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ABSTRACT: This study has the following objectives: @ To show how the importance of history of
chemistry has been recognized in the classroom, starting from the 1920s to the present; and b) How
criteria based on history and philosophy of science can be used to evaluate presentation of atomic
structure in genera chemistry textbooks. Results obtained show that most of the new (1970-92) and
old (1929-67) textbooks not only ignore the history and philosophy of science but also present
experimental findings as a ‘rhetoric of conclusions.” It is concluded that such presentations are not
conducive towards a better understanding of scientific progress. It is suggested that history and
philosophy of science can be introduced in the classroom not necessarily through formal courses in the
history of chemistry or comments and anecdotes, but rather by incorporating the *heuristic principles
that guided the scientists to elaborate their theories. [Chem. Educ. Res. Pract. Eur.: 2000, 1, 315-322)

KEY WORDS: history and philosophy of science; atomic structure, heuristic principles;
rhetoric of conclusions

INTRODUCTION

Recent research in chemistry and science education has recognized not only the importance
of history and philosophy of science, HPS ( Duschl, 1994; Hodson, 1988; Matthews, 1994,
Moore, 1998; Niaz, 1993, Scerri, 2000), but also itsimplications for science textbooks (Matthews,
1994; Niaz, 1998, 1999). Rodriguez and Niaz (1999) have shown that the importance of history
and philosophy of science was recognized in chemica education since the early 1920s. Most
teachers in different parts of the world rely quite heavily on the textbook, as perhaps the only source
of information. In the case of chemistry most sudents at the secondary and freshman leve think that
they do not have to understand chemidiry but rather memorize the different concepts. Thus, it is not
difficult to gppreciate why students do not like chemistry. Nevertheless, the interesting point is that
many freshman generd chemistry courses and textbooks present materia that does not call for much
conceptud understanding. Siegd (1978) has emphasized the use of the history and philosophy of
science if we want that science textbooks not be “. . . regarded as tools for inculcating in science
students the principles and methods of the paradigm of the day. Rather, textbooks are to function as
chalengers to students’” (p. 309). In contrast to Siegdl, some educators, following Kuhn (1970),
would like students to be inmersed in current paradigms, eventudly providing them the background
for acritical appraisal (Hodson, 1988; Lincoln, 1989).
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Heuristic principles

According to Schwab (1974), scientific inquiry tends to look for patterns of change and
relationships, which condtitute the heuristic (explanatory) principles of our knowledge. A fresh line of
scientific research has its origins not in objective facts done but in a conception, a deliberate
condruction of the mind — a heurigtic principle. Thistells us what factsto look for in the research and
wha meaning to assgn. Chemigtry textbooks and curricula have ignored Schwaby's advice, which
leads to a lack of an epistemologica distinction between the methodologica (experimental) and
interpretative (heuristic) components.

According to Schwab (1974), it is important to understand not only the experimenta details
but aso the heurigtic principle that underlies the experimentd findings “In physics, amilarly, we did
not know from the beginning that the properties of particles of matter are fundamenta and determine
the behavior of these particles, ther reations to one another. It was not verified knowledge but a
heurigtic principle needed to structure inquiry, that led us to investigate mass and charge and, later,
spin” (Schwab, 1974, p. 165).

History of structure of the atom since the late 19" and early 20™ century shows that the
modes of J. J. Thomson, E. Rutherford, and N. Bohr evolved in quick successon and had to
contend with competing models based on riva research programs (Achingtein, 1991; Faconer,
1987; Heilbron & Kuhn, 1969; Hettema, 1995; Holton, 1986; Kuhn, 1984; Lakatos, 1970;
Popper, 1965).

The importance of the textbook in science education has been recognized in transmitting to
the students as to how a particular science has developed (Brush, 1978; Jensen, 1998; Kuhn, 1970;
McComas, Almazroa, & Clough, 1998; Siegd, 1978; Shiland, 1998; Stinner, 1992). Among other
topics, aomic sructure in the genera chemistry program is particularly suitable for the introduction
of higoricd detalls. Given this perspective it is important to anadyze freshman college-levd
introductory chemidtry textbooks to determine the degree to which they ded with recent
developments in the history and philosophy of science.

