest in the “nature of science”. A scientifically literate person should also develop a functional understanding of the nature of science (Abd-EI Khalick et al, 1997). It is commonly accepted that scientific literacy includes not only scientific knowledge but knowledge about science, its history, philosophy, social and cultural aspects of science. However research has shown that this aim has not been fulfilled (Lederman, 1992). 

2. THEORETICAL FRAMEWORK
2.1 The contribution of history and philosophy of science to scientific literacy of the adolescent

The crisis in contemporary science education, as it is demonstrated by the escape of teachers and students from science classes, as well as by scientific illiteracy, reveals a need to make concise efforts at two levels: through curricula modification and at personal level, for every teacher. In the last few years the necessity to introduce elements from the history and philosophy of science has been recognized. 


The history and philosophy of science is certainly not enough to solve every kind of problem appearing in science education; however it can help a lot in dealing with several of them. An extensive amount of research has been carried out on the importance of history of science in teaching science. 


Convincing arguments are provided, among others, by: Stephen Brush (1969), Bernard Cohen (1950), James Conant (1947), Leo Klopfer (1969a), Helge Kragh (1992), Walter Jung (1983), Michael Matthews (1992).


Interesting teaching suggestions based on the history of science have been made by Kipnis (1992), Teichmann (1986), Conant (1957), Klopfer (1969b), Seroglou & Koumaras (2001), Malamitsa, Kokkotas, and Stamoulis (2005), Binnie (2001).


There has been a developing interest in incorporating history of science into curricula, in several countries around the world. Some of the above writers’ arguments in support of this view are presented by Matthews (Matthews, 2007). Matthews (2007) summarizes the main findings of these researches:

· The history of science encourages understanding of scientific concepts and methods

· Historical approaches combine the development of personal thinking with the development of scientific ideas

· The history of science carries very important data. Everyone should be aware of Scientific historical events, such as scientific revolution, Darwinism, the discovery of penicillin, …

· History of science is important in order to understand the nature of science

· History of science counteracts scientism and dogmatism which appears in scientific writings

· History of science, through scientists’ life and work makes human dimension appear, making sciences more attractive for the students

· History of science displays the unity and continuity of the scientific enterprise


According to Malamitsa, Kokkotas, and Stamoulis (2005), the use of history of science in teaching science:

· Helps creating teaching tools, which can improve the teaching of sciences adopting a pluralistic methodology
· Contributes to the development of students’ critical reasoning abilities 

Not only history of science but philosophy of science may help in science education as well. Even if teachers do not realize that, philosophy of science is usually incorporated in their teaching. For example, all science teachers use concepts such as method, explanation, experiment, theory, law, hypothesis, truth, idealization, etc. These terms are philosophical ones, and especially belong to the field of epistemology. As Matthews (2000) points out: 
in Germany, at the end of 19th century, Ernst Mach argued that both history and philosophy of science should be a part of all school and university science instruction. 


Nowadays, there is a developing interest in epistemological subjects. Aims and objectives referred to epistemology are included in Science Curricula depicting science teachers’ concern about the issue. 

The nature of science has long been of concern to science teachers and curriculum developers. Since the early 19th century, when science first won its place in the curriculum of some schools, it has been hoped that science teaching would have a beneficial impact on the quality of culture and personal life in virtue of students not only knowing science, but also internalizing something of the scientific spirit. Clearly these longstanding aspirations for science education depend upon some understanding by teachers and curriculum developers of the methodological and epistemological aspects of science. That is, they depend on some knowledge of the nature of science (Matthews, 2000).

The American Association for the Advancement of Science (AAAS) has conducted a nationwide research about the study of sciences (1985), named Project 2061. A report named Science for All Americans was held within the scope of this research. The first of the twelve chapters of Science for All Americans is dedicated to the nature of science. Also in the introduction of the 10th chapter are stated the reasons for including some knowledge of history and philosophy of science in science education. In chapter 13 named Effective Learning and Teaching, under paragraph “Provide Historical Perspectives”, it is written: 
During their school years, students should encounter many scientific ideas presented in historical context… Students can develop a sense of how science really happens by learning something of the growth of scientific ideas, of the twists and turns on the way to our current understanding of such ideas, of the roles played by different investigators and commentators, and of the interplay between evidence and theory over time.

Moreover, AAAS includes in Benchmarks for Science Literacy a special chapter for the Nature of Science. This chapter includes the Scientific Worldview, the Scientific Inquiry, and the Scientific Enterprise. 


The Organization for Economic Co-operation and Development (OECD) has been organizing the Program for International Student Assessment (PISA). From the year 2000 the PISA survey aims to assess the degree to which students who have completed their compulsory education have acquired the knowledge and skills required for a full contribution to society. 


The main objectives of PISA are Linguistic, Mathematical and Scientific literacy. According to OECD / PISA (2009): 

scientific literacy is the capacity to use scientific knowledge, to identify questions and to draw evidence-based conclusions in order to understand and help make decisions about the natural world and the changes made to it through human activity. 

This definition comprises three aspects: the scientific knowledge, the scientific processes and the situations or context within knowledge and processes are assessed and employed in discussions or debates. 


Scientific processes and scientific context are directly connected with what we call “nature of science”, in fact how science “functions”.


The analysis of PISA data has also shown: 

…it has been strongly argued that what is traditionally regarded as the “scientific process”, by which conclusions are drawn inductively from observations, and which is still reflected in much school science, is contrary to how scientific knowledge is developed (http://www.pisa.oecd.org/ dataoecd/46/14/33694881.pdf). 
According to PISA nature of science should be incorporated in science teaching as a part of scientific literacy. 


The teaching of the nature of science is among the aims of Greek and international curricula, since it helps achieving the objectives of scientific literacy. The Greek curriculum, concerning the objectives of sciences states that aims at:

…students’ familiarization with scientific thinking and scientific methodology (including observing, collecting and utilizing data, forming hypothesis, experimenting, analyzing and interpreting data, drawing conclusions, making generalizations and constructing models” (Cross Thematic Curriculum Framework, p. 177)

Before we decide how to teach the nature of science we must address two obvious questions: What is the nature of science and why is it important for students to understand it? It is true that many answers have been given to both questions. 


In regard of the first question, although debate exists about certain aspects of NOS, scientists and science educators can agree that the scientific enterprise possesses a set of general characteristics that separates it from other disciplines or ways of knowing.


According to McComas: 
nature of science is the sum total of the “rules of the game” leading to knowledge production and the evaluation of truth claims in the natural sciences (McComas, 2004). 
McComas presented nine key ideas about the nature of science which represent a concise set of ideas about science and a list of objectives for every science classroom. The key ideas about NOS are (McComas, 2004):

· Science demands and relies on empirical evidence

· Knowledge production in science includes many common features and shared habits of mind. However, in spite of such commonalities there is no single step-by-step scientific method by which all sciences is done

· Scientific knowledge is tentative but durable. This means that science cannot prove anything because the problem of induction makes “proof” impossible, but scientific conclusions are still valuable and long lasting because of the way that knowledge eventually comes to be accepted in science.

· Laws and theories are related but distinct kinds of scientific knowledge.

· Science is a highly creative endeavor

· Science has a subjective element
· There are historical, cultural, and social influences on science.

· Science and technology impact each other, but they are not the same

· Science and its methods cannot answer all questions.


In regard to the second question, some of the reasons students should understand the nature of science is that it is crucial for reasonable decision making and responsible local and global citizenship (Bell, 2003). On the other hand, understanding science prepares people to lead personally fulfilling and responsible lives. The key driving force for the nature of science education is the need for students to acquire social skills, supported by individual skills, thus enabling students to play a responsible role within society in terms of (Holbrook et al, 2007):

(a) developing social values such that a person can act in a responsible manner within the community, system, nation, or, as in the school situation, at a smaller group level;
(b) being able to function within the world of work at whatever the skill or responsibility level; and

(c) possessing the conceptual background or skills of learning to learn to cope with a need-to-have, relevant public understanding of science and technology in a changing society.

