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Abstract 

The importance of philosophy of science in understanding science has been recognized in the 

literature. Science textbooks, however, not only ignore the history of science but also the 

underlying philosophy of science. Examples are provided to show how philosophy of science can 

be included in teaching science. 
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INTRODUCTION 

In a recent Editorial, Holden Thorp (2024), “has 
emphasized the importance of understanding science 
by, revising undergraduate and graduate curricula to 
teach not just theories and techniques but the underlying 
philosophy of science as well” (p. 141). Furthermore, he 
considers science as work in progress and history of 
science facilitates self-corrections as interpretations are 
continually revised considering new data and this leads 
scientists to be passionate about their ideas and 
disagreements. Indeed, this is the crux of the issue as 
progress in science is replete with controversies 
(Machamer et. al., 2000, p. 3). 

Oil Drop Experiment: Millikan vs Ehrenhaft 

At this stage it would be interesting to consider how 
science textbooks present such controversies as this 
could provide an opportunity to enrich the curriculum. 
Robert Millikan (University of Chicago) and Felix 
Ehrenhaft (University of Vienna) worked on the 
determination of the elementary electrical charge (the 
electron). Although both had very similar experimental 
data Millikan postulated the existence of a universal 
charged particle (the electron), whereas Ehrenhaft 
postulated the existence of subelectrons (fractional 
charges). A bitter controversy ensued between the two 
that lasted for many years (1910-1923), when Millikan 
was awarded the Nobel Prize. Gerald Holton (1978), 
Harvard University, added a new dimension to the 
controversy when he examined Millikan’s hand-written 
notebooks at CALTECH. In these notebooks Holton 
found data from 140 drops, but the published article 
(Millikan, 1913) reported results from only 58 drops. 

What happened to the other 82 drops? It seems that 
Millikan made a rough calculation for the value of 
electron charge as soon as the data for the times of 
descent/ascent of the oil drops started coming in and 
ignored any experiment that did not give the value that 
he expected. This leads to the question:  

What was the warrant under which Millikan 
discarded more than half of his data?  

Students in a classroom would be excited to hear the 
response: Millikan’s guiding assumption, based on the 
atomic nature of electricity and the value suggested by 
previous research. What are guiding assumptions-
precisely this is how philosophy of science comes into 
the classroom. This shows that the oil drop experiment, 
contrary to popular belief, was far from being simple and 
straightforward (Niaz, 2015). Evaluation of freshman 
general chemistry textbooks has been reported by Niaz 
(2000), who found that of the 31 textbooks (all published 
in U.S.A.) evaluated, none mentioned Ehrenhaft nor the 
controversial nature of the oil drop experiment. It is 
important to note that both studies (Niaz, 2000, 2015), 
were revised by Dr. Gerald Holton before publication. 

Alpha Particle Scattering Experiment: Rutherford vs 
Thomson 

It is generally believed that Rutherford’s (1911) 
nuclear model of the atom was based on his alpha 
particle experiments, that provided evidence for single 
atomic encounters-single scattering. Again, it is 
generally ignored that as soon as Rutherford’s results 
were known Thomson started doing similar experiments 
in his own laboratory (reported by Crowther, 1910). 

https://doi.org/10.29333/ejmste/16255
http://creativecommons.org/licenses/by/4.0/
mailto:niazma@gmail.com
https://orcid.org/0000-0001-7236-3722


Niaz / Philosophy of science 

 

2 / 3 

According to Wilson (1983): “J. J. [Thomson] had people 
working in his own laboratory, and a paper by one of his 
men, Crowther [1910], became of crucial importance in 
the battle between the two concepts of the atom. It is, 
however, too often ignored that Rutherford’s superior 
concept of atomic structure also involved the overthrow 
of his master’s [Thomson] model …” (p. 295). Rutherford 
himself recognized the serious challenge posed by 
Thomson’s hypothesis of compound scattering: “I have 
looked into Crowther’s scattering paper carefully, and 
the more I examine it the more I marvel at the way he 
made it fit (or he thought he made it fit) J. J.’s theory … I 
am quite sure the numbers of the earlier part of the curve 
[Crowther’s] were fudged (Rutherford’s letter to Bragg, 
reproduced in Wilson, 1983, pp. 300-301). Based on 
probability theory Rutherford showed that the chance of 
an alpha particle being deflected through large angles (1 
in 20.000) was “vanishingly small” and the probability of 
an alpha particle experiencing a second deflection was 
“negligibly small”. It was for these reasons that the 
hypothesis of single scattering was so convincing. Some 
students may ask: How could J. J. Thomson ignore such 
arguments as at that time he was recognized as the world 
master in the design of atomic models. According to 
Niaz (1998) of the 23 general chemistry textbooks 
evaluated (all published in U. S. A.) none mentioned the 
conflicting nature of Rutherford and Thomson models. 

 Photoelectric Effect: Einstein vs Millikan 

The photoelectric effect constitutes an important part 
of both the chemistry and physics curricula, and general 
physics textbooks consider it useful for the introduction 
of quantum theory. Einstein (1905) proposed that 
ordinary light behaves as though it consists of a stream 
of independent localized units of energy that he called 
lightquqnta. Thus, if light consists of localized quanta of 
energy, an electron in an atom will receive energy from 
only one lightquantum at a time. Monochromatic light of 

frequency ט can, therefore, grant electrons only energy 

hט, where h is Planck’s constant. Einstein’s equation: 

 ½𝑚𝑣2 =  𝑃𝑒 =  ℎ ט −  𝑝 (1) 

Where ½ mv2is the maximum kinetic energy of the 
ejected electrons; p the energy used to eject the electron 
from the metal; P the decelerating potential. Based on 
Einstein’s equation Millikan (1916) calculated the 
experimental value of Planck’s constant h, which was 
accepted by the scientific community. It is interesting to 
note that in the same publication (Millikan, 1916), he 
recognized the validity of the Einstein’s photoelectric 
equation and also questioned the underlying hypothesis 
of lightquanta: “This hypothesis may well be called 
reckless first because an electromagnetic disturbance 
which remains localized in space seems a violation of the 
very conception of an electromagnetic disturbance, and 
second because it flies in the face of the thoroughly 
established facts of interference” (Millikan, 1916, p. 355). 

This led Holton (1999) to conclude, despite belief to the 
contrary, that Millikan (1916) is not an experimental 
proof of the quantum theory of light. Holton goes on to 
explain that Millikan’s presupposition based on the 
classical wave theory of light made it difficult for him to 
accept the quantum hypothesis. In other words, this 
refers to underdetermination of scientific theories by 
experimental evidence, viz., no amount of experimental 
evidence can provide conclusive proof for a theory. Niaz 
et al. (2010) have reported that of the 103 general physics 
textbooks (all published in U. S. A.) evaluated, none of 
them point out that scientific theories are 
underdetermined by experimental evidence and that 
scientists have prior theoretical beliefs that resist change. 

CONCLUSION 

After having read Holden Thorp’s Editorial (2024), it 
appears to me that teaching philosophy of science to 
science students may require more than simply 
recounting the historical events. The actual history of 
science is so different from that presented in science 
textbooks that it is precisely the underlying philosophy 
of science that can arouse students’ interest in science. 
Furthermore, this task is even more important as some 
world-renowned authors of science textbooks have 
suggested that history of science is not necessary for 
teaching science (i.e., all is well if the book is selling 
well). 
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