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Preface

The subject of the present work is what I consider to be the essen-
tials of the historiography of science. I discuss a number of problems
which, I suggest, are of fundamental importance to almost any
serious historical study of science, irrespective of its particular field
and period. There are, of course, historiographical issues which
are peculiar to certain approaches, disciplines and periods. Most
of these I have left untreated or only touched lightly. Thus science
before 1500 only figures sporadically in the book, and issues pecul-
iar to the social and institutional history of science have only
received scant attention. Apart from these limitations there are
other important topics which I do not discuss because they are
only indirectly related to the main themes of the book. These
include various philosophically based views concerning the histor-
ical development of science, such as the historiographical theories
of Kuhn, Lakatos and others, and also the question of the so-called
driving forces of scientific development.

The structure of the book is as follows. Chapter 1 gives an
outline, separated from the rest of the work, of the prehistory of
history of science. The chapters 2 to 7 deal with matters of a
general historiographical nature, being an introduction to theory
of history as applied to history of science. As a historical discipline,
history of science is amenable to the same theoretical reflections
which are valid in general history. Practitioners of the discipline,
whether trained as scientists or historians, should be familiar with
these reflections. In chapters 8 to 10 I discuss some of the basic
problems in the general historiography of science. These include
problems of periodization, ideological functions and the tension
between diachronical and anachronical historiography. The rest
of the work deals with the critical use and analysis of history of
science sources and related issues. While the analysis of sources is
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essentially the same for any historical discipline, in some respects
the historian of science faces problems that are peculiar to his field.
One such problem is the possibility of experimental reconstruction
of history. The two last chapters give a critical review of versions
of quantitative history of science.

An earlier Danish version was translated into English by Jean
Lundskjaer—Nielsen. The work has received support from the
Danish Research Council for the Humanities. I gratefully acknow-
ledge this support. The book has benefited from various suggestions
and critical remarks made by two referees unknown to me.

Helge Kragh
June 1986



Aspects of the development of the
history of science

Although the history of science as an autonomous academic discip-
line only developed in the 20th century, activities that might justi-
fiably be described as early forms of history of science have been
taking place for centuries. Historical descriptions and analyses
have always followed the development of science. Indeed, even a
superficial consideration of the history of science in former times
reveals that many of the central historiographical problems discus-
sed in modern history of science can also be encountered in earlier
centuries.

Throughout most of the period in which science developed, it
was learnt and cultivated as part of a historical tradition that was
indistinguishable from science proper. In Classical times and in
the Middle Ages in particular, the usual form of cultivation of
science involved relating to earlier thinkers. Critical commentaries
and analyses of the Classical works were made and these were
used as a point of departure for new thought and contributions
of current interest. When Aristotle wished to say something about
atoms and the void, he reproduced parts of the history of atomism
and embarked on a discussion with the long-departed Democritus.
When a Greek mathematician wanted to solve a problem, the
natural way to proceed was to begin by giving an account of the
history of that particular subject, which was regarded as an integral
part of the problem.

Classical historians were interested first and foremost in contem-
porary history and did not consider it of much value to consider
earlier events or developments in a historical perspective. This
topical, and therefore in one sense, ahistorical attitude was based
on the Greeks' perception of critical historical method: the only
reliable sources were believed to be eye-witnesses, people who had
personally been present at the event under discussion and as such
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could be cross-questioned about the event by the historian. As a
result of this approach, Greek historical perspective was, for the
main part, limited to a single generation.

Another factor that contributed to the absence of a real historical
perspective was the prevailing view of time and the uncertain
chronology. It was usual for the Greeks to regard time as cyclic
or, as far as short periods of time were concerned, as static. This
notion of time does not support the fundamental idea of historical
development, according to which modern ideas and events are seen
as the results of the dynamics of the past. The Greeks had no
tradition for, or interest in, dating events and often made do with
dating them as having happened 'long ago'. Precise dating and the
placement of events in chronological order are largely bound up
with a linear concept of time. A linear and dynamic view of time
derives especially from Judeo-Christian thought and did not
become widespread until the Middle Ages in Europe.

Our knowledge of the Classical form of history of science is
greatly limited by the almost total absence of original source mate-
rial. Thus, we know that Eudemus, who lived in the 4th century
BC, wrote both a history of astronomy and a history of mathema-
tics, but these works have disappeared. The knowlege that we do
have comes mainly from later commentators working at the end
of the Classical period or at the beginning of the Middle Ages.
One example of these is Proclus (c. 420—485) who wrote a historical
account of Euclid's mathematics. Simplicius (c. 540), who wrote
detailed commentaries of Aristotle's works on natural philosophy
and, in connection with these, also gave an account of the ideas
held by earlier natural philosophers, is another example. The com-
mentaries written by Proclus, Simplicius and others can reasonably
be regarded as late-Classical history of science.

In the 16th and 17th centuries, when the new science came into
being, history was still regarded as an integral part of scientific
knowledge. History, especially Classical history, was regarded by
pioneers from Copernicus to Harvey as definitely present and relev-
ant to the current progress of science. During the scientific revolu-
tion the Classical authorities were often used as opponents in
ideological arguments. At the same time, history served as legitima-
tion for the new science. By referring to the great philosophers in
the past, a tinge of respectability could be lent to science.

From the end of the 17th century the attitude towards the Clas-
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sical authorities changed. It became common to highlight the mod-
ern world's knowledge at the expense of that of antiquity. Many
of the pioneers of the new science were strongly influenced by
protestant religious views: they critisized Classical Greek scholar-
ship for being heathen, and wanted to trace science back to a
Biblical knowledge dating from before the time of the Greeks.
Wherever such knowledge was not known, it was constructed from
the Bible. Sennert, Boyle and Newton were among the many who
thought that Moses had possessed a divine insight into the laws
of nature.1 Atomism, in their view, did not owe its existence to
the heathen and atheist Democritus, but to the prophet Moses.
This view helped to invest atomism with social authority in the
17th century. Gradually, as science became authorized as worthy
in its own right, age became unnecessary as a means of legitimation
and references to the great ancestors seemed superfluous.

The historical form that decked much of earlier science is well
illustrated by Joseph Priestley's The History and Present State of
Electricity (1767) and History and Present State of Discoveries
Relating to Vision, Light and Colours (1772). These were pioneer-
ing works of what was then front research, but they were neverthe-
less presented as 'histories'. Priestley was one of the many who
regarded the historical development as a natural part of their sci-
ence, a stocktaking of what had been achieved and of the problems
that were still unresolved. In this way history was given a role in
the sciences of the day. In full agreement with Priestley, the French
astronomer and historian of astronomy Jean-Sylvain Bailly
regarded the history of science as a report on 'what we have done
and what we can do.'2

For Priestley and his contemporaries the history of science was
primarily a tool, the value of which was bound up with the progress
of the research being carried out at that time.3

Great conquerors, we read, have been both animated, and also, in
a great measure, formed by reading the exploits of former con-
querors. Why not may the same effect be expected from the history
of philosophy to philosophers? May not even more be expected in
this case? . . . In this case, an intimate knowledge of what has been
done before us cannot but greatly facilitate our future progress, if
it be not absolutely necessary to it. These histories are evidently
much more necessary in an advanced state of science, than in the
infancy of it. At present philosophical discoveries are so many, and
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the accounts of them are so dispersed, that it is not in the power
of any man to come at the knowledge of all that has been done, as
a foundation for his own inquiries. And this circumstance appears
to me to have very much retarded the progress of discoveries.

As a natural consequence of this attitude and the period's general
belief in progress, the history of science was unequivocally depicted
as the history of progress.4

I made it a rule to myself, and I think I have constantly adhered to
it, to take no notice of the mistakes, misapprehensions, and alterca-
tions of electricians; . . . All the disputes which have no way contri-
buted to the discovery of truth, I would gladly consign to eternal
oblivion. Did it depend upon me, it should never be known to
posterity, that there had ever been any such thing as envy, jealousy,
or cavilling among the admirers of my favourite study.

While Priestley used the history of science in the service of con-
temporary science, others used it as a contribution to the debate
about the correct methodology and policy of the new science. An
early, classical example of this is Thomas Sprat's History of the
Royal Society from 1667. The most important aim of this work
was not to give an objective, historical account of the Royal Soc-
iety's foundation, but to play a polemical and political role. In
1667, the Royal Society was only five years old as an official
institution, but it had come into being as a result of the work and
visions of a series of informal groups dating from about 1640. The
methods, ideals and forms of organization to be pursued by the
new science were the subject of much discussion around 1670.
Sprat's History was a contribution to this debate, directed at the
future rather than the past. Since Sprat identified some sources
(Wilkins, Boyle, Bacon and others) as the Royal Society's spiritual
ancestors and ruled out the significance of others (Descartes and
Gassendi, in particular), and since Sprat's work achieved an
authoritative status, it laid down the view of science to be followed
by the Royal Society in the future. The Royal Society, and the
activities organized in connection with it, were to be based on an
empirical view of science and not on the more deductivist ideas
adopted by such continental thinkers as Descartes.

One should note that the word 'historical' in the 17th and 18th
centuries was often used in a different sense to that in which it is
used today. A 'historical phenomenon' frequently meant a concrete,
factual phenomenon and a 'history' merely an account of the factual
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conditions without it being necessary for these to belong to the
past. For example, Bacon's references to 'histories' that must be
researched by the future science were about concrete subjects or
areas of research. We have kept this meaning of the word history
in the term natural history.

The truly historical perspective that the study of the past is of
value in itself and therefore not in need of legitimation with regard
to the present, barely existed before the 19th century. There were,
admittedly, individual thinkers, in particular the Italian
philosopher Giambattista Vico (1668-1744), who emphasized the
value of the historical perspective. But Vico's thoughts remained
isolated throughout the 18th century which, instead, was charac-
terized by a tendency that must be described as anti-historical. The
Age of Enlightenment saw history as an instrument for progress
in the battle against the old feudal order. Only the recent develop-
ment was worthy of interest while the past was generally regarded
as irrational and inferior. Leibniz was one of the many who believed
that the study of the history of science could contribute towards
an increased recognition of how scientific ideas come into existence.
He viewed history of science as a contribution to the formulation
of the ars inveniendi of which he and many others dreamt:5

It is of great advantage to get to know the real sources of great
discoveries, in particular of those that were made not by chance
but by reflection. The result of this is not only that the history of
science acknowledges what each individual has contributed (i.e. the
establishing of objective historical facts) and that others are thus
encouraged to acquire a similar reputation (i.e. a great model serving
as an incentive), but also that the art of discovery (ars inveniendi)
expands when one finds the path of research in outstanding exam-
ples.

Although the idea of a logic of discovery was gradually discredited,
the exemplary function of the history of science - that modern
research can learn from the historical elucidation of the successes
and failures of earlier research - remained an important theme. A
century later, William Whewell dissociated himself from the idea
of a logic of discovery as understood by Leibniz. But Whewell,
too, regarded the study of the history of science as justified for
similar reasons. In 1837 he wrote as follows:6

The examination of the steps by which our ancestors acquired our
intellectual estate . . . may teach us how to improve and increase
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our store . . . and afford us some indication of the most promising
mode of directing our future efforts to add to its extent and com-
pleteness. To deduce such lessons from the past history of human
knowledge, was the intention which originally gave rise to the pre-
sent work.

The strong belief in progress and science that was a characteristic
trait of 18th century culture was also given expression in writings
on the history of science. In the last quarter of the century, many
historical works were published, including accounts of the general
development of particular sciences, historical biographies and
accounts of shorter periods of time. Bailly wrote the history of
astronomy in a series of works between 1775 and 1782, and bet-
ween 1771 and 1788 Haller published a collection of so-called
'libraries' that were historical analyses of the lives and works of
earlier scientists and physicians.7

History of science in the Age of Enlightenment was marked by
a naive scientific and social optimism that was not in a position
to recognize science as a proper historical phenomenon. The strong
points in that time's history of science lay in chronological details
and surveys of the subject and not in historical reflection. The
emergence of modern science was regarded as due to the inherited
thirst for knowledge of the European race, a quality that could
only find scientific expression in connection with the revolt against
what was seen as the repressive authority of the Church. Once it
had emerged, science could not be held back and would quickly
achieve perfection. Many philosophers of the Age of Enlightenment
- including notabilities such as Diderot, Turgot and Condorcet -
thought that this state of perfection had already been reached in
physics and astronomy, with only the details remaining to be filled
in. The absence of historical consciousness was also a result of the
prevailing view of cognition, in particular of the rationalist ideas
of Descartes, which were adopted in many areas by the French
philosophers. According to Cartesian epistemology, cognition was
purely reflective and rational, a universal and ahistorical abstrac-
tion. Reason itself could not be contingent on history, which
removed the basis for a proper history of ideas and science.

The romantic current that spread in Northern European natural
philosophy at the end of the 18th century also had some influence
on historiography of science. Romanticism in general involved a
stronger sense of history than was the norm in the 18th and 19th
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centuries. Among other things, history was regarded as more
relativistic, that is, the particular value and innate reason of each
period and culture were recognised. Romantic thinkers often had
a clear understanding of what is known as diachronic historio-
graphy', founded on the idea that the past should be judged on its
own premises. This is revealed, for example, in their sympathetic
attitude to the Middle Ages and to such unorthodox forms of
knowledge as astrology and alchemy. Thus, 0rsted gave an account
of medieval natural philosophy that was admittedly critical, but
in contrast to the attitude that prevailed in the 18th century it was
characterized by a certain amount of sympathy. 'Alchemy,' says
0rsted, 'was no randomly designed, but an absolutely essential
element of the prevailing physics. All natural philosophers were
searching for the philosophers' stone, for no other physics existed
at that time and no other physics could arise . . . .'8

However, leading Naturphilosophen taught a view of history
that was based on an intuitive, speculative insight into the spirit
of the time. This was a view that was in opposition to the critical
and systematic historiography that was developed at the end of
the Romantic period. Accuracy, source critical methods, and
responsibility as regards historical facts, were not regarded as vir-
tues by the Romantics. Henrich Steffens (1773-1845) thought that
such strivings were destructive to history as an idea. 'There are
scholars of history', he wrote, 'who feel they cannot rest until they
have pursued the majestic stream of turbulent history all the way
to the dirtiest puddles, and this is what they call a study of sources'.9

A similar critique was advanced in his programmatic Philosophical
Lectures, in which a holistic approach was recommended to both
the historian and the natural scientist. He had this to say about
the feeling or intuition that to the true philosopher joins the whole
of nature together in time and space:10

Periods of time whose way of thinking, whose external existence
was quite different from our own become intelligible to us by means
of this. If we give ourselves up to it, we shall be renouncing that
intellectual postulate of reason: to make our own age and its way
of thinking into a norm for all; it will give us the organs of the
times that lie hidden in the past.

As a result of the professionalization and organization of the sci-
entific life that became established in the 19th century, a certain
amount of interest arose in the history of science. But it was an
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interest that was primarily directed towards technical and specialist
matters. The increasingly arrogant natural sciences distanced them-
selves from the humanities and a corresponding schism appeared
between the history of science and such fields as philosophy, history
of civilization and theory of history. The feeling that philosophy
can learn from the history of science while the latter has nothing
to learn from philosophy became widespread. This is exemplified
in Whewell, who derided the examples of traditional logic as 'so
trifling as to seem a mockery of truth-seeking, and so monotonous
as to seem idle variations of the same theme'.11

The often arrogant confidence in the methods and possibilities
of science that accompanied the positivistic current in the 19th
century resulted in a relatively unhistorical form of history of sci-
ence. By regarding the methods of science as unequivocal and
universal, the historical perspective was narrowed down and
interest concentrated on contemporary science and its immediate
predecessors. This was explicitly stated by Justus Liebig (1803-
1873), the great chemist: 'If it is impossible to judge merit and
guilt in the field of natural science, then it is not possible in any
field, and historical research becomes an idle, empty activity.'12

It was usual in the 18th and 19th centuries for scientists to
include in their works a 'historical introduction' in which they
summarized the pre-history of the subject and placed their own
work in that tradition; while, at the same time, emphasizing the
originality and significance of their work. One example is Darwin's
'historical survey' which he included in later editions of The Origin
of Species. In this survey he gave a historical account and evaluation
of the concept of evolution from Lamarck up to his own contribu-
tions.13 Historical introductions of this kind are often documents
that are of interest to modern historians, but they should, of course,
be read critically. They often reveal more about the author than
about the history of the subject concerned.

Isaac Todhunter (1820—1884), who wrote a series of histories
of the mathematical and physical disciplines, may exemplify the
specialist historian of science of the 19th century.14 By virtue of
their range and wealth of details alone, these impressive works are
still profitably consulted today; but their technical level renders
them unreadable for non-mathematicians and they can hardly be
regarded as history of science according to modern criteria.
Todhunter's works are representative of a type of history of science
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that has been in existence for almost 200 years: professional scien-
tists who write about the history of their subject with regard to
its contemporary status. Most of these works largely ignored (and
still ignore) the historical perspective and concentrated one-sidedly
on producing an accurate specialist account. Only a few outstand-
ing scholars have been able to combine specialist expertise with a
true sense and knowledge of history. Today this happy combination
scarcely exists any longer.

William Whewell (1794-1866), sometimes described as the first
modern historian of science, attempted to provide a comprehensive
stocktaking of the historical development of the inductive sci-
ences.15 To Whewell, as to his period generally, science was a
purely European phenomenon owing nothing to other cultures or
times. But Whewell gave no explanation as to why science should
be bound up with European thought, or why it arose in the 16th
and 17th centuries. His purpose was rather to develop a philosophi-
cal understanding of the sciences than to understand them in their
historical context. Original historical scholarship, the study of
primary sources, for example, lay outside WhewelPs programme,
which was based on a comprehensive but somewhat random read-
ing of contemporary sources. Instead of merely using the history
of science as a collection of examples for philosophical theses, he
wished to base on or even derive from history an accurate
methodology of science. He maintained that history is the only
acceptable source of a philosophical knowledge of science. This
view is sometimes referred to as 'historicism' as opposed to the
'logicistic' view according to which logical criteria determine the
philosophy of science, while history is in principle irrelevant.
Whewell's contemporary, the philosopher John Stuart Mill (1806—
1873), maintained a position close to logicism.16

Whewell's kind of history of science is representative of the
philosophically orientated history that was taken up and developed
later in the century, especially by scholars inspired by positivism.
Mach, Berthelot, Ostwald and Duhem were all outstanding scien-
tists who combined specialist insight with a philosophically moti-
vated interest in the history of science. Considering the ahistorical
view of science that logical positivism later made into a virtue, the
extent to which early positivism made active use of the history of
science in its argumentation is remarkable. Ostwald's interest in
history of science revealed itself in his publication of a series of



10 Introduction to historiography of science

reprints of classical contributions to physics and chemistry, the
so-called Ostwald's Classic series.17 This series started in 1889
and, so far, comprises more than 250 volumes of original texts in
translation. Ostwald's intention in publishing these volumes was
to give scientists easy access to their predecessors' original publica-
tions, so that they would not be reduced to reading extracts or
secondary versions of them. Twenty years later Karl Sudhoff started
publishing a corresponding series of medical classics.18

The integration of science, philosophy and history is even more
marked in Ernst Mach (1838-1916), the Austrian physicist and
philosopher. Mach was of the opinion that the historical method
was the one best suited to the purpose of gaining insight into
scientific method. Die Mechanik, possibly Mach's most important
work, is characteristic of his view of the history of science.19 Mach's
aim is primarily philosophical since he engages in a dialogue with
the scientists of the past, by means of which he criticizes their
methods and develops his own epistemology and methodology.
Mach's celebrated criticism of the concept of causality and the
Newtonian view of space and time is a result of this historio-critical
method. The method revealed to Mach that Newtonian mechanics,
far from being absolute and complete, is 'an accident of history'.
Mach described his view of the function of the history of science
as follows:20

We shall recognize also that not only a knowledge of the ideas that
have been accepted and cultivated by subsequent teachers is neces-
sary for the historical understanding of a science, but also that the
rejected and transient thoughts of the inquirers, nay even apparently
erroneous notions, may be very important and very instructive. The
historical investigation of the development of a science is most
needful, lest the principles treasured up in it become a system of
half-understood prescripts, or worse, a system of prejudices. Histor-
ical investigation not only promotes the understanding of that which
now is, but also brings new possibilities before us, by showing that
which exists to be in great measure conventional and accidental.
From the higher point of view at which different paths of thought
converge we may look about us with freer vision and discover routes
before unknown.

A more historically conscious historiography than found in
Whewell and Mach slowly began to develop from the middle of
the last century. This happened under the influence of such diverse



Aspects of the development of history of science 11

sources as Hegel, romanticism and the new historical method as
developed by the Berlin School (Leopold von Ranke, Barthold
Niebuhr). Among other things, Ranke (1795-1886) emphasized
the objectivity and autonomy of historical knowledge and that the
past had to be understood on the basis of its own and not contem-
porary premises. He also laid the foundation for the systematic
criticism of sources with its demands for the thorough scrutiny of
sources and precise referencing. The new scientific historiography
was, admittedly, aimed at the historical professions of the time -
mainly political and diplomatic history - and not at science which
was not regarded as a historical discipline. But the standards of
the Berlin school influenced a few historians of science too.

Its influence can be traced in the historiography of chemistry,
to give one example. Thus Hermann Kopp (1817-1892) criticized
mere chronological historiography and its tendency to show all
progress in chemistry on a linear scale pointing forwards to the
present.21 His contemporary, the French historian of chemistry
Ferdinand Hoefer (1811-1878) similarly made considerable use
of the critical method.22 He based his work on the study of original
texts, incorporated sources from the history of medicine, art and
technology and adopted a critical attitude towards progress-fixated
writing. Hoefer's use of the modern critical method was not, how-
ever, typical of the 19th century, when such a basic requirement
as that of giving precise references and distinguishing between
primary and secondary sources was still not recognized as a neces-
sity. Mach's Mechanik, mentioned earlier, is typical in this respect.
Mach based his book on a comprehensive reading of original texts,
but in his many quotations he does not take the trouble to indicate
where the quotations come from.

In contrast to the subject centred, analytical history of individual
disciplines, stands synthetic history of science in which the emphasis
is placed on the unity of science and its interplay with other parts
of social and cultural life. In accordance with his positivistic prog-
ramme, Auguste Comte (1798-1857) argued in favour of this kind
of history of science. In 1832, albeit unsuccessfully, he called for
the establishment of a Chair of history of science at the College
de France: such a Chair, the first of its kind in the world, was
eventually created in 1892 and then given to a loyal follower of
Comte.23 The father of positivism wrote:24
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It is only now that it would be meaningful to establish such a Chair,
since before the present age the different branches of natural
philosophy had not yet taken on their definitive character and not
yet shown their various connections . . . . At this stage of our cog-
nition, human knowledge, as far as its positive parts are concerned,
can therefore be regarded as one unit and in consequence its history
can subsequently be understood. But history of science, which is
impossible without this unity, endeavours to make this scientific
unity more complete and more distinct.

Comte's programme for a positive history of science remained,
like so many of his ideas, merely a programme. Still it is important,
partly because it later inspired historians, partly because it con-
tained new thoughts. Comte thus emphasized two fundamentally
different ways of presenting and understanding science, which he
called the historical and the dogmatic methods. The latter is essen-
tially the ahistorical textbook method, according to which a scien-
tific subject is represented logically clear and distinct from other
disciplines. According to Comte this is necessary for philosophical
and pedagogical reasons but does not contribute to the understand-
ing of the true nature of science. Specialist histories of individual
disciplines are just as ill-suited to this purpose, for they artificially
isolate the development of the sciences from the development of
science, the only real object of the historical method.25

The so-called historical mode of exposition, even if it could be
rigorously followed for the details of every science in particular,
would remain purely hypothetical and abstract in the most impor-
tant respect, for it would consider the development of that science
in isolation. Far from exhibiting the true history of the science, it
would tend to convey an entirely false impression of that history.
Certainly I am convinced that the history of science is of the greatest
importance. I even think that one does not know a science com-
pletely as long as one does not know its history. But such a study
must be considered as entirely separate from the dogmatic study of
science, without which the history would be unintelligible.

Thus, the relationship between the historical and the dogmatic
approaches is dialectical according to Comte: in order to under-
stand a science one has to understand its sociology and history;
but a knowledge of scientific dogmatics is essential if one is to
understand the history and not allow it to degenerate into a
chronological pile of dead material. The dogmatic or logical order
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will serve as a theoretical framework for an interpretation of his-
tory.

Comte's view of the development of science had a genuine his-
torical perspective. Although Comte's philosophy was a cultivation
of progress with positivist science as its highest aim, he did not
regard alchemy, astrology, cabalism etc. as mere mistakes and
obstacles on the march to scientific truth. For example, he drew
attention to the fact that the 'dark' Middle Ages was a necessary
stage in the cultural development of mankind and ought to be
evaluated sympathetically as a period existing in its own right.
This rehabilitation of medieval science should be seen against the
background of the 18th century massive and successful attempt to
depict the Middle Ages as a temps tenebreux (or, as Whewell later
put it, 'a mid-day slumber'). This portrayal was typical of Voltaire
and the French Encyclopaedists, who thereby emphasized the pecul-
iarity and progressiveness of the new science.

Although Comte argued for a historical approach to science, his
own contributions to history of science were superficial and of
doubtful value. To Comte, too, history of science was only of
interest in so far as it could be related to a general philosophical
system. To him, sources and historical data played a minor role,
as they did for other system philosophers of the 19th century
(Spencer, Mill, Hegel, Engels and Diihring, for example).

The founders of modern socialism, Marx and Engels, were clearly
aware of the unhistorical and ideologically comfortable myth of
the dark Middle Ages. Because of this myth, 'a rational insight
into the great historical continuity was rendered impossible and
history could, at most, serve as a collection of examples and illust-
rations for the use of the philosophers'.26 The rudiments of a
materialist history of science to be found in the works of Marx
and Engels were not developed in the 19th century, when the
historians mainly ignored the interrelationship of scientific develop-
ment and economic and political developments. There were admit-
tedly a few exceptions to this, especially in writings on the history
of chemistry and medicine. Worthy of mention is the Anglo—Ger-
man chemist Carl Schorlemmer (1834-1892), a close friend of
Marx and Engels, and a supporter of Marxist socialism. Schorlem-
mer used parts of Marxist theory, both historical and dialectical
materialism, in a work on the history of organic chemistry.27 This
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was the first work in history of science that justifiably can be called
Marxist and it remained the only one for half a century.