The above findings suggest that nature of science not only enhances scientific literacy, but it can humanize the sciences and make them more connected with personal, ethical, cultural, and political concerns as well. 

2.2 Contribution of scientific controversies to science education

Many major steps in science, probably all dramatic changes, and most of the fundamental achievements of what we now take as the advancement or progress of scientific knowledge have been controversial. Scientific controversies are found throughout the history of science. Some examples of scientific controversies is between Aristotle, his precursors and predecessors about atoms, void, space, movement, celestial spheres, and so on, between Galileo and contemporary seventeenth-century Aristotelians about the fundamental laws of motion, the structure of the universe, the causes of tides, floating bodies, and so on. Moreover, Newton quarreled with Descartes, Hooke, Boyle, and many others about colors, light, and other topics. Einstein had extent controversies with Poincaré and Lorentz about absolute space and time, and with Bohr, Born, and many others about the interpretation of quantum mechanical laws.


Scientific controversies are distinguished characteristics of the nature of science in the way scientific ideas change. According to the British National Curriculum Council (NCC, 1988, p.113), among other skills, 

students should be able to study scientific controversies and the ways in which scientific ideas change.

History of science displays the existence of great crisis in the development and growth of science, for instance from Aristotelian to classical physics, from classical to modern physics. The United States National Research Council (NRC, 1994) indicates that students completing a program of science should, among other things, know that: 
tracing the history of science can show how difficult it was for scientific innovators to break through the accepted ideas of their time and reach to conclusions that we currently take for granted. 


There are at least four reasons for using scientific controversies in science teaching. There is evidence (Gil & Solbes, 1993) that scientific disputes
can help to cause conceptual changes in pupils, so that they comply with major changes in concepts, models and theories of the evolution of science


Some ideas non prevailing at present, not only show the tentative character of science but also unveil some pupils’ preconceptions and become important epistemological obstacles to overcome. Secondly, following a scientific debate can improve students’ understanding of the inner workings of science. Thirdly (Kipnis, 2001) suggests that:
showing scientific results as debatable issues makes science more similar to other human activities that are easier to comprehend, such as a political debate or a court proceedings, which may sparkle an interest in science in some students 

Finally, scientific controversies can be useful in science teaching as students are informed about nowadays scientific controversies, i.e. in bio-ethics, nuclear plants, etc. and prefer group discussion about authentic issues than attending lectures. 

Through appropriate activities, students and teachers experience to some extent the scientific controversies and succeed to place them in their social context. It is important for students to have an idea how science really functions. Historical scientific controversies like the one between Galileo and his contemporary Aristotelian scientists on final causality, between Galileo and Kepler on tides, between Newton and Descartes on force action at a distance , between Newton and Berkley on the absolute time and space, between Newton and Fresnel on the particle theory of light, between Darwin and Paley on natural selection, between Mach and Bohr on the atomic theory, between Einstein and the School of Copenhagen on the interpretation of quantum mechanics, are excellent material for discussion with the students in relation with their capabilities and their interests. 

2.3 Galileo’s and Del Monte’s dispute on the motion of the pendulum

Since 4th century B.C, it was believed that motion of uniform velocity requires the application of uniform force, which was Aristotle’s causative view about motion. At the beginning of 17th century A.D, Galileo was the first who stated that uniform motion requires no force, conducting his experiments on horizontal and inclined planes. A body in motion will continue to move eternally unless there is a force that stops it. Galileo’s New Science is fully appreciated by the majority of historians of western science. Galileo has proposed one of the most revolutionary ideas: the idea of inertia. His argument was opposite to Aristotle’s common-sense view about motion. Aristotle’s idea of motion, that it requires the constant application of force, is familiar to us in a way that Galileo’s never can be. According to Wolpert (1992),
the enormous conceptual change that the thinking of Galileo required shows that science is not just about accounting for the “unfamiliar” in terms of the familiar. Quite the contrary: science often explains the familiar in terms of the unfamiliar. 

Galileo’s study on pendulum’s motion was very important in scientific revolution.

Galileo used pendulum motion to establish his law of free fall, his law of conservation of energy, and to undermine the crucial Aristotelian conceptual distinction between violent and natural motions (Matthews, 2000, p.2).

The importance of the pendulum for the scientific revolution has not been as widely recognized as it deserves. Even Descartes, who didn’t appreciated Galileo’s works, wrote 

Galileo seems to have written all his three dialogues for no other purpose than to demonstrate that the descents and ascents of a pendulum are equal” (Works, letter 146, in Matthews, 2000, p.2). 

Recognizing the role of the pendulum in the Newtonian science, Westfall says

it is not too much to assert that without the pendulum there would have been no Principia (Westfall, 1990, p.67 in Matthews, 2000, p.2). 


In spite the scientific, technological, cultural and philosophical importance of the pendulum, it is placed in science curricula without his context. Science textbooks pay little attention to the historical and philosophical background of the pendulum. Often, it is introduced as an instance of simple periodic motion or as an application of Second Newton Law (Textbook 2, Textbook 3). Usually the formula for pendulum’s period is introduced as a matter of learning something, without any history, philosophy or technology mentioned. 


The debate between Guidobaldo del Monte and Galileo over the isochronous motion of the pendulum, introduces the scientific community of the 17th century to the New Science Era. The controversy between Galileo and del Monte was much more philosophical than scientific. It was about the role of idealization in science, the role of mathematics and the role of theory in observation. 


But how did this crucial chapter of the scientific revolution started? Many historians of science maintain that the curtain opened when the young Galileo observed the regular swaying of the chandelier of a cathedral during Mass. Galileo himself, mentions something relevant to this story in the “Two New Sciences”, where Sagredo says (Galileo, 1638/1954, p.97):
you give me frequent occasion to admire the wealth and profusion of nature when, from such common and even trivial phenomena, you derive facts which are not only striking and new but which are often far removed from what we have had imagined. Thousands of times I have observed vibrations especially in churches where lamps, suspended by long cords, have been inadvertently set into motion, but the most which I could infer from these observations was that the view of those who think that such vibrations are maintained by the medium is highly improbable… But I never dreamed of learning that one and the same body, when suspended from a string a hundred cubits long and pulled aside through an arc of 90o or even 1o or ½o, would employ the same time in passing through the least as through the largest of these arcs, and, indeed, it still strikes me as somewhat unlikely. 

Regardless whether the story about the chandelier is accurate or not, Galileo’s preoccupation with the motion in general and especially the motion of the pendulum, had deep philosophical foundations and extensions. His interest in mathematics was demonstrated, since 1588, during his lectures on mathematical issues in the University of Pisa. The formal method which Galileo used for the study of the pendulum is the one he created to study the motion on the inclined plane. More precisely, he studied the different forces required for a body to ascend inclined planes of various inclinations. 


Taking fast and steady steps, Galileo was bidding farewell to the Aristotelian science and philosophy. It is obvious that Galileo’s methodology was contradicting the Aristotelian “reality”. 

According to the Aristotelian philosophy, we should study the world as it is and not as we would like it to be. Galileo was the first to use mathematics and experiments guided by mathematics to discover the properties of pendulum motion. Until 1600 Galileo had managed to study the motion of the pendulum through the motion of a sphere inside a concave spherical surface, applying mathematics in conjunction with idealization. Galileo at different stages made four claims about pendulum motion (Matthews, 2000, p.95):
· Period varies with the square root of length: the Law of Length.
· Period is independent of amplitude: the Law of Amplitude Independence.
· Period is independent of weight: the Law of Weight Independence.
· For a given length all periods are the same: the Law of Isochrony.