This study has the following objectives:

1. A review of the literature in chemidtry education to understand as to how history and philosophy
of science (HPS) criteria can be incorporated in teaching atomic structure as part of the genera
chemistry program. Based on these criteria, results of a study (Niaz, 1998) are reviewed with
respect to evaluation of textbooks published between 1970-92.

2. BEvduation of textbooks with respect to atomic sructure, published between 1929-67
(Rodriguez & Niaz, 1999), based on the criteria used in the previous study (Niaz, 1998).

HOW HISTORY AND PHILOSOPHY OF SCIENCE CRITERIA
CAN BE INCORPORATED IN TEACHING ATOMIC STRUCTURE

This section presents a brief review of the study by Niaz (1998) to show how criteria based
on history and philosophy of science (HPS) can be used to evauate freshman generd chemistry
textbooks published. All textbooks (old and new) were published in the U.S/U.K.
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Criteria for the evaluation of chemistry textbooks

Based on the HPS perspective (Niaz, 1998) the following criteria were elaborated for the
evauation of freshman generd chemigry textbooks:

T1 —Cathode rays as charged particles or waves in the ether. Thomson's experiments were
conducted againgt the backdrop of a conflicting framework. Thomson (1897) explicitly points out
that his experiments were conducted to clarify the controversy with regard to the nature of the
cathode rays, thet is, charged particles or waves in the ether. This criterion is based on: Thomson
(1897); Achingtein (1991); and Falconer (1987).

T2 —Determination of mass-to-charge ratio to decide whether cathode rays wereions or auniversa
charge particle. Thomson decided to measure mass-to-charge ratio to identify cathode rays as ions
(if the ratio was not congtant) or as a universa charged particle (congtant ratio for al gases). This
criterion is based on: Thomson (1897); Achingtein (1991); Heilbron (1964); and Niaz (1994).

R1 —Nuclear atom. Rutherford's experiments with apha particles and the resulting modd of the
nuclear aom had to compete with a rivd framework, namey Thomson's modd of the atom
(referred to as ‘plum-pudding’ in most textbooks). This criterion is based on: Rutherford (1911);
and Niaz (1994).

R2 —Probability of large deflections is exceedingly small as the atom is the seat of an intense eectric
field. The crucid detall that clinched the argument in favor of Rutherford’s modd was not the large
angle deflection of dpha particles (an important finding), but rather the knowledge that 1 in 20,000
particles deflected through large angles. This criterion is based on Rutherford (1911); Herron
(1977); and Millikan (1947).

R3 —Single or compound scattering of dpha particles. To maintain his mode of the atom and to
explain large angle deflections of dpha particles, Thomson put forward the hypothesis of compound
scattering (multitudes of smdl scatterings). The rivary between Rutherford's hypothess of single
scattering based on a single encounter and Thomson's hypothesis of compound scattering led to a
bitter dispute between the proponents of the two hypotheses. This criterion is based on: Rutherford
(1911); Crowther (1910); and Wilson (1983).

B1 —Paradoxica stability of the Rutherford mode of the atom. Bohr’s main objective was to explain
the paradoxicd sability of the Rutherford model of the atom, which congtituted a riva framework
for hisown modd. This criterion is based on: Bohr (1913); Lakatos (1970); and Niaz (1994).