At the end of the 19th century, there was a tendency among
some scientists to one-sidedly emphasize the method of science at
the expense of the methods that prevailed in the humanities, includ-
ing history. Eminent scientists such as Wirchow, Haeckel and
Ostwald maintained that the study of history should be radically
changed and subordinated to the new science dominated culture.
Without in any way being influenced by Marx they spoke disdain-
fully of traditional 'bourgeois history' with its focusing on kings,
wars and diplomacy. They wanted to replace this kind of history
with a universal history based on the progress of science. Naturally,
professional historians reacted strongly against what they saw as
the arrogant and aggressive claims of science. In Germany, such
historians as Droysen, Dilthey and Meinecke stressed that history
was a humanistic discipline, a Geisteswissenschaft^ whose methods
and objectives were incompatible with those of the natural sciences.
The sharp distinction which claimed to separate the two kinds of
knowledge was a contributory factor towards the fact that estab-
lished historians, by and large, ignored the history of science and
culture. These fields were left instead to scientists and amateur
historians. The history of science was, of course, assigned a central
role in the German scientists' vision of a universal history of culture.
The physiologist and physicist Emil Du Bois-Reymond (1818—
1896) thus concluded that 'natural science is the absolute organ
of culture and the history of science the proper history of man-
kind'.28

A certain amount of history of science was written out of patriotic
motives, aimed at drawing attention to the excellency of the science
of the nation or arguing in favour of national priority demands.
Raoul Jagnaux (1845-?), for example, presented chemistry as
essentially a French science. French historians and chemists engaged
in an almost religious worshipping of Lavoisier, who was not only
regarded as the founder of chemistry but also as a symbol of French
power.29 Many Germans minimized the historical significance of
Lavoisier and emphasized instead the role of early German chemists
such as Paracelsus and Stahl. This nationalistically motivated his-
tory signified that science had become an emblem of prestige, an
ideological factor of national importance. History of science also
played a part in the conflict between clericalism and liberalism. In
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several historical works the Church was accused of being an enemy
of scientific progress and then, allegedly, of human progress too.30

It was not until the turn of the century that the scattered activities
were organized and history of science began to be established as
an independent profession. The first international conference was
held in Paris in 1900, to be followed later by a regular series of
similar congresses. Another sign of professionalization was the
establishment of national societies for the study of history of sci-
ence. In Germany a Gesellschaft fur Geschichte der Medizin und
der Naturwissenschaften was founded in 1901, 23 years before
the American History of Science Society was founded. In connec-
tion with the societies, several periodicals were started for the
communication of historical research. In 1902 Mitteilungen zur
Geschichte der Medizin und der Naturwissenschaften came into
being and in 1908 Karl Sudhoff (1853-1938) founded the Archiv
fur Geschichte der Medizin^ usually known as just Sudhoff's Archiv.
At the same time the first Chairs in history of science were estab-
lished.

The professionalization of the history of medicine took place
somewhat earlier than was the case with the history of science.
There were regular courses on the history of medicine at several
European universities from the middle of the 19th century. From
1893 a Chair in the history of medicine at Copenhagen University
was held by J.J. Petersen and in 1905 the Institut fiir Geschichte
der Medizin was established in Leipzig. By and large, the historio-
graphy of medicine has developed independently of the rest of
history of science. It must still be regarded today as an autonomous
branch with a number of problems and interests not quite shared
by other fields.31

Paul Tannery (1843-1904) was probably the most important
individual as far as the organization of the new history of science
was concerned. Tannery, if anyone, is 'the true founder of the
modern history of science movement'.32 Like Comte, Tannery
regarded the history of science as an integral part of the general
history of mankind, not merely as a series of subdisciplines belong-
ing to the specialist sciences. His critical attitude towards the his-
tories of particular sciences that up till then had constituted most
of the history of science, appears in the following quotation:33

The scientist in so far as he is a scientist is only drawn to the history
of the particular science that he studies himself; he will demand
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that this history be written with every possible technical detail, for
it is only thus that it can supply him with materials of any possible
utility. But what he will particularly require is the study of the
thread of ideas and the linking together of discoveries. His chief
object is to rediscover in its original form the expression of his
predecessors' actual thoughts, in order to compare them with his
own; and to unravel the methods that served in the construction
of current theories, in order to discover at what point and towards
what goal an effort towards innovation may be made.

This theme, the relationship between the specialist history of par-
ticular disciplines and general or synthetic history of science, con-
tinues to be one of the debating points among historians.

A leading chemist and physicist as well as a philosopher of
science, Pierre Duhem (1861—1916) focused on the development
of the physical sciences in the Middle Ages and the Renaissance.
Duhem, a devout catholic, attempted to demonstrate in a number
of important works that the so-called scientific revolution was
merely a natural extension of theories and methods that had already
been developed by medieval scholars.34 'What are generally
assumed to have been intellectual revolutions,' wrote Duhem, 'have
almost always merely been slow, long prepared evolutions . . . .
Respect for tradition is an important precondition for scientific
progress.'35 Duhem also stressed that the theories and methods of
the Middle Ages owed much to the Christian world picture. His
impressive project did not achieve immediate recognition and was
only taken up by other historians later.

Duhem based his critical studies on a scrutiny of original texts
and set new standards for precise documentation. His theory of
the continuity of science and of the crucial importance of the
Christian Middle Ages has not remained uncontested; but his argu-
ments and documentation have also played a great role in modern
history of science. At about the same time as Duhem, the German
Emil Wohlwill worked on the same periods and problems and
drew attention to the significance of the science of the late Middle
Ages and the Renaissance.36 The works of Duhem and Wohlwill
later formed the basis for a school of history of science, including
A.Maier, A.C.Crombie and M.Clagett, who have focused on the
predecessors of the scientific revolution.

The renewal of history of science activities around the turn of
the century was indebted to new discoveries in the fields of
archaeology, anthropology and philology. New discoveries of
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source materials extended the horizons of the history of science
and revealed previously unknown scientific cultures, even older
than the revered Greeks. To cite just one example, the Danish
philologist J.L.Heiberg (1854-1928) discovered a manuscript in
Istanbul, in 1906, that led to a completely new understanding of
the methods of Archimedes, in particular, and of Greek mathema-
tics, in general.37 In a similar way, knowledge of Egyptian and
Babylonian mathematics and astronomy owed much to the
decipherings made by archaeologists and philologists towards the
end of the 19th century. Early Hindu mathematical sources were
already being collected and studied around the year 1800 by British
scholars attached to the East India Company. Ancient Egyptian
mathematics was opened up from 1858, when the Scottish Egyp-
tologist A.Henry Rhind discovered a long papyrus strip covered
with mathematical examples and rules of calculation.

Another reason for the renewal of history of science was that
science was just beginning to be recognized as an important histor-
ical factor, even by professional historians. J.T.Merz (1840-1922)
may be singled out as representative of these early attempts to
include science as part of a more general description of culture.38

A number of wide-ranging, ambitious histories of science were
written in accordance with the ideas of Tannery, attempting to
chart and describe the general development of science as a whole.
These works, those of Danneman and Darmstaedter for example,
are impressive monuments to the ambitious current at that time,
but they have not proved to be of lasting value.39

Finally, around the turn of the century, the history of science
became the object of increasing interest because of its educational
value. Many authors and teachers advocated a historically orien-
tated method for the study of scientific disciplines. A few even
practised it. In the physical sciences, the spokesmen for this were
Mach and a little later Dannemann and Grimsehl.40 In France,
Duhem advocated the historical method as 'the best way, surely
even the only way, to give those studying physics a correct and
clear view of the very complex and living organization of this
science'.41

We shall conclude this outline of the development of the history
of science by mentioning the Belgian-American George Sarton
(1884-1956). Sarton was influenced by Comte and Tannery and
he wanted to institutionalize a similar view of history of science,
that is, one in which synthetic unity and a belief in progress were
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leading elements. Sarton wrote a number of articles in which he
developed his programme of what history of science ought to be,42

and he worked hard to organize the field as an academic discipline
in accordance with these guidelines. His view was, at least by
modern standards, somewhat naive and surprisingly ahistorical.43

Some of the central points in Sarton's programme are the following:
(a) The study of the science of the past is of no value in itself,

but is justified solely through its relevance for contemporary and
future science. The history of science can and should give inspira-
tion to, and act as a moral for, contemporary research. Partly for
this reason, it is necessary that the historian should have a good
command of the modern science whose predecessors he is studying.

(b) Science is 'systematized positive knowledge, or what has been
taken as such at different ages and in different places', with the
accompanying theorem that 'the acquisition and systematization
of positive knowledge are the only human activities which are truly
cumulative and progressive'.44 The historian ought not, admittedly,
to criticize the science of the past for not living up to our current
knowledge, but he ought to evaluate earlier contributions in rela-
tion to their predecessors; and when making his evaluation, he
should focus on whether the development concerned constituted
a step forward. The extent to which this was the case can be
determined by using modern standards of progress and rationality.
It is the modern historian of science who, on the basis of these
standards, determines when the science of the past was based on
true scientific principles and when it was merely pseudo-science.
For example, Sarton refused to consider the physiological theories
of Galen because he regarded them as speculative phantasies, far
from the positive knowledge that ought to be a mark of science.

(c) Even though the development of science ought, in principle,
to be studied as an integral part of the social and cultural currents
of the age, socio-economic conditions have, nevertheless, no deep
influence on the life of science. The kind of history of science
practised and advocated by Sarton is internalistic. It focuses on
science as an isolated, autonomous system and on the great geniuses
who are the bearers of this system.

(d) When looked at in a historical perspective, science is an
unmitigated good. It is the great benefactor of mankind, truly
democratic and international. The study of the history of science
will not only help prevent new wars, it will also build bridges
between humanistic and technico-scientific cultures.
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Sarton's programme was not carried out in practice and is hardly
likely to be, ever. Sarton himself wrote an enormous 4,200 page
'introduction' to the history of science up to the 14th century, but
neither this work nor others in the same grandiose style have had
significant importance for modern history of science.45 In practice,
historians have turned away from the ideals that Sarton stressed,
ideas that are mostly heard today at congresses and other ritual
occasions. Sarton's enduring contribution to the history of science
was, in particular, his energetic and largely successful attempt to
confer on the discipline the status of a recognized academic profes-
sion. He was a tireless propagandist for the history of science and
succeeded in uniting scientists, humanists and administrators in
interest for the subject. One is tempted to call him the Bacon of
history of science. But not its Newton.

Sarton's most important contributions took place in the United
States, where history of science had been taught at a few universities
since the end of the 19th century and where the ideological climate
was sympathetic to his visions. This early American interest was
bound up with the desire to attract students to the progressive
natural sciences. To a considerable extent it had a propagandist,
missionary strain. History of science was to serve a moral purpose,
to be the shining account of the triumphal progress of scientific
reason throughout the whole world. A prospectus from 1914, the
year before Sarton arrived in the USA, states that 'a survey of the
sciences tends to increase mutual respect and to heighten humanita-
rian sentiment. The history of the sciences can be taught to people
of all creeds and colors, and cannot fail to enchance in the breast
of every young man or woman, a faith in human progress and
good will to all mankind'.46

Naturally, Sarton was not the sole organizer of the new history
of science movement. Charles Singer (1876-1960), at least, also
should be mentioned. He was responsible for the establishment of
a department of History and Methods of Science at University
College, London, in 1923. Singer's view of the history of science
largely coincided with Sarton's.

We shall conclude our outline of the history of the history of
science at this point. Parts of the later development will be discussed
in the chapters that follow.
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It is customary to distinguish between two different levels or mean-
ings of the term 'history'. History (Hi) can describe the actual
phenomena or events that occurred in the past; that is, objective
history. In such expressions, for example, as 'throughout history
mankind's knowledge of nature has always increased', history is
to be understood as 'the past' or the phenomena that actually
occurred in the past. But since we only have, and only ever will
have, a limited knowledge of the reality of the past, most of what
actually took place in the past will forever be beyond our grasp.
The part of history (Hi) that we do know is not just limited in
extent but is also the product of a research process that includes
the selections, interpretations and hypotheses of the historian. We
do not have direct access to Hi, only to parts of Hi that have been
transmitted via various sources.

The term history (H2) is also used of the analysis of historical
actuality (Hi), that is, of historical research and its results. The
object of history (H2) is thus history (Hx) in the same way as the
object of natural science is nature. Just as our (scientific) knowledge
of nature is limited to the research results of science that are not
nature but a theoretical interpretation of it, so our knowledge of
the events of the past is limited to the results of history (H2) that
are not the past but a theoretical interpretation of it. Radically
positivist philosophers have maintained that the existence of an
objective nature is a meaningless fiction and that it is impossible
to distinguish between nature and our knowledge of it. In the same
way, some idealist historians maintained that the distinction bet-
ween Hi and H2 is a fiction that serves no useful purpose; that
there is no actual history apart from that which the historian
constructs from his sources.1 There is no need, however, in the
present context, for us to take this idealist view of history seriously.



History of science 21

Even if one did, it would hardly make much practical difference
for historical research.

The term historiography is often used of H2, meaning writings
about history. In practice, historiography can have two meanings.
It can simply mean (professional) writing about history, that is,
accounts of the events of the past as written by historians; but it
can also mean theory or philosophy of history, that is, theoretical
reflections on the nature of history (H2). In its latter meaning,
historiography is, therefore, a meta-discipline, whose object is H2;
purely descriptive history will not itself be historiography but it
can be the object of historiographical analysis.

History is concerned with human activities, preferably those that
are socially relevant. Non-human factors are naturally included in
history in so far as they have influenced human activities. If one
is interested in the history of agriculture in the late Middle Ages,
for example, one has to take into consideration climatic variations
during that period. Climate reveals a temporal but not a historical
development. When one talks of the history of climate or the
history of stars it is in a different, more trivial sense than history
proper which is exclusively bound up with human behaviour and
consciousness. According to Olaf Pedersen, the history of science
is not especially concerned with 'historical' problems in the sense
used here. 'History', he says, 'is just the study of a development
in time of some human event or other through a series of successive
conditions, . . . one constructs a historical viewpoint as soon as
one starts to organize the events with time as the parameter.'2 This
attitude, however, does not capture the distinctive character of
history and does not fully cover historical practice. A mere
chronological account of the various phases of an event ('I awoke
at 6.30am, ate breakfast at 7am, went to work at 7.40am, . . . ')
is not history. On the other hand, historical studies might well
include a dipping into the past, in which temporal organization is
either not included or is of no importance.

According to many historians, phenomena should be able to be
described in their individuality conditioned by time and place in
order to be specifically historical. What lies behind this formula
is the idea that events that are historical are unique in time and
space because of their location in the past. Niels Bohr was born
in Copenhagen in 1885 and this event is unique in that it cannot
be repeated or generalized. The demand for individuality con-
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ditioned by time and place is, however, too weak in that it does
not effectively demarcate the historical sciences in relation to the
natural sciences (not to mention the social sciences). This
methodological demarcation is, on the whole, difficult and cannot,
at any rate, be based on the idea of historical events as being
exclusively fixed in time and space. And it is too strong in that it
implicitly confines history to concerning itself with particular
events that can be located at a particular time in a particular place.
History is also concerned with law-like phenomena, relationships,
trends, analogies and structures that cannot be reduced to an aggre-
gate of individual events and that are not fixed in time and space.
Such statements as 'technological innovations create economic
growth' and 'the philosophy of the 17th century was dominated
by empiricist ideas' will normally be regarded as meaningful histor-
ical statements. One of the effects of, and perhaps the motivation
behind, confining history to unique events is that one isolates his-
torical science from sociological, psychological and economic view-
points; an isolation that admittedly will confer autonomy on his-
tory, but the price of that autonomy will be sterility.

The second part of the term history of science is concerned with
the particular kind of human behaviour called science. When dis-
cussing this it can, again, be useful to distinguish between two
levels.3 Science (Si) can be regarded as a collection of empirical
and formal statements about nature, the theories and data that,
at a given moment in time, comprise accepted scientific knowledge.
According to this view science will typically be a finished product,
as it appears in textbooks and articles. Since Sx is not really con-
ceived as human behaviour, it is not the kind of science that would
be likely to appeal to the historian.

The science (S2) that is historically relevant consists of the
activities or behaviour of the scientists, including factors of impor-
tance to this, in so far as these activities have been connected with
scientific endeavours. Thus, S2 is science as human behaviour
whether or not this behaviour leads to true, objective knowledge
about nature. S2 encompasses Si as the result of a process but the
process itself is not reflected in Si. Usually S2 cannot be found in
articles or books, but has to be pieced together with the use of
historical sources.

The distinction between Si and S2 corresponds, by and large,
with the question of how far the emphasis should be placed on



History of science 23

history or science. If history of science is meant then the science
concerned will often be science in the Si sense, consisting mainly
of a technical analysis of the contents of scientific publications
placed in a historical framework. History of science, however, will
be science in the S2 sense. The discussion about the two forms of
history of science has sometimes been conducted as though it were
a debate about the extent to which the historian of science, in
order to carry out his job properly, should necessarily have a good
command of the technical side of the science about which he is
writing; and in particular, about how far he should have a good
command of the science in question in its modern formulation.

According to Pearce Williams, the modern historian of science
is primarily a historian and hence need not master all the technical
aspects of the science he is studying. The focus should be on histor-
ical and social relations while the technical details are of minor
importance.4 This view is undoubtedly shared by many leading
historians of science. But there are also those who stress that history
of science cannot be cultivated as though the content of science
does not matter. Some authors have nothing but scorn for the
historians who, through their lack of specialist knowledge, are
debarred from a complete understanding of the technical aspects.
'Most historians of science . . . seldom understand the science they
write about, and so they read the prefaces to scientific works and
ignore the work themselves. Unless they are mathematicians, too,
they have no right to meddle in the history of mathematics and
theoretical physics.'5 Kuhn, too, has criticized the neglect of con-
crete technical problems by certain historians.6 But at the same
time he has stressed the sterile, anachronistic nature of much sci-
ence-centred history. Kuhn and Pearce Williams are among those
historians of science who have demonstrated in practice that the
two aspects need not be mutually exclusive.

There are so many aspects of, and accessions to the history of
science (in its HS2 sense) that there is room for, and a need for,
the whole spectrum of contributions from purely technical analyses
to purely historical ones. Because science is such a complex struc-
ture, history of science will necessarily be a multifaceted subject.
Let us look at a subject like 'Science and Nazism' that obviously
belongs to the history of science. The German Nazism of the period
1933-1945 is not particularly reflected in the science of that period,
if science is understood in its S1 sense; but it is strongly reflected
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in the S2 kind of science, whose possibilities, methods and forms
of exposition it influenced considerably. It would be absurd to
maintain that Nazism was irrelevant when considering German
science in particular. The significance of Nazism for German sci-
ence cannot be captured by means of pure history of science (HSi)
but it can be caught to a certain degree by means of history of
science (HS2) even though this might ignore the technical aspects.
In fact, the pioneer work on Nazism and science was written by
a historian with no scientific background whatsoever.7 The main
point is that history of science is separate from science itself. As
paradoxically expressed by Canguilhem, 'the object of the history
of science has nothing to do with the object of science'.8

The fact that Beyerchen, Butterfield and many others have suc-
ceeded in writing valuable histories of science without themselves
being masters of the science about which they write cannot be
generalized. In other cases the tendency to ignore the content of
science will prove disastrous. When it can be done depends largely
on the topic being treated and the perspective of the study. In
general, the closer one gets to the scientific subject the more danger-
ous it will be to merely consider it from without.9

Whatever its focus, history of science deals with science in its
historical dimension. But which occurrences can reasonably be
counted as both 'scientific' and 'historical' and hence be included
in the history of science?

To search for a definition of 'science' or 'scientist' is hardly
profitable in a historical context. Demarcation criteria, such as
those to be found in philosophy of science, are mostly based on
reflections on modern physical science and would be unsuited to
historical use. This would inevitably lead to distortions and anach-
ronisms and to the exclusion of forms of science that are not
accepted today.10 The view of science that we have today is itself
the product of a historical process, a struggle in which only the
victorious views have survived. The historian should primarily
concern himself with those occurrences that were recognized at
the time as belonging to the field of science, whether or not these
occurrences fit in with contemporary views. But this relativistic
version of what science is seems to assume that in the past, too,
something called science existed. This is an assumption that is not
valid for all times and cultures. Science as an institution and pro-
fession with its own norms and values mainly stems from the last
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century and it is only from that time onwards that one can talk
of science in the modern sense of the word.

The word scientist, in English, is only 150 years old. Before then
the profession of scientists did not really exist, which is reflected
in the variety of names given to those concerned with discovering
the secrets of nature: savant, natural philosopher, man of science,
virtuoso, cultivator of science, and so on. It was not until the
middle of the 19th century that it was felt necessary in England,
for practical reasons, to find a name for the professional man of
science who emerged as a social phenomenon at that time. Whewell
suggested the name scientist, in 1834, half jokingly, and without
being taken seriously. When Whewell and some others suggested
the word again around 1840, considerable opposition was aroused
and it was only gradually that the word became accepted as part
of general speech. Scientist had a low status among established
scholars, especially among those from the upper class because it
was associated with a modern money-for-knowledge attitude. By
British gentlemen scholars it was seen as a form of treason against
the ideals and social values of science. Even as late as the 1890s
many men of science, including such eminent people as Huxley,
Kelvin and Rayleigh, refused to use the word.11

Further back in time, it would be even more dangerous to talk
of a scientific institution or to crystallize the term 'science' from
its actual context. The 'astronomers' and 'mathematicians' who
lived in ancient Babylon were only scientists if one isolates and
interprets their scientific activities without reference to the institu-
tional (social and religious) context of which they can be recon-
structed as elements. They did not regard themselves as scientists,
still less as astronomers and mathematicians. Even so, historians
of science, for the sake of simplicity and for want of better expres-
sions, will often describe them as scientists.

The agents of the history of science are the individuals who
have, in fact, helped to collect knowledge about nature or what
has been thought to be so. Not all of them are scientists, a term
that ought primarily to be reserved for 'individuals who did an
historically appreciable quantity of original research into natural
phenomena and for whom such research was an important compo-
nent of their historical identity'.12 The individuals who are relevant
to the history of science include professional scientists, amateur
scientists, philosophers, theologians, artisans and many others. It
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is obvious that not all who have contributed to our knowledge of
nature through the ages are also of interest from the point of view
of history of science. Historians select only a small number of the
individuals who are potentially historical, to make them properly
historical. Due to the complexity of science and its history, it is
not possible to demarcate in abstract those individuals who belong
to the history of science. Nevertheless, the question is of some
practical relevance in connection with dictionaries, for example.
The authoritative multivolume Dictionary of Scientific Biography
thus includes 'those figures whose contributions to science were
sufficiently distinctive to make an identifiable difference to the
profession or community of knowledge'.13 These include scientists
as well as non-scientists.

The problems of demarcation are relevant for those activities
and methods that either clash strongly with contemporary science
or border on them. Technology should be mentioned in connection
with the latter group. Although science and technology are indeed
different areas, there is not, and ought not to be, a sharp distinction
between the history of science and the history of technology. It
would be unhistorical to divide Leonardo, Smeaton, Watt or Per-
kins into (at least) two people each, a technologist and a scientist,
and to treat them as separate individuals. All the more so since
the distinction between science and technology is a relatively new
one. It is just that explicitly technological innovations do not belong
to the proper domain of history of science. The history of technol-
ogy is too important to be treated as an appendix of the history
of science. It ought, first of all, to be treated as an independent
subject, worthy of study in its own right. Happily, there has recently
been an increase of interest in doing so.14

When evaluating the first mentioned group of activities, which
might typically include occult, religious and pseudo-scientific areas,
one must equally accept these as belonging to the history of science
to the extent in which, wittingly or unwittingly, they have contri-
buted to the development of science. There has recently been a
clear tendency to include non-scientific activities in the history of
science, although there is some disagreement as to how far this
ought to happen. I shall illustrate the problem with an example
from research on Newton, one of the classic foci of the discipline.

Newton, if anyone the personification of science, used a consid-
erable amount of his resources working with subjects that are
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decidedly unscientific: chronology of the Scriptures, alchemy,
occult medicine and prophecies of history. Manuscripts and other
sources show that Newton must have used more time on these
dubious works than on the mathematical and physical works on
which his fame rests. One might now ask whether Newton's works
on alchemy, for example, form a legitimate part of the history of
science.

Newtonian research has traditionally sought to give a glorified,
rationalist picture of Newton and has rather one-sidedly focused
on his purely mathematical and physical works. Although New-
ton's (unpublished) works on alchemy have been known for a long
time, scholars were disinclined to pay serious attention to them as
part of the Newton that was of interest to the history of science.
The evidence was either suppressed, rationalized as chemistry or
explained away as a harmless hobby.15 Since the discovery of new
sources and the emergence of a reinforced research on Newton it
has become impossible to deny that Newton worked long and
seriously on problems of alchemy. Newton did not transcribe
alchemical works merely for the sake of extracting their rational,
chemical nucleus; his interest was not just a youthful fad that
disappeared as he got older, and it was not the result of senility.16

There have been three main types of answer given to the question
of how far Newton's alchemy should be taken seriously as a suitable
subject for study in the history of science.

Some eminent Newton scholars who represent the rationalist
and science-centred approach to history of science, have denied
that Newton was an alchemist at all in the proper sense of the
word.17 They have stressed the fact that his engagement was a
'private' matter and had no connection with his great scientific
works. Since these are the works that are central to Newtonian
research in so far as it belongs to history of science, Newton's
interest in alchemy need not unduly concern the historian of science.
Consequently, such recognized historians as M.Boas Hall,
A.Rupert Hall, I.B.Cohen and D.T.Whiteside consider it justifiable
to 'de-alchemize' Newton.

Other experts argue that Newton was indeed an alchemist, in
any reasonable interpretation of the word and that he was greatly
influenced by Neo-Platonic and hermetic currents of that time.18

These scholars (P.M.Rattansi, R.Westfall, B.Dobbs, F.E.Manuel
among others) think that alchemy was an integral part of Newton's
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world picture and, as such, consistent with the philosophy on
which his works in physics builded. Newton's alchemy belongs to
the history of science in its own right; not primarily because
alchemy can help to throw light on certain passages in Principia
or Opticks, Newton's main works in physics, but, because it was
an important element in cultural history, to which Newton, too,
contributed in an interesting way.

The interest in Newtonian alchemy can also be justified by argu-
ing that it was of direct relevance to Newton's scientific theories.
According to Karin Figala, Newton's alchemy is really a rational
theory of matter decked out in the symbolic language of the occult
sciences; at the same time a rough draft of and a further develop-
ment of the published thoughts of the structure of matter.19 As
such, Newton's alchemy assumes the form of a rational, scientific
theory and becomes a natural element of the history of science.

No matter how one ought to interpret Newton's alchemical
works, it would be wrong to ignore them without close analysis.
'If we are going to study the manuscripts, we have to study them
all, and accept what is in them whether or not it accords with
twentieth century views. To say that Newton was a practising
alchemist, one has neither to be an occultist himself nor to deny
the abiding reality of the Principia. One has only to accept the
manifest import of manuscripts as authentic as the mathematical
papers and more extensive.'20

The unreasonableness of a stringent separation of an individual's
scientific and non-scientific activities does not merely arise from
the problems it creates concerning explanations of the origins of
scientific ideas. It often also creates problems concerning the under-
standing of the substance of the ideas, their cultural context and
content. To the English men of science in the 17th century, religious,
moral and political considerations not only played a part as inspi-
ration but also as justification. Boyle and his circle regarded the
explanation of the pneumatic experiments of the day (Torricelli's,
for example) as being of outright moral significance and adapted
their evaluations accordingly.21 In such a case it will be highly
misleading to isolate scientific from non-scientific components.
When there is documentary evidence that Boyle regarded his science
as an element in the cultural struggle of his time, we cannot neglect
this aspect by pleading that the behaviour of gases under low
pressure cannot possibly have anything to do with the moral con-
dition of society.
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As far as the temporal demarcation of the history of science is
concerned, this is a problem that history of science shares with
history in general. It is mainly a question of how far there are any
upper or lower temporal boundaries for history. Historians have
traditionally drawn a line between so-called historical and prehis-
torical times, the difference being that written sources are unknown
for prehistorical times. But there is agreement among historians
today that this line is of no great significance and that it breaks
historical continuity in an artificial way. Megalithic monuments
such as Stonehenge, for example, have probably been used for
astronomical purposes. In so far as this is correct the monuments
are evidence of early scientific activity. The oldest part of
Stonehenge dates from 2700 BC and thus, many scientists believe,
forms part of the history of science.22 The date at which one will
allow history of science to begin depends on what sources are
available and on how flexibly one wishes to interpret the term
science. Gordon Childe is willing to attribute scientific activities
to people who lived before Homo sapiens on the grounds that the
manufacture of tools is an embryonic form of science. 'It may seem
an exaggeration, but it is yet true to say that any tool is an embod-
iment of science. For it is a practical application of remembered,
compared, and collected experiences of the same kind as are sys-
tematized and summarized in scientific formulas, descriptions and
prescriptions.'23 Whether one accepts Stonehenge or Neolithic
knowledge of nature as belonging to the history of science or not,
is of no particular importance. It does not really matter whether
such phenomena are studied by historians of science, archaeologists
or ethnologists as long as they are studied.