A major rival of Galileo’s who opposed his views on the motion of the pendulum was his academic patron Guidobaldo del Monte (1545 - 1607). Del Monte had been a follower of the Aristotelian natural philosophy. A distinguished engineer and mathematician of his era, he had also writings on timekeeping. His relationship with Galileo was far from being antagonistic. Galileo in fact owed him his position in the universities of Pisa and Padua. His disagreement with Galileo was mostly philosophical than anything else. Del Monte believed, as every Aristotelian of his era, that knowledge is embedded in experience. Whatever is not perceived through the senses, particularly sight could not be correct. In our case, he had been unable to prove experimentally the theoretical positions of Galileo about the isochrony of the pendulum’s motion. On the other hand, Galileo was the first to use the idealization approach in a concise manner, so as to refer to an “ideal” pendulum and not to the “real” one with which Del Monte conducted his experiments. 
Del Monte believed theory should not be separated from application, believed that mind and hand should be connected (Matthews, 2000, p.101).


This great historical dispute between the old and new science reaches its peak through their correspondence in 1602, part of which is quoted below. Galileo writes:

You must excuse my importunity if I persist in trying to persuade you of the truth of the proposition that motions within the same quarter – circle are made in equal times… The moveable B passes through the large arc BCD and returns by the same DCB and then goes back toward D, and it goes 500 or 1000 times repeating its oscillations. The other goes likewise from F to G and then returns to F, and will similarly make many oscillations; and in the time that I count, say, the first 100 large oscillations BCD, DCB and so on, another observer counts 100 of the other oscillations through FIG, very small, and he does not count even one more – a most evident sign that one of these large arcs BDC consumes as much time as each of the small ones FIG. Now, if all BCD is passed in as much time [as that] in which FIG [is passed], though [FIG is] but one-half there of, these being descents through unequal arcs of the same quadrant, they will be made in equal times. But even without troubling to count many, you will see that moveable F will not make its small oscillations more frequently than B makes its larger ones; they will always be together. The experiment you tell me you made in the [rim of a vertical] sieve may be very inconclusive, perhaps by reason of the surface not being perfectly circular, and again because in a single passage one cannot well observe the precise beginning of motion. But if you will take the same concave surface and let ball B go freely from a great distance, as at point B, it will go through a large distance at the beginning of its oscillations and a small one at the end of these, yet it will not on that account make the latter more frequently than the former… (Drake, 1978, pp. 69-71).

The above letter is considered a milestone in the history of science for many reasons. It sheds light on Galileo’s crucial steps in the development of New Science. 

In the scope of the present work we shall focus on the use of idealization and mathematics in science construction. Galileo argued that the movement of a sphere inside a concave ring was isochronous, in the sense that the period of the sphere’s oscillation is independent from the amplitude of the oscillation. Del Monte was unable to prove Galileo’s argument experimentally. Galileo argued that his “theory” was correct provided that the surface is perfect and perfectly spherical and the oscillating object is perfectly spherical. This statement depicts the step he made moving from real to ideal conditions. He had made similar transitions in the past while studying motion on a horizontal plane. Then he stated that “if external interferences” (friction) were negligible, then the body will move forever in constant speed”, rejecting thus the Aristotelian doctrine, according to which a body maintains constant speed when under constant force. Del Monte who was an Aristotelian and an engineer failed to believe Galileo since his own experiments on the subject failed. Galileo maintained that the experiments failed due to some mishaps, urging del Monte to repeat them bearing in mind his remarks. Galileo’s idealizations may seem to us absolutely rational and self explanatory, but at that time they were unheard of. We have been nurtured with Newtonian physics, but we must not forget that at the time the above mentioned dispute took place, the Aristotelian philosophy was prevalent and Aristotelian doctrines matched to common logic much better. 

Both Galileo and del Monte felt that mathematics should be employed in the task of explaining phenomena, but Guidobaldo never compromised with the differences between mathematical theories and the real world. Galileo, though initially sharing this view with his patron was intent on combining mathematics with scientific explanations. The interaction between the two great figures of the history of science had been exceptionally constructive since del Monte’s criticism was a source of inspiration for Galileo for the study of motion in general. 

…it was primarily the contact with Guidobaldo del Monte which, in a decisive moment of Galileo’s intellectual development, encouraged him to take up the life-perspective of the risky but rewarding career of an engineer-scientist (Renn et al., 1998, p.41).

Although research has shown the importance of history and philosophy of science in teaching of science, there is not satisfactory evidence that teachers of the primary and secondary education make productive usage of elements from that field. 


Concurring to the opinion of Wandersee and Griffard (2002) for the teaching of chemistry, identically for physics: 
the major obstacles that teachers meet when trying to incorporate seeds from History or Philosophy of Science in their teaching is the access to proper resources. It is hard to make history of physics accessible to teachers for teaching purposes. It is an enormous challenge to perform a reliable clean up to the complex intertwining of events, of the succession of models, in such a way that students and teachers can hold them in memory.

Matthews also states: 
my own course which has run with some success for a number of years is based upon selections of the writings of Galileo, Boyle, Newton, Huygens, Darwin and others. I have found, not surprisingly, that teachers appreciate the opportunity to read something of their work. From hundreds of biology graduates I have found only a handful who has read any writing of Darwin; from hundreds of physics graduates I have encountered none who have read anything from Galileo or Newton. As one teacher stated “teachers are hungry for this knowledge” (Matthews, 1992, p. 32).
3. RESEARCH DESIGN AND PROCEDURES
3.1 Purpose and choices

According to theoretical framework and the educational needs mentioned above, the controversy between Galileo and del Monte is suitable not only as a tool for the study of the simple pendulum, but also as a teaching tool for some aspects of the nature of science that both students and teachers must be interested in. 


The purpose of the present pilot research is to incorporate the nature of science in teaching using as a tool the scientific – philosophical controversy between Galileo and del Monte, and especially the concept of idealization. Particularly, a handy teaching tool is constructed through the view of nature of science based on the historical elements of the controversy between Galileo and del Monte. Considering the curricula objectives, students’ previous knowledge, time available and contemporary tendencies in science education, specific activities were integrated in the teaching interventions, so as to increase students’ interest and let the “big picture” of science be revealed. Particularly, the controversy of Galileo and Del Monte on the isochrony of the simple pendulum’s motion was chosen based on the following:

· The simple pendulum is included in Greek physics textbooks used at the upper secondary level of education (Lyceum, 10th - 12th grade).
· The content on the simple pendulum, as it is presented in textbooks is no more than an introduction to oscillations or an application of the 2nd Newton Law, offering only the formula of the period of the simple gravity pendulum (Textbook 2, Textbook 3). 

· The study of the simple pendulum offers a chance for the study of the processes trough which science evolves.
· More precisely, working on the disagreement about pendulum motion, students can experience the idea of idealization, as it was put forward, for the first time in the history of science by Galileo, introducing them in a subtle way to the philosophy of science. 

· By studying the letters exchanged by Galileo and Del Monte which depict the controversy between them, students have a chance to understand and identify a lot of the characteristics of the nature of science in practice.
· The setup for the simple pendulum experimentation is based on easily obtainable cheap materials, and transformable to resemble the historical experiments. 
· Galileo’s study of simple pendulum enforced the change of his contemporary scientific view on motion.
· Through the study of the simple pendulum, students can realize the relation between sciences and mathematics, especially geometry, and part of their interaction with philosophy (Matthews, 2007).
· The study of pendulum motion by Galileo is suitable for presenting the main epistemological views and how the episode of pendulum can support some of them.
· The simple pendulum in its historical context can be used for cross-disciplinary teaching (Seroglou, 2007).
3.2 Sample – Place – Time 
The sample of the present survey is a convenient sample, parameter which classifies this research as “Pilot”. The sample of students was drawn from a class of the 2nd grade of Lyceum (11th grade) of the 1st Lyceum of the municipality of Byron close to Athens. This defined population numbered 19 students. In the first lesson, 3 students were absent and in the second one, another 3. Thus the sample was narrowed to 13 students, who attended all three phases of the research. This small sample does not allow statistic analysis of results and of course neither their generalization. The majority of the students who participated in the survey were oriented to study Humanities at the University. Some of them were not interested in sciences while there was a settled opinion that science is so difficult that they could not manage with it. It is worth noting that Humanities oriented students responded positively, when they realized that no formulas and mathematics were included. With regard to students who were natural sciences oriented, they immediately recognized that the particular lesson had nothing to do with the “preparation for the national entrance examinations”. As a result, their interest was diminished. The intervention lasted two teaching periods of 90 minutes and took place in the school laboratory. 


