Rethinking Historical Experiments: A Case for Didactic Analysis
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Abstract. It has been observed that school science is often characterized by oversimplification and dependency on textbooks and tends to lack context, imagination, and engagement. Such school science fails to stimulate enthusiasm in students. An effective way in which to bridge the gap between school science and what scientists actually do and to raise students’ level of engagement is through the inclusion of an accurate history of science which has been especially crafted for students. This symposium deals with four cases in which historical experiments have been re-thought, either in the way they are reproduced by students or in the way that they are portrayed in textbooks. First, Don Metz looks at the student Ohm’s Law experiment and how it can be improved. Then, Peter Heering looks at how the difficulties with the classic Millikan oil drop experiment can be addressed.  Third, Stephen Klassen considers the various historical and scientific misconceptions that have arisen regarding the photoelectric effect and how these should be addressed. Finally, Mansoor Niaz, Stephen Klassen, Barbara McMillan, and Don Metz report on their analysis of the treatment of the historical aspects of the photoelectric effect in 103 general physics textbooks.
Lessons from Ohm:  Rethinking our Teaching for Understanding Current Electricity

Don Metz, Faculty of Education, The University of Winnipeg, Winnipeg, Canada R3B 2E9
Abstract. Research in physics education has established that student difficulties in comprehending the nature of electricity and electric phenomena remain persistent and evasive.  Even after instruction and confrontation of common preconceptions, the difficulties seem to persist. In this paper, a review of the conceptual developments in the history of electricity is used to identify major intellectual struggles and the subsequent mediation of these struggles.  Ohm’s Law is analyzed as a case study to illustrate how we can use an historical perspective to help construct a more meaningful treatment of difficult and abstract ideas in the classroom. An experiment, based on Ohm’s work, is offered as a refinement of how we could approach instruction in current electricity today.

Between Beauty and Boredom: Using the Oil Drop Experiment in Teaching University Students

Peter Heering, Institute of Physics, Carl-von-Ossietzky Universitaet, D-26111 Oldenburg, Germany
Abstract. The characterization of Millikan’s oil drop experiment shows remarkable discrepancies: Whilst physicists voted for the experiment as being one of the most beautiful ones in the history of physics, educators and didactics use different attributes: They frequently characterized the experiment as unreliable and boring. 
This incongruity was the starting point of a research project I carried out together with Stephen Klassen. Our intention was to develop an understanding of the difficulties students encounter with this experiment as well as the historical background. This understanding should enable us to create a more satisfactory educational environment that combines the results from the educational as well as the historical analysis.
In the first part of my presentation, I am going to discuss the findings from evaluating students’ from the universities Oldenburg and Winnipeg who worked with the oil drop experiment. In the second part, I am going to discuss strategies to improve the data produced in the experiment. Finally, I am going to discuss potential development with respect to a revision of the educational use of the oil drop experiment.
The Photoelectric Effect: Rehabilitating the Story for the Physics Classroom

Stephen Klassen, Department of Physics, The University of Winnipeg, Winnipeg, Canada R3B 2E9
Abstract. The photoelectric effect is commonly used as the introductory topic for the study of quantum physics; however, there are various indicators that some instructional materials and approaches to the topic contain deficiencies and even factual errors. A major aspect of instruction is the historical and scientific background for the photoelectric effect. In this paper, I outline the key elements of the history of the discovery of the photoelectric effect, of Einstein’s light-quantum theory, and of the ultimate acceptance of the theory, all of which are necessary for developing sound instructional materials. 

Reconstruction of the History of the Photoelectric Effect and Its Implications for General Physics Textbooks
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Abstract. The photoelectric effect is an important part of general physics textbooks. In order to study the presentation of this phenomenon, we have reconstructed six essential aspects of the events that culminated in Einstein proposing his hypothesis of lightquanta and the ensuing controversy within the scientific community: (1) Lenard’s trigger hypothesis to explain the photoelectric effect, (2) Einstein’s quantum hypothesis to explain the photoelectric effect, (3) lack of acceptance of Einstein’s quantum hypothesis in the scientific community, (4) Millikan’s experimental determination of the Einstein photoelectric equation and Planck’s constant, h, (5) Millikan’s presuppositions about the nature of light, and (6) the historical presentation and its interpretation within a history and philosophy of science perspective. Using these aspects as criteria, we analyzed 103 university general physics textbooks. Results obtained reveal that these historical elements are largely ignored or distorted in the textbooks, with only 3% of the texts obtaining a score of satisfactory and none a score of excellent. It is suggested that there is a place for textbooks that include an adequate and accurate portrayal of the historical context.