There is no natural upper time limit for the history of science.
Although, traditionally, history deals with the past, it is hard to
find convincing arguments why the present should not be amenable
to historical treatment. In fact, in recent years there has been an
increasing tendency towards writing historically even about current
or very recent scientific activities.

It is sometimes argued that contemporary history of science is
an illegitimate term. The following are some of the common objec-
tions: (1) Contemporary history (of science) concerns living scien-
tists and their results, and draws mainly on the recollections and
written statements of living scientists. The historian of our own
times who relies on these sources will find it difficult to achieve a
sufficiently objective distance to his material, his analyses will be
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'coloured' and marked by the personal commitment the scientist
has to his work. According to Collingwood, history is only bound
up with such activities that cannot be remembered. ' . . . the past
only requires historical investigation so far as it is not and cannot
be remembered. If it could be remembered, there would be no need
of historians.'24 Collingwood's view of history thus rules out con-
temporary history. (2) In the case of controversial contemporary
activities, such as priority conflicts or politically controversial sci-
ence, the commitment and personal situation of the historian will
influence his writings. (3) In contemporary history many of the
sequences of events being studied will not yet have finished so that
the historian does not know the result and is therefore unable to
use it in his evaluation of the events.

None of these objections, however, are acceptable. That the
source materials are contemporary do not make them less reliable
or more difficult to appraise critically than is the case with many
older sources. The absence of innate objectivity in source materials
is not confined to the present when, on the contrary, the historian
has further possibilities for checking the reliability of his sources
(see chapter 13). The historian's subjective commitment is always
present in good history, even when it is about earlier periods. The
historian of science working on the role of the catholic church in
the development of Copernicus's theories can be just as committed
as one who is working on the role of American chemists during
the Vietnam War. The demand that the historian's own opinions
ought not to influence his work is, in any case, a misapprehension.
So we must clearly dissociate ourselves from the view that modern
science cannot be historically analysed as expressed by Forbes and
Dijksterhuis:25

The historical method is different from the systematic method.
Above all it demands the ability to view with detachment the events
one has to deal with. . . . This means, for one thing, that the whole
of what is known as modern science, which may be defined as
everything that has occurred since 1900, has had to be excluded.

As far as the third objection is concerned, it builds on the false
assumption that the historian must, in a manner of speaking, be
in possession of some kind of answer sheet of those events capable
of being analysed historically.26 Although it is not the task of the
historian to evaluate events in relation to what today is recognized
as true or false, the objection may be relevant in connection with
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the use of certain historiographical and philosophical frameworks.
For example, some historiographical theories rely on concepts (such
as crisis, success, revolution, progress and degeneration) that only
make sense over a longer period of time. These schemes, proposed
by Kuhn, Lakatos and others, are not immediately applicable to
the most recent science.27

The objections against history of contemporary science are some-
times connected with the claim that no special historical insight
or techniques are necessary for the understanding of the dynamics
of modern science. This view has been put forward by Ronald
Giere:28

. . . it does not follow that history of science, as history, is crucial,
except in cases where the theory in question is one held in the past.
Suppose, for example, that properly to assess the evidence in 1953
for the existence and character of DNA one had to look at the
development of that theory from 1945 to 1953. This would not
require the special talents of a historian of science . . . surely the
study of recent developments in science requires no peculiarly his-
torical techniques - or at least not the techniques now taught by
some historians of science.

However, the only way in which one can gain proper insight in
the actual dynamics of modern science is by means of historical
analysis; an analysis that will not only be historical in the sense
that it considers a science in its time dimension, but also in the
sense that it uses the techniques and methods that characterize
historical research. In practice, the considerable body of literature
on the history of contemporary science refutes Giere's assertion.
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The development of history of science during the last three decades
has been characterized by a proliferation of methods and perspec-
tives rather than by the emergence of a consensus as to what,
exactly, constitutes the discipline. The eclecticism and the fact that
the discipline includes separate, partly conflicting, interests makes
it problematic to talk about the aim of the history of science.
Nonetheless, many have taken on the task of stating what the
superior aim of the discipline should be. In what follows we discuss
some frequently articulated viewpoints. In chapter 10 we shall
discuss the ideological role that history of science may play in
connection with scientific disciplines and institutions.
I. It is sometimes asserted that history of science, when properly
conducted, can have a beneficial influence on the science of today.
In its most primitive form it is suggested that the practising scientist
may profitably make direct use of the history of his science; that
by studying the works of earlier scientists he may receive inspiration
for a solution he is looking for or even find out that the solution
had already been discovered by a predecessor in the discipline.
Opinions of this kind were common in early history of science (cf.
chapter 1), although it was difficult to find concrete examples of
scientists who had directly benefited from their knowledge of his-
tory. Truesdell is one of the few modern historians who has dared
to make the same assertion. 'Knowledge of the history of mechanics
can lead to new discoveries in the mechanics of today', Truesdell
says, though admitting that 'no one could justly contend that even
a faint idea of the true historical development of mechanics is
necessary in order to do good research today.'1

A slightly different version of the thesis is the assertion that
history of science ought to function as an analytical instrument
for the critical evaluation of methods and concepts that appear in
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modern science. As mentioned in chapter 1, this was a favourite
idea in Mach. More or less explicitly, the idea lies behind the many
works that give a critical historical analysis of central concepts
(such as space, time, evolution or causality) as they have appeared
through the ages. In the opinion of Max Jammer, the works of
the past cannot directly convey the insight that the modern scientist
requires. It is the task of the competent historian to analyse the
problems of the past in such a way that they become accessible
to, and relevant for, the modern scientist.2

The historical research is not regarded as an end in itself.... A
critical historical analysis of the classical concepts and definitions
of mass . . . will lead, it is hoped, to a profounder comprehension
of the meaning of the term and to a higher level of understanding
of its role and significance in physics.

The view that fundamental scientific concepts can only be correctly
understood via the critical—historical method is widespread. For
example, it was adopted by the great physicist Erwin Schrodinger
(1887—1961) who made a thorough study of Greek natural
philosophy in order to clarify conceptual problems of modern
physics.3 But, again, it is difficult to point out concrete examples
in which the mechanism suggested by Jammer has succeeded.

Even if scientists in some cases have been inspired by historical
reading, this cannot be regarded as support for the thesis of direct
scientific relevance of the history of science. It is rather a sporadic
influence, like the one occasionally provided by, for example, lit-
erature or religion. Even in the very few cases where the reading
of the 19th century mathematician Cauchy, for example, has
proved to be a promotor of new scientific insight (Truesdell's exam-
ple), it is not really history of science that has had a transmitting
effect. The works of Cauchy are not, in themselves, history of
science. Their possible importance for modern research is not due
to the historian of science but to Cauchy.
II. According to Hooykaas, history of science has at least three
separate aims:4

History of science provides material for a critical self-examination
of science: it increases the appreciation of what we possess now,
when we recognize the difficulties it cost to acquire it. It bridges
the gap between science and the humanities, demonstrating how
natural sciences are part of the humanism of our age. There will
always be scientists who are not satisfied with knowing the contents
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of theories, but who want to know their genesis and who will find
this an intellectual and aesthetic pleasure.

The introductory sentence of this quotation states that because of
the history of science we value our modern science more so that
its social value and prestige are raised. Behind this idea of history
of science as a contributor to the social prestige of science lies the
assumption that this prestige is not automatically secured and may,
therefore, be in need of support. The idea is further developed in
James Conant to whom history of science serves as an argument
for more science (that is, more money for science). Conant was
one of the leading figures in American university life and research
policy in the years that followed the Second World War, when
history of science had just begun to be professionalized. The
increasing interest in the history of science in the USA was caused
to a great extent by the general degree of interest that the science-
based technology of the war attracted to itself. By means of a series
of historical case-studies Conant argued that the study of the science
of the past leads to the conclusion tha t ' . . . a nation, in order to
lead in technology and thus provide for the welfare and safety of
its people, must lead in pure science. Thus in a few words one
may sum up a long story which provides the compelling answer
to the question "why more science?"'.5

Justifications of the type given by Conant are not at all unusual
among those historians of science who regard their discipline as
an integral part of a larger project, whose purpose is to understand
and apply science in present and future contexts. They are especially
popular with Eastern European researchers. In an article from
1975, the eminent Soviet historian of science Mikulinsky formu-
lates this aim using expressions that Sarton would have loved to
hear:6

. . . the reconstruction of the past ceases to be the ultimate end of
the historical research and becomes one of the stages on the way
to its achievement. The main goal of research is now the understand-
ing of regularities of the development of science, conditions and
factors favouring it, for nothing can be more useful in tracing the
movement from the past through the present and to the future than
the knowledge of the regularities of the development of the object.

In the kinds of justification that Conant and Mikulinsky, each in
his own way, represent, it is not really history of science as such
whose case is being argued, but science, especially pure science.
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The view is based on the fact that there is a close causal relation
between pure science and technology and that history justifies such
a relationship. In both Mikulinsky's and Conant's arguments it is
taken for granted that science-based technology is a social good.7

History of science can be used, and ought to be used, to analyse
the interplay between science, technology and society. But empirical
evidence that science always or just usually results in technology
is weak. By making use of examples from history one could easily
construct a case for arguing that science does not, as a rule, lead
to technology or that science and technology do not normally
contribute to people's welfare and safety. In any case, no matter
what the relationships between science, technology and society are
and have been, history of science should not be misused as prop-
aganda for the gospel of the scientific society.
III. History of science serves an important function as background
for other meta-scientific studies, such as philosophy and sociology
of science. As far as the functions that history of science can have
for philosophy are concerned, there are, roughly speaking, two
types. The philosopher can use history of science inductively, so
that, from his knowledge of how eminent scientists have thought
and acted, he can generalize these historical experiences in
philosophical doctrines. This was WhewelPs programme. Or, con-
versely, philosophical doctrines can be tested by comparing them
with history of science data. History of science comes to act as a
source of inspiration or as an instrument of control. In recent years
the links between philosophy of science and history of science have
become steadily stronger and there is no doubt that history does,
in fact, play an important philosophical role. Still, the relationship
between history of science and philosophy is complex and far from
fully agreed upon.8

The relevance of history of science to such related fields as sociol-
ogy of science and theory of science is analogous, in many ways,
with its relationship to philosophy. Again, there is no doubt that
history of science plays an increasingly important part in these
disciplines. Some researchers prefer to regard history of science as
one element in an interdisciplinary research programme, science
of science, that includes all studies that have to do with science.
Such a view as this will have consequences for the programme of
history of science, which will be pivoted away from antiquarian
or academic interests towards a more pragmatic, activist orienta-
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tion. According to Gunter Krober, an East German spokesman for
science of science, this is an advantage for the history of science.
This correlation between history of science and science of science
does not result in the former becoming superficially pragmatic; on
the contrary, it helps to raise its theoretical level.'9 But Krober,
too, admits that history of science is other and more than merely
an element of science of science: 'It would be completely erroneous
to talk of a simple incorporation of history of science writing under
science of science or to imagine that it should be relegated to being
a servant of science of science.'10

IV. As already argued by Duhem, history of science may serve an
important didactic function in demonstrating the true nature of
scientific knowledge (cf. chapter 1). There are many arguments,
good and bad, used in favour of a historically orientated science
teaching.11 Some of these are propagandist in the sense that the
use of history is justified through its alleged ability to present the
sciences in a 'softer' way and thereby make them more attractive
at a time when they are regarded with suspicion by many young
people. One author reasons in favour of the historical method as
follows: 'Many imaginative and intelligent pupils must in the past
have been repelled from science, and especially from physics,
because the material presented to them seemed to be cut and dried
and devoid of human interest.'12

History of science can undoubtedly play a positive part in teach-
ing. It can contribute towards a less dogmatic conception of science
and scientific methods and it can act as an antidote to orthodoxy
and uncritical enthusiasm for science. But not all teaching on his-
tory of science will play this part and certainly not automatically.
History of science can be used just as well to support dogmas and
to strengthen scientific authority. In general, the question of the
didactic importance of history of science is problematic and the
value of the historical method seems often to have been exagger-
ated.13

V. To Sarton, history of science was to reflect the humanist place-
ment of science, the 'centre of human evolution and its highest
goal'.14 He wanted to remind the scientific specialists of their con-
nections and shared roots with the humanities and to remind the
humanists that science and the humanities are merely two facets
of the same human endeavour.

The gap between science and humanist culture is undoubtedly
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a deep one. It was the main theme of C.P.Snow's influential essay
on the schism between the 'two cultures', published in 1959.15

With the philosophical and political criticism of the scientific-tech-
nical rationality that developed in the sixties, the need to 'restore
the truly human features in the portrait of science' became urgent.16

History of science was the natural instrument for this. For example,
Sarton's solemn defence of scientific culture is adopted by J.T.Clark
who concludes that 'the history of science is, in fact and in deed,
the new humanism for our contemporary, irreversibly technolog-
ical, and at the present moment beleaguered culture'.17

Certainly the study of history of science reveals that the gap
between science and humanism is not an inherent feature in West-
ern culture. And certainly history of science can be used to argue
that many eminent scientists were and are deeply committed to
humanist concerns and that their science contains central human
aspects. But such arguments should not be used ideologically, to
silence critics of contemporary science. It is, after all, no real argu-
ment for the humanity of science that Einstein was a capable vio-
linist or that Oppenheimer wrote poetry and studied Buddhist
philosophy. History of science ought, rather, in this connection to
be used to ask why much the greater part of our science today can
no longer be regarded as an expression of humanist endeavour.
VI. History of science is in no need of pragmatic justification, that
is, with reference to contemporary problems. As an important
factor in the general cultural and social development, science will
naturally attract historical attention in the same way as, for exam-
ple, religion and economics. Since science has possibly even been
the most important factor in the development of modern society,
an understanding of history of science is all the more necessary.
According to this view, history of science has no particular aim
apart from that of revealing the past.

Justifications of this type will typically appeal to historians, but
will only have a limited appeal for scientists. Herbert Butterfield
reasoned as follows at the beginning of The Origins of Modern
Science:1*

Considering the part played by the sciences in the story of our
Western civilization, it is hardly possible to doubt the importance
which the history of science will sooner or later acquire both in its
own right and as the bridge which has been so long needed between
the Arts and the Sciences.
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Non-pragmatic history of science, considered as a part of general
cultural history, often goes hand in hand with a history-of-science-
for-its-own-sake attitude. Many prominent historians are of the
opinion that the discipline ought to be cultivated without any kind
of external justification. They believe that historiographical stan-
dards can be assured and developed best if historians of science
write for each other. I.B.Cohen is one of those who have repudiated
an externally motivated history of science and have warned col-
leagues against allowing professional history of science to be dic-
tated by external objectives and demands for relevance. 'At the
present time,' he wrote in 1961,19

it is surely no longer necessary to justify the study of history of
science. We need seek no 'excuse' for our inquiries into the origin
and development of any activity which for more than two millenia
has attracted to itself some of the best minds the world has ever
known! . . . Not far off is the time when historians of science will
be so numerous that they may produce scholarly works which need
satisfy only the members of their own profession, the only require-
ment being that of high standards.

A similar concern for the purity of the discipline was expressed
by Pearce Williams in a critical commentary on J.D.BernaPs Science
in History. This work represents, according to Pearce Williams, a
'majestic myth', an example of how history of science may degrade
in quality when it is written with an external objective in view:20

. . . the history of science is a professional and rigorous discipline
demanding the same level of skills and scholarship as any other
scholarly field. It is time for the scientist to realize that he studies
nature and others study him. He is no more nor less competent to
comment on his own activities than is the politician and the same
is true of the history of science.

In modern history of science, most of the aims referred to above
will be acceptable to at least some practitioners. But, because of
the proliferation of sub-disciplines and perspectives, no one of the
aims can be said to bind the discipline as a whole. The newer
developments in history of science, 'the new eclecticism' as they
have been called, include a relative decline of purely intellectual
history.21 Historians increasingly attempt to integrate their sub-
jects, intellectual or not, with other historical subjects and methods.
New perspectives, inspired by social and economic history in par-
ticular, have been incorporated in the discipline. While history of
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science has traditionally dealt with the contributions of individual
scientists, today its interests are much broader and generally shifted
towards collective phenomena. Nations, firms, political agencies,
institutes and scientific societies are being studied by a rising stream
of historians, many of them being employed by the institutions
they analyse. As to scientific disciplines, physics has traditionally
played a dominant part in history of science. The last decades have
witnessed a vigorous consideration of non-physical sciences,
including the earth sciences, biological sciences, sciences of man
and pseudo-sciences. Whatever science or subject being studied,
history of science is considered by its practitioners increasingly as
a field of history rather than of science.

The problems surrounding the objective and relevance of history
of science are closely connected to the question of the extent to
which we can learn from history. We cannot learn from history
of science how to solve specific scientific problems. But we can
assess and understand our own contemporary science better in its
social context with the aid of knowledge of its history. History of
science provides us with a pool of experience, in which we can
more or less clearly identify trends and relationships. From these
we can learn how to act in order to consolidate or weaken present
tendencies. The fact that we can learn something from history of
science about how better to plan the future of science does not
imply an acceptance of pragmatic historiography of science.

In particular, history of science can give us a useful reminder
that the forms in which science is carried out today are not the
only forms possible but a socially conditioned selection among
many alternatives. Reference to known historical courses can give
us information about which aspects of science are 'natural' or
inherent parts of science per se; and, more to the point, information
about which aspects are not but are culturally determined and
therefore part of the social context of contemporary science. It is
history of science in particular which has taught us that the
positivist belief in a value-free, culturally independent science is a
myth. And it is history of science, more than anything else,
philosophy included, that has taught us that the scientific method,
perceived as an absolute, canonized doctrine, is an artefact.

Those morals that can be drawn from history will most often
be vague and ambiguous. Typically, instructions in history of sci-
ence take place on the basis of a collection of case-studies, not all
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of which point in the same direction, so that the question of the
'weighing' of conflicting evidence will always arise. Such a weighing
cannot be made without reference to theoretical considerations
but will involve interpretations that are open to criticism.

As an example, we can take the question of how far a realist or
instrumentalist attitude to science is the 'best' or most fruitful one;
that is, which of the two attitudes best guarantees progress in
scientific knowledge. From the point of view of philosophy, this
is an important question. If history is to be able to give an answer,
it must do so through a weighed count of which great strides in
scientific progress were based on realist and instrumentalist
attitudes, respectively. If history unequivocally points out that all
great progress has been the work of, for example, scientists of the
realist school, while instrumentalists have always had a negative
influence, the conclusion would be obvious. Elkana uses this kind
of historical argument in his critique of instrumentalism in modern
physics:22

It can be shown that, in the past, all those discoveries we admit
were steps in progress were made by realists and never by instrumen-
talists. This applies to the 20th century, too, with the possible
exception of Heisenberg. The argument can be fruitful if one takes
case history by case history.

The conclusion apart, Elkana's argument is not satisfactory. One
will always be able to argue about which scientists were realists
and which were instrumentalists; and one will always be able to
argue about which discoveries were 'steps in progress'. History
itself cannot teach us this. But it can teach us that not all great
discoveries were made by realists and that instrumentalists have
not always blocked progress. Rather a trivial lesson.
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According to one historiographical theory associated with
positivism, history is a description of the past, based on a series
of well-documented facts. Positivist historiography is based on the
following assumptions:
a. History (i.e. the past, Hi) is an objective reality that is the
unchangeable object of interest to the historian.
b. It is the task of the historian to reconstruct the past as it actually
was, i.e. give a true description of the course of events of the past.
But it is not his task to interpret or evaluate the occurrences of
the past or to draw conclusions about the present or future on the
basis of history. The study of history is the study of the past as
the past. This programme can be found in a famous quotation
from Ranke:1

To history has been assigned the office of judging the past, of
instructing the present for the benefit of future ages. To such high
offices this work does not aspire: it wants only to show what actually
happened [wie es eigentlich gewesen].

c. It is, in fact, possible to write history 'wie es eigentlich gewesen',
i.e. to attain an objective knowledge of parts of the historical past.
This epistemological objectivity implies, among other things, that
the subject (the historian) can be separated from the object (the
historic events) that can be viewed impartially, be seen 'from with-
out'. The ideal of impartiality was expressed by another well-
known historian, Lord Acton (1834-1902). In his plan for the
collectively authored Cambridge Modern History he stressed that
impartiality is the hallmark of good historical research, and that
the contributors should bear in mind that2

our Waterloo must be one that satisfies French and English, Ger-
mans and Dutch alike; that nobody can tell, without examining the
list of authors, where the Bishop of Oxford laid down the pen, and
whether Fairbairn or Gasquet, Liebermann or Harrison took it up.
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d. History can be viewed as an organized sum of simple, particular
facts that can be discovered through the study of documents from
the past, using methods that are critical of sources. It is the most
exalted task of the historian to uncover these facts. Interpretations
and conclusions can only be made and drawn when all the relevant
facts have been collected. Sarton compared the historian of science
with the entomologist.3 In the one case it is insects that are collected
and arranged, in the other it is scientific ideas.

The positivist view of history has little credibility today. Since
the end of the last century, many historians have responded sharply
to the programme outlined above. Among other things, the naive
belief in simple historical facts as the building bricks of history
has, with good reason, been problematized.4 The point here is that
a distinction has to be made between 'facts of the past' and 'histor-
ical facts'. While the former include everything that actually hap-
pened in the past, the latter are the data accepted by the historian
as being of such reliability and interest that they appear in historical
literature. Only a few of the occurrences of the past achieve 'histor-
ical' status. This status is assigned to them by the historian. Histor-
ical data as such are not found in the past but they are constructed.
Since historical facts are the product of an evaluation and interpre-
tation, they are relative to the interests of the historian. There is
no generally accepted criterion for when an occurrence has histor-
ical status and can thence enter the arsenal of historical facts.

The relativity of historical data is in accordance with the fact that
the facts of the past can be turned into historical facts. This is what
happens in those cases where previously unnoticed scientific contribu-
tions are 'rediscovered'; a classic example is Mendel's discovery of
the genetic laws, to be discussed in chapter 9 and chapter 17. Con-
versely, historical facts can lose their privileged status and fall back
into historical oblivion as mere facts about the past. Many dis-
coveries, once considered to be milestones in the progress of science,
have turned out to be trivial or erroneous and then, as a result,
lost their position in history of science. They are no longer part
of the living history.

The historian is thus actively involved in the construction of
historical facts. This is the case to a still higher degree with so-called
simple historical facts, the basic events (or basic statements) on
which positivist historians wished to build history. It is the historian
who is interested in describing a fact as simple and who, therefore,
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artificially isolates a particular episode from a complicated course
of events. This is not merely a legitimate but a necessary tactic in
the writing of history. Two historians who look at the same histor-
ical occurrence but who have different interests will thus not crys-
tallize the same simple historical facts from the occurrence.

Although historical facts do not possess the factual and intersub-
jective nature often attributed to them, they are not, of course, the
haphazard construction of the historian. Almost all historians will
agree on the crucial importance of basing history on tacts, and not
on fantasies, guesses or wishful thinking. But there are differences
in the status given to facts in historiography. To the positivist
historian, facts are sacred and not to be tampered with and histor-
ical writing will often tend to be mere expositions of the facts.
Contrary to this, most modern historians regard the accurate reve-
lation of facts as worthless in itself. E.H.Carr has expressed it thus:5

The historian without his facts is rootless and futile; the facts with-
out their historian are dead and meaningless. . . . To praise a
historian for his accuracy is like praising an architect for using
well-seasoned timber or properly mixed concrete in his building. It
is a necessary condition of his work, but not his essential function.

The question of historical facts goes deeper than the question
of historical status alone. It also refers to when anything at all is,
actually, a fact. According to positivism, pure statements of obser-
vation do exist that do not change when there are changes in the
theoretical framework and that are therefore unproblematically
factual. The English physician and scientist William Gilbert (1544-
1603) performed pioneering magnetic experiments which he dis-
cussed in a book, De Magnete, published in 1600. Admittedly,
Gilbert's experiments and interpretations of them were strongly
influenced by his theoretical views, his world picture. But, the
positivist will assert, it is necessary and also possible to identify
Gilbert's immediate observations as facts that are independent of
his theory, and it is on these reconstructed facts that history of
science must be based. This sharp separation of facts from 'theory'
is a fiction, however, according to modern theory of science.
Exactly what constitute pure 'facts' and what constitutes 'theory'
in Gilbert's reports in De Magnete depends on later knowledge of
magnetism and will thus be relative to time.6 The idea widely
accepted today about the dependence of observations on theory
implies, therefore, that it may be impossible to isolate the empirical
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facts of the past, in the sense of true statements about nature,
uninfluenced by theory. But it does not imply that for that reason
history of science must cease to be factual. It is just that the facts
sought by the historian are historical, not scientific facts. It is a
historical fact, for example, that Gilbert had a particular world
picture that caused him to make some magnetic experiments that
he described in a particular way.

When the historian has unearthed all the sources he can, he
possesses a store of data or facts. These are the product of a
selection that have already taken place in the past, since only a
very limited part of the events of the past has ever been recorded.
In order to turn his data into history, the historian has to make a
further selection in accordance with the priorities he wants to
make. This selection process forms a constructive or active element
that, to some extent, reflects the historian's world view. A number
of factors, ranging from personal likes and dislikes to philosophical
or political positions, will contribute to a subjectively coloured
history. Carr has carried this situation to an extreme by asserting
that 'when we take up a work of history, our first concern should
be not with the facts which it contains but with the historian who
wrote it'.7 This moral should not, perhaps, be taken literally. But
it contains an important kernel of truth that also applies to history
of science. Historians who have different world views will naturally
select different sources and place the emphasis on different factors
and therefore arrive at different conclusions. In such cases it would
be instructive to take the views of the historians involved into
consideration. In the chapters that follow we shall meet several
such cases.

In his critique of facts-fixated positivist historiography, the
American historian Charles Beard (1874-1948) examined Ranke's
historical practice and demonstrated how this did not in the least
comply with what he, Ranke, advocated in his historical prog-
ramme.8 On the contrary, retrospectively it can be seen that Ranke's
own works clearly express a politically conservative commitment
in harmony with the ideology of his age. On the other hand, the
fact that historical practice in Ranke and others does not follow
their stated programme is not an argument against positivist his-
toriography in particular. It could be used just as well against
sceptical historians such as Beard and Becker. Their theoretical
scepticism or relativism did not prevent them from working on



Elements of theory of history 45

concrete historical tasks in which they gave definite explanations
of historical occurrences and unveiled events as, in their opinion,
they actually happened.

The historian's active, socially conditioned, intervention in the
historical process explains two important traits in historical works:
Firstly, that the same themes and periods are described and
explained differently by different historians who, at that, have the
same source materials at their disposal. Secondly, that history is
always being rewritten. This is only partly due to the fact that new
sources are being discovered, forcing such a rewriting to be made.
What is more important is that the interpretation of the past is,
to some extent, a function of the present. Each new generation of
historians looks at the past with new eyes, the eyes of the present.
The idea that history, including history of science, is constantly
being rewritten was expressed in a precise way by Goethe:9

The history of the world must be rewritten from time to time . . . .
But the need to do so does not arise because many things have been
discovered, but because new opinions will be created when a person
in a later age adopts views from whose vantage point the past may
be surveyed and judged in a different way. This is also the case in
the sciences.

Among many examples, let us briefly mention one from the history
of geology.10 In this century, James Hutton (1726-1797) has usu-
ally been pictured as the true founder of modern geology, a
revolutionary and highly original scientist. The other pioneer of
geology, Abraham Werner (1749—1817), has been interpreted as
an old-fashioned, speculative thinker, if not a counterrevolutio-
nary. However, during most of the 19th century Werner was, at
least outside England and Scotland, recognized as the founder of
geology while Hutton and his school were only assigned a minor,
and not always positive, influence on geology. Histories of geology
written in the mid 19th century interpreted the role of Wernerian
and Huttonian theories entirely differently, and not necessarily less
correctly, than did histories written a century later. Some modern
historians of geology argue that Hutton's role has been much exagg-
erated and that Werner's system was, after all, rational and very
important to the development of geology.