The present pilot research started in the beginning of April 2009 and was completed at the end of the same month. The research was conducted in the following phases:

· Students completed the pre- test questionnaire to assess their knowledge before the specific teaching interventions.
· Two 2 hours teaching interventions, the course of which is presented in detail.
· Students completed the post- test questionnaire after the research to assess the attaining of the teaching objectives.
3.3 Instrumentation

The objectives of intervention. After the two 2 hour session teaching intervention, students should be able to:

· Experimentally ascertain the isochrony of pendulum motion.
· Discriminate some of the nature of science aspects, such as that science is developing not only through experimentation but through theory conception as well.

· Identify the way science works in its social context, using the dispute between Galileo and del Monte for pendulum motion.

· Appreciate the idealization’s role in science development.
The Worksheets. During the two teaching interventions, students used worksheets which included activities such as: traditional lab work, i.e. measuring the period of oscillation at different pendulum lengths and different amplitudes, studying modified texts from History of Science, group discussions, debates. (For the complete work sheets, see Appendix A).
The Questionnaires. The questionnaires used for pre and post test were improvised by us, according to the research purpose. They consist of 19 questions in total, 2 of which are multiple–choice, 5 of true–false type, 10 Likert scale, and 2 free-response questions (written paragraphs). Each teaching objective is assessed by more than one type of question. (For the complete pre-post test, see appendix B).
3.4 Learning Impediments

· The majority of the students are adhering to empirical data. They believe only what they see. The main reason is that most of them haven’t reached the stage of abstract thinking yet.

· Most of our high school students (and lower level college students) are at a dualistic stage of intellectual development at which they are incapable of understanding one philosophical view while holding an opposing one (Smith et al, 1998).
· Taking into consideration the structure and the content of science textbooks, students have not experienced the social character of science.
· Students are not familiar with teaching textual material (Demopoulos, 2007).
· In science textbooks, scientific knowledge is mainly presented through its products, diminishing the role of its processes (Koulaidis, 2002).
3.5 Choices for overcoming learning impediments

· With respect to the first impediment, we suggest that students should do the first worksheet activity. The suggested activity to be an optical illusion. Trying to answer the questions, students might doubt their beliefs about the role of experience as truth criterion. They may realize that a statement is not true just because it can be verified by experience. 

· In regard to the second, third and fourth impediment, we prepared the ground for familiarization with scientific processes and textual material, before the teaching interventions. Particularly, during the preceding lessons, students had some exercise in reading comprehension using texts and dialogues related to scientific processes. This way, they got familiar with textual context and besides encountered some of the social aspects of scientific enterprise.

3.6 Other constraints

Beyond the above mentioned impediments the intervention and the learning results were influenced by the fact that the pilot research took place at the end of the school year. Students were engrossed in recaps for their exams. In addition, their reactions were influenced by the following:

· The students were not accustomed to the environment and the procedures of the school science laboratory. As such, they were belayed and required some additional guidance to accomplish measurements.

· The nature of the teaching objectives is different from what the students were used to in their science classes. Thus, the students had to adapt their thinking to the new requirements.

· Students had limited experience in group work or collaborative learning. This impeded their collaboration in measurement tasks and their joining in discussions. 

4. RESULTS AND DISCUSSION
In Tables 1, 2, 3, and 4 we present the obtained results, separately for every teaching objective. For every question there is the number of accepted, non accepted and partially accepted answers in the pre and post test. The “true-false questions” and the “multiple choice questions” are categorized as accepted or non accepted answers. 

Regarding the “Likert scale questions”, they are categorized as accepted, partially accepted or non accepted answers. Accepted and non accepted answers are the answers that correspond to A and B or D and E or conversely. Partially accepted answers are the answers that correspond to C. Accepted means accepted within the framework of intervention. This framework is described by the teaching objectives referring either in scientific knowledge, or in epistemological issues. For example, one of the questions of the pre-post test is question 9, which mentions “If two scientists have different views on a topic, it is meaningless for them to discuss and interact”. In this specific question, accepted answer is considered D and E, non accepted is considered A and B, and C is a partially accepted answer. 


Regarding the written paragraphs, we adopted the following marks distribution. Supposing that 5 marks are given to a perfect answer, understanding of the answer contributes with 1 mark, use of the language is marked with 1 mark, 2 marks are given to rational thinking and 1 mark is given to the conclusion. That means that 3 of the 5 marks are given to the whole concept of the paragraph. We consider an answer as accepted when it takes 3 marks or more, partially accepted when it is marked with more than 2 marks and less than 3, and non accepted when it is marked with 2 marks or less. 

4.1 Teaching Objective 1

The first teaching objective: “Students to verify experimentally if the motion of the simple pendulum is isochronous or not”, was assessed by questions 1, 4, 5, and 16. Questions 1, 4 and 5 are true – false questions while question 16 is a multiple choice question. The first objective’s findings can be shown in Table 1.

Table 1. Findings on first teaching objective
	Objective 1: “Students to verify experimentally if the motion of the simple pendulum is isochronous or not”

	
	Pre test (% of answers)
	Post test (% of answers)
	Change

	Question
	1
	4
	5
	16
	Total 
	% of  answers
	1
	4
	5
	16
	Total 


	% of  answers
	%

	Accepted
	8
	3
	5
	5
	21
	40.38
	10
	3
	7
	4
	24
	46.15
	5.77

	Partially accepted
	
	
	
	
	
	
	
	
	
	
	
	
	0.00

	Non accepted
	5
	10
	8
	8
	31
	59.62
	3
	10
	6
	9
	28
	53.85
	-5.77

	 Total
	13
	13
	13
	13
	52
	100
	13
	13
	13
	13
	52
	100
	0.00



From the above findings we could reach the following conclusion for the first objective. The teaching intervention had a limited impact on students’ knowledge about the period of the pendulum. There is 5.77% increase in accepted answers comparing pre and post tests. One of the possible reasons is that the particular students are not familiar with laboratory work. It means they cannot easily interpret the experimental data in a theoretical framework. Although they got the right data, they couldn’t reach a safe conclusion of what these data were.

Previous studies of students’ views about data interpretation have suggested that students often do not recognize the role of theoretical ideas in the interpretation of data (Ryder et al, 2000). 

Apart from that, it is possible that some questions were not enough on-spot. For example question 4 had the same number of accepted answers before and after the intervention. A possible reason is that during the 1st lesson, through Activity 2, students conducted the experiment 2, referring to the different shapes of the pendulum bob, but it was not emphasized that the air resistance depends on the shape. Students easily concluded that pendulum period depends on the shape, but understandably they didn’t associate the shape with the air resistance. It is better to mildly differentiate both the activity and the pre- post- question. The results of question number 16 embarrass us too. According to this multiple choice question, students should decide whether the tenth oscillation of a simple pendulum has a bigger, smaller or the same period with the first oscillation. We should have mentioned that the oscillation was a small amplitude one. 
4.2 Teaching Objective 2

The second teaching objective for students to “Discriminate some of the nature of science aspects, such as that science is developing not only through experimentation but through theory conception as well” was assessed by questions 6, 7, 14 and 18. Questions 6, 7 and 14 are “Likert” questions, while question 18 is a written paragraph. 