B2 —Explandion of the hydrogen line spectrum. Bohr had not even heard of the Bamer and
Paschen formulas for the hydrogen line spectrum, when he wrote the first versgon of his 1913 article.
Failure to understand this episode within a historical perspective led to an

inductivis/pogitivist interpretation, referred to as the “Baconian inductive ascent” by Lakatos
(1970). Interestingly, Kuhn and Lakatos, in spite of their so many differences, agree that Bohr's
mgor contribution was the quantization of the Rutherford model of the atom. This criterion is based
on: Bohr (1913); Heilbron and Kuhn (1969); Lakatos (1970); and Niaz (1994).
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B3 —Deegp philosophicd chasm. Bohr's incorporation of Planck’s ‘quantum of action’ to the
classcd dectrodynamics of Maxwell, represented a drange ‘mixture for many of Bohr's
contemporaries and philosophers of science. This episode illustrates how scientists, when faced with
difficulties, often resort to such contradictory ‘grafts’ This criterion is based on: Bohr (1913);
Holton (1986); Margenau (1950); and Lakatos (1970).

To refer to the criteria based on the three models, the following symbols were used: T =
Thomson; R = Rutherford; and B= Bohr. The HPS perspective facilitates the understanding of
these criteria (T1, T2, R1, R2, R3, B1, B2, and B3) as ‘heurigtic principles (Schwab, 1962, 1974)
that underlie the work of Thomson, Rutherford and Bohr.

Finaly, the following classifications were generated to evauate the textbooks:

Satisfactory (S): Treatment of the subject in the textbook is considered to be satisfactory if the
role of conflicting frameworks based on competing models of the atom is briefly described.
Mention (M): A smple mention of the conflicting frameworks or controversy with no details.

No mention (N): No mention of the conflicting frameworks.

RESULTS OF THE EVALUATION

Evaluation of new textbooks published between 1970-92

Of the 23 textbooks that were evauated only two mentioned (M) that Thomson's
experiments were conducted againg the backdrop of a conflicting framework, namely cathode rays
could have been charged particles or waves in the ether (criterion T1). Only two textbooks
described satisfactorily (S) that Thomson determined mass-to-charge ratio to decide whether
cathode rays were ions or auniversa charged particle (criterion T2).

Seven textbooks described satisfactorily (S) that Rutherford’s modd of the nuclear atom
had to compete with a riva framework, namey Thomson's modd of the atom (criterion R1),
whereas four textbooks mentioned (M) the conflict. Only two textbooks satisfactorily (S) described
that the crucid argument in favor of Rutherford’'s mode was not the large angle deflections of dpha
particles but rather the knowledge that 1 in 20,000 particles deflected through large angles (criterion
R2). None of the textbooks described satisfactorily (S) or mentioned (M) the rivalry between two
conflicting frameworks, namely Rutherford’'s hypothess of sngle scattering and Thomson's
hypothesis of compound scattering (criterion R3).

Four textbooks mentioned (M) that Bohr’'s main objective was to explain the paradoxica
gability of the Rutherford modd of the atom, which congtituted ariva framework (criterion B1), and
three textbooks described it satisfactorily (S). None of the textbooks mentioned (M) or described
satisfactorily (S) the quantization of the Rutherford model of the atom within a historical perspective
(criterion B2). Four textbooks mentioned (M) and another two described satisfactorily (S) how
scientigts (Bohr in this case), when faced with difficulties, often resort to contradictory ‘grafts that
represent a deep philosophica chasm (criterion B3).

To summarize, very few of the new textbooks presented the work of Thomson, Rutherford
and Bohr within a higtorical framework and in genera lacked a philosophy of science perspective.
Complete detalls of the evauation of new textbooksis provided by Niaz (1998).
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Evaluation of old textbooks published between 1929-67

Of the 30 textbooks evauated, 4 were published between 1929-40, 3 between 1941-50,
16 between 1951-60, and 7 between 1961-67. Both authors evauated separately dl the 30
textbooks on the 8 criteria adapted from Niaz (1998). There was complete agreement on al 8
criteria for 12 textbooks, on 7 criteria for 14 textbooks, on 6 criteria for 3 textbooks and on 5
criteriafor one textbook. After discussion consensus was achieved on al disagreements.