Several historians have used the objections to the positivist view
of history in support of a sceptical or relativist view of history.
The radical sceptic will maintain that we can never achieve any
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certain knowledge of history, that we know nothing of the past;
the radical relativist will maintain that all historical descriptions
of the past are equally good or equally bad. We will confine our-
selves here to referring to them jointly as sceptical views of history.
Beard has given the following version of the sceptical doctrine of
history:11

The historian, who writes history, carries out a conscious act of
faith as far as order and movement are concerned, since certainty
about order and movement through knowledge of that with which
he is dealing is denied to him. . . . His belief is, in fact, a conviction
that one can have true knowledge of the movement of history, and
this conviction is a subjective decision, not an objective revelation.

Beard and Becker both emphasized that historical knowledge has
to be indirect, since it concerns events in a past that is, and always
will be, inaccessible for direct observation:12

The historian is not an observer of the past that lies beyond his
own time. He cannot see it objectively as the chemist sees his test
tubes and compounds. The historian must 'see' the actuality of
history through the medium of documentation. That is his only
recourse.

According to Beard, the lack of direct observation means that
historical works cannot be submitted to objective tests and thereby
be made objects of unequivocal classifications as true or false.
Following the same line of thought, Becker maintained that the
historical facts with which the historian operates cannot be the
actual occurrences of the past, which are beyond observation and
manipulation.13 The historian can only work meaningfully with
judgements or statements about these occurrences. It is these retros-
pective statements alone that constitute historical facts. These are
not extracts of actual past reality but are 'symbols' of the reality
that is not, itself, accessible to history.

Another argument in support of scepticism touches on the neces-
sarily incomplete nature of historical knowledge. A.C.Danto has
connected this fact with the fact that, in a sense, historical state-
ments are always related to the future.14 Historical occurrences
that happened at the time to, are always analysed at a later time
ti. In even later times t2 the occurrence in to will often be described
in a completely different way to the way it was described in ti.
Not only because new criteria are being used for selection and
evaluation, but also because things have happened between ti and
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t2 that give a completely new character to the original occurrence.
As an example, Danto gives the statement 'Aristarchus anticipated
in 270 BC the theory Copernicus published in AD 1543'. This is an
important, true history of science statement; but it could not pos-
sibly have been formulated by a historian writing in, say, 1200.
In the same way, many important statements about the past can
only be formulated in the future and since the future is supposed
to be infinite, at any one time there will be an infinity of true,
important historical statements that cannot be formulated.

Scepticism is bound up with a so-called presentist view of history.
According to presentism, the past can never be a goal in itself for
the historian who, on the contrary, has to look at the past through
the eyes of today and evaluate it critically with the problems of
today as his point of departure. History refers not to the past but
to the present to whose 'practical needs' it forms a response.15 It
follows that history must and ought to be committed. If not, it
will be lifeless cultivation of the past without any meaning or
interest. As Nietzsche, who formulated part of presentism's prog-
ramme for more than a hundred years ago, said, it will be antiqua-
rian instead of critical history.16

Presentism has been a popular theory of history in different
versions in this century, especially as a result of the Italian
philosopher Benedetto Croce's (1866-1952) radical revolt against
the positivist view of history. Carr, who sympathizes with presen-
tism concludes as follows:17

The function of the historian is neither to love the past nor to
emancipate himself from the past but to master and understand it
as the key to the understanding of the present.

In Croce and some of his followers, presentism is based on a
subjective idealism in which history is purely spiritual. In other
authors the presentist view is associated with pragmatic
philosophy. This relationship can be seen in presentism's emphasis
that history is a means of responding to contemporary problems
and is only justified in so far as it can carry out this duty. In view
of this it is understandable that the American philosopher John
Dewey (1859-1952), one of the fathers of modern pragmatism,
made himself spokesman for a presentist view of history.18 To
Dewey history as past is of no interest. History, like science, is an
instrument that fulfils practical needs. Historical statements that
do this are true.
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Outright sceptical or presentist views have not had great penet-
ration in the history of science. But Collingwood's and, to a lesser
extent, Croce's views have evoked some response in modern theory
of science and history of science. The American philosopher
Maurice Finnochiaro has argued that Croce's view of history ought
to be especially accepted in history of science. He thinks that
Croce's theory lives up to the ideal of the historians that history
should be able to be understood intellectually and have an effect
on the living individuals that history addresses. If, like Finnochiaro,
one accepts Croce's view of history, one is led to the conclusion
- the one also drawn by Finnochiaro - that history of science must
meet a present need. Since history of science is supposed to be a
response to the problems of the scientists, it is the contributions
of practising scientists that will be of particular importance to
history of science; while the works of professional historians will
merely be of antiquarian interest.19

It should be pointed out at this stage that Croce's view of history,
at least if taken as a whole, is unacceptable as a background for
serious history of science; or for any other kind of history, for that
matter. If Croce's theory is taken seriously, it is a negation of all
history that lays claim to be able to distinguish between true and
false historical statements. Similarly, analyses of sources are, to
Croce, merely superficial chronicle writing. In principle, the histo-
rian can and ought to manage without any sources whatsoever
since history, properly, is 'a truth that we have drawn out of our
innermost experience'.20 What historian will be ready to accept
that in practice?

Robin Collingwood (1889—1943) who, according to Carr, is the
only significant British philosopher of history in this century, has
idealism and subjectivism in common with Croce. According to
Collingwood, the object of history does not consist of the occurr-
ences of the past but just of the thoughts about these occurrences.
The historian must try to re-experience or re-enact the thoughts
of earlier individuals. When he has succeeded in doing this he
knows what has happened and does not need any further informa-
tion or explanations of why the event took place. The history of
thought, and therefore all history, is the re-enactment of past
thought in the historian's own mind.'21

Collingwood's idea of re-enactment covers a special historical
form of understanding where the historian has to steep himself in
the thoughts of the past and seek a kind of sympathetical harmony
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with them. Since the understanding acquired in this way can only
be valid for actions that result from thought, these are the only
kinds of occurrence that form the substance of history. According
to Collingwood, science, art and politics belong to this category
but not any kind of natural event. This leads to the strange result
that biographical descriptions do not belong to history. Col-
lingwood's justification for this is that biographies are structured
on biological events — the birth and death of the person concerned
— and not on intellectual ones.22 This result alone ought to provide
grounds for scepticism as far as the value of Collingwood's ideas
is concerned. Surely it would be artificial to exclude biographies
from history.

The really problematical part of Collingwood's view of history
lies in the idea of re-enactment and in the assertion of what kind
of thoughts can be re-enacted. According to Collingwood, the
historian, in order to understand the thoughts of Archimedes, for
example, has to rethink these thoughts in his own head:23

We cannot relive the triumph of Archimedes or the bitterness of
Marius; but the evidence of what these men thought is in our hands;
and in re-enacting these thoughts in our own minds by interpretation
of that evidence we can know, so far as there is any knowledge,
that the thoughts we create were theirs.

But how is the historian to know that his re-enactment has suc-
ceeded, that it is really the thoughts of Archimedes that he is
rethinking? Collingwood does not supply any criteria for this but
seems to think that it is subjectively determined by the intuition
of the historian.

Collingwoodian re-enactment is, in reality, a rational reconstruc-
tion of the thoughts of the historical agents. Such a reconstruction
need not take the authentic thoughts of the agent seriously and is
not, therefore, primarily directed at the authentic past.24 According
to Collingwood, it is furthermore not just any intellectual activity
that can be re-enacted. This is only the case with reflective, goal-
orientated intellectual activity, i.e. the kinds of thoughts that are
concerned with the solving of problems.25

In order, therefore, that any particular act of thought should become
the subject-matter for history, it must be an act not only of thought
but of reflective thought, that is, one which is performed in the
consciousness that it is being performed, and is constituted what it
is by that consciousness . . . . A reflective activity is one in which
we know what it is that we are trying to do, so that when it is done
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we know that it is done by seeing that it has conformed to the
standard or criterion which was our initial conception of it.

If the historian is to understand the thoughts of Einstein, for exam-
ple, he must therefore identify the problem at which the thoughts
were directed. But the problem is only known via a conclusion
reached in reverse from the solution of the problem; this makes
Collingwood conclude that we only know, and can only know,
the successful thoughts of Einstein, that is, those concerning prob-
lems that Einstein actually solved. This leads to the strange result
that we can never say a scientist or philosopher concerned himself
with problems that he could not solve; for we cannot have any
historical knowledge of such problems. This is, of course, an unac-
ceptable result since we do know that Einstein did actually work
on problems that he did not solve. All human beings have had
failures when trying to solve certain problems and in a great many
cases we know about these unresolved problems.

Some parts of Collingwood's programme have had a positive
influence on the history of science.26 This is true of his insistence
that historical statements have to be seen as responses to problems
and that the historian ought to concentrate on these problems;
and it is true of his relativist moral that what is of relevance for
history is not a matter of how far past statements were true or
false in an absolute sense, but of how they can be understood in
the context of a problem; and, finally, of his assertion that the
historian ought to attempt to think himself back into the past. But,
as with Croce, it would be true to say that Collingwood's historio-
graphy, taken as a whole, is unacceptable to history of science. As
indicated above, it contains many elements that are in direct conflict
with what modern history of science is striving to do.

The arguments presented in support of scepticist historiography
contain valuable insights but do not justify scepticism or subjec-
tivism in their strong forms. The sort of weak scepticism that is
associated with the problematic nature of the selections and
interpretations of sources do not imply that it is pointless to try
and distinguish between truth and falsehood in history (see also
the following chapter). The radically scepticist or relativist historian
asserts, after all, that his own view is true and that his arguments
in favour of it are better than arguments against it. Even the sceptic
is forced to maintain the truth of some assertions and the falsehood
of other.27



Objectivity in history

The legitimate criticism of the objectivity of historical facts is more
concerned with when an occurrence is historical than with when
it is a fact. It does not give grounds for doubts as to whether, after
all, objectively true statements of fact about the past can actually
be established. It is a fact that Caesar crossed the Rubicon in 49
BC and it is a fact that Darwin was born in 1802. Although data
like this does not form the kernel of history, the simple establish-
ment of facts is an important element in the process of historical
research. The untangling of the facts is potentially valuable even
if they cannot be explained at the time or placed in a historical
context. The fact that the establishment of data is the result of a
process of selection and is probably directed by subjective influ-
ences does not make the data less true or less objective. The most
it can do is to make them less significant or less interesting. Many
historians will regard it as of no consequence that Darwin was
born in 1802, but what historian would seriously deny that Darwin
was, after all, born in 1802?

When historians are interested in facts about the past it is because
of their possible historical status, which, in practice, means their
historical significance. We must therefore ask whether there are
any objective (in the sense of absolute) criteria for the granting of
the epithet 'significant' to some events and 'insignificant' to others.
The answer is, with modification, no. In general it is not possible
to identify events that are significant in themselves in an absolute
sense, that is, across time and place and historical perspective. It
will always be possible to see events in a perspective that makes
them appear to be unimportant. In more specialist historical writ-
ings, however, the freedom to ignore certain events will be limited
by the kind of speciality. A history of biology in the 19th century
in which Darwin's works are not regarded as important events is
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almost unimaginable. The objective importance of Darwin's system
does not depend on it being regarded as important today or in its
having resulted in important modern problems. By virtue alone of
the important part that Darwinism played in the science and culture
of the late 19th century — an importance that cannot possibly be
denied — it has assured itself of such a place in history that no
future historian of biology, working according to approximately
the same principles as those accepted today, will be able to ignore
Darwin's works.

When sceptical historians assert the subjective nature of histor-
ical knowledge, it is usually conceived in relation to scientific know-
ledge with whose reliability and objectivity it is contrasted. In other
words, 'objective knowledge' is regarded as being synonymous
with 'scientific knowledge'. But facts are not, in themselves, given
in science either. Just as in history - though not in precisely the
same way as in history - relevant facts are selected by the scientist
and these facts often only have a meaning within a specific theoret-
ical framework. Nor is the scientist in a position to unravel 'the
whole truth' about the phenomena being studied. Scientific know-
ledge is incomplete, too, in the sense that it consists of partial
truths. There is, therefore, no reason for attributing an especially
subjective nature to history because of its selective and incomplete
nature. Neither is the fact that historical knowledge is based on
sources whose genuineness cannot be rigorously proved, a reason
for doubting the quality of that knowledge. Conditions are not
essentially different in the empirical sciences which build on obser-
vations which, in principle, can always be disputed.

A standard objection to historical objectivity is, as mentioned
in the previous chapter, that historical events cannot be directly
observed and are inaccessible for testing and for experimental man-
ipulation. Here, too, historical knowledge is placed in opposition
to the scientific knowledge that is seen as a paradigm of objectivity.
The idea of direct observation as a prerequisite for objective, true
knowledge, however, is untenable.1 It is based on a naive empiricist
view of science, a view that has long been shown to be faulty.
Scientific knowledge never springs from 'direct observations' but
is the product of a process during which observations are selected
and evaluated as evidence of varying reliability. The reason why
we give an objective ontological status to atomic nuclei is that we
have convincing evidence of their existence. This evidence is indi-
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rect, based on the study of scattering of radiation on matter, for
example. No physicist has ever 'directly observed' an atomic nuc-
leus and it is hardly likely that any will do so in the future. Even
so, physicists, and historians, too, do not hesitate to call our know-
ledge of atomic nuclei objective. In contrast, the zoologist will not
accept the existence of the Loch Ness monster as an objective fact,
even though this has been 'directly observed' many times.

It is remarkable that many of the most radical antipositivists
within the humanist and social sciences cheerfully accept a naive
positivist view of the natural sciences. This makes the argument
against a scientifically based history, psychology or sociology not
only simple but cheap, since what is being argued against, is, in
reality, a phantom. I agree with Popper when he maintains that
scientism is not an attempt to colonize the humanist and social
sciences with the methods of the natural sciences but an attempt
to colonize them with what are erroneously believed to be the
methods of natural science.2

The sceptical historian will perhaps point out that historical
events are fundamentally different from those of science, since
historical events cannot be repeated and thus cannot be made the
object of the experimental manipulation that ensures the objectivity
of scientific knowledge. But although they are indeed important,
controlled experiments are not absolutely necessary constituents
of scientific knowledge. Many of the events studied in science are
not manipulatable and repeatable. Most astronomical and geolog-
ical problems come into this category. Furthermore, the kind of
repeatability with which science operates contains a historical ele-
ment and, in fact, assumes that past events can be recognized
objectively. When experiments are repeated and compared, a tem-
poral process is involved, based on a tacit consent of a certain
permanence and stability in the world. When scientists carry out
a series of similar experiments over a large number of years, a
critical comparison can only be meaningful if one believes that the
knowledge that stems from the older experiments is still valid. In
other words, if one accepts that it is possible to have reliable
knowledge about the past.

All in all, the postulated contrast between a present to which
there is reliable empirical access, and a past that has been stripped
of this quality cannot stand up to closer analysis. As intimated
above, this contrast clashes with another of the sceptics' alleged
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contrasts, the one between objective natural science and non-objec-
tive history. If knowledge about the past cannot be objective
because it concerns the past, this must not merely apply to the
human history of the past but also to the natural history of the
past, including palaeontology and large areas of geology and
astronomy. Few will be prepared to accept this consequence. There
is general agreement that we have objective access to the fauna of
the past; that we know that dinosaurs once lived even if they have
never been observed directly by human beings.

The historian often draws conclusions on the basis of the evi-
dence of people who are dead, evidence that it is not possible to
test using one's own observations. But other historical conclusions
are quite independent of eyewitnesses' reports and are of the same
kind as standard inductions in the natural sciences. The historian
who finds and studies relics of the past is in the same position as
the palaeontologist. The historian studies 'clues' or 'tracks' from
the past and interprets these; the chemist studies 'clues' and inter-
prets these as the result of molecular changes. The chemist does
not manifestly observe the molecules any more than the historian
observes the occurrences of the past. As Marc Bloch pointed out:3

. . . it is not true that the historian can see what goes on in his
laboratory only through the eyes of another person. To be sure, he
never arrives until after the experiment has been concluded. But,
under favorable circumstances, the experiment leaves behind certain
residues which he can see with his own eyes.

Furthermore, in order to uphold the sceptical doctrine, one is forced
to introduce an artificial and arbitrary line between an objective
contemporary history and a subjective history of the past. The
murder of President Kennedy is a historical occurrence that was
'directly observed' and that, therefore, must be assumed to be
accessible for historical cognition; while the same is not, according
to scepticism, true of the murder of Caesar. But in what respects
does our knowledge of the murder of President Kennedy differ,
essentially, from our knowledge of the murder of Caesar?

History does not only concern itself with occurrences that could
have been, and once were, observable, but which are no longer so
because of their location in the past. History also deals with occurr-
ences that cannot be and never could have been observed. This is
the case with all courses of events that are not narrowly located
in time and space. 'The significance of the French educational
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system for 19th century science' is a typical historical topic of this
kind. A statement like 'science during the Third Republic was
inhibited by a centralistic educational system' is a historical state-
ment, the truth of which no single observer in the past would be
able to vouch for because of his having been alive in France during
the Third Republic. On the contrary, it is a statement that can
only be evaluated in the future, in other words, historically. This
is in contrast to such a statement as 'Galileo determined the time
it takes for bodies to fall from the Tower of Pisa on March 3rd,
1582'. This statement would be able to be verified by a witness
who happened to be at the foot of the Tower of Pisa on that
particular day.

The kind of objectivity that history possesses is not identical to
the objectivity inspired by physics; in the latter sense objectivity
means intersubjectively testable knowledge that is completely inde-
pendent of any human factor. It is only if one clings to the classical
rigid definition of objectivity that historical objectivity will have
to remain an unattainable ideal. Hooykaas has expressed the
dilemma of the historian in his striving for an objectivity that can
never be attained:4

What method do we want then? An objective one. But objectivity
is impossible! Without any doubt, it is impossible, as historiography
is not a mere compilation of facts: the choice of material already
implies an element of subjectivity and amounts to an evaluation.
The fact that the historian of science is a scientist himself, influences
his judgment on what is important or not. But in spite of this
unavoidable influence of the historian's own political, educational,
social, national, religious background and his personal character,
we maintain the ideal of objectivity. Like all ideals it is unattainable,
but, nevertheless, it should keep us in a holy dissatisfaction with
ourselves.

Hooykaas's dilemma rests on the concept of absolute objectivity
that reflects an empiricist view of the process of cognition as a
passive reception of impulses from outside. This is a view that is
not even valid when applied to scientific cognition. There is good
reason, therefore, to abandon absolute objectivity and to use more
suitable criteria of objectivity that reflect the nature of cognition
more accurately.

The fact that the natural sciences are generally regarded as objec-
tive is connected with the high degree of consensus and discipline
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that prevails in scientific communities. In contrast with this, the
historiographical arena is obviously beset by discussions about
fundamentals and by serious disagreements without any possibility
of a neutral evaluation. At least, this is the popular picture of
science and history, respectively. If this picture of a conflict-free,
objective science is accepted, historical research must, in compari-
son, appear to be subjective. But in the first place, there is no
reason why one should expect to find the same kind of objectivity
in the two disciplines. As Blake, examining historical objectivity,
concludes: 'We can admit that standards of historical criticism,
and therefore what passes these standards, are in constant flux,
without conceding this as a ground for questioning whether history
can ever be objective.'5 This is correct, but it needs to be
supplemented with the remark that the popular picture of a conflict-
free, objective science is an erroneous one on some important
counts. The standards of science, too, are in constant flux, though
in a less noticeable and less radical way than is the case in history.

Many proposals have been made towards establishing a defini-
tion of objectivity appropriate to history. Some authors, including
such diverse thinkers as Max Weber and Karl Popper, have main-
tained a so-called 'perspectivist' viewpoint. The kernel of this is
that the formulation of a problem - the questions that are asked,
the sources that are selected, the facts that are accepted as being
historical, etc. - is subjective and not accessible to rational criticism;
but the statements that have been formulated can be evaluated
objectively, without it being necessary to accept the perspective
that gave rise to them.

According to Popper, the solution to the problem of selection
lies in the historian deliberately introducing a pre-conceived, selec-
tive framework for whatever interests him.6 Such frameworks or
perspectives will not normally be granted the status of scientific
theories, for they cannot be tested. Popper is a perspectivist but
not a relativist. He emphasizes that even though one cannot object
to the choice of a particular historical perspective, this does not
free one from the obligation to work with many different perspec-
tives, that is, to follow a pluralistic method. Nor does it free one
from the obligation to investigate all relevant data, whether it fits
the point of view or not. According to Popper, the advantage of
having a perspectivist viewpoint is that 'we need not worry about
all those facts and aspects which have no bearing upon our point
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of view and which therefore do not interest us'.7 But how can the
historian know in advance which facts have no relevance for his
point of view? To declare certain facts irrelevant does not mean
that they are irrelevant.

Most historians are of the opinion that historical knowledge is
objective in a more comprehensive sense than the perspectivist one.
As Schaff, among others, has demonstrated, one can reconcile the
activist nature of historical cognition - the fact that the subject
actively participates in the historical process — with the thesis that
history is an objective process that has actually taken place in the
past. Schaff uses the term 'relative objective cognition' for the
relativity that is essential for historical objectivity:8

. . . only a relative cognition such as this can be objective: for when
a particular system of reference has been adopted and a particular
research goal agreed on, we receive from this eo ipso a criterion
for the selection of historical materials that can no longer be arbit-
rary, subjective, but which has an objective nature because of the
given system of reference.

As opposed to in relativism, the truth value of historical statements
is not dependent on who formulates the statements, where, when
and in what circumstances. The subjective factor cannot be eradi-
cated completely from history. It is an integral part of historical
cognition. But the kind of subjectivity under discussion here - the
'good subjectivity' as Schaff calls it - is not incompatible with
objective recognition of historical occurrences. 'Bad subjectivity',
on the other hand, destroys the credibility of history; it is the
subjectivity that stems from the prejudices, personal interests, polit-
ical sympathies, etc. of the historian. This subjectivity tends to
produce ideology instead of knowledge.

Instead of formulating a general criterion of historical objectivity,
one can attempt to give reasons why some historical statements,
at any rate, are not objective. Such reasons cannot be purely nor-
mative but must reflect existing historiographical practice, the his-
torians' more or less intuitive notions of when historical statements
break with objectivity. One might suggest, for example, that if a
historical account X is to be regarded as non-objective, it should
at least contain some flaws.9 If X cannot be criticized at all one
will not think of doubting its objectivity. But what faults or flaws
will be sufficient to stamp X as non-objective? Not just any flaw;
if that were so then no interesting account would be objective. X
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can contain false statements, but this is neither a necessary nor a
sufficient condition for non-objectivity. The flaws that one connects
with an account's lack of objectivity are, for example, contradic-
tions, forgeries of sources, deliberately false statements (lies) and
prejudiced interpretations. The appearance of such flaws will make
an account objectionable but not necessarily non-objective.

Hermeren has suggested that two further conditions need to be
satisfied. Firstly, the flaws should make X misleading, that is, tend
towards giving a distorted picture of the historical reality. Secondly,
the misleading account should be partisan, that is, should favour
particular social interests. But partisanship is not in itself a criterion
of non-objectivity (the reality can be partisan). Hermeren recom-
mends the following procedure as a practical test of how far a
historical account X is non-objective: (1) Examine whether there
are any flaws in X. (2) Examine whether these flaws result in X
being misleading. (3) Identify the interests or parties involved in
the subject dealt with in X. (4) Examine whether X favours one
or more of these parties. (5) Examine whether this favourization
is due to the fact that X is misleading, i.e. whether X would also
favour the parties if X were not misleading.

Undoubtedly this definition of objectivity accords well with his-
torical intuition. But it is not, contrary to what Hermeren believes,
a criterion that can be used across different historiographical points
of view. Historians holding very different views will perhaps agree
that the definition catches non-objectivity, but will nevertheless
disagree about the extent to which a particular account is objective.
One will always be able to argue that what is a flaw from one
point of view is not a flaw from another. The contents of such
words as 'distortion', 'misleading' and 'favourization' are by no
means invariant across different perspectives. Although in practice
one will often achieve agreement about the truth value and objective
nature of historical statements, it is hardly possible to establish a
usable criterion of objectivity that transcends historiographical dif-
ferences of opinion. This impossibility is not, however, a trait that
is unique to historical research.

Modern historians are very careful when using the term truth,
which is often felt to be alien to historical research. A historical
work will be judged to be inadequate, one-sided or interesting, but
rarely true or false. This is partly because true and false are predi-
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cates that are only directly valid for statements or conjunctions of
statements. Historical accounts do, of course, contain statements
about the past but these are bound up with a narrative whole that
cannot be broken down into a series of these statements. For exam-
ple, historical accounts may well be judged to be true even though
they contain false statements and, conversely, they will not neces-
sarily be judged to be true even though they consist of true state-
ments. From a logical point of view, the former account will always
be false, the latter always true.

Sceptical historiography has recently gained some influence in
the history of science via the sociology of science. According to
some proponents of the modern relativist programme for sociology
and history of science, it is impossible in principle to attain true
or objective historical knowledge. In a recent work the arguments
put forward are as follows:10

In view of the variety . . . in scientists' accounts of their actions and
beliefs, we suggest that it is inappropriate to search for any kind
of data that can be used to provide a firm bedrock for historical
description and analysis. . . . only God may be able to discern the
historical reality lying behind the diversity of actors' versions. As
mere humans, we have to accept that both historians and particip-
ants can produce many different historical accounts and ground
them in evidence.

So, according to this version of relativism, it is not the task of the
historian to unravel what really did happen in the past. He can
only reproduce and reflect on the accounts that scientists supply
about their works. This kind of relativism is based on the belief
that the scientists' own accounts are the ultimate raw materials of
the history of science. But this is a belief that cannot stand up to
criticism. As we shall see later (chapter 13), the historian is often
able to uncover truths that go against or beyond the scientists'
own accounts.

The strong relativist programme implies, furthermore, that the
creative acts of scientists, the classical focus of intellectual history,
are beyond historical or philosophical analysis. The process of
creation is something with which the historian should not be con-
cerned:11

. . . we, like Popper, are not concerned with the context of discovery,
or rather creativity; this we are prepared to accept as a 'black
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box'; . . . We are concerned with the processes of acceptance and
rejection of beliefs, a process which starts as soon as an idea becomes
an action.

But certainly the creative act can be analysed. Historians need not
accept creativity as a 'black box' and neither need concern with
scientific creativity exclude concern with 'processes of acceptance
and rejection of beliefs'. The practice of history of science testifies
to this every day.
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A very considerable part of history of science is descriptive, that
is, accounts of what occurrences took place and when they hap-
pened. In spite of this practice, almost all historians agree that
history ought also to be explanatory. A pure description of the
past will not qualify as real history but is what is somewhat con-
descendingly called chronicle writing.

Obviously, not all occurrences are in need of an explanation. In
particular, it is the novel, non-trivial occurrences that we want to
explain by grounding them in relatively familiar and known experi-
ences. In the first instance, scientific occurrences ought to be
evaluated and explained in accordance with the norm or norms
prevailing at the time they took place. A period's norm can be
regarded as everything that is taken for granted by the scientific
community during that period. In this respect, the identification
of the norms of a period is important. According to David Knight,
'the recovery of the norm [is] itself interesting and must be the
primary task of the historian'.1

When a particular norm has been identified it can in itself con-
stitute a basis for explanation. If we ask why a theory was accepted
or why an experiment was interpreted in a particular way, a refer-
ence to the fact that it was in agreement with prevailing standards
can in itself be an explanation. In contrast, a norm-breaking occurr-
ence needs an explanation of its own. The norms that are used as
a basis for explanation in such cases should, of course, be the
norms of that time, not ours.