The second objective’s findings are shown in Table 2. 
Table 2. Findings on second teaching objective

	Objective 2: “Discriminate some of the nature of science aspects, such as that science is developing not only through experimentation but through theory conception as well”

	
	Pre test (% of answers)
	Post test (% of answers)
	Change

	Question 
	6
	7
	14
	18
	Total 


	% of  answers
	6
	7
	14
	18
	Total


	% of  answers
	

	Accepted
	9
	4
	12
	5
	30
	57.69
	9
	5
	11
	6
	31
	59.61
	+1.92%

	Partially accepted
	1
	4
	1
	3
	9
	17.31
	3
	2
	
	2
	7
	13.46
	-3.85%

	Non accepted
	3
	5
	
	5
	13
	25
	1
	6
	2
	5
	14
	26.93
	+1.93%

	Total
	13
	13
	13
	13
	52
	100
	13
	13
	13
	13
	52
	100
	



From the above findings we can reach the following conclusion for the second objective. A large amount of students had already adopted an accepted or partially accepted point of view before the teaching interventions. The teaching interventions had a marginal positive and negative impact on students’ knowledge about the role of theory in scientific development. It is worth commenting that some students seemed to deteriorate their opinion about the role of theory in observation. In this point two things can be inferred. According to Mayling (1997) 
changes in the epistemological profile of students may occur, but it is a long term objective. 

On the other hand, there might be a problem with the Likert questions as Aikenhead et al. (1987) mention 
they give little guidance for understanding student viewpoints. 

Also, according to Aikenhead (1988) 
the Likert type responses were the most inaccurate, offering only a guess at student beliefs. Such guesswork calls into question the use of Likert type standardized tests that claim to assess student views about science.

Additionally, it is the content of the questions that should have been different. For example question 14, “Science is not based solely in observations” cannot be considered a successful one, because it contains the word solely which makes it have an obvious answer. As a result, 12 out of 13 answers were accepted in the pre test. Regarding question 18, which is a written paragraph, we concluded that most students repeated their words in the pre and post tests. Some of the answers were also ambiguous. There is at least one reason for which the paragraphs were not clear enough. Students may not have understood the meaning of one or more words e.g. expand or contract so the accepted answers didn’t increase much. 

Moreover, improvement in written paragraphs requires improvement in reading comprehension, rational thinking and ability of students to express themselves. 
The skills mentioned are long term objectives not only of science education but of education in general. That’s why Aikenhead (1988) suggests that written paragraphs should be compared with semi-structured interviews, if possible, and we fully concur.

4.3 Teaching Objective 3

The third objective for students to “Identify the way science works in its social context, using the dispute between Galileo and Del Monte for pendulum motion” was assessed by questions 2, 3, 8, 9, 13, 15, and 17. Questions 2 and 3 are true - false questions, questions 8, 9, 13, and 15 are Likert questions and question 17 is a multiple choice question. 


The findings of the third objective are shown in Table 3.

Table 3. Findings on the third teaching objective
	Objective 3: “Identify the way science works in its social context, using the dispute between Galileo and Del Monte for pendulum motion”

	
	Pre test (% of answers)
	Post test (% of answers)
	Change

	Question 
	2
	3
	8
	9
	13
	15
	17
	Total
	% of  answers
	2
	3
	8
	9
	13
	15
	17
	Total
	% of  answers
	

	Accepted
	10
	9
	9
	11
	12
	10
	12
	73
	80.22
	12
	10
	9
	10
	9
	12
	13
	75
	82.42
	+2.2%

	Partially accepted
	
	
	1
	
	
	3
	
	4
	4.39
	
	
	2
	1
	2
	1
	
	6
	6.59
	+2.2%

	Non accepted
	3
	4
	3
	2
	1
	
	1
	14
	15.39
	1
	3
	2
	2
	2
	
	
	10
	10.99
	-4.4%

	 Total
	13
	13
	13
	13
	13
	13
	13
	91
	100
	13
	13
	13
	13
	13
	13
	13
	91
	100
	


From the above findings we can conclude that the teaching intervention had a quite limited impact on students’ behavior towards the social context of science. The majority of students had already adopted an accepted point of view before the intervention and maintained it. Pre test results show that most of the students had a quite positive background regarding the social aspect of science. Therefore there was little room for improvement. The number of non accepted answers diminished 4.4% while the corresponding number of partially accepted and accepted answers increased 2.2% each. 

4.4 Teaching Objective 4

The fourth teaching objective for students to “Appreciate the role of idealization in science’s development” was assessed by questions 10, 11, 12, and 19. Questions 10, 11, 12 are Likert questions and question 19 is a written paragraph.

Table 4. Findings on the fourth teaching objective

	Objective 4: “Appreciate the role of idealization in science’s development”

	
	Pre test (% of answers)
	Post test (% of answers)
	Change

	Question 
	10
	11
	12
	19
	Total 
	% of  answers
	10
	11
	12
	19
	Total 
	% of  answers
	

	Accepted
	8
	8
	3
	6
	25
	48.07
	9
	6
	11
	6


	32
	61.54
	+13.47

	Partially accepted
	3
	2
	4
	7
	16
	30.78
	3
	1
	
	7
	11
	21.15
	-9.63%

	Non accepted
	2
	3
	6
	
	11
	21.15
	1
	6
	2
	
	9
	17.31
	-3.84%

	Total
	13
	13
	13
	13
	52
	100
	13
	13
	13
	13
	52
	100
	


From the above results, it is clearly induced that the interventions had a quite positive impact on students view about the role of idealization in science. Specifically, there has been a slight increase of the accepted answers (13.47% of the total number of the answers) which demonstrate that some students appreciated the method of idealization in science making after the interventions. It is worth commenting that students showed stability in their written paragraphs in question 19. There was no change in their overall score. This partially has to do with the recognized impediment of textual material (Demopoulos, 2007). It was not easy for them either to express themselves neither to develop their writings in such a short period of time (Aikenhead, 1988).


From Table 4 we can conclude that something goes wrong with question 11, which congregates more accepted answers in the pre test than the post test. Specifically, the question mentions that “The study of physical world should not be carried out using non physical terms, meaning objects that do not really exist, but exist only in theory, for instance “smooth plane”, “weightless string”, etc”. The verbalization is not clear enough as the phrase contains three negative sentences. It should have been expressed better retaining the same meaning.


Except of question 12 which noted very important positive changes between pre and post test, the rest of the questions had either limited impact, no impact or opposite impact. It is a prevalent belief among science educators that: 
idealization in science has been recognized as one of the major stumbling blocks to meaningful learning of science (Nersessian, 1992).

Students are very deeply influenced by everyday concrete experience. As a result, they confront a problem in conceiving the abstract scientific ideas. 
5. SUGGESTIONS

The pilot run showed the necessity to apply an amount of modifications to the research tools which are presented below as suggestions for improvement. These are presented separately for each teaching objective to facilitate tracking and control. 
5.1 First Objective
During the experiment 2 in the 2nd activity, students examine whether the period of the pendulum depends on the shape of the bob. After the question “According to your opinion, does the shape of the bob influence the pendulum period?” the questions “Why?”, “How can you explain the above dependence?” must follow. In this way students can make connections between the shape of the bob and the air resistance, and be more effective when answering question 4 about air resistance. 


Regarding question 16, we should have mentioned that the oscillation was a small amplitude one. So, it better alters to: “A simple pendulum needs 1 second for its first, small amplitude, oscillation. The same pendulum needs for its tenth oscillation: a. More than 1 second b. Less than 1 second c. Exactly 1 second d. Depends on the pendulum”.

5.2 Second Objective

As it is above mentioned, Likert scale questions give little guidance in understanding students’ viewpoints. We suggest replacing questions 6 and 14 with a true-false and a multiple choice question. Specifically, question 6 alters to “Observations enhance, support and reinforce theories rather than prove them” while question 14 is replaced by “Scientists should: a. be continuously conducting experiments b. always trust the empirical data in interpreting their experiments c. be making theories no matter their empirical data d. pay attention not only in empirical data but in theory conception as well”.