Only one textbook mentioned (M) criterion T1, with respect to cathode rays as charged
particles or waves in the ether. Criterion T2, with respect to determination of mass- to- charge ratio
to decide whether cathode rays were ions or a universal charged particle, was not mentioned (N)
by any textbook. With respect to criterion T2 one of the textbooks stated: “ The ratio of the charge
on an dectron to its mass was determined in 1897 by the English physicig Sir JJ. Thomson by
investigation of the behavior of beams of edectrons in eectric and magnetic fidds. Such a
caculation is possible because the extent to which a beam of dectrons is deflected under these
conditions depends on the charge on the eectron, its mass, and the veocity with which the eectron
is moving. The student is referred to more advanced texts for the exact method by which the
determination and caculation are made’ (Sder, Vandearwerf, & Davidson, 1959, p. 121). This
presentation ignores the fact that a the freshman level additiona experimentd detals are not
necessary. Neverthdess, a rationde as to why Thomson was trying to determine the mass-to-
charge ratio, namely the underlying ‘heurigtic principle could have facilitated a grester conceptua
understanding for the students. Mogt textbooks not only did not mention the ‘heuritic principle’ but
aso presented Thomson's findings in a way that approximates to what Schwab (1962) referred to
asa‘rhetoric of conclusons.” Following are some of the examples.

“... if the [cathode] rays pass between electrically charged metal plates, their path is curved
toward the positively charged plate. This is definite evidence that the rays consist of particles
of matter and not a beam of light ... * (Timm, 1956, p. 76).

“... Sir J.J. Thomson (1856-1940), an English scientist, demonstrated that cathode rays could
be deviated toward a postively charged plate, indicating that the particles were negatively
charged. Since cathode rays originated from the atoms of any element that was used to form
the cathode, it was logically assumed that the particles were elementary congtituents of all
aoms’ (Frey, 1965, p. 30).

“The significance of these researches lies in the fact that these ‘corpuscles,’ as Sir J.J.
Thomson called them, were obtained free from encumbering atoms, and were recognized as
units of negative electricity: they were, indeed, the electrons of Stoney” (Caven & Lander,
1939, p. 44).

These presentations lack the appreciation that besides his experimental findings Thomson
was guided by his‘heurigtic principles and it took alot of controversy to understand the significance
of these researches. It is not farfetched to suggest that such presentations lead the students to
memorize the experimental details and ignore the underlying rationae for the experiment, which
could facilitate conceptua understanding. Thus the theoretica rationde (*heuristic principle’) in
which the experiment is conducted is more important than the experiment itsdf (Niaz, 1999).

Criterion R1, with respect to Rutherford’'s nuclear atom was mentioned (M) by only one
textbook. Criterion R2, with respect to probability of large deflections is exceedingly smal as the
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atom is the seat of an intense dectric field, was described satisfactorily (S) by only four textbooks,
and another four textbooks mentioned (M) it. None of the textbooks described satisfactorily (S) or
mentioned (M), the rivary between two conflicting frameworks, namdy Rutherford’s hypothesis of
sngle scattering and Thomson's hypothesis of compound scattering (criterion R3), put forward to
explan Rutherford's dpha particle experiments. With respect to criterion R3 one of the textbooks
dated: “Any deflection is a Sgn that something has been hit, which is comparable in mass with an
apha particle; and the only possible conclusonisthat the apha particle has encountered the nucleus
of an atom, since the planetary eectrons are powerless to cause an apha particle to deviate from its
rectilinear coursg’ (Caven & Lander, 1939, p. 57, emphasis added). This presentation ignored the
fact that JJ. Thomson, considered to be the world magter in the design of atomic models, thought
that there were other possible concdusions, which led to a bitter dispute with E. Rutherford. This
example shows that the inclusion of HPS in the textbook is essentid not only to facilitate conceptud
underganding but dso for keeping the higtorica record draight, which shows that progress in
science is characterized by the postulation of rival mode stheories.