There are two main types of suggestion for what should count
as an historical explanation. One group has been inspired by the
causal explanations used in the natural sciences while the other
group stresses more explicitly historical forms of explanation in
terms of motives, reasons, understanding, and so on. In practice,
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many historians operate with explanations as though to explain
why something happened is to state its cause. This identification
stands out in the following quotation from Samuel Lilley:2

Any historical study must necessarily pass through two stages. In
the first events are chronicled - the important point is to discover
exactly what happened, in a descriptive sense, and exactly when.
When sufficient chronicling has been done, the second stage is
reached - the problem now is to establish causal relationships bet-
ween events, to come to understand why things happened as they
did.

A causal model much discussed is that suggested by Carl Hempel
in 1942 according to which historical events are to be explained
nomologically and deductively.3 Hempel's model is also known as
the DN (deductive-nomological) model or the 'covering law
theory'. It is bound up with the positivist ideal of science since it
carries the pattern of explanation in natural science over into the
social and historical sciences. The principle behind explanations
according to Hempel is as follows: if an event X (explanandum)
is to be explainable, X must be able to be deduced from two sets
of preceding premises that constitute what explain (explanans).
These are a series of data Ci,C2, . . . ,cn (antecedent conditions) and
a series of general laws Li,L2, . . . ,Lm that cover X and q. In formal
language:

> . . . , C n

, . . . ,Lm

therefore: X

A typical explanation of this kind can be answering the question
'why does this particular cannon ball hit this particular place?'. In
this case, Q are the starting and boundary conditions (the elevation
of the cannon barrel, the mass and starting speed of the missile,
etc.), while L{ are the laws of mechanics. Once we have specified
Q and Li we will have explained the event. It is worth noting that
the logical structure of the DN model involves that explanation is
equivalent with prediction. If one knew q and Li before X hap-
pened, one would be able to predict X which would count as an
explanation too.

Hempel and other advocates of the DN scheme regard it as a
normative model of explanation, not a model that describes all or
just most explanations as actually used in practice. As far as history
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is concerned, very few explanations accord with the DN model,
in part because covering laws are not normally formulated in his-
tory. It has been maintained, however, in defence of the relevance
of the model, that such laws are, in fact, used in standard historical
explanations, but they are implicit. When they are not formulated
it is, for example, because they are trivial statements about how
people normally or always behave. Such lawlike statements may
be statements of how any rational person will behave in a particular
situation.

Consider the question, 'why did Kepler think that the orbit of
Mars is elliptical (and not circular)?'.4 According to the DN model,
an explanation can formally be stated as follows:

Ci - cn_i : Kepler thought that the Ri,R2, . . . ,Rn-i were true.
cn : Kepler was a rationally thinking human being.
L : Any rationally thinking human being who accepts

R!,R25 . . . ,Rn.i as true will conclude that pis valid.

Therefore X: Kepler thought that p is valid.

Here p stands for 'the orbit of Mars is elliptical', while the state-
ments Ri,R2, . . . ,Rn-i refer to Kepler's knowledge or beliefs con-
cerning Mars, including Tycho Brahe's empirical data.

But the suggested DN explanation of Kepler's idea cannot be
regarded as a satisfactory historical explanation. What is of interest
to the historian is why Kepler discovered the form of the orbit of
Mars while other scientists did not. Such an explanation, if framed
in the DN manner, would have to refer to Kepler's person in L.
But then it cannot be based on a general law.

Many scientific occurrences are the result of the idiosyncrasies
of a particular scientist and cannot be grounded in actions that
are valid for 'any rational human being'. For example, Kepler
believed that there were necessarily six planets and that their dis-
tances from the sun could be related to the geometrical structure
of the five regular polyhedra. Kepler's contemporaries, to the extent
they followed the Copernican system of the world, thought, as he
did, that there were six planets; but the linking with the regular
polyhedra was peculiar to Kepler and did not win support among
other 'rational human beings'. On the contrary, it was regarded
as speculative and unreasonable. So in the case of Kepler's theory
one cannot use a covering law about rational behaviour. One has
to use a formulation in L that refers to Kepler's idiosyncratic views.
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Since it lies in the very nature of discoveries that they are creative
innovations, not logical conclusions from data that 'any rationally
thinking human being' might have drawn, it does not seem possible
to explain discoveries deductively in accordance with the DN
model. Scientific discoveries can be understood, explained and
analysed so that they appear to be well founded and reasonable
in the circumstances. But the DN model is not suited to this pur-
pose:5

To say that satisfactory explanations of scientific discoveries are
law-covered is to suggest that the cognitive behavior involved in
scientific behavior is rule-governed behavior; but rule-governed
behaviour is not creative, whereas it is of the essence of discovering
that it be creative: hence if scientific discoveries are to involve
creative behavior then it is necessary to explain them as instances
of rule breaking behavior; that is, the explanations of them should
be law-free.

The fundamental flaw of the DN model is that its explanations
do not lead to insight or understanding. Many historians maintain
that when an action has been made understandable it has thereby
also been explained. If the reader experiences a historical narrative
as 'making sense', so that he understands what happened, a rapport
between description and explanation will have been ensured and
he will not feel any need for further explanation. 'Every [good]
historical narrative is, in an appropriate sense, self-explanatory,'
writes Gallic6 To understand a human action will typically consist
of unravelling the intention behind it or in stating the motives or
reasons that led the historical agent to act as he did. In such cases
one can talk of explanations by intention or reason. These expla-
nations differ from explanations of the Hempel type in that they
are not nomological.

In the explanation-as-understanding concept is implied the
attractive assumption that in practice we will not regard an expla-
nation of an action as acceptable unless we have also understood
it. Another attractive feature is that explanations, according to this
view, may consist in merely stating the circumstances that made
an action possible, without them being necessary. The question
'why did X discover P in the year t?' will, according to the DN
model, require reasons from which the explanandum follows by
necessity. But most historians will think that in the same cir-
cumstances X could have failed to discover P in the year t; or that
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some other person could have discovered P in the year t, instead.
Explanations by reason, in order to be objective, must assume

that one can reach agreement about when an action 'makes sense'.
Since they appeal to a common knowledge of, or feeling about,
when an action is rational they are often called rationality explana-
tions. An example of a rationality explanation is supplied by
N.Roll-Hansen. At the beginning of this century biologists discus-
sed whether evolutionary.variation was continuous or discontinu-
ous. A heated controversy took place between two groups, the
Mendelians and the biometricians. After some years of dispute,
the majority of biologists adopted the answer supplied by the
Mendelians. Why? Roll-Hansen argues that this occurrence can
be explained by showing that the biologists had good scientific
reasons for acting as they did: 'There is no need to involve either
psychological or sociological factors in explaining the biologists'
preference for Mendelism. In the rationalist view, it simply emerged
as the best supported theory according to generally accepted
methodological rules.'7

W.H.Dray has developed the concept of rationality explanation
as an alternative to the DN model.8 According to Dray, a historical
explanation is a normative reconstruction of an action, constructed
in such a way that the rationality in the way the historical agent
behaved is evaluated. If the action of the agent is shown to be
rational, if it is demonstrated that he had 'good reasons' to do as
he did, the explanation has succeeded. If it should be shown that
the action is notoriously irrational this will make it inexplicable.
Dray belongs to the large group of theorists of history who, though
they have different views in general, see the historian's task as that
of establishing a rational reconstruction of the historical occurr-
ence. Popper, Laudan, Lakatos and Collingwood belong to this
group, as does Hempel.

An example may illustrate the nature of the rationality explana-
tion.9 Let us suppose that a biologist, Jones, accepted the Mendelian
theory of inheritance while rejecting that of the biometricians (cf.
above). The historian would like to know why Jones accepted
Mendelism. An explanation could be 'because there was over-
whelming empirical support of the Mendelian theory'. But if the
question is answered with 'because there was overwhelming empir-
ical evidence against the Mendelian theory', one will feel that the
answer is not an explanation at all, although it could be true. If
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there was overwhelming empirical evidence against Mendelism at
the time when Jones supported it, then we would expect, as long
as Jones is assumed to be a normal, rational person, that it was
for other reasons that Jones supported Mendelism.

The concept of rationality is itself subject to historical and cul-
tural changes. What kind of rationality should one count on in
historical explanations? The one that the historian regards as
rational (the present) or the one regarded as rational by the histor-
ical agent? Could one use such laws as 'every rational agent accepts
theories when there is strong empirical support for them' about
periods in which this law was not, in fact, accepted? The question
deals with the extent to which the historian should accept the
actual behaviour of historical agents and the actual course of events,
as revealed by the best possible sources, as explanations; or whether
he should perhaps criticize the agent for not having acted with
sufficient rationality, in other words ask whether the agent's
motives were well founded in relation to the norm of rationality
of that time (or of the present). With respect to the history of
science and ideas Laudan has answered as follows:10

. . . if we can show that a thinker accepted a certain belief which
was really the best available in the situation, then we feel that our
explanatory task is over. Implicit in this way of looking at the
matter is the assumption that when a thinker does what it is rational
to do, we need inquire no further into the causes of his action;
whereas, when he does what is in fact irrational - even if he believes
it to be rational - we require some further explanation.

Thus, according to Laudan it is not necessarily the historical agent's
own view of what is rational that should serve as a basis of expla-
nation. Laudan seems to assume that absolute criteria of when
actions are 'in fact' rational do exist, and that they should therefore
be used. But an absolute criterion of rationality that harmonizes
with the lessons of history of science does not exist. If modern
standards of rationality are used in evaluating historical occurr-
ences, it will almost surely lead to anachronisms.

Usually historical explanations are thought of as answers to
why-questions. Finnochiaro criticizes this assumption and argues
that explanations, as far as they refer to discoveries, are answers
to why-not questions.11 Instead of asking 'why did Galileo discover
the parabolic orbit of projectiles?' one should, according to Fin-
nochiaro, ask 'why was the parabolic motion of projectiles not
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discovered before Galileo?'. The two questions are not equivalent.
The historian who addresses the first question will have to give
reasons why Galileo did, in fact, make the discovery. The historian
who wishes to answer the second question will have to state the
circumstances that prevented earlier scientists from making the
discovery. The why-not question is the most interesting and the
one we are most curious to know the answer to. In a sense, we
feel that the parabolic orbit of projectiles ought to have been dis-
covered generations before Galileo.

Many discoveries, however, are of such a kind that what we
marvel at are why they were made, not why they were not made
earlier. These are the unexpected discoveries. When Ramsay and
Rayleigh discovered the inert gas argon in 1894 it took the scientific
community with surprise since there were no theoretical grounds
for supposing the existence of new elements in the atmosphere.
On the contrary, there were good theoretical grounds, such as the
periodic system, against the new element. It would not therefore
be fruitful to ask 'why was not argon discovered before 1894?'
while 'why was argon discovered in 1894?' is an interesting ques-
tion.

History of science must be able to account for pseudo-discoveries
in the same way as it accounts for discoveries that are accepted at
the moment. Historically, cognitively and socially, pseudo-dis-
coveries do not differ significantly from discoveries.12 What we
now call pseudo-discoveries were once accepted as discoveries by
the scientific community or by parts of it. Pseudo-discoveries from
the last century include such examples as N-rays, J-rays, the
Piltdown man, Kammerer's frog, Bathybus haeckelii, sub-electrons
as well as false chemical elements.13

The thoroughly investigated case of N-rays may serve as an
example of a pseudo-discovery.14 In 1903 the French physicist
Rene Blondlot (1849-1930) reported the existence of a new species
of radiation which he called N-rays; in the years that followed,
the properties of the radiation were studied by many scientists.
However, in about 1908 it was concluded that the N-rays did not
exist after all. Still there is nothing in Blondlot's pseudo-discovery
that significantly differs from more respectable, contemporary dis-
coveries such as those of X-rays and radioactivity. But knowing
as we do that N-rays are a pseudo-phenomenon, it would seem
absurd to ask why they were not discovered before 1903. What
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does surprise us, and what we will want to explain, is the fact that
N-rays were discovered at all. An explanation of this must neces-
sarily contain sociological elements. 'Why were N-rays discovered?'
means, in fact, 'why were N-rays granted the status of a discovery?'.
Brannigan regards scientific discoveries as characterized by their
social status, which leads to a very different kind of explanation
to the traditional one. 'The occurrence of discoveries in a culture
must be viewed, not from the naturalistic question of what made
them happen, but, following Winch and Wittgenstein, from the
question of how they were identified as discoveries.'15 The question
'why was X granted the status of the discoverer of P' must reason-
ably be answered in quite a different way to the question 'why did
X discover P?'.

The occurrences that one may wish to explain in the history of
science are varied in kind and hence cannot be explained in quite
the same way. In particular, one should distinguish between indi-
vidual and collective occurrences where the latter are those that
include a large number of people and usually take place over a
long period of time. While 'Harvey discovered the circulation of
the blood' is an individual occurrence, 'the industrial revolution
in England' is a collective occurrence.

Several authors, including Popper, J.W. Watkins and F.A.Hayek,
have argued that 'we shall not have arrived at rock-bottom expla-
nations of. . . large-scale phenomena until we have deduced an
account of them from statements about the dispositions, beliefs,
resources, and inter-relations of individuals'.16 Consequently,
'holistic' explanations in terms of rules that go beyond the indi-
vidual do not have any justification. This viewpoint is called
methodological individualism. According to this doctrine, explana-
tions that are based on 'spirit of age', 'class struggle', 'social
interests' or 'intellectual environment' are pseudo-explanations.
According to Popper methodological individualism states that 'we
must try to understand all collective phenomena as due to actions,
interactions, aims, hopes and thoughts of individual men, and as
due to traditions created and preserved by individual men'.17 This
does not imply that the historian who wants to explain the indust-
rial revolution is forced to investigate the actions, ideas and motives
of each individual participating in the industrial revolution; he is
justified in basing (and in practice forced to base) his explanation
on the actions, ideas and motives of 'ideal' or 'anonymous' indi-
viduals.
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One of the arguments in favour of methodological individualism
is that one has to base an explanation on something that is known;
and this is interpreted as that which can be directly observed. Only
quantities that are directly observable can be used as a basis of
explanation. 'A theoretical understanding of an abstract social
structure should be derived from more empirical beliefs about
concrete individuals', says Watkins.18 This is another version of
the myth of direct observability which, as we have seen (chapter
5), is objectionable. The doctrine is especially unacceptable for
historical explanations, since one does not even have empirical
access to individual historical phenomena. And even if they could
be observed, as in parts of contemporary history, it does not make
them directly observable; the identification of individual
phenomena always involves interpretations.

The reductionist, methodological individualism of Popper, Wat-
kins and Hayek contain valuable traits on a negative level, as a
critique of facile holism and social determinism; but it should be
dismissed as a requirement for historical explanations in general.
Many collective phenomena just cannot be reduced to individual
phenomena and cannot be explained on a purely individualistic
basis. If one limits historical explanations to explanations based
on individual, empirically provable quantities one will merely end
up by explaining fewer phenomena, and by explaining them worse.
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Hypothetical history

Because of their placement in the past, historical occurrences cannot
be re-created or manipulated. For this reason hypothetical or con-
trary-to-fact statements are often regarded as unacceptable in his-
torical works. Thus Joseph Needham says: 'Whether a given fact
would have got itself discovered by some other person than the
historical discoverer had he not lived it is certainly profitless and
probably meaningless to enquire.'1

A contrary-to-fact statement is a statement based on an assump-
tion that is known to be factually false, in other words, that cannot
be reconciled with the known facts. Such statements are also called
counterfactual statements. They contain the conditional 'if fol-
lowed by the false statement P. 'If X had not been the case, Y
would not have taken place' is a counterfactual statement in so
far as X actually was the case (irrespective of whether Y occurred
or not). X might, for example, be 'Maxwell formulated the theory
of electrodynamics' and Y might be 'the radio was invented'. In a
certain sense the statement can be said to be a hypothetical state-
ment about the past; but with the difference that the premise of
the hypothesis (non-X) is known to be false. Hypotheses are nor-
mally statements whose truth value is not known, but which are
used heuristically in order to deduce testable statements that will
then support or weaken the hypothesis.

We cannot know whether the radio would have been discovered
had Maxwell never lived; for we cannot remake the historical
situation at the time of Maxwell without taking into consideration
the fact that Maxwell did actually live. Counterfactual history
seems to presuppose that individual historical occurrences can be
taken out of their context without disturbing anything more than
a few other occurrences. According to many historians with a
'holistic' view, this presupposition is fundamentally unjustified,
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since all historical occurrences are connected to each other. The
assumption that an actual occurrence had not taken place would
have changed all subsequent occurrences in a totally unpredictable
way.

In spite of these objections and in spite of the fact that we can
never determine the truth value of counterfactual historical situa-
tions with certainty (but see below), they are of value in history.
In practice, counterfactual questions are not infrequent in the his-
tory of science. According to Bernal, 'we ought to demand not
only how was this discovery made, but why was it not made before
then and what would have been the course if history had gone
differently'.2 Bernal continues by supplying an example of such a
counterfactual scenario:3

For instance, if the casual conversation of Henri Poincare and
Bequerel in 1897 had not taken place, it might have been many
years before radioactivity was discovered. Ultimately, it was bound
to come, because there are many effects which are traceable to it,
but it would have been much harder to interpret. If the discovery
of radioactivity had been delayed the result of human history might
have been quite different. The Second World War and atomic fission
only came together in time by the merest accident. If the bomb had
come four years earlier we should have had atom bombs fully in
use all through the war . . .

Questions of why occurrences took place as they did are of course
an important part of history. Such factual questions can, however,
also be formulated counterfactually, especially when they are
attempts to make causal connections between occurrences. If A
and B are real occurrences 'B was caused by A' can also be formu-
lated 'if non-A, then non-B', which is a counterfactual statement.
As a general rule, explanations based on laws contain counterfac-
tual statements.4 To dismiss counterfactual historiography would
be the same as denying the legitimacy of law based explanations.

When one asserts that Maxwell's electrodynamics was one of
the causes of, or an important precondition for, the invention of
the radio, it is a statement that refers to actual occurrences. If
electrodynamics had not been formulated in the way Maxwell did,
the radio would not have been invented; or, perhaps, the history
of the radio would have run a different course to the one it did.
The two versions of the counterfactual statement are not equivalent.
'If non-X, then non-Y' is the same as saying that X is a necessary
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condition for Y and is thus a rather strong assertion. 'If X had not
occurred then Y would not have occurred in the way it did' is a
weaker, but often more reasonable assertion. It does not exclude
the possibility that Y might nevertheless have occurred, perhaps
later and in a different form.

Hypothetical historiography can take place with the use of ceteris
paribus clauses, in other words by using an all-else-being-equal
assumption. The idea is to stabilize all factors other than the ones
being studied, so that these relationships can be studied in isolation,
without the 'disturbance' that would otherwise result from the
other factors. Arguments of the ceteris paribus type are counterfac-
tual, since all else is not equal. A particular historical occurrence
X will influence a lot of other occurrences in an incalculable, largely
unknown way. If we want to study how far X was the cause of
Y we can assume that all these other occurrences were uninfluenced
by X. In that case we would not study the real history, but a
hypothetical history.

One has to be careful about forming conclusions from counter-
factual situations. For example, it is not quite true that 'if non-A,
then non-B' always implies that 'the reason for B was A'. There
are several reasons why we cannot always find the reason for B
with the help of counterfactual statements.5 In order to assess the
validity of 'if non-A, then non-B' one operates with a ceteris
paribus clause to the effect that the world would have been the
same if A had not taken place. For example, we must assume
non-C, where C represents the occurrences that have A as a neces-
sary cause. And we must assume non-D, where D represents the
causes that are sufficient for A. Since we do not normally have a
very good knowledge of causal relationships in the past, we cannot
know which Cs and Ds are involved and what consequences this
has for other occurrences.

Even if one was able to establish the validity of the statement
'if non-A, then non-B', it would still not be enough to establish A
as the sole cause of B. Historical causal relationships are usually
'weak', where 'if A, then B' does not rule out the possibility of
other causes of B than A. In such cases as these, the statement 'if
non-A, then non-B' is not equivalent with 'A was the cause of B'.
'If Ptolemy had possessed a good telescope, he would not have
created his astronomical system' is a reasonable historical state-
ment, formulated counterfactually; but it does not imply that 'the
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reason why Ptolemy created his astronomical system was that he
did not have a good telescope'. To an historian, the latter statement
is nonsense.

Hypothetical history of science statements can be a means of
pointing out the dependence or independence of different research
programmes. For example, Kuhn writes that Einstein's early
research programme was 'a program so nearly independent of
Planck's that it would almost certainly have led to the black-body
law even if Planck had never lived'.6 This is a counterfactual state-
ment, since Planck did actually live and Einstein did not discover
the black-body law. What Kuhn wishes to emphasize is that the
entire logic behind Einstein's programme was of such a kind that
it was independent of Planck's programme but nevertheless pointed
towards the result that was first achieved by Planck. Neither Kuhn
nor others can, of course, know with certainty whether the black-
body law would have been discovered without Planck. But from
knowledge of the early works of Einstein good arguments can be
found for claiming that, all other things being equal, this would
have happened.

The situation would be quite different if Einstein had actually
discovered the law independently of Planck; for example, one might
come across an unpublished Einstein manuscript showing that he
did. Then it would be a case of a simultaneous, independent discov-
ery and Kuhn's reasoned conjecture would become historical know-
ledge. Counterfactual questions of the type that have been men-
tioned can thus in some cases be answered with a firm 'yes'; viz.,
in cases of simultaneous, independent discoveries. If Ax discovered
X at the time t and A2 discovered X at approximately the same
time, but independently of Al5 one can conclude that X would
have been discovered at about the time t even if Aj had never lived.
It is obvious that this possibility only applies to affirmative answers.
'If Ai had never lived, X would not have happened' cannot be
confirmed in the same way. Either A^ was the only one who disco-
vered X, in which case it is a general, open counterfactual state-
ment; or A2 simultaneously and independently discovered X, in
which case the statement is false; or X was not discovered at all,
in which case the statement is meaningless.

Georges Canguilhem has demonstrated the untenability of reject-
ing hypothetical historiography in connection with an evaluation
of the historical significance of Gregor Mendel, the founder of
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genetics. What would the history of biology have looked like had
the monastery in Briinn, with Mendel's theses and papers, burnt
down in 1865? If this had happened, and if Mendel's published
works had also disappeared, Mendel would never have been 'redis-
covered'. Since his influence would then presumably have been
zero, Mendel would not appear at all in the history of biology.
Such a history would be hypothetical today but was quite realistic
at the end of the 19th century. It was not until after 1900, when
Mendel's laws had been rediscovered, that a historian could regard
Mendel as an important figure in the development of biology.

Admittedly, a form of anachronism is contained in attempts to
answer the counterfactual question of what the development of
biology would have looked like if Mendel had been more highly
thought of by his contemporaries. On the other hand, one would
feel it unnatural not to ask the question and to pretend that Mendel
was not an important figure in the history of 19th century biology.
Canguilhem gives the following defence of hypothetical historio-
graphy:7

In whose name could anyone demand that such a temptation [con-
cerning Mendel's hypothetical role] should be resisted? No histo-
rian, whatever school he may belong to, rejects the possibility that
he might understand what has been by imagining what might have
been and does so by either thinking up or, conversely, removing
causal factors. The imaginary construction of a possible future does
not follow from an attempt to deny the past its actual course. On
the contrary, it stresses the true historical nature of the past in its
relationship to man's responsibility, whether it be that of the scien-
tists or that of the politicians; it purges the historical account of
everything that might resemble a dictate of fate.



8
Structure and organization

The structural framework of the historian includes, among other
things, divisions into historical periods. Obviously, periodization
is the work of the historian, not of history. No objective or natural
way of dividing up is to be found inbuilt into the historical course
of events. This does not mean, however, that all ways of organizing
the historical materials are equally good. In the historiography of
modern science a tradition has arisen for working with chronolog-
ical periods that follow the century in question: science in the 20th
century, in the 19th, 18th and 17th centuries. The division is obvi-
ously arbitrary, in the sense that it does not reflect any internal
tendency in the development of science. By chance, it would be
reasonable to distinguish between the 19th and 20th centuries in
the history of physics, whereas this is not the case in the history
of biology or in the history of the earth sciences.

The periods used will normally be chronological so that the
development is simply followed through linear time. But one does
not have to regard chronologically simultaneous occurrences as
being historically simultaneous too. For example, one could decide
to place occurrences into periods according to their more or less
natural connection in the hope that this would reflect the internal
or logical development of science. If so, scientists who were 'ahead
of their time' may be moved to the chronologically later periods
to which they are thought to belong naturally.1 However, this kind
of division into periods can easily lead to an anachronistic history,
a fable about how the development could and perhaps ought to
have occurred. If one regards the atomic theory of Democritus as
historically simultaneous with Boyle, or Leonardo's ideas on avia-
tion as simultaneous with the Lilienthal brothers, one cannot avoid
forcing the actual course of development. Chronological, linear
time is, after all, the natural frame of reference for historical periodi-
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zation. The causal connection between occurrences goes from the
past to the present, i.e. follows linear time. Division into periods
in accordance with other parameters than normal time can have
didactic advantages but ought to be used with caution. To the few
authors who use a cyclic concept of time, historical and chronolog-
ical simultaneity are not necessarily identical. For example, Oswald
Spengler asserted, on the basis of his cyclic view of time and history,
that Descartes was 'simultaneous' with Heraclitus, since they rep-
resented similar phases in the cycles of two cultures.2

The author of a comprehensive work on the development of
science, or of a particular discipline, will have to face the question
of what emphasis (in practice: how many pages) should be given
to different periods of time. The answer given to this question
involves a historiographical choice. No periods exist that are more
interesting than others as such, i.e. independently of theoretical
considerations. In some histories of science the Middle Ages
scarcely appears at all, while in other histories the Middle Ages
takes up a dominant place; without one being able to say that the
one allocation of priority is inherently better than the other. The
question of what weight should be placed on different periods was
of relevance to Sarton, Bernal, Singer, Wolf and others who wrote
comprehensive histories covering a wide span of time.3 But today
the belief in the existence of a natural allocation of priority to
certain themes or periods has been abandoned.

Historians of science have discussed to what extent the so-called
Scientific Revolution is real or not, i.e. whether there was a natural,
historical period from Copernicus to Newton during which natural
philosophy was transformed into modern science. Since Duhem,
several historians have maintained that the Scientific Revolution
is an illusion, since all the elements that are normally associated
with good science can be found as early as the late Middle Ages.
According to Duhem, the 17th century is not a particularly interest-
ing or revolutionary period. It was just the provisional culmination
of an evolution that had its roots a long way back in the Middle
Ages. A.C.Crombie, a specialist on the Middle Ages in the tradition
of Duhem, has expressed this attitude as follows:4

Modern science owes most of its success to the use of the inductive
and experimental procedures, constituting what is often called 'the
experimental method'. . . . the modern, systematic understanding
of at least the qualitative aspect of this method was created by the
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philosophers of the West in the thirteenth century. It was they who
tranformed the Greek geometrical method into the experimental
science of the modern world.

In contrast, other historians (Koyre, Hall, Butterfield, and others)
have regarded the 17th century as a true revolutionary period, the
scientific century par excellence. For that reason, they have divided
up the history in relation to that period. Koyre had this to say on
the subject:5

. . . the apparent continuity in the development of medieval and
modern physics (a continuity so emphatically stressed by Caverni
and Duhem) is an illusion. It is true, of course, that an unbroken
tradition leads from the works of the Parisian Nominalists to those
of Benedetti, Bruno, Galileo and Descartes. . . . Still the conclusion
drawn therefrom by Duhem is a delusion: a well-prepared revolution
is nevertheless a revolution . . . .