Regarding question 18, we fully concur with Aikenhead’s view that written paragraphs should be compared with semi-structured interviews. In order to remove any impediment caused by the vocabulary, it is suggested that we should explain the terms expand and contract. Regarding the semi-structured interview, we ask questions like: “Apart from the empirical data, which other factors influence scientists’ viewpoint?”, “What exactly do you mean saying…?”, “What do you mean saying that scientists are influenced by their colleagues?” Having in mind the already recognized impediment of textual material (Demopoulos, 2007), conducting semi-structured interviews will allow students to express their views more explicitly. 

5.3 Third Objective
Trying to improve students’ results in future researches, we suggest that some questions should be embodied in activity 6. The questions directly refer to the social aspect of science as it is outlined by the dispute between Galileo and del Monte. The questions should be answered in a group work spirit. Such questions are: “What is your opinion about the relationship between Galileo and del Monte?”, “Why do you think Galileo was trying to persuade his colleague that he was right?”, “Which role did del Monte play in the development of Galileo’s theory of pendulum motion?” If students work on the above questions, they will attain better results in the specific objective. 

Referring to pre-post test questions, according to the results, we suggest that we should replace Likert questions 9 and 13, for the reasons mentioned above. So, question 9 is replaced by the following multiple choice question: “Scientists communicate with each other mainly because: a. it is obligatory by the institutions b. everyone wants to establish his viewpoint, especially when he deserves it c. they discuss their difficulties and become more effective d. today’s society appreciate such communications”. Concerning question 13, it is replaced by the following written paragraph: “Describe the role that colleagues play in scientists’ path”. A semi-structured interview follows the written paragraph. The following questions are included: “What do you mean by…?”, “Which advantages and disadvantages of collaboration among scientists can you mention?”, “Is it worth for a scientist to collaborate with his colleagues?” 
5.4 Forth Objective

For reasons already mentioned above, we suggest that question 11 should be replaced by the following true-false question: “The study of the physical world should be carried out using physical terms, instead of non physical terms like “smooth plane”, “weightless string” that exist only in theory”. Referring to question 19, which is a written paragraph, we have to conduct semi-structured interviews. Such interviews include question like “What do you mean by …?”, “Why do you think we use free fall if it doesn’t exist?”, “In which cases the fall of a body is approximately a free fall?” After the interviews it is expected that students will express their change in view more explicitly. 
6. CONCLUSIONS
The pilot intervention described above, in general terms, had a limited impact. The results are not suitable for statistical analysis and generalization because the sample was both limited and convenient. The best achieved goal was the one regarding the method of idealization in science. Second to that was the first goal of the research, about the isochronous motion of the pendulum. The second and third goals of the research were met with very little success.


The students, who participated in the present study, had never before attended a lesson based in a teaching reconstruction in the context of history and philosophy of science. There were benefits and drawbacks in using the history and philosophy context for the first time. On the one hand, even students who avoid mathematic formulas, had the opportunity to make sense of the reasoning that was developing and actively participate in the group work. On the other hand, some students did not appreciate the absence of mathematical formulas and thought that the topic was not very important so as to devote attention. 

According to the literature, interventions of this kind, of a historical – philosophical approach, require considerably longer time to yield satisfactory results.

The coexistence of experiments with teaching in a historical – philosophical frame is a matter of research. There are different learning impediments to overcome in these two cases. 


The pre and post test data gathering tool contained four types of questions: True–false, Likert, multiple choice and written paragraph. Judging the research results and the input from literature it is assumed that Likert questions are not reliable when used for measuring views related to the Nature of Science, because students choose the Likert degree mostly in random. Concerning the written paragraph questions, there is a doubt on the motivation of students, their ability to express themselves, moreover to express their change of view. For safer results, it is suggested to conduct an assessment with semi-structured interviews in conjunction with a questionnaire. This would provide a clearer comparison of the students’ views. 

The pilot research’s findings have provided useful material for us in order to make suggestions that refer both to the teaching tools and the pre- post- test. The alterations made raise much greater expectations for future researches. We can cautiously conclude that although a lot remains to be done, teaching nature of science using historical scientific controversies will prove its value in the long term and will justify the efforts of teachers and researchers in the field. 
APPENDIX I
LESSON PLAN
Lesson Content

1. Simple pendulum (a point mass on the end of a massless cord suspended from a pivot). 
2. For small amplitudes, the amplitude of simple pendulum remains constant 

3. For small amplitudes, the period of the simple pendulum remains constant, while the study of factors which determine the period of physical pendulum is a complex issue.

4. Characteristics of nature of science, like:

· Knowledge does not always result from experiments. Usually it derives from abstractive thought and theory. In the case of simple pendulum, the controversy between Galileo and del Monte was developed because of the different epistemological aspect they held. On the one hand, Galileo was trying to prove theoretically the isochrony of the simple pendulum, using geometry, while, on the other hand, del Monte could not accept that because it was opposite to the empirical data.

· Studying the physical world, scientists often make some idealizations. Galileo was the first who utilized the idea of idealization, enhancing the science of his era. Galileo’s idealization enables mathematical description and elaboration of physical phenomena which is one of the main differences from Aristotelian physical philosophy. 

· Science is integrated in its social context. Scientists interact with the members of scientific society and scientific theories are the product of such interaction. In the case of simple pendulum, the interplay between Galileo and del Monte has been particularly effective as it was a source of inspiration for Galileo’s study, not only on pendulum but on motion generally. 

Prerequisite knowledge. Students should know the meaning of the following: pendulum, simple pendulum, period of a pendulum, isochrony of pendulum motion, idealization, observation, experiment and hypothesis.

Teaching Objectives

After the two session teaching interventions, students should be able to:

· Experimentally ascertain the isochrony of pendulum motion.
· Discriminate some aspects οf the nature of science, such as science is developing not only through experimentation but through theory conception as well.

· Identify the way science works in its social context, using the dispute between Galileo and Del Monte for pendulum motion.

· Appreciate the idealization’s role in scientific development.
Assessment of the intervention

The following Table (5) includes the activities suggested in order to assess the accomplishment of the teaching objectives. For the assessment of every objective, it is suggested that a number of activities should be included in the pre- post- test. 

Table 5. Assessment of the intervention
	Objective 1
	Activities 1, 4, 5, 16 

	Objective 2
	Activities 6, 7, 14, 18

	Objective 3
	Activities 2, 3, 8, 9, 13, 15, 17

	Objective 4
	Activities 10, 11, 12, 19


WORKSHEET 1
Simple Pendulum – 1st Session

Surname / Name: …………………………………..
School / Class: ……………………………………
Date: ………………………………………………
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Figure 1. The cupola of the Pisa Cathedral and “Galileo’s chandelier”
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Activity 1: Look at the following parallelogram
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Figure 2. Compare the diagonals
Which of the diagonals is longer?

Measure the length of the two diagonals, using your ruler.

What do you conclude? 
Is it safe to trust what you see? 
Activity 2: Examining the factors that influence the pendulum’s period.
You will watch your teacher conducting experiments 1 and 2. You can actively participate answering the activities that follow.
Experiment 1. Does the period of the pendulum depend on the material of the bob?

We have in our disposal a sphere made of plasticine and a sphere made of iron, of the same mass, 35g each, hanging from two strings of the same length (40cm). 

We divert them to an amplitude of about 10o, and let them free. After 5 complete oscillations do the bobs continue moving coincidently or is one preceding the other?

………………………………………………………………………………………


According to your opinion, does the material of the bob influence the pendulum period?

………………………………………………………………………………………
Experiment 2. Does the period of the pendulum depend on the shape of the bob? 