Seven textbooks mentioned (M) that Bohr’s main objective was to explain the paradoxical
gability of the Rutherford mode of the atom, which condtituted ariva framework (criterion B1) and
none described it satisfactorily (S). Only one textbook, mentioned (M) the quantization of the
Rutherford model of the atom within a hitorica perspective (criterion B2) and none of the
textbooks described it satisfactorily (S). None of the textbooks described satisfactorily (S) or
mentioned (M), how scientists (Bohr in this case), when faced with difficulties, often resort to
contradictory ‘grafts that represent a deep philosophical chasm (criterion B3).

CONCLUSIONS

This study shows that athough the importance of history and philosophy of science was
recognized since the early 1920s, in actud practice for most chemistry textbooks, it has only served
as rhetoric. As the textbook is an important source of information for both students and teachers,
classroom practice continues to be ahistoric (Brush, 1978; Shiland, 1998). Interestingly, starting
from the 1930s mogt of the authors who emphasized the importance of history, aso recognized the
lack of adequate teaching materids and dtrategies. The new textbooks (published between 1970-
92) have improved dightly as compared to the old textbooks (published between 1929-67).
Nevertheless, both the old and new textbooks, not only ignore the history and philosophy of science
(HPS) perspective, but also present experimental findings as a ‘rhetoric of conclusions (Schwab,
1962). It is concluded that such presentations in textbooks are not conducive towards a better
understanding of scientific progress.

ADDRESS FOR CORRESPONDENCE: Mansoor NIAZ, Universidad de Oriente, Chemistry
Department, , Apartado Postal 90, Cumana, Estado Sucre 6101° Venezuela;
e-mail: mniaz@sucre.udo.edu.ve



TEACHING CHEMISTRY ASRHETORIC OF CONCLUSIONS OR HEURISTIC PRINCIPLES 321

REFERENCES

Achinstein, P. (1991). Particles and waves: Historical essays in the philosophy of science.
New York: Oxford University Press.

Bohr, N. (1913). On the constitution of atoms and molecules. Philosophical Magazine, 26, 1-25.

Brush, S. G. (1978). Why chemistry needs history - and how it can get some. Journal of College
Science Teaching 7, 288-291.

Caven, R. M. and Lander, G. D. (1939). Systematic inorganic chemistry (6" edn.). London:
Blackie and Son Limited, (first published 1906).

Crowther, J. G. (1910). Proceedings of the Royal Society (vol. Xxxiv). London: Roya Society.

Duschl, R. A. (1994). Research on the history and philosophy of science. In D. L. Gabel (Ed.),
Handbook of Research on Science Teaching, pp. 443-465. New Y ork: MacMillan.

Falconer, I. (1987). Corpuscles, eectrons, and cathode rays. J. J. Thomson and the ‘discovery of
the dectron’ . British Journal for the History of Science, 20, 241-276.

Frey, P. R. (1965). College chemistry (3'0' edn.). Englewood Cliffs, NJ: Prentice Hall, Inc. (first
published 1952).

Hauser, E. A. (1951). The lack of natura philosophy in our education. Journal of Chemical
Education, 28, 492-494,

Heilbron, J. L. (1964). A history of atomic models from the discovery of the electron to the
beginnings of quantum mechanics. Doctora dissertation, University of California, Berkeley.

Heilbron, J. L. & Kuhn, T. (1969). The genesis of the Bohr atom. Historical Studies in the
Physical Sciences, 1, 211-290.

Herron, J. D. (1977). Rutherford and the nuclear atom. Journal of Chemical Education, 54, 499.

Hettema, H. (1995). Bohr's theory of the atom 1913-1923: A case study in the progress of
scientific research programmes. Studies in History and Philosophy of Modern Physics, 26B, 307-
323.

Hodson, D. (1988). Towards a philosophically more valid science curriculum. Science Education,
72, 19-40.

Holton, G. (1986). The advancement of science and its burdens. Cambridge, UK: Cambridge
University Press.

Jensen, W. B. (1998). Logic, history, and the chemistry textbook. Journal of Chemical
Education, 75, 817-828.