The fact that Crombie and Koyre can have such different views
of the Scientific Revolution is reasoned in their different views of
what characterizes modern science. If critical approach, experimen-
tal and logical techniques (induction and deduction) and practical
orientation are seen as the essence of science, one is led with Crom-
bie to an evolutionary view. In that case, the term the Scientific
Revolution is merely an empty label. Koyre's view of science, on
the other hand, is different and so, accordingly, is his periodization.
The essence of science, according to Koyre, is the application of
mathematical methods in the study of nature and the belief that
mathematically based theory has priority over experience. The
perspective of theory of science decides the extent to which the
Scientific Revolution is a real phenomenon or not. In a social
history perspective, represented by neither Crombie nor Koyre, the
characteristic feature of modern science is its institutionalization
and social structure. It will be natural to regard the 17th century
as a revolutionary period from this perspective, but from different
motives to those of Koyre.

Division into periods and historical labels are usually retrospec-
tive in the sense that they are not to be found during the period
in question. As a principle of organization for history of science
the Scientific Revolution is largely a child of the present century.6

But the historian is, of course, within his rights in organizing his
materials independently of views held in the past. Periodization
expresses an evaluation of a whole that embraces past, present
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and future. In many ways the often heated discussion about the
'reality' of the Scientific Revolution may seem uninteresting. As
long as one recognizes that such questions depend on perspective,
and as long as one avoids the primitive Victorian version of the
17th century as the sudden time of birth of science, it matters little
whether one calls this period a revolution or not.

History of science encompasses a large number of different,
individual sciences. What emphasis should a general history of
science place on astronomy, for example, compared with anatomy?
It is again true to say that there is no natural or objective answer
to this question. Perhaps astronomy developed faster and aroused
more interest than anatomy in a certain period. But this does not
imply that the historian has to use more space on astronomy than
on anatomy. He can legitimately maintain that from his perspective
of the history of science, anatomy is the more interesting and hence
deserves a more extensive treatment.

Traditionally, history of science has been dominated by the phys-
ical sciences and, to a somewhat less extent, biology. Although
recently less glamorous sciences, like geology, have also met with
increasing historical interest, the preoccupation with physics con-
tinues. There is no objective reason why geology should occupy
an inferior position to that of physics in the history of science. But
that is the way it is. In a broader perspective the concentration on
physics and biology is certainly unfortunate. As Mott Greene com-
ments:7

It seems . . . to border on irresponsibility to allow a student to write
the nth thesis on the reception of Darwinism somewhere, or the
n+1 thesis on Newtonian minutiae, while an entire branch of science
(and, moreover, one with similarly engrossing philosophical impli-
cations) is all but unexplored. In such a field, a student would have
the chance to produce original and valuable historical work, rather
than toting bones from one graveyard to another.

'Success' seems to be the main criterion of historical importance,
in the sense that successful scientific work is usually given high
priority. A scientist may be judged successful either because his
work has turned out to be important for later developments, or
because he was a dominating figure in the science of his time. In
the first case historical importance is associated with scientific
truth, in the latter with a specific social context. The two criteria
should not be confused. Historical significance cannot be under-
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stood abstractly or logically. Whatever association there is between
historical significance and scientific truth value is a matter of con-
tingency.

When Lyell is considered a very important figure in the history
of geology it is mainly, but not only, because his uniformitarian
system contained a fundamental truth as compared with earlier
doctrines: that the geological history of the earth can be explained
by slow, natural processes still proceeding today. The work of
Lyell's opponent L. Elie de Beaumont (1798—1874) was not
pioneering in the same sense but still Elie de Beaumont ranks high
in modern histories of geology. True or false, his views exerted an
enormous influence on the geological community. 'In spite of their
oddity from the modern point of view,' writes Greene, 'his theories
must be recognized to have asserted a profound and lasting influ-
ence on the development of geotectonics - an influence far greater
than that of Lyell.'8

The focusing on successful pioneer work may lead to anachronis-
tic historiography. In addition, it may lead to problems in connec-
tion with the history of contemporary science. Modern scientific
occurrences, because of their short life span to date, can seldom
be assessed with regard to whether they are really pioneering or
not. Imagine a historian who, in 1690, wished to write a history
of contemporary physics. If he based his work on the criterion
that only successful and epoch-making discoveries should be given
high priority, probably Newton's Principia would figure only insig-
nificantly. Needless to say, a historian writing 100 years later
would judge the merits of Principia in a very different way.

The creation of great scientific ideas has traditionally been the
main concern of historians of science. Who first created this or
that theory? How and when did the theory come into being? Ques-
tions like these have dominated history of science for a long time
with the result that the development of science was pictured as a
sequence of great discoveries.9 Implicitly the picture assumes that
discoveries are sufficient in themselves to account for the growth
of science; that they automatically enter the corpus of scientific
knowledge once they have been made. However, important dis-
coveries are, in fact, often ignored or rejected. Discoveries rarely
act instantly. There is, therefore, good reason to call attention to
the importance of the diffusion and further development of the
ideas that result from discoveries.
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The way in which scientific ideas are conveyed is a natural part
of the social history and geography of science. It is also of impor-
tance to the cognitive contents of science.10 When science is con-
veyed from one milieu to another, it occurs by means of a selection
process that decides which parts of science shall survive and which
ones shall not. The scientist who understands how to market a
new discovery is of no less importance than the discoverer. Stanislao
Cannizaro (1826-1910) thus deserves just as much attention in
the history of 19th century chemistry as does his more famous
colleague Amedeo Avogadro (1776—1856). Avogadro proposed in
1811 the molecular hypothesis that today, in a somewhat altered
version, bears his name. But Avogadro's suggestion was little
regarded for half a century and only 'rediscovered' by Cannizaro
in 1859. Cannizaro did not make any important discoveries himself
but he marketed the molecular theory with vigour and considerable
success. At a chemical congress in Karlsruhe in 1860 and at later
occasions he argued the case of Avogadro's hypothesis which even-
tually became established as a cornerstone of chemistry.11

In some cases the salesmen, organizers and propagandists of
science were not active scientists themselves. But even so, they have
played a very important part in the development of science. An
example of such a person can be found in Henry Oldenburg
(1618?—1677), who was secretary and primus motor of the Royal
Society in London. Oldenburg acted as a clearing house for the
infant science of his day, collected and disseminated information
throughout the whole of Europe at a time when periodicals had
not yet become an established part of the system of communication
in science. He was the founder of one of the first scientific period-
icals, the Philosophical Transactions of the Royal Society (1665).
Although Oldenburg never carried out any scientific research him-
self, he must be regarded as being as important a person as any
in the history of science in the 17th century.

One way of organizing history of science is to divide it into
'horizontal' and 'vertical' sections (Figure 1). Horizontal history
of science is understood here to mean the study of the development
through time of a given, narrow topic; a scientific speciality, a
problem area or an intellectual theme. In some cases it is possible
to identify the origin (to) and the 'death' (t+) of the topic in which
cases the time boundaries are given. In other cases the upper boun-
dary is the present day (t'). This case appears frequently since the
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reason for tracing a particular topic backwards in time is often
tied up with the present importance of that particular topic. Hori-
zontal history is typically discipline history or history of a sub-dis-
cipline.

Vertical history is an alternative way of organizing history of
science materials. The vertically inclined historian starts out from
a perspective that is more interdisciplinary in nature where the
science that is in focus is seen as merely one element in the cultural
and social life of a period. An element that cannot be isolated from
other elements of the period and which, together with these, charac-
terizes the 'spirit of the age' that constitutes the real field of this
type of history of science. While horizontal history is a film of a
narrow part of science, vertical history is a snapshot of the overall
situation.

In horizontally organized history the historian isolates a particu-
lar discipline or problem from other, contemporary disciplines.
This approach involves the danger of falling into anachronisms,

Figure 1. Two ways of organizing history of science. The topic along
the vertical axis may be a scientific discipline, a problem area or a
conceptual theme.

Topic
A

Horizontal history

t+
-t>Time

Vertical history
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relying as it does on an assumption of disciplinary continuity. If
the historian applies a narrow, horizontal perspective, the depen-
dency on problems that lie outside the specialist subject may not
be revealed. Disciplinary, horizontal history tends to become a
bloodless recapitulation, a record of the origin, development and
decay of the internal aspects of the discipline. As such it will not
only be relatively uninteresting but also artificially confined. The
historian of mathematics who studies the development of geometry,
cannot allow himself to study pure geometry alone; he must be
prepared to study the histories of art, architecture, philosophy,
cartography, physics and perhaps several other fields.

Usually a scientific speciality of a certain period will be connected
to, or have things in common with, other elements of the period.
It is this complex whole, which Laudan calls a research tradition,
that constitutes the actual units of history of science.12 According
to Wolf Lepenies,13

It is not possible to write a history of a discipline without taking
into account developments in neighbouring disciplines, whether they
have been models or rivals for it. . . . the isolated history of a single
discipline is completely repudiated by the historical study of science.

A similar attitude is expressed by David Knight:14

To recover contemporary judgements, to see science as a continuing
activity, and to make sense of the sources, one must study a wide
spectrum of science in a relatively brief period. Historians have
tended to drill a small hole down from the present through the
strata of history; they should be well advised instead to look much
more closely at the contents of one particular stratum.

In terms of modern divisions of science previous scientists often
worked across disciplinary boundaries. They did not consider the
boundaries between disciplines to be very sharp. For example,
Copernicus should not be considered as only an astronomer; a
label that would have astonished his contemporaries and, indeed,
Copernicus himself. Copernicus was a canon in a cathedral chapter,
he studied medicine and law, he occupied himself with theoretical
and practical economics - and he was also interested in astronomy.
If one isolates Copernicus the astronomer from Copernicus the
official, the doctor, the lawyer and the humanist, one will not only
give a distorted picture of the Polish scholar. One will also cut
oneself off from possible vertical connections between the
astronomical views of Copernicus and the activities that otherwise
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dominated his life. This also applies to most other scientists from
earlier times: Buff on was not only a natural historian, Maupertuis
not only a physicist, Herschel not only an astronomer, Steno not
only a geologist, Priestley not only a chemist.

In spite of the criticism that can be raised against horizontally
organized histories of disciplines, it would be wrong to follow
Lepenies in repudiating this approach completely. At least in some
cases it is possible to identify disciplines and specialist themes in
earlier periods without committing sins of anachronism. It is just
that these themes will only rarely be identical to modern themes
and only rarely be unchanged throughout long periods of time.
The risk one runs in cutting oneself off from important vertically
integrated connections depends on the period and discipline being
studied. An increasing disciplinary isolation is characteristic of the
kind of highly organized, specialized science that has developed
since the turn of the century. As far as modern science is concerned,
it is, therefore, less problematic to organize history horizontally.
Whether one needs to adopt a vertical, cross-disciplinary approach
is not a matter of principle but of historical contingency.

While vertically organized historiography avoids the problems
connected with identifying a stable discipline throughout a longer
period of time, it lays itself open to other problems. The historian
who follows the advice given by Knight and Lepenies and investi-
gates the science of a short period of time, including its integration
with intellectual life and society in general, will perhaps cut himself
off from acquiring knowledge about the historical causes of the
situation being analysed. The degree of arbitrariness in the choice
of period or discipline complex will often be no less than the degree
of arbitrariness to be found in the horizontally inclined historian's
marking out of his field.

A special kind of organization of history that contains both
horizontal and vertical traits is connected with the thesis of
invariant historical themes, or the invariance thesis, for short. This
is the thesis that history can be viewed as a variation on a relatively
small number of constant themes or unit-ideas that manifest them-
selves at different times in all-important branches of culture.
According to Arthur Love joy, who was an important spokesman
for the invariance thesis in the history of ideas, unit-ideas can be
compared with atoms of elements: just as the hundreds of
thousands of chemical compounds can be understood to be com-
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binations of a few kinds of atoms, the complex and extremely
varied forms in the history of ideas can be conceived as combina-
tions of a few unit-ideas.15 Since it attempts to integrate different
elements that make up culture and to simultaneously follow these
through time, the thesis can be regarded as an attempt to circumvent
the conflict between horizontal and vertical historiography.
Lovejoy describes the thesis as follows:16

The postulate . . . is that the working of a given conception, of an
explicit or tacit presupposition, of a type of mental habit, or of a
specific thesis or argument, needs, if its nature and its historic role
are to be fully understood, to be traced connectedly through all the
phases of men's reflective life in which those workings manifest
themselves, or through as many of them as the historian's resources
permit. It is inspired by the belief that there is a great deal more
that is common to more than one of these provinces than is usually
recognized, that the same idea often appears, sometimes consider-
ably disguised, in the most diverse regions of the intellectual world.

Since Lovejoy, the thesis of invariant unit-ideas has been developed
by many authors. One of these is Mendel Sachs, a physicist and
philosopher. He writes:17

It is my thesis that the actual truths sought by the philosopher and
the scientist about the real world emerge in the form of abstract,
invariant relations that are independent of the domain of under-
standing to which they may be applied, whether in the arts, the
sciences, the philosophy of religion, or any other intellectual discip-
line, and that these relations are invariant with respect to the diffe-
rent periods of history during which they may be expressed. In the
language of theoretical physics, I am contending that the principle
of relativity - the assertion that the laws of nature are independent
of the frame of reference in which they may be expressed — applies
equally to the relations that govern the evolution of human under-
standing, i.e. the history of ideas, as it does to the natural phenomena
of the inanimate world of the stars, planets and elementary particles.

According to Sachs, this thesis is supported by an examination of
the theological and philosophical views of Maimonides (1135—
1204) and Spinoza (1632—1677). These views reveal themselves
to be 'analogous' or 'in agreement' with modern field theories in
physics as they appear from Faraday to Einstein. The field concept
is thus taken to be an invariant unit-idea. In the same way, several
historians have fixed on what they consider to be striking
similarities between concepts in classical natural philosophy and
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in modern science. Thus, Sambursky thinks that the concept of
space in the theory of relativity is 'not unlike5 that to be found in
Aristotle; the pneuma of the Stoics bears a 'close resemblance' to
Newton's ether and is 'not altogether unlike' the field concept of
modern physics.18 He concludes that 'the inner logic of scientific
patterns of thought has remained unchanged by the passage of
centuries and the coming and going of civilizations'.19

The thesis of invariance has been developed into a so-called
thematic analysis by Gerald Holton.20 According to Holton, one
can profitably interpret pioneering scientific work as being based
on underlying, possibly unconscious, concepts, methods and com-
mitments that act as 'private' motives or restraints during the pro-
cess of research. These themata are non-scientific in the sense that
they are often not acknowledged by the scientist and rarely appear
in official scientific discourse. The themata to which a scientist is
committed do not necessarily stem from science. They can have
been formed in early years or be the result of any sort of influence.21

Like other forms of invariant ideas, themata do not have the status
of theories. Their validity cannot be tested empirically or estab-
lished by means of rational argumentation.

Holton's use of thematic analysis differs from the Lovejoy version
of the invariance thesis in that it focuses on a short period of time
and on individual scientists. In other words it is used vertically
rather than horizontally. However, Holton believes that there are
only a few themata in the history of science and that it is only
very rarely that new themata arise. 'No matter how radical the
advances will seem in the near future, they will with high probabil-
ity still be fashioned chiefly in terms of currently used themata.'22

The themata considered by Holton typically appear as opposing
pairs of thesis—antithesis, such as evolution/devolution, plenum/
vacuum, hierarchy/unity, reductionism/holism and symmetry/
asymmetry.

However inspiring and interesting the invariance thesis is, it
should be used with caution. Not as an infallible framework for
organizing history but as a heuristic principle. In most cases it is
problematic to talk of actually invariant unit-ideas as independent
historical quantities. Unit-ideas are the result of comparative
analyses fabricated by the historians. They are labels that imply
that different works are analogous or belong to the same category.
The selection of the historian and his interest in historical constancy
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may result in unit-ideas whose constancy in time is an illusion
since the actual historical context in which they appear is disre-
garded.

Concepts and ideas are rarely or never quite the same over a
long period of time. Although the names given to them by historians
might be unchanged, fundamental concepts often develop beyond
recognition through the historical process. Consider the doctrine
of the divine nature of circular movement as developed in ancient
Greece with special emphasis on astronomy. According to this
doctrine, the planets have to move in circular orbits because the
circle is the most perfect geometrical figure. The circle doctrine
can reasonably be regarded as a unit-idea in the Lovejoy sense. It
has played a dominant role in astronomy from Plato to Kepler
and can be recognized in diverse cyclic models in and outside the
natural sciences; in religious views, in economic theories, in physiol-
ogy (Harvey's theory of the circulation of the blood) and in physics
(Galileo's concept of circular inertia). But the idea of the circle as
a natural, grand form of movement suddenly lost its magical appeal,
at least in the natural sciences. This was a direct consequence of
Kepler's discovery of the non-circular orbits of the planets. In
modern science the circle doctrine has vanished. Thus, it is an
example of a conceptual theme that has functioned for a long time
as a unit-idea, but which is not really invariant. It is only in a very
figurative sense that one can say that the circle doctrine has been
of any importance in the science of the last 300 years. Modern
cyclic models as those found in ecology and economics, for exam-
ple, have nothing at all to do with the circle doctrine. Historians
who attempt to trace the circle doctrine, viewed as an invariant
idea, up to modern science are forced to interpret history of science
in an artificial way.

The problem with using the invariance thesis over long periods
of time is that it tends to press modern concepts and forms of
thought down on earlier science instead of studying it in terms of
its own premises. For example, the concept of continuity appears
in both the stoic thinker Chrysippos (280-208 BC) and in 19th
century mathematics and physics. With good will, it can be traced
throughout the whole of the period that lies between. But the
contexts in which the idea appears, and the meanings that are
attached to the idea of continuity are certainly not the same in
Chrysippos as they are in Gibbs or Cantor. There is no real histor-



Structure and organization 87

ical information in asserting that the same unit-idea, in this case
continuity, manifests itself in Chrysippos and in Gibbs. If it is the
intention to say something about Chrysippos's thoughts as a histor-
ical phenomenon, then more or less forced analogies with much
later occurrences do more harm than good.23

In a more vertical form of the invariance thesis as is to be found
in Holton and others, there is less danger of anachronistic historio-
graphy. Here it is a question of locating particular themes in a
particular scientist, and not of pointing out the temporal constancy
of these themes. When an individual concerns himself with different
things, with physics and economics, for example, it is only reason-
able to suppose that the same general values and principles play
a part in both the physical and economical activities, although
they manifest themselves in different ways. It is therefore also
reasonable to investigate the extent to which such principles can
be identified in the various activities of the scientist; and whether
a principle that arises in one activity might possibly have been
transferred to another.

In an investigation of the prehistory of classical mechanics,
Michael Wolff re-examines the impetus theory.24 This theory,
which was very influential in the late Middle Ages, states that a
body in motion continues to move because of an impressed force
or 'impetus' which is transferred from the mover to the moving
body itself. While historians of science have traditionally consi-
dered the impetus theory to belong to physics, Wolff conceives it
as a much more comprehensive idea that is equally at home in
economic, technological and theological contexts. He therefore
studies the impetus motif or the idea of transference causality as
if it were an invariant unit-idea. The physical concept of impetus
was closely tied up with economic considerations in the late-clas-
sical thinker Philoponos (around AD 500). The impetus motif can
also be found again in Oresme (c. 1300-1385) and Buridan (c.
1320-1382) in both natural philosophy and in economic contexts.
Although the impetus motif that appears in Oresme and Buridan
is not the same one as Philoponos's, the very fact that Oresme,
Buridan and others were not merely theologians and natural
philosophers but also worked on economic problems is reason
enough to ask whether the impetus theory is related to these
philosophers' view on economics. In other words, whether there
are isomorphic elements in the views of Oresme and others on
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natural philosophy and economics. Wolff argues that the principle
of transference causality is such an isomorphic element and that,
furthermore, the medieval, physical impetus theory derives from
the idea of impetus prevailing in economics and technology. No
matter whether Wolff's thesis is tenable or not, it is valuable to
extend the perspective of history of science in such a way that
fields like economics and technology are also taken into consider-
ation. Scientific fields ought not to be studied in isolation or con-
nected only with currents in the field of ideas as has been the
tendency in the Lovejoy—Koyre tradition.



Anachronical and diachronical
history of science

According to the anachronical view, the science of the past ought
to be studied in the light of the knowledge that we have today,
and with a view to understanding this later development, especially
how it leads up to the present. It is considered legitimate, if not
necessary, that the historian should 'intervene' in the past with the
knowledge that he possesses by virtue of his placement later in
time. Anachronical historiography, in the sense being used here,
involves a certain type of anachronism; but it is not necessarily
anachronistic in the usual, derogatory sense.

Today, anachronical history of science is rarely a conscious his-
toriographical strategy. On the contrary, there is broad agreement
about praising a non-anachronical ideal. Even so, in practice, anac-
hronical history of science is widespread and difficult to avoid.
The doctrine is connected to the presentist view of history which
may be seen as a theoretical justification of anachronical historiog-
raphy. Furthermore, this perspective is legitimate from the points
of view that regard the goal of history of science as primarily
bound up with the present situation (cf. Chapter 3). If one believes
that it is the task of the historian of science to understand the
technical contents of older science and to pass this understanding
on to the scientists of today, then a way of presentation that is
anachronical in tendency will be natural. A text will then be taken
to have been understood if its true contents, in the current sense,
can be represented with modern formalism and using modern
knowledge.

Several studies of the history of thermodynamics have followed
this prescription.1 Truesdell has made a virtue out of this kind of
anachronical historiography where the focus is on a logically satis-
fying reconstruction of how earlier science could have looked. In
the opinion of Truesdell, modern knowledge of thermodynamics
is a precondition for writing its history:2
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Only now do we know a decent theory of the scope the creators
sought, so only now can we see just where the old authors stopped
short or even went wrong. . . . much of what I write now about
the classical papers on thermodynamics I could not have written
twenty years ago, because I did not then have the grasp of rational
thermodynamics that today we may and do teach our beginning
students. This knowledge does not change the historical record one
whit; rather, it teaches us to read it better.

TruesdelPs view of the history of science is not shared by many
of today's practitioners of the subject. If one considers TruesdelPs
aim, however, that of writing history of science for scientists and
as clarification of concepts, it is, at least, a consistent attitude.

The diachronical ideal is to study the science of the past in the
light of the situation and the views that actually existed in the
past; in other words to disregard all later occurrences that could
not have had any influence on the period in question. Occurrences
that took place before, but which were actually unknown at the
time, have to be regarded as non-existent too.

So, ideally, in the diachronical perspective one imagines oneself
to be an observer in the past, not just of the past. This fictitious
journey backwards in time has the result that the memory of the
historian—observer is cleansed of all knowledge that comes from
later periods. The diachronical historian is therefore not interested
in evaluating the extent to which historical agents behaved ration-
ally or whether they produced true knowledge in an absolute or
modern sense. The only thing that matters is how far the actions
of the agent were judged to be rational and true by the agent's
own time. In this sense, one may say that there is a relativistic
element in diachronical historiography. In many ways, Col-
lingwood's view of history is in accordance with the diachronical
ideal, as appears, for example, in the following quotation:3

History . . . meant getting inside other people's heads, looking at
their situation through their eyes, and thinking for yourself whether
the way in which they tackled it was the right way. Unless you can
see the battle through the eyes of a man brought up in sailing ships
armed with broadsides of short-range muzzle-loading guns, you are
not even a beginner in naval history, you are right outside it.

How should the successes of past science be evaluated in relation
to its failures? Strictly speaking, this question is only a relevant
one within an anachronical perspective, since evaluations of succes-
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ses or failures are evaluations of the extent to which theories put
forward at a particular time are still regarded as valid or at least
having once had a positive importance for contemporary views.
Such evaluations as these lie outside the diachronical perspective
where the present, in a manner of speaking, does not exist. On
the other hand, evaluations of the success or failure of occurrences
at the time are relevant in diachronical, but not in anachronical
historiography. In the latter case, Kepler's laws would be seen as
successful and pioneering however one looks at them, and the fact
that they were not thought of in this way for the first 50 years of
their existence will be considered quite irrelevant. In general, the
result is a different selection and allocation of priority to the events
of the past.

The anachronically inclined historian, when dealing with Wil-
liam Harvey's famous discovery of the circulation of the blood
(1628), will legitimate it by stating that, though it had certain
speculative characteristics, Harvey's theory has proved to be an
essentially correct description of the passage of the blood in the
body. Since the theory was the first version of the true explanation
(i.e. the one accepted today), it will be judged a success and an
important milestone in the history of medicine. The diachronically
inclined historian, dealing with the same subject and trying to put
himself into the situation of a person working about the year 1640,
will be more cautious in his evaluation of Harvey's discovery. In
fact, Harvey was ridiculed at first and his theory of circulation
was met with much opposition and scepticism during the first
decades. The historian will be interested in how Harvey's work
was received at the time, for example, in the criticisms directed at
the theory by Gassendi and others. And he will draw attention to
the support given to Harvey by mystics and alchemists (such as
Robert Fludd and Elias Ashmole) on a definitely unscientific basis.
While Fludd will appear in diachronical historiography as a key
person in connection with Harvey, he might not be mentioned at
all in anachronical historiography.4

In anachronical historiography the subject matter of history of
science is the same as the subject matter of science. Scientific facts
and theories are regarded as having a permanent, almost transcen-
dental existence even in periods when they were not recognized.
In the words of Gerd Buchdal, anachronical historiography is based
on 'the misleading presupposition that "science" (as against scien-
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tia) is a quasi-object latently existing in all ages, signs or symptoms
of which may be discerned to appear during any stages of world
history'.5 Accordingly, science becomes a phenomenon that is
bound to make progress in the direction of truth. It is then the
task of the historian to elucidate this development towards true
knowledge as it takes place through successive experiments and
theories. The philosophy of science that lies behind anachronical
historiography leads to the temptation to write history backwards,
to teleological history of science.6 This is an approach that has
been badly shaken by the criticisms put forward by Kuhn and
other post-positivistic philosophers of science.

The teleological writing of history is given much attention by
the French philosopher Gaston Bachelard (1884—1962) and by the
thinkers inspired by him, including M.Fichant, M.Pecheux,
D.Lecourt and G.Canguilhem. Like other modern philosophers
Bachelard has strongly criticized what is called historicism, i.e. the
view that the present is merely a result of the past of this present,
a temporary terminus in a linear continuous development. How-
ever, a topical history of science, i.e. a history that is directly linked
to the current level of science, is of great importance to Bachelard,
to whom an 'antiquarian' interest in the past of science for its own
sake is not real history of science at all. What has to be done is
to replace the philosophically suspect historicism with another idea
that will still ensure that the history of science retains its topical
interest. Taking as given that the job of the historian of science is
that of evaluating the value and truth of his subject, Bachelard
writes:7

In order to evaluate the past properly the historian of science must
know the present; to the best of his ability he must learn the science
whose history he plans to write. And it is through this that, whether
one likes it or not, the history of the sciences has a strong connection
with the science of the moment. It is when the historian of science
is initiated into the modernity of science that he is also able to
uncover more, and more subtle, nuances in the historicity of science.
Consciousness of modernity and consciousness of historicity are
strictly proportional here.

According to Bachelard, one has to double factual history with an
evaluatory history where the criterion of value lies in the values
of modern science. Bachelard proposed the term recurrent history
for the non-teleological, active reflection of the science of the past
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in the light of contemporary science. Recurrence is an 'assimilation
of past science through the modernity of science' that at the same
time has the consequence that history is constantly rewritten.8 This
recurrent history is deliberatedly anachronical, since it decides
whether earlier science is valid or not in the light of present know-
ledge; but it is not a continuist, teleological history.