We have in our disposal three pieces of plasticine of the same mass (35g). We use the one piece to make a sphere, the other one to make a cylinder and the third one to make a disk. We hang the three bodies in three strings of the same length (40cm).


We divert them to amplitude of about 10o, and we let them free. After 10 complete oscillations do the bodies continue moving coincidently or is one preceding the other?

………………………………………………………………………………………

According to your opinion, does the shape of the bob influence the pendulum period?

………………………………………………………………………………………


Experiments 3, 4, and 5 will be conducted in group work. There is a work bench and a stand with three hanging pendulums for each group. The first pendulum has a 20cm long string and a 35g bob, the second pendulum with a 20cm long string and a bob of 65g, and the third pendulum with a 40cm long string and a bob of 35g. You may use your mobiles for making the timekeeping.

One of you will be responsible for the timekeeping, the second will measure the oscillations, the third writes the measurements in the worksheet and the fourth copy the measurements in the other’s worksheets.
Experiment 3. Does the period of the pendulum depend on the mass of the bob?
Experiment Table 6. Recordings of experiment 3

	Number of oscillations
	Bob of 35g

L=20cm, Small amplitude
	Bob of 65g

L=20cm, Small amplitude

	
	Time for 10 oscillations
	Time for one oscillation
	Time for 10 oscillations
	Time for one oscillation

	0-10
	
	
	
	



According to your opinion, does the mass of the bob influence the period of the pendulum?

………………………………………………………………………………………

Experiment 4. Does the period of the pendulum depend on amplitude? 
Experiment Table 2. Recordings of experiment 4
	Number of oscillations
	Small amplitude (almost 10ο)

Bob of 35g, L=20cm
	Big amplitude (almost 60ο)

Bob of 35g, L=20cm

	
	Time for 10 oscillations
	Time for one oscillation
	Time for 10 oscillations
	Time for one oscillation

	0-10
	
	
	
	

	30-40
	
	
	
	



According to your opinion, does the amplitude influence the period of the pendulum?

………………………………………………………………………………………
Experiment 5. Does the period of the pendulum depend on the length of the string? 
Experiment Table 3. Recordings of experiment 5
	Number of oscillation
	Length 20cm

Bob of 35g
	Length 40cm

Bob of 35g

	
	Time for 10 oscillations
	Time for one oscillation
	Time for 10 oscillations
	Time for one oscillation

	0-10
	
	
	
	



According to your opinion, does the length of the string influence the period of the pendulum?

……………………………………………………………………………………….


After discussing with the members of your group, answer the following question: 

Which of the factors measured during the experiments influence the period of the pendulum? 

……………………………………………………………………………………….
Activity 3: Is the pendulum motion isochronous? Meaning, is the period of the pendulum independent of the amplitude?

Working in groups, in the data of experiment 4, compare the small amplitude period with the big amplitude period. What do you deduce? 
……………………………………………………………………………………….


Compare also the period of the first series of ten oscillations (0 to 10th) with the fourth series of ten oscillations (30th to 40th), for the cases of both small and big amplitudes. 
Small Amplitude Pendulum: 

……………………………………………………………………………………….

Big Amplitude Pendulum: 

……………………………………………………………………………………….


Some scientists were interested in pendulum motion before you, and attempted to develop a law about pendulum motion. Conducting the above experiment, you have already concluded that not all the pendulums are the same. In fact, any hanging body is a pendulum. According to your opinion, what kind of pendulums did the scientists use in their research? Which particular characteristics make you believe that? 
……………………………………………………………………………………….


What simplifications and compromises do you think the scientists make during their research?

……………………………………………………………………………………….
Activity 4: Apart from conducting experiments, what other methods scientists use during their research?
………………………………………………………………………………………

Scientists made both personal and team work investigating the pendulum motion. Not only they conducted a series of experiments but they worked in theoretical fields as well. Their findings were concluded in a mathematical formula which describes the period of the pendulum. In your textbook (p. 220), look for the mathematical formula which describes the period of the simple pendulum and complete the following equation, T= ……………..

According to your textbook and the above formula, is the pendulum motion isochronous?

….……………………………………………………………………………………


Try to think or find in your textbook (p. 217-218), which pendulum does this formula refer to? Under which conditions does this formula apply to a pendulum?
………………………………………………………………………………………

Discuss and imagine how scientists concluded the above formula? 
………………………………………………………………………………………


Let’s apply the above formula to a pendulum with a string length of 40cm, accepting that g = 9,81m/s2:
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Compare the above period (1,256s) with the period values you found in Table 3. Are the theoretical and experimental values of the pendulum period the same? If not, where do you think the difference comes from? 

………………………………………………………………………………………

How do you think scientists “justify” the difference between theory and experimental facts?

………………………………………………………………………………………
WORKSHEET 2
Simple Pendulum – 2nd Session

Activity 5:
Through the activities of the previous lesson, you experienced a disagreement between your experimental data and theoretical input from your textbook, referring to whether the motion of the pendulum is isochronous or not. Two very famous scientists had the same controversy 400 years ago. The disagreement took place in a friendly atmosphere, through continuous correspondence. The outline of the story is given briefly in the following text:


The controversy that took place in seventeenth century about pendulum motion was more methodological and philosophical than scientific. On one part the Aristotelian Guidobaldo del Monte (1545 – 1607), great mathematician and mechanic of his era who was also Galileo’s academic patron, and on the other part Galileo himself. Particularly, the dispute between the two men was initially concerning the motion of a bob in the interior of a concave ring, vertically placed to the horizontal plane. Galileo was assuming that the motion of a smooth bob in the inner of a smooth concave ring, was isochronous. Isochronous means that regardless of the amplitude the period of the bob is constant (Figure 4). Del Monte was arguing that no matter how many times he conducted the experiment, he failed to reach Galileo’s conclusion. He was unable to perceive Galileo’s point since his experiment failed to prove so. Galileo’s answer to del Monte was that possibly, his concave ring was not perfectly smooth, or his bob was not perfectly smooth and spherical etc. Galileo was the first to introduce the concept of idealization with which we pass from real conditions to ideal ones. Today, everyone is familiar to this practice. However, today we accept the existence of perfectly smooth surfaces in solving our school problems. Trying to understand del Monte’s reaction, it would be useful to consider that the majority of the scientists of his era were absolutely believing that all the truth is coming from the experimental data. The following text is an abstract from Galileo’s letter to del Monte, in 1602, and deals with the isochrony of the pendulum:

…Therefore take two slender threads of equal length, each being two or three braccia long (four to six feet); let these be AB and EF. Hang A and E from two nails, and at the other ends tie two equal balls (though it makes no difference if they are no equal). Then moving both threads from the vertical, one of them very much as through the arc CB, and the other very little as through the arc IF, set them free at the same moment of time. One will begin to describe large arcs like BCD while the other describes small ones like FIG. Yet in this way the moveable (that is movable body) B will not consume more time passing the whole arc BCD than that used up by the other moveable F in passing the arc FIG. I am made quite certain of this as follows… and in the time that I count, say, the first 100 large oscillations BCD, DCB and so on, another observer counts 100 of the other oscillations through FIG, very small, and he does not count even one more – a most evident sign that one of these large arcs BDC consumes as much time as each of the small ones FIG. Now, if all BCD is passed in as much time [as that] in which FIG [is passed], though [FIG is] but one-half there of, these being descents through unequal arcs of the same quadrant, they will be made in equal times. But even without troubling to count many, you will see that moveable F will not make its small oscillations more frequently than B makes its larger ones; they will always be together... (Drake, 1978, pp. 69-71).
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Figure 3. Galileo’s concave ring
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Figure 4. Galileo’s pendulum

Discuss in your groups and answer the following questions. One of you will present the answers to the class: 

Del Monte had been deeply Aristotelian, which means that according to his point of view, the world is exactly as we apprehend with our senses, especially sight. Discuss it in your groups, and then using elements from the text, argue the point.