Kauffman, G. B. (1989). Higtory in the chemistry curriculum. Interchange, 20(2), 81-94.

Kuhn, T. (1970). The structure of scientific revolutions (2nd edn.). Chicago: University of
Chicago Press.

Kuhn, T. (1984). Revisiting Planck. Historical Studies in the Physical Sciences, 14, 231-252.

Lakatos, 1. (1970). Fadfication and the methodology of scientific research progammes. In I.
Lakatos & Musgrave, A. (Eds). (989), Criticism and the growth of knowledge (pp. 91-195).
Cambridge, UK: Cambridge University Press.

Lincoln, Y. (1989). Trouble in the land: The paradigm revolution in the academic disciplines. In J.
C. Smart (Ed.), Higher education: Handbook of theory and research, vol. V, pp. 57-133. New
York: Agathon Press.

Margenau, H. (1950). The nature of physical reality. New Y ork: McGraw-Hill.

Matthews, M. R. (1994). Science teaching: The role of history philosophy of science. New
Y ork: Routledge.

McComas, W. F., Almazroa, H. & Clough, M. P. (1998). The nature of science in science
education: An introduction. Science and Education, 7,511-532.

Millikan, R. A. Electrons ( + and - ), protons, photons, neutrons, mesotrons, and cosmic rays
(2" edn.). Chicago: University of Chicago Press, 1947 (first published in 1935).

Moore, F. J (1998). Editoria: History, chemistry, and a longer view. Journal of Chemical
Education, 75, 1199.



322 NIAZ & RODRIGUEZ

Niaz, M. (1993). ‘Progressive problemshifts between different research programs in science
education: A Lakatosian perspective. Journal of Research in Science Teaching, 30, 757-765.

Niaz, M. (1994). Enhancing thinking skills: Domain specific/domain genera strategies - A dilemma
for science education. Instructional Science, 22, 413-422.

Niaz, M. (1998). From cathode rays to apha particles to quantum of action: A rationa
reconstruction of structure of the atom and its implications for chemistry textbooks. Science
Education, 82, 527-552.

Niaz, M. (1999). Should we put observations first? Journal of Chemical Education, 76, 134.

Popper, K (1965). Conjectures and refutations: The growth of scientific knowledge. New
York: Harper.

Rodriguez, M. A. & Niaz, M. (1999). How in spite of the rhetoric, history of chemistry has been
ignored in presenting atomic structure in textbooks. Paper presented at the 49 Annua Convention of
the Venezuelan Association for the Advancement of Science (AsoVAC), Maracay, Venezuela, Nov.

Rutherford, E. (1911). The scattering of alpha and beta particles by matter and the structure of the
atom. Philosophical Magazine, 21, 669-688.

Scerri, E. R. (2000). The failure of reduction and how to resist disunity of the sciences in the
context of chemical education. Science and Education (in press).

Schwab, J. J. (1962). The teaching of science as enquiry. Cambridge, MA: Harvard University
Press.

Schwab, J. J. (1974). The concept of the structure of adiscipline. In E. W. Eisner and E. Valance
(Eds.), Conflicting conceptions of curriculum. Berkeley, CA: McCutchan (first published 1962).

Shiland, T. W. (1998). The atheoretica nature of the national science education standards.
Science Education, 82, 615-617.

Siegdl, H. (1978). Kuhn & Schwab on science texts and the goals of science education.
Educational Theory, 28, 302-309.

Siser, H. H., Vandeerwerf, C. A., & Davidson, A. W. (1959). General chemistry (2™ edn.).
New York: MacMillan (first published 1949).

Stinner, A. (1992). Science textbooks and science teaching: From logic to evidence. Science
Education, 76, 1-16.

Timm, J. A. (1956). General chemistry (3% edn.). New York: McGraw-Hill (first published 1944).

Thomson, J. J. (1897). Cathode rays. Philosophical Magazine, 44, 293-316.

Wilson, D. (1983). Rutherford: Simple genius. Cambridge, MA: MIT Press.