Recurrent historiography is aimed at what Bachelard calls
'sanctioned history' {histoire sanctionee) that is seen as a double
of traditional 'obsolete' history {histoire perimee), which merely
describes earlier occurrences. According to Fichant, obsolete his-
tory is 'the history of the thoughts that have become unthinkable
in present-day rationality', while sanctioned history is 'the history
of the thoughts that are always topical or can be made topical if
they are evaluated in terms of the science of the day'.9 For example,
Bachelard rejected the optical theories of Descartes as worthy
objects of study for recurrent historiography because they are today
regarded as false; on the other hand, the wave theories of Huygens
and Fresnel belong under the sanctioned history because they have
a permanent value as parts of the 'topical-past science'.10

Bachelard was aware of the fact that the use of the idea of
recurrence can easily be overdone if it is not combined with 'real
tact'. He believed that the recurrent perspective and the division
into an obsolete and sanctioned history of science is, in the main,
only justified in the later phases of a scientific development, the
phase of modernity in which it has achieved relative autonomy
and built up a corpus of criteria for evaluation. But in spite of
these reservations, Bachelard and his school maintain that it is
unavoidably necessary to evaluate history of science recurrently,
since otherwise it will degenerate into a merely antiquarian history,
of no relevance to the present. 'The historian of science is necessarily
a historiographer of truth.'11 The truth that he seeks is not the
truth about history but the truth in history.

What we here call anachronical history is largely the same as
what is known as the Whig interpretation of history. By this is
meant 'the study of the past with one eye, so to speak, upon the
present', according to Herbert Butterfield (1900-1979), who
invented the term and identified it with 'unhistorical history writ-
ing'.12 Butterfield's critique was originally aimed at a strong trad-
ition in English political historiography in which the history of
England was described as an unbroken progress towards the demo-
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cratic ideals that the Whig party was said to represent. But Whig
historiography soon passed into general use as a term (usually with
negative overtones), and it has also been much discussed in history
of science. In a paper which Butterfield wrote in 1950, the most
important anti-Whig morals are drawn out as follows:13

The whole fabric of the history of science is on the one hand lifeless,
and on the other hand distorted if it is based on the principle of
seizing upon one writer in the fifteenth century (Nicholas of Cusa
for example) choosing him because he had some single idea that
strikes us as wonderfully modern; then seizing upon another man
in the sixteenth century (Leonardo da Vinci, shall we say), because
he had a curious hunch or anticipation of what was to be produced
by scientific research at a much later period. In reality I believe it
has proved almost more useful sometimes to learn something of
the misfires and the mistaken hypotheses of early scientists, to
examine the particular intellectual hurdles that seemed insurmount-
able at a given period, and even to pursue these courses of scientific
development which led into a blind alley, but which still had their
effect on the progress of science in general. What is wrong in the
history of science as in all other forms of history is to keep the
present day always before one's mind as the basis of reference; or
to imagine that the place of a seventeenth-century scientist in world
history will depend on the question how near he happened to come
to the discovery of oxygen.

We shall now discuss some of the ways in which anachronical
Whig historiography may typically result in objectionable history
of science.

(A) Evaluation and granting of status
If modern science functions as a mark book for earlier science,
one will tend to present occurrences that can be seen today as
pioneering as though they were just as pioneering in their historical
situation. And one will evaluate the knowledge of the past as
though it concerned the same subject and concepts that we think
it was 'really' about today. We have seen how the retrospective
evaluation of Harvey's idea of the circulation of the blood does
not reflect historical reality at the time of the discovery. Another
example is the following.

According to an idea that was popular among alchemists of the
Middle Ages, all metals consisted of two principles, often called
'sulphur' and 'mercury'. In many alchemical writings one can read
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about the synthesis of various metals based on processes involving
'sulphur' and 'mercury' in suitable ratios. If one were now to make
the rather obvious mistake of believing that the sulphur-mercury
theory of the alchemists was a theory based on what we understand
today by the elements of the same names, the theory will seem
speculative and completely silly. The eminent chemist and historian
of chemistry E.Meyer apparently made this anachronistic mistake
since he wrote about the sulphur-mercury theory:14

It is surprising that the chemists of the 13th and 14th centuries,
whose knowledge of chemistry was rather comprehensive, were
satisfied with this kind of speculation about the composition of
metals without seriously attempting to represent the substances
absorbed into these and other bodies.

If the sulphur—mercury theory is studied diachronically one will
quickly realize that the 'philosophical sulphur' and 'philosophical
mercury' of the alchemists have to be interpreted as principles or
abstract ideas and not as material substances. Given the meaning
that the alchemists themselves placed on their 'sulphur' and 'mer-
cury' their theory was far from being foolish; it was a rational
idea supported by experiments. In a diachronical perspective,
instead of being a fantastic speculation it becomes quite a reason-
able theory.

(B) Formalization
Just as historical materials can be modernized by means of trans-
lations of words and concepts, modernization can also take place
in the form of a formalization — usually mathematical — of state-
ments that were originally expressed in a non-mathematical form;
or in a mathematical form that was different from ours. There
need not be anything unhistorical in either modernized translations
or in conversions into mathematical forms as long as the conceptual
contents are not significantly changed from those of the original.
It is, after all, the task of the historian of science to transform and
communicate older science to a present-day public, which means
that it can be necessary to formulate historical statements in modern
terms in order to make the past at all understandable. Moderniza-
tion can, however, easily result in serious anachronisms that distort
historical reality beyond recognition.

As an example, let us have a look at what is sometimes called
Aristotle's law of motion. According to Aristotle, a body moves
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because it is influenced by a motive force (F). The speed (v) is
proportional to the force and inversely proportional to the friction
(JR) between the body and the medium in which it moves. Thus,
Aristotle's law of motion can supposedly be expressed by the equ-
ation15

v = k- F/R,

where k is a constant. However, this is an anachronism on three
levels. In the first place, the mathematical form was alien to Aris-
totle and his time. Not just the form, but the very idea that motion
can be expressed quantitatively, was outside the framework of
Aristotelian science. Secondly, the terms contained in the law
('force', 'speed', 'friction') refer to knowledge and concepts that
only came into being much later. And thirdly, the status attached
to Aristotle's ideas about moving bodies is unhistorical. The con-
cept of natural law, in the sense it is found in Newton, for example,
did not exist at all at the time of the ancient Greeks. Unless one
attempts to view the ideas of Aristotle in a diachronical perspective
one will be tempted to compare the value of Aristotle's (fictitious)
law of motion with those of Galileo or Newton. This is clearly
unreasonable.

The same type of problem has been discussed by Cohen in con-
nection with Newton's second law of motion.16 This law is usually
stated as F=m-a^ where m is the mass of the body and a its accel-
eration. Newton never formulated his famous law as F—m-a or in
any other way that reminds one of the later, institutionalized
textbook version. Furthermore, Newton used the word 'force' in
such a way that it probably ought to be translated into modern
English by the word 'momentum' rather than 'force'. If one projects
the modernized version of the second law down on Newton, his
own version will seem non-understandable:17

The change of motion is proportional to the motive force impressed;
and is made in the direction of the right line in which that force is
impressed. . . . If any force generates a motion, a double force will
generate double the motion, a triple force triple the motion, whether
that force be impressed altogether and at once, or gradually and
successively.

Cohen's point is not that there is in fact a disagreement between
Newton's authentic law and the modernized version. But rather
that the apparent disagreement can only be understood in a diac-
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hronical perspective. He writes: The historian's job is rather [in
contrast with that of the philosopher] to immerse himself in the
writings of scientists of previous ages, to immerse himself so totally
that he becomes familiar with the atmosphere and problems of
that past age.'18

(C) Coherence and rationality

It will normally be reasonable to suppose that the thoughts of a
scientist, as they appear in publications, are coherent and consis-
tent. But what if the historian comes across texts that are apparently
marked by an absence of coherent and rational thought? In this
situation, which occurs quite frequently, the lack of coherence can
be evaluated in one of three ways:
(1) The lack of coherence is accepted as a valid expression of the

fact that the thoughts of the agent were not, in fact, coherent;
that they were unsystematic, confused and perhaps inconsis-
tent.

(2) The lack of coherence is thought to be merely deceptive. The
account is assumed to be coherent in reality and it is then the
task of the historian to interpret the text in such a way that
the coherence can clearly be seen. When this kind of interpre-
tation has been made, the actual thoughts of the agent are
understood.

(3) An attempt is made to resolve the lack of coherence by study-
ing the event in more detail and by placing it in its proper
historical framework. Unlike in (2) one will not force out the
coherence, but merely assume coherence as a reasonable
working hypothesis. If the event still seems to be incoherent
after further investigations one will assume that the position
in (1) is the most reasonable one.

As Skinner has pointed out, the attitude expressed in (2) easily
leads to motives and thoughts being assigned to the historical agent
for which there is no documentary evidence and for which the
historian is really responsible.19 'The mythology of coherence', as
Skinner calls it, results in explaining away instead of explanation.
Why not accept that scientists do not always argue in a way that
is clear, coherent and consistent? Many discussions about how far
a scientist really thought the one thing or the other are futile
precisely because they are based on the postulate that he must have
meant the one thing or the other; instead of recognizing that the
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scientist might have had conflicting views of the same matter or
have meant the one thing in one context and the other thing in
the other context. That this might have been the case is not to
deny the scientist rationality; he might have had good grounds for
meaning both.

Skinner's attack on the mythology of coherence is based on a
purist diachronical view of history according to which past texts
are solely about the past and are completely without modern rele-
vance. What matters, according to Skinner, is not the validity or
present significance of ideas but only the intention of the author,
viewed in the historical context. The historian should focus on
what the author consciously wished to communicate to his readers
and, therefore, in order to understand a text he should grasp its
subjective intention. I shall discuss Skinner's theses separately. First
his contextual purism.20

The emphasis on the intentions of authors and the corresponding
neglect of their impact are likely to produce a fragmentary picture
of the history of ideas, reducing it to a series of isolated events. In
such a picture there is no room for real historical inquiry. It is a
fact, well known from common experience, that the actual impli-
cations of thoughts do not always coincide with the intentions
behind them. Authors may simply fail to grasp the potentialities
of their own thoughts. Even if a thinker had no intention of stating
a certain doctrine, he may well have done so in fact if contemporary
or later thinkers understood him to have done so. This is a historical
fact of much more significance than the author's subjective inten-
tions.

An example which shows that there is more to history than what
is implied by the intentions of the agents is supplied by the British
natural philosophers of the 17th century. The group of virtuosi,
including Boyle, Wilkins, Ray, Barrow and Newton, were Christian
philosophers who firmly believed that the new science was a defence
against materialism and atheism. They all intended to strengthen
Christianity and denied that there could possibly be a conflict
between Christian belief and science.21 Should the historian rest
content with reporting these intentions? If so, he would surely be
unable to explain the later development and would miss an oppor-
tunity to understand the natural religion of the 18th century, for
example. Despite their intentions, the actual effect of the mechan-
ical natural philosophy was to weaken Christianity and lay it bare
to attacks from materialists.
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As to the mythology of coherence, Skinner's view cannot easily
be dismissed. Undoubtedly much history of science commits anac-
hronistic sins by streamlining and clarifying past thoughts far
beyond what is justified by textual evidence. Even so, it would be
problematic to accept Skinner's view without qualification. Scien-
tists are not fools, nor were they in the past. If one discovers
foolishness, obvious absurdities or inconsistencies in the analysis
of a text, one ought not immediately to accept it as an expression
of the true historical character. On the contrary, one ought to be
suspicious and have doubts as to whether one has properly under-
stood the text. It could well be that the absurdities and inconsisten-
cies are the result of an anachronical reading and that they do not
exist in the proper diachronical perspective.

Attempts to rationalize and modernize earlier events are often
bound up with the thesis of coherence and also with the doctrine
of anticipation mentioned below. In what are now scientific fringe
areas like astrology and alchemy, especially when such areas have
also been cultivated by great scientists, it is tempting to rationalize
and to view these areas as almost modern scientific theories that
were just expressed in an odd way. If a view like this is adopted
it becomes the task of the historian of science to draw out the
rational kernel that is assumed to be there.

Some analysts of Newton's alchemical works have argued that
they 'really' contain an atomic theory that resembles the modern
one. Thus Karin Figala thinks that Newton's ideas 'show . . . sur-
prising resemblances with the atomic shell model proposed by
N.Bohr'.22 From her rationalization of Newton's alchemy, Figala
even thinks that Newton 'almost seems to have suspected' that
there are metals that are more precious and have greater density
than gold. Platinum, iridium and osmium are thus thought to lie
indirectly in Newton's scheme although these elements were only
discovered decades after Newton's death. Figala's rationalization
of Newton is a clearcut example of anachronical history of science.
Newton did not, of course, have any idea at all of the existence
of planet-like, compound atoms or of new elements in any modern
sense of the word. The ingenious reconstructions of Figala would
have been totally incomprehensible to Newton and his age.

While the assumption of coherence often involves anachronic
elements, it might just as well turn up in connection with diachronic
historiography. In fact, considered as a criterion of progress in
historical reconstruction it is rather part of the Koyrean contex-
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tualist tradition, which is definitely based on diachronical virtues.
In this tradition, clarity and coherence of scientific thinking are
often taken for granted.23 Kuhn, for example, who owes much to
Koyre, openly advocates the assumption of coherence. In a work
on the genesis of quantum theory, Kuhn concluded that Max
Planck's celebrated theory of 1900 did not really constitute a
revolution in physics. In defence of his reinterpretation of Planck's
theory he argues that24

the reinterpretation makes the development of Planck's black-body
research both more nearly continuous and also a deeper, more
elegant piece of physics than it appears in the standard version . . .
the Planck who appears in the reinterpretation is a better physicist
- less a sleepwalker, deeper and more coherent - than the Planck
of the standard story.

In defence of the diachronically based assumption of coherence,
Kuhn has pointed out that much of the criticism rests on a doubtful
notion of what scientific discoveries are. If the scientist is said to
have had only a confused view, that he came to his result stumbling
like a sleepwalker, the process of discovery is accounted for by
judging it from the subsequent formulation, not yet worked out.25

From a historical point of view this notion of discovery makes no
sense.

A distinction should be made between the assumption of coher-
ence and the dogma of coherence. While the latter invariably leads
to bad historiography, the former can be a fruitful strategy when
properly used. One should furthermore distinguish between the
anachronical case, in which clarity is judged by modern standards,
and the diachronical case, in which the assumption is defended
without use being made of hindsight. Surely the historian is entitled
to clarify obscure passages if he can justify the clarification by
means of independent evidence. But he should not rule out the
possibility that the text might, in fact, be obscure.

(D) Anticipation

There is a long tradition in the history of science of taking an
interest in which persons or theories were the forerunners of a
particular later theory. This interest has recently been criticized by
many authors.26 But the criticism is by no means new. It was
formulated very precisely by the French physicist Jean-Baptiste
Biot (1774-1862) 150 years ago:27
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When an important and influential new event, whose certainty is
assured and whose range is proved by its use, appears in the scientific
world, then the contemporaries, due to a natural habit, tend to
explore with curiosity whether there are traces of it to be found in
the past. If they find some, even if they are uncertain, they reach
out for them and revive them with a mixture of gullibility and
hindsight. This critical work is of great merit when it is just: justice
should be done to unrecognized inventors. However, it is also neces-
sary to adopt their point of view and to understand the expressions
they used, in the same way as their own age understood them; their
ideas should be given the same range that they gave them, and
finally the unchangeable rules of scientific discussion must be
applied to their results. So one must distinguish carefully between
assertions and proofs, between individual cases and established
truths; for it would be neither useful nor just nor philosophical to
accept as proved in an older writer what one will not allow as
hypothetical in a contemporary writer.

The point being made by Biot is partly that assertions about antici-
pation necessarily involve speculative interpretations directed by
later knowledge. And partly that scientific discoveries ought to be
judged with respect to their actual historical significance: dis-
coveries can only be regarded as effective if they have achieved a
widespread acceptance. Notice, however, that Biot puts forward
the non-diachronical view that earlier science ought to be judged
according to the same criteria as modern science, viz. 'the unchange-
able rules of scientific discussion'.

By its very nature, the idea of anticipation involves an anachron-
ical perspective. In itself this may not be problematic; but it becomes
so if clairvoyant abilities are ascribed to predecessors and if later
theories are projected on to the works of predecessors. If these
pitfalls are not avoided, the result is pure anachronism. As happens
when the French scientist Pierre Maupertuis (1698-1759) is pre-
sented as the forerunner of all the biology that was developed over
a hundred years later:28

. . . Maupertuis was most clearly gifted with prevision . . . virtually
every idea of the Mendelian mechanism of heredity and the classical
Darwinian reasoning from natural selection and geographical isola-
tion is here combined, together with De Vries' theory of mutations
as the origin of species, in a synthesis of such genius that it is not
surprising that no contemporary of its author had a true apprecia-
tion of it.
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The problem about the concept of anticipation is, of course, that
to a high degree it is the historian's interpretation of the forerunner
that decides to what extent there is a connection between the
alleged forerunner and the later doctrine. This is an unavoidable
element in anticipation historiography. There is no single criterion
for when P is said to have anticipated N apart from the obvious
fact that P and N, in some way or other, must be concerned with
the same subject. According to Sandier, the following cases can be
singled out:
I P was in the same disciplinary tradition as N and actually influ-
enced N; but P formulated the doctrine in a way that was incom-
plete and that did not win immediate recognition. This form is
usually unproblematic, but lies on the borderline of proper antici-
pation. Instead of saying that P anticipated N, one can say that P
influenced N or that N developed further the thoughts of P.
II But P can also be placed in quite a different disciplinary tradition
to that of N and still be called a forerunner of it. Thus, in 1798,
Thomas Malthus suggested that human population would invari-
ably outrun the food supply if human numbers were not kept down
by political or moral means. Malthus's theory was concerned with
politics and economy, not biology. Nevertheless, Malthus is often
placed in a biological context and called a forerunner of parts of
Darwin's theory, whose creation was, in fact, inspired by Darwin's
reading of Malthus.
III P need not have any inkling of N's doctrine, and can have been
opposed to the way of thinking it expresses. P can have been a
forerunner against his will. This was the fate of Boscovich (1711-
1787) in relation to the theory of matter which Priestley worked
out in the 1770s. In Priestley's theory matter and spirit were not
two distinct kinds of substances but reducible to the same 'powers'
and thus basically identical. Boscovich's theory, which served as
an inspiration to Priestley, was not materialistic in Priestley's sense
and Boscovich in fact protested against the use Priestley made of
it.29

IV P need not have had any influence on N, neither direct nor
indirect. N need not have had any awareness of the existence of
P. In this case it is only the historian who claims that P is the
forerunner of N, arguing that there is an objective connection
between the subjects of P and N. We can find an example of this
inServetus {c. 1511-1553), who wrote a theological work in which
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the circulation of the blood is discussed in opposition to the doctrine
of Galen. On the basis of this Servetus is often referred to as a
forerunner of Harvey. But Servetus and his books were burnt at
the stake for heresy and his thoughts were therefore unknown to
those who followed him, including Harvey (today, only three copies
of Servetus' book are known to exist).
V Finally, the word 'anticipation' is sometimes used in the sense
of 'prediction'. This is unfortunate since prediction is a different,
more precise term. If P predicted N the relationship is one between
theory and discovery, not a relationship between different formu-
lations of the same doctrine.

As Sandier has pointed out, anticipation is a context-dependent
concept that will often be evaluated differently by scientists and
historians. Of the types mentioned above, II, III and IV will rarely
be accepted by scientists as anticipations. When the historian shows
interest in such cases, it is because they may give rise to interesting
questions. In this case they are heuristically valuable. Why did P
remain unknown to N? (case IV); in what connection did N know
about P and how was P's disciplinary tradition carried over into
N's? (case II); why did P oppose the formulation of his idea received
in N? (case III).

Anticipation historiography is closely connected with the thesis
of invariance and, in general, with continuity history of science.
If scientific development is seen as a continuous, conservative pro-
cess then the search for direct predecessors becomes a central task
for the historian. This method, in which a development is presented
as a sequence of small changes and in which it does not, therefore,
have any clear beginning, has been called the emergence
technique.30 It is found in pure form in Duhem:31

History shows us that no physical theory has ever been created out
of a whole cloth. The formation of any physical theory has always
proceeded by a series of retouchings which from almost formless
first sketches have gradually led the system to more finished
states . . . . A physical theory is not the sudden product of a creation;
it is the slow and progressive result of an evolution.

Therefore, when Duhem is to tell the history of the theory of
gravitation, he describes it as an unbroken chain of predecessors
to Newton, starting with the ancient Greeks. Among the many
predecessors included in Duhem's emergence chain are examples
of all the types mentioned above.
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Can one conclude from the misery of Whig historiography that
all anachronical elements ought to be avoided and that history of
science ought to be dealt with from a purely diachronical perspec-
tive? As has already been indicated, the answer is no. A totally
diachronical history of science would not be able to live up to the
demands that are normally made on historical expositions. It might
perhaps give a true representation of the past but it would also be
antiquarian and inaccessible to all but a few specialists. Several
authors, in fact, have warned against carrying anti-Whig historiog-
raphy to extremes. In Merton's view, the time has come for an
anti-anti-Whig revaluation.32

Diachronical historiography can only be an ideal. The historian
cannot liberate himself from his own age and cannot completely
avoid the use of contemporary standards. During the preliminary
study of a specific period one cannot use the period's own standards
for evaluation and selection; for these standards form part of a
period that has not yet been studied and they will only gradually
be revealed. In order to have any kind of view at all of one's subject
one has to wear glasses; and these glasses must, unavoidably, be
the glasses of the present. The historian cannot rely purely on
criteria of significance accepted in the past. Only in a few cases
will there be an undisputed consensus on priority in the past;
usually the establishment of consensus will involve selection and
hence imply the historian's intervention.

In many cases it will be the obvious thing to do to use modern
knowledge in the analysis of a historical event. By so doing one
may be led to interesting questions that could not be formulated
on a purely diachronical basis. Thus, in the opinion of most histo-
rians, it is interesting to ask why the Greeks did not discover the
irrational numbers (such asV2), a problem central to the under-
standing of the foundation crisis of Greek mathematics. But a
question like this can obviously only be put by somebody who
knows that rational numbers can be extended with irrational num-
bers in the way that happened much later. It is a question that
could not have been asked by the Greek mathematicians. In general,
why-not questions have no place within strict diachronical his-
toriography.

Similarly, it is only in retrospect that many important connec-
tions manifest themselves. Around the year 1845 several scientists
(Mayer, Colding, Joule, Helmholtz) formulated doctrines about
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what was later known as the constancy of energy. But at the time
it was not at all clear that the discoveries were 'really' about the
constancy of energy or that they were about the same phenomenon
at all. A historian who places himself mentally in the year 1847
will not be able to see the connection between the discoveries of
Mayer, Colding, Joule and Helmholtz, and will therefore be unable
to treat these discoveries collectively. It is only if one allows an
anachronical perspective that it can be seen that they were, in fact,
a case of the 'same' discovery.33 This perspective can, of course,
easily ruin historical understanding if, when interpreting Mayer
for example, one has at the back of one's mind the whole time
that his work was 'really' about energy conservation.

Extreme diachronical history will clash with the pedagogical
dimension that forms an integral part of all historical research.
The history of science is not a two-part relationship between the
historian and the past, but a three-part relationship between the
past, the historian and a present-day public. On the whole, diac-
hronical historiography will fail to perform its function of com-
munication. It will have a tendency towards merely being a detailed
but passive description of historical data, while analysis and exp-
lanation are neglected. This tendency can be found in Skinner and
in Butterfield, the latter making himself a spokesman for narrative
explanation:34

In the last resort the historian's explanation of what happened is
not a piece of general reasoning at all. He explains the French
Revolution by discovering exactly what it was that occurred; and
if at any point we need further elucidation all that he can do is to
take us into greater detail, and make us see in still more definite
concreteness what really did take place.

The historian of biology, D.Hull, has pointed out that distortions
cannot be automatically avoided by 'forgetting the present' or by
pretending that present knowledge does not exist.35 Instead of
carrying out this play-acting the historian ought to admit that in
many cases he has knowledge of the received judgements of history
and openly use this admission to prevent proper anachronisms and
at the same time render his studies understandable and of interest
to a modern public.

The objections that can be raised against strict diachronism does
not imply that the historian is forced to look at the past with
modern science as his starting point. Neither should they be taken
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as support of relativist or presentist historiography in its extreme
form. At least to some extent, the diachronical perspective is able
to supply history with a measure of objectivity that does not depend
on time or fashions. As a methodological guide and an antidote
to the pitfalls of Whig history, the diachronical ideal is indispens-
able.

Histories of the same subject may be radically different according
to whether they are written from an anachronical or a diachronical
point of view. Thus, since the beginning of this century Gregor
Mendel (1822—1884) has been judged to be an unappreciated
pioneer in the history of genetics. The true nature of his contribu-
tions, the Mendelian laws, was not properly understood at the
time when the laws were formulated, but only since the so-called
rediscovery in 1900. This rediscovery of Mendel not only meant
that in one leap he advanced from being an obscure minor character
to being a leading actor in the history of biology; it also implied
that the evaluation of what Mendel had actually performed in
1865 changed. The history of biology was rewritten in the years
after 1900. Not because there were any new source materials avail-
able about Mendel, but because he was now seen in a new perspec-
tive. It is only in the light of later developments that there is any
sense in asserting that Mendel was unappreciated by his contem-
poraries. If we attempt to read the works of Mendel strictly in
their diachronical context, they will appear to be rather orthodox
contributions to the plant improvement tradition in botanical
research, and not as a revolutionary anticipation of genetics. True,
many of Mendel's experiments and interpretations were novel and
he felt himself that their originality was not recognized by his
contemporaries. But since nobody else shared Mendel's view of
his own work, its originality does not belong to diachronical his-
tory. In a diachronical context Mendel was not misunderstood by
his age, but understood.36

It appears, then, that one has to operate with two Mendels. The
one seen in the perspective of his own time; the question 'why was
Mendel ignored or misunderstood by his own time?' will not apply
here. The other Mendel is the Mendel of the 20th century, the
originator of the genetic laws. It is in this context that the question
will be asked. But it is a question that in reality should be read
'why was it believed after 1900 that Mendel had been ignored or
misunderstood?' In this version it is just as much concerned with
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the knowledge of genetics at the beginning of the 20th century as
with the historical Mendel.

We conclude that in practice the historian is not confronted with
a choice between a diachronical or an anachronical perspective.
Usually both elements should be present, their relative weights
depending on the particular subject being investigated and the
purpose of the investigation. The historian of science has to be a
person with the head of a Janus who, at the same time, is able to
respect the conflicting diachronical and anachronical points of
view. According to the Dutch historian of science, Hooykaas:37

In order to judge fairly, the historian has to approach the thinking,
observing and experimenting of the forebears with a sympathetic
understanding: he must possess a power of imagination sufficiently
great to 'forget' what became known after the period he is studying.
At the same time, he must be able to confront earlier views with
the actual ones, in order to be understood by the modern reader
and in order to make history something really alive, of a more than
purely antiquarian interest.



10
Ideology and myths in the history of

science

Histories of science involve particular perspectives, aims and
methods of organizing materials that do not arise out of the objec-
tively given past itself. Very often, history of science also serves a
legitimating function. The fact that histories are written with com-
mitment and from a particular motive, or may serve legitimating
functions, does not necessarily imply that they are products of bad
historiography (see also chapter 5). But as soon as documentary
evidence is distorted, ignored or allocated disproportionate impor-
tance in order to fit in better with a particular moral that serves
a social function, history becomes ideological.

I shall use the term 'ideology' in the sense that an ideological
doctrine is a doctrine which legitimates the views and interests of
a particular social group. This is a necessary but not a sufficient
condition. The doctrine must also give a distorted or misrepresented
picture of the reality it refers to. According to Althusser, an ideology
is 'a statement which, while it is a symptom of a reality that is
separate from the reality it refers to, is a false statement in so far
as it touches on the object it has in view'.1 The bias that is connected
with ideological doctrines can be deliberate; but it will not normally
be so. Ideologies are rarely admitted by the ideologists, nor by the
social group to whose interests the ideology is directed.