………………………………………………………………………………………

On the other hand, Galileo is well considered to be a pioneer of the New Science. He attempted to use mathematics and geometry and study ideal rather than real situations. Using elements from the text, could you write an example, that shows how much Galileo valued idealized situations?

………………………………………………………………………………………

Why, according to your opinion, the controversy between Galileo and del Monte was more of a philosophical nature than a scientific one? 
a) George: the controversy was philosophical because all great scientists were also philosophers. 
b) Mary: The controversy was more philosophical than scientific because it dealt besides the pendulum with general topics as well. 
c) Chrys: the controversy was philosophical because it had to do mainly with where the knowledge derives from and not if the pendulum motion is isochronous or not. 
d) Vaso: the controversy was philosophical because one way or the other scientific topics were solved. 

After discussing with your group, decide who of the above classmates you agree with and present your arguments. After that, announce your answer in class. 
………………………………………………………………………………………

Given that you experienced a disagreement between your experimental data and your textbook about pendulum isochrony, similar to the disagreement between Galileo and del Monte, could you make a complete correspondence of the roles between your situation and that of Galileo’s and del Monte’s?

………………………………………………………………………………………


While studying a real pendulum, Galileo thought of an ideal one. Which are the characteristics of this ideal pendulum?
………………………………………………………………………………………
Activity 6:
According to the First Law of Newton, in the absence of forces, a body at rest will stay at rest, and a body moving at a constant velocity in a straight line continues doing so indefinitely. Let’s imagine that we push a ball in an horizontal plane. 


Will the ball continue to move at a constant velocity indefinitely?
………………………………………………………………………………………

Which is the force responsible for the ball’s stopping?

………………………………………………………………………………………

Is there a body to which no force is applied?

………………………………………………………………………………………


How do you think Newton deduced in his First Law, which deals with bodies that no force apply to them? What kind of experiment could he have done?

………………………………………………………………………………………

Newton was a scientist posterior to Galileo. Having in mind his First Law of motion, do you believe that Newton was influenced by Galileo’s way of thinking?

………………………………………………………………………………………

In the classical mechanic’s problems, it is usually mentioned that a body moves in a perfectly smooth plane. With this attempt of idealization, which force do we intend to zero?

………………………………………………………………………………………

Activity 7: Complete the sentences that follow according to your opinion
In the beginning, I believed that the only way to study the pendulum motion was ……………………………….. After the comparison between the experimental data and the textbook input, I realized that the laws do not always ………………………… only through …………………………… Experiment is usually ………………………… by theory. A typical case is that of …………………… that we studied earlier. Galileo was persuaded that the pendulum motion is …………………………… His belief sourced from ………………………………. and ………………………… On the other hand del Monte was arguing that pendulum motion could not be isochronous because this idea did not ………………………… with his …………………….. data. Was Galileo living in a “world on paper”? The answer is “no”. It was just his ……………………… that helped him communicate with the ………………….. world. Although Galileo and del Monte ………………… about the isochrony of …………………….. motion, they were following …………………………….. through correspondence and ……………………………… their views. Science does not …………………. only with personal study, but it requires the ………………………… of many scientists. There is a ………………………… part in science. Scientists do not always ………………………… with each other. Nowadays the correspondence between scientists has been replaced by ………………………. and ………………………… In one way or the other they ………………………… with each other. 

APPENDIX II
Pre- Post- Test

Surname / Name: ……………………………………………

Class: ……………………………………………………

Date: ………………………………………………………

Useful Instructions:

· This questionnaire is not a test and will not influence your grade. There are no “accepted” and “unaccepted” answers. 

· We are specifically interested in your opinion, especially when it is followed by rational thinking. 

Thank you in advance!
A. True - False questions: At the end of each of the following sentences, mark True or False, according to your opinion.
1. The drawing below represents two similar simple pendulums A and B which oscillate at small amplitudes. The period of pendulum A is bigger than the period of pendulum B. 

2. Science proceeds only when scientists agree with each other on several scientific issues.
3. Scientists usually argue against explanations of their colleagues and this is a problem in development of science.
4. Time needed for a simple pendulum to complete an oscillation is reduced when the air resistance increases.
5. The simple pendulum’s period is independent of its amplitude.
B. Answer A, B, C, D, E according to the extent that you agree or disagree with the following statements (Α: Absolutely Agree, Β: Moderately Agree, C: Neutral, D: Moderately Disagree, Ε: Absolutely Disagree).
6. Observations enhance, support and reinforce theories rather than prove them. 
Absolutely Agree   Α    Β
 C    D     Ε
Absolutely Disagree

7. Scientists are predisposed by what they already believe or by what they want to prove rather than by their experimental observations and measures. 
Absolutely Agree   Α    Β
 C    D     Ε
Absolutely Disagree

8. Scientific issues should be investigated personally by the scientists without the interventions of their colleagues. 
Absolutely Agree   Α    Β
 C    D     Ε
Absolutely Disagree

9. If two scientists have different views on a topic, it is meaningless for them to discuss and interact.

Absolutely Agree   Α    Β
 C    D     Ε
Absolutely Disagree

10. In text books, we frequently read phrases like: “smooth plane”, “negligible or zero air resistance”, “point mass”, etc. The above phrases are approximations of real conditions to ideal conditions, and this concept facilitates the real world study. 
Absolutely Agree   Α    Β
 C    D     Ε
Absolutely Disagree

11. The study of the physical world should not be carried out using non physical terms, meaning objects that do not really exist, but exist only in theory, for instance “smooth plane”, “weightless string”, etc.
Absolutely Agree   Α    Β
 C    D     Ε
Absolutely Disagree

12. Jimmy studied an exercise in his textbook about a body that moves in a straight line with constant speed in a perfectly smooth plane. He immediately thought that there is not perfectly smooth plane, because even during ice-skating there is a small friction. He got so disappointed by the incorrectness of his book that he decided not to study it any more.
Absolutely Agree   Α    Β
 C    D     Ε
Absolutely Disagree

13. Science is not only a personal affair but it is a social affair as well. It involves collaboration between scientists and the society. 
Absolutely Agree   Α    Β
 C    D     Ε
Absolutely Disagree

14. Science is not based solely in observations 

Absolutely Agree   Α    Β
 C    D     Ε
Absolutely Disagree

15. Scientists should work on their own in order not to be influenced by the others’ points of view. 
Absolutely Agree   Α    Β
 C    D     Ε
Absolutely Disagree

C. Choose one of the following answers. 
16. A simple pendulum needs 1 second for its first oscillation. The same pendulum needs for its tenth oscillation:

a. More than 1 second
b. Less than 1 second
c. Exactly 1 second
d. Depends on the pendulum
17. Since many years there have been organized scientific conferences. During these meetings, scientists present their original researches. According to your opinion, what is the main objective of the participating scientists? Is the main objective of these conferences? 
a. To become famous
b. To elect the best scientist
c. To communicate their ideas

d. To exchange views and experiences with each other intending to scientific advancement
D. Answer the following questions using as much space as you need. 
18. Some astronomers believe that the universe expands while others believe that it contracts. Some others argue that the universe is at a steady state. How is it possible for scientists to share the same experimental data and make so different hypothesis the same time?

…………………………………………………………………………………
19. Nick was taught in school that the laws for the free fall movement are 
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He was also taught that in the physical world such a thing as “free” fall 
does not exist, because the air resistance can never be zero, for instance 
the fall of a paper sheet. He concluded that scientific laws are not 
trustworthy. What is your opinion about Nick’s conclusion? 
…………………………………………………………………………………
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According to tradition, Galileo started studying the motion of the pendulum watching a swaying chandelier in the Pisa Cathedral, during mass. 


He observed that the period of the chandelier was the same independently of the amplitude. 


He did the time keeping using his pulse!
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