Ideological historical writing covers a wide spectrum.2 At the
one extreme there are outright ideological histories which serve,
for example, political purposes. These 'external' ideologies are
directed to the lay public or political bodies, serving a wider polit-
ical function. They may legitimate particular political systems by
representing them as superior with regard to scientific develop-
ment; or they may legitimate science by means of arguments of
utility or cultural value. This is one of the ways in which history
of science may play a role in science policy (see also chapter 3).
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The 'external' ideologies should be distinguished from the 'inter-
nal' ideologies which are primarily directed to the scientific com-
munity. Internal ideologies serve legitimating functions too, but
usually in a subtler, less 'political' way. More appropriately,
perhaps, one should speak about mythicization in history of sci-
ence. Myths are socially useful doctrines that are only indirectly
related to historical fact. The social function of the myth typically
lies in its strengthening of the prestige, unity and self-consciousness
of a social group, in this case the practitioners of a scientific discip-
line. An event is made into a myth when it is ripped out of its
actual context and is given a meaning that makes its social function
possible. While myths and ideologies often legitimate status quo,
they may also serve progressive functions. As we shall exemplify
below, histories of science may be written to prevent change as
well as to justify change. In themselves, myths are neither conser-
vative nor progressive.

'External' ideological history of science is typically to be found
in connection with nationalistic and ethnocentric historical writ-
ings. There is a long tradition behind such writing. That it exists
ought not to be a cause for surprise: history of science is no less
sensitive to cultural and political crises than so many other intellec-
tual institutions. History of science is just one of many instruments
that a people or a nation can mobilize in a time of crisis for the
waging of ideological propaganda warfare.

During and immediately after the First World War, the hostility
between the belligerent parties resulted in histories of science that
were markedly nationalistic. For example, the eminent French
physicist and mathematician fimile Picard wrote a history of science
in 1916 that was to show that all that was good in the development
of science was due to French scientists and all that was bad to
German scientists.3 Another physicist, the Nobel Prize winner
Philippe Lenard (1862-1947) wrote an 'Aryan history of science'
20 years later, based on the Aryan or volkische view of science
that Nazi Germany wanted to develop.4 Lenard's historiography
manifested itself in, among other things, attempts to distinguish
between so-called Aryan and so-called Jewish contributions to sci-
ence. Lenard argued that all the positive contributions to the history
of science had been made by Aryans, while the many great Jewish
scientists had either carried out bad research or had stolen their
good ideas from non-Jews.
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Nationalistic mythicization received a special stamp in the Soviet
Union from about 1930 to 1955. History of science was used
ideologically, as a defence of the political system and in order to
increase Russian national pride. It was hoped to help counteract
the Soviet feeling of cultural and scientific backwardness by the
use of a history of science designed for the purpose. This history
was marked by, among other things, xenophobia and the assertion
of a series of priority claims.5 The close connection with scientific
progress that Soviet communism claimed for itself had to be expres-
sed in a history that legitimated this connection, in other words
showed how scientific progress in Russia had only arrived with
communism. Soviet history of science of the period was partly a
communist history but it was also a national Russian history that
took up a hostile attitude to what was officially regarded as the
West's unfair dominance in the field of science. As in Nazi Ger-
many, the Stalinist history of science only achieved circulation
because it was sanctioned by the political system. When the system
changed, history changed too.

'External' legitimations need not serve direct political functions
but may, for example, refer to religious views. A history of science
is not ideological because it is written from a religious point of
view, but it becomes so if the main purpose is the legitimation of
a particular religion. Obviously, the desire to prove the case of
atheism may result in histories that are no less ideological.6

A distinctive example of what might be called 'Christian his-
toriography of science' can be found in Stanley Jaki, a prominent,
widely acclaimed historian of science. In a series of works Jaki has
carried the views of Duhem further and has firmly maintained that
science is exclusively the result of the Christian faith of the Middle
Ages. But whereas Duhem stressed that the validity of his view of
the development of science was independent of his Catholic faith
and not a particular Catholic-Christian view, Jaki goes much
further. According to Jaki, only sincere Christians who have
realized that the Bible is the Word of God, can really understand
the history of science.7 Historians who have a different view of
the matters to Jaki and Duhem are dismissed as being blinded by
anti-clerical bias and other forms of lack of orthodoxy. Thus,
Mach was unable to understand the rise of science 'precisely
because of his hatred of Gospel and Christianity . . . this is a prin-
ciple reason why Mach could not have become a historian of
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science even if he had wanted to'. Sarton's lukewarm attitude
towards Duhem is explained by 'the freemason Sarton's deep-
rooted anticlericalism coupled with his dogmatic socialism born
out of a youthful cavorting with Marxism'. As for Whewell, who
at least was not anti-clerical (Whewell was a clergyman), the weak-
ness in his History of the Inductive Sciences lay in the fact that 'it
provided no role for the Word speaking from the Gospel in intel-
lectual history'.8 Etc.

Nationalistic or patriotic history of science should be distin-
guished from the study of national sciences. National cultures and
national political and economical systems are major determinants
of the style and development of modern science and hence it would
be unnatural not to study these aspects. National science studies
have flourished in recent time, in particular among American his-
torians.9 In this kind of history of science nationalistic tendencies
ought naturally to be included, but only to the extent that they
have actually played a part in the historical development, not via
an interpretation of the historical materials.

History of science has its own 'imperialism' that partly reflects
the fact that viewed historically and socially science is almost purely
a western phenomenon, concentrated on a few, rich countries.
While science may be international, history of science is not. The
preoccupation of the history of science profession with the Great
Powers of the western hemisphere does not only reflect the impor-
tance of these countries in the development of science. To some
extent, at least, it also reflects the present economic and scientific
strength of these countries. It is only in recent years that any interest
has begun to be taken in the scientific developments that stem
from, or have been carried over to, the non-European cultures.10

The feeling that the dominant, so-called international history of
science has passed over countries that are small, isolated or for
some other reason find themselves on the periphery of the Learned
Republic is widespread.11 It is not entirely unfounded.

History of science can function ideologically in a different way
than by being used externally for political, religious or national
glorification. Namely, by providing a mytho—historical basis for
scientists' conception of their discipline and their own role in its
development. This kind of history is internal, directed to the scien-
tists or the novices in the field and usually produced by the scientists
themselves. Scientists are not merely the passive objects of the
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history of science; they are also active consumers and producers
of history of science.

In the terminology of Kuhn, one can say that a form of discip-
linary history appears as a necessary part of the paradigm of a
scientific discipline. The historical element appears especially in
the exemplars, the shared standard types of concrete solutions to
problems that serve as models of how the speciality ought to be
carried out. Exemplars are mainly taken from the history of science.
Knowledge of the historical exemplars and of the father figures of
the discipline or institution is an important part of the process of
socialization that the scientist has to go through in order to be
counted as one of the practitioners of the discipline. The history
of science that forms part of the discipline's or institution's tradition
constitutes the scientist's self-understanding and cultural tradition:
how his subject has developed, which areas and methods are of
value, who the founders and authorities of the discipline are, what
its higher aims are, and so on. This kind of institutionalized history
of science has been called the scientists' 'working history'.12 This
is not merely a retrospective history, but a practical, forward-look-
ing history that gives instructions on the practice to be followed
by those who work in the discipline or want to join it.

Because of its practical function in the sociology of the scientific
community, the working history is mythical. The extent to which
it gives a true account of the development is irrelevant. The working
history constitutes a quasi-historical reference frame with implica-
tions relating to disciplinary policies that are common to the scien-
tific community. It is of the same type as the national or religious
history that gives a people a common national background or a
common identity to a religious community.

The working history is essentially static and serves a socializing
function. It is the kind of history that marks periods of normal
science, in which there is no disagreement about the discipline's
foundation. In cases of paradigmatic shifts the working history
becomes insufficient and is often challenged by new disciplinary
histories which are intended to re-define the boundaries and
methods of the discipline. New histories may be constructed either
to stipulate a revolution not yet accomplished, or to revise the
practitioners' conception of the discipline after a revolution has
already occurred.13 Disciplinary histories that legitimate intended
revolutionary changes will normally be combated by more conser-
vative versions of the history.
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Occasionally, scientists use history by referring in their works
to recognized authorities and exemplars. If a work, by using such
references, can be shown to belong to a historical research tradition
to which a great deal of prestige is attached, part of that prestige
will be communicated to the work in question; or new, unorthodox
ideas can be made to appear more revolutionary by being placed
as contrary to an orthodox historical tradition. On the other hand,
new ideas have often been criticized by means of quasi-historical
arguments; either by attacking them for being heretical in relation
to the accepted orthodoxy or by asserting that they are not at all
new, but merely repetitions of ideas that have appeared earlier in
the history of science.

The clearest case of a historical model that has been able to
govern research is probably the massive influence of the Newtonian
paradigm in the 19th century. Newton - not the authentic but a
half-mythical Newton — was an authority during that period who
was often referred to for endorsement of new theories or for a
criticism of them. Not only in physics, but also in chemistry, biology
and the earth sciences was Newton's authority frequently invoked.
When Thomas Young (1773-1829) proposed a new theory of light
in which light was considered to be an undulation in an ubiquitous
ether, he went to a great deal of trouble to present it as a natural
extension of Newton's own ideas. According to these ideas, as
usually understood, light is a stream of subtle particles, not a wave
or vibration phenomenon. However, Newton had also speculated
on light as ether vibrations and Young was in fact indebted to
these speculations. 'A more extensive examination of Newton's
various writings', concluded Young, 'has shown me that he was
in reality the first that suggested such a theory as I shall endeavour
to maintain; that his own opinions varied less from this theory
than is now almost universally supposed.'14 Thus Young attempted
to revise the history of optics in order to help him stipulate the
changes he believed should be made in the discipline. However,
Young's theory made little impact on the scientific community at
the time. Earlier vibration theorists, such as Benjamin Franklin,
were often criticized on quasi-historical grounds, for challenging
what was believed to be Newton's optics. Young too was criticized
for restating old Cartesian hypotheses which conflicted with what
the great Newton had taught.

At the end of the 1850s, the law of energy conservation was
generally accepted and recognized to be one of the cornerstones
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of science. However, since the concept of energy is not to be found
at all in Newton, his glory could hardly be made to shine on the
energy law. Neither was it, at that time, necessary to legitimate
the victorious principle of energy conservation. Even so, some
scientists felt that the prestige of the Newtonian tradition could
only remain unbroken if continuity in history could be restored
also in this case. Accordingly, Tait and Thomson, two of Victorian
England's most prominent scientists, reinterpreted passages in
Newton's Principia in such a way that Newton appeared as the
true originator of the principle of energy conservation. In this way
the discovery of energy conservation could be regarded as a fulfil-
ment of Newton's inspired anticipation.15

Scientists often use versions of disciplinary history in order to
justify the originality of their own contributions. In some cases
this has happened implicitly, by conspicuously omitting history
altogether. One such example is Lavoisier's epoch-making Traite
Elementaire de Chimie, published in 1789. Lavoisier was acutely
aware of his mission as a revolutionary and wanted to present his
work as an entirely new foundation for chemistry. In order to
stress that scientific chemistry only came into existence with him,
Lavoisier ignored completely the works of earlier chemists. To
mention their works, even if to criticize them, would, Lavoisier
reasoned, diminish his claim of absolute originality. While
Lavoisier's work did not use history, it did produce a radically
revised historiography of chemistry.16

In Lyell's Principles of Geology (1830), another of the classic
works of science, history was not ignored. On the contrary, Lyell's
work was prefaced with four chapters in which the history of the
earth sciences was discussed at length. This version of the history
of geology achieved an authority, by virtue of Lyell's success, that
survived for generations. Historians and geologists accepted Lyell's
history as definitive and composed their picture of the development
of geology in accordance with what Lyell had written. Modern,
more critical historians have demonstrated the mythical character
of this tradition and regard Lyell's history as predominantly a piece
of self-promotion.17 The main message in Lyell's historical preface
was that until 1830 geology was at a primitive, unscientific stage
of development; it was Principles of Geology that broke away
from earlier prejudice and started the era of what would become
scientific geology. As Lavoisier had succeeded in becoming the
Newton of chemistry, Lyell wanted to establish himself as the
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Newton of geology. In order to put his message firmly across, Lyell
produced a distorted history that consisted of a few great scientists
with fundamentally inadequate or wrong ideas about the evolution
of the earth. LyelPs tactics consisted partly in inventing contradic-
tions in geology that did not really exist, and partly in making
views that were rivals to his own seem ridiculous. His masterly
propaganda on his own behalf bore fruit for more than a century.

In a much-quoted piece of advice, Einstein once said: 'If you
want to find out anything from the theoretical physicists about
the methods they use, I advise you to stick closely to one principle:
don't listen to their words, fix your attention to their deeds.'18

This is generally sound advice which need not be restricted to
theoretical physics. But it should not be taken to imply that what
counts is merely published scientific contributions. From a histor-
ical point of view, scientists' words, their reflective and retrospec-
tive accounts of what is going on, cannot be sharply separated
from their deeds. The historical narratives that scientists produce
do not reflect their scientific contributions but rather their images
of themselves and their science. To the historian, scientists' more
or less amateurish accounts of the history of science are valuable
source materials as regards the scientists' personal attitudes and
images.

Let us briefly look at Einstein's attitude to the history of science.
Like so many other scientists, Einstein made extensive use of the
history of science and he developed his own view of how the history
of physics ought to be presented.19 According to this view it is the
task of history of science to reconstruct the exemplary concepts
and principles that can serve the purpose of structuring the develop-
ment of science in a meaningful way. Einstein's own semi-historical
works illustrate this programme. They are exemplary, not factual,
history. They concentrate on conceptual themes (such as the field
concept) that are structured and selected in an idealized way in
order to reveal connections that do not appear in the factual history.
Accordingly, Einstein often organized the historical materials with-
out feeling himself bound by its chronological order. Einstein did
not, apparently, think very highly of historians of science, about
whom he declared that they 'are philologists and do not com-
prehend what physicists are aiming at, how they thought and wres-
tled with their problems'.20 He found his ideal of a history of
science in the works of Ernst Mach, a physicist rather than a
historian. It should be obvious that there is no reason to transfer
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Einstein's authority from physics to history. That his views are,
nevertheless, of interest is because they are those of one of the
giants of science.

In 1912, three German physicists, Max Laue, Walter Friedrich
and Paul Knipping, discovered in Munich that X-rays produce a
diffraction pattern if transmitted through a crystal. This important
discovery proved not only the wave nature of X-rays but also the
lattice structure of crystals. Like other important discoveries, the
discovery of X-ray diffraction has been the subject of much quasi-
historical interest, resulting in an official, disciplinary working
history. This history has been criticized by the historian Paul For-
man who regards it as a myth.21 The exemplary importance of
Forman's analysis warrants a more comprehensive treatment in
the present context.

The background is that since 1912 X-ray crystallography has
developed into a separate discipline with its own social structure
in the form of periodicals, congresses, international union and
professional networks; included in this disciplinary structure is
also a shared mythology. The community of X-ray crystallog-
raphers has institutionalized its history, in particular in the form
of festschrifts and recollections of leading members of the commun-
ity. The history of the event that created the disciplinary tradition
is based on the retrospective thoughts of Laue, Ewald and Bragg,
all of whom were among the founders of X-ray crystallography.
The official creation myth has been concerned with the question
'why was X-ray diffraction discovered in 1912 in Munich?' Its
answer is that the discovery was conditioned by two factors:

(1) Acceptance of, and interest in, the lattice structure of crystals.
(2) Acceptance of, and interest in, the wave-like nature of X-rays.

The discovery would naturally be made in the place where these
conditions were fulfilled. The reason why that place happened to
be Munich was that, according to Ewald and Laue,
(1') The idea of crystal lattices was an outsider theory in 1912,

rejected everywhere but Munich; in other places the physicists
were not interested in or familiar with crystallography.

(2') The idea that X-rays were waves had a strong following in
Munich, while in most other places X-rays were regarded as
pulses or currents of particles.

It is noteworthy that in this case the official historiography does
not, as so often happens, explain the pioneering discovery as result-
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ing from the genius of the discoverer, but as a result of the profes-
sional environment.

Forman now claims that the official creation historiography is
a myth, since he shows that (1') and (2') have no basis in fact. In
1912 both crystallography and the wave-like nature of X-rays were
accepted ideas that interested many physicists in Europe. So (1)
and (2) cannot be satisfactory explanations of why it should have
been Laue, Knipping and Friedrich who discovered X-ray diffrac-
tion. The reason why Forman calls (1') and (2') myths rather than
mere mistakes is that he believes that they fulfil a particular
legitimating function for the scientists involved in X-ray crystallog-
raphy, viz. 'to strengthen tradition and endow it with a greater
prestige by tracing it back to a higher, better, more supernatural
reality of initial events'.22 Forman adopts what he calls an
anthropological perspective. He believes that, essentially, a modern
scientific community can be analysed using the same sociological
and psychological methods as those used by anthropologists when
studying primitive tribes.23

The techniques involved in the formation of myths, according
to Forman, are connected with, firstly, erecting barriers that the
hero of the myth has to overcome, and, secondly, presenting the
discovery as morally exemplary, i.e. methodologically correct. In
the case of X-ray diffraction, however, the mythic hero is not an
individual but an environment. Forman says:24

The myth will the better serve its social function the more numerous
and difficult are the obstacles to be surmounted by the mythic hero.
It is in this way that we may understand the increasingly categorical
assertions of the disreputability of the space lattice theory. So also
may we understand the assertion that the first experiments involved
exposures of many hours, when it is almost certain that in fact they
did not last thirty minutes. The physicist, however, demands some-
thing more from his myths than does the savage - they are to be
consonant with what he knows to be good physics, and they are
to be internally consistent, even if implausible.. . . An opinion which
historically was beyond the fringe, which was decidedly unorthodox
and which, for one reason or another, the orthodox scientists
regarded as dangerous, becomes in the myth the dominant, orthodox
opinion in the science. The myth then has that threatening 'wide-
spread' opinion being overthrown by the mythicized event or discov-
ery.

Forman's critique of the historiography stemming from 'the culture
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of the fraternity of crystallographers' has been answered by
P.P.Ewald, one of the patriarchs of this fraternity.25 Ewald, in my
opinion rightly, warns the historian against creating myths in order
to have some myths to puncture. It is not only scientists who are
capable of mythicizing history. The following edited dialogue illus-
trates the basic differences of opinion between the critical historian
and the scientist.26

F: 'Myths and anecdotes — a species of minor myths — have important,
and perhaps even legitimate, functions in contemporary science
. . . but because they purport to be historical, myths and anecdotes
are subversive to history.'

E: 'Why does the historian require myths for the preservation of the
identity of the crystallographic "clan"? Would this group not also
find its identity, as it was the case, in common interest, common
methods and cognate problems of research, and common experience
of the development of their field - that is, on factual, not mytholog-
ical grounds?'

F: '. . . the scientist, qua scientist, places no value upon historical fact;
history is wholly subordinate to the needs of the present, and indeed
only survives to such extent, and in such forms, as serves present
needs.... so long as he avoids questions of "priority", his colleagues
are not obliged - indeed, not even entitled - to criticize his exposition
on the grounds that the historical facts are stated incorrectly.'

E: 'True, scientists are not trained historians; instead, they have had
the personal experience of growing with their subject and knowing
of the motives prevalent during the period of growth. Is the historian
really entitled to disqualify his descriptions of what happened and
what the motives were as being myths and anecdotes? And this
only because myths play an important role in primitive society! Can
he properly recognize motives out of the pages of journals? Or
evaluate facts without being influenced by his a posteriori know-
ledge of what should have been known, or done, or thought?'

Ewald raises some questions here that are central indeed to the
historiography of science. In my opinion, Forman is justified in
rejecting the historical acccounts of actively involved scientists as
witnesses to the truth; as historians are generally justified in doing
in many cases (but not always or unconditionally, of course). It
ought to be noted that Forman does not actually accuse the scien-
tists of only producing myths. It is personified science, the scientist
qua scientist, to whom historical reality is irrelevant. In practice,
living scientists are never only scientists and may well be excellent
historians.
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Admittedly, the historian cannot 'recognize motives out of the
pages of journals'; but he can point out inconsistencies, examine
unpublished materials and in other ways use the methods of histor-
ical criticism to uncover motives. As Ewald points out, the historian
cannot completely avoid being influenced by his post factum know-
ledge. But this is even truer of those scientists who comment on
earlier research with which they have been involved. By using a
diachronic perspective the historian can at least minimize the dis-
tortion that tends to lie in his placement in time. Furthermore, the
historian will rarely, unlike the scientist, be personally involved in
the history in question and is therefore better able to produce an
impartial analysis.

At any rate it appears that in almost all those cases where scien-
tists have given historical accounts of research done by themselves
or their colleagues, the historian can point to mistakes or
inadequacies (see chapter 13). The personal experience of growing
with their subject and knowing of the motives prevalent during
the growth' does not make the scientists witnesses to the truth.
On the other hand it does not automatically disqualify their state-
ments as myths either.
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Sources

A source is an objectively given, material item from the past, created
by human beings; a letter, for example, or a clay pot. But this item
is not in itself a source. It can be called a relic of the past or a
source object. If the relic is to achieve the status of source-material
it must be evidence from the past, it must tell us something about
it. The relic must be capable of being utilized to give some of the
information that it contains in a latent form. It is the historian
who turns the relic into a source through his interpretation. By
posing questions to it from particular hypotheses (that do not
themselves need to have any documentary basis) the historian forces
the source to disclose information. Unlike the relic, the source is
not, as a source, a material item, but has to be regarded as infor-
mation that has been released. The information disclosed by the
source, and in that sense the source itself, becomes an interplay
between the source object and the historian, a meeting between
past and present. It follows from this that while the source object
is fixed, the very same source can disclose different and possibly
conflicting information.

In previous chapters we have seen that source materials are not
given once and for all but that they originate in the dialectical
process between the relics of the past and the interpretations of
the present. History of science sources are no exception to this.
The philologist and historian Julius Ruska (1867-1949) described
the relationship as follows:1

The history of the sciences will continue to be dependent on the
sources that are at its disposal at the time, but the correct evaluation
and use of the sources will, in turn, depend on the historian's ability
to carry out historical criticism. Like science itself, the presentation
of its history is a process that never ends.
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Some sources are accounts of the past that have been written with
the object of telling something about the present that once was;
either directed at contemporaries or - more rarely - at future
generations. Such sources as these that intentionally provide evi-
dence, are often called eloquent or symbolic sources. In contrast
to these are the 'dumb' or non-symbolic sources that only give
information unintentionally or unwillingly. Both symbolic and
non-symbolic sources are created by human beings and the dividing
line between them is not very sharp. Letters and other written
documents are typical symbolic sources. Unlike non-symbolic
sources they can contain information that is of a normative kind,
for example evaluations of the situation existing at the time when
they are written. It is mainly the symbolic sources that offer prob-
lems in connection with the critical analysis of sources. The sources
that are of most relevance to the history of science belong, in the
main, to this group. A retort from Liebig's laboratory is a non-sym-
bolic source; notebooks containing records from the laboratory
are symbolic sources.

Among other things, the objective of source analysis is to deter-
mine the independence and reliability of sources. In this connection
it is usual to distinguish between primary and secondary sources.
By primary source we mean a source that stems from the time
about which it discloses information and as such has a direct
connection with the historical reality (in a chronological sense, not
necessarily as far as reliability is concerned). A secondary source
stems from a later period than the one for which it is a source,
and builds on earlier, primary sources. The distinction between
primary and secondary sources is only meaningful when applied
to symbolic sources. Moreover, the distinction is not a sharp one.
Since a source is only a source in a specific historical context, the
same source object can be both a primary or secondary source
according to what it is used for. Duhem's la theorie physique will
be a useful secondary source for the historian who wishes to study
the history of the theories of gravitation; it will be a fine primary
source for the historian who wishes to investigate positivist views
of science at the turn of the century.

What then are the typical primary sources that are to be found
in history of science? It is not possible to make an exhaustive list
but the most important sources are the following:
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la Letters
lb Diaries, laboratory journals
lc Notebooks, private notes
Id Manuscripts and rough drafts of scientific works
2a Protocols and minute books of scientific institutions
2b Reports and accounts from scientific institutions
2c Applications for posts, advertisements of posts and evalua-

tions of the applicants; documents concerning admission to
learned societies and similar institutions

2d Applications for patents and official patent statements
3 a Unpublished theses; award-winning works, dissertations, etc.
3 b Preprints
3c Published scientific articles and books (or papyri, inscriptions,

etc)
4a Reviews
4b Textbooks, exam papers, lecture notes
4c Handbooks, tables, manuals
5a Autobiographies, memoirs
5 b Films, illustrations, maps, photographs, television programmes
5c Tapes, radio programmes
5d Interviews, questionnaires
6a Official reports, ministerial memoranda, legal documents
6b Plans and sales lists from instrument-makers, science pub-

lishers and other science related firms
7a Non-scientific books and articles
7b Newspapers
8a Libraries
8b Bibliographies

In the list an attempt has been made to divide the sources into
groups in accordance with the following idea: the sources that are
placed in 1, 3, and partly in 4 are connected with scientific work
seen as a creative, intellectual activity. Groups 2 and 6 have to do
with the social and institutional environment of science. The
sources placed in group 5 touch on varied aspects of science, mainly
of a non-technical nature. Group 7 illustrates just how diverse
printed sources can be. It is especially in connection with the social
and cultural aspects of science that the possible information will
be spread out over many different sources that otherwise do not
relate to science: novels, poems, magazines, newspapers, etc.
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Another way of classifying sources has been suggested by Ottar
Dahl, who makes a distinction between personal and institutional
sources that can both be either public or 'confidential' (non-pub-
lic).2 In a modified form, using the descriptions given above, the
scheme can take the following form:

personal sources institutional
sources

confidential la,lb,lc,ld,5d (2c,2d) 2a,2b
'semi-public' 3a,3b,8a 6b
public 3c,4c,5a,7a,7b (4a,4b) 2b,6a,8b

The sources that have so far been mentioned have been of a
symbolic kind, containing written information (with the exception
of 5b and 5c). The source objects are made of paper or similar
materials. But non-symbolic primary sources also exist that are of
importance to history of science:

9a Buildings, laboratories
9b Instruments, machines, apparatus
9c Concrete models, plates and tablets
9d Chemicals, herbaria, natural history collections

Compared with sources on paper, such sources as those above are
few and their existence is fortuitous; but when they do exist they
can give valuable information about the experimental and technical
aspects of science that can easily be underestimated if the historian
only relies on written sources. Sources of type 9 are of special
interest to the historian of technology. While the written sources
are normally kept in archives, museums are the natural place to
find sources of type 9.

Secondary sources are less diverse than primary sources. They
often consist of the following categories:

10 Memorial volumes, obituaries
11 Biographies (not contemporary)
12 Retrospective reflections
13 History of science works
14 Other historical works

There will be no attempt here to go through all the above-
mentioned types of source systematically. David Knight has given
a thorough account of history of science sources, and the reader
is referred to this.3 In what follows I will confine myself to com-
menting on some of the sources.
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Sources l a - I d are the most direct expressions of the actual
scientific process and for that reason are of special interest. Since
the sources are not intended for a public they can usually be
regarded as evidence with a large degree of reliability. They will
not only be reliable evidence of methods and ways of thinking,
but also of experimental data that normally only appears in the
finished publication in a condensed, edited and possibly manipu-
lated form. For this reason, laboratory journals and similar objects
are invaluable sources when reconstructing the course of events in
history of science.4 In recent years, much has been done to preserve
and file letters, manuscripts, notebooks and other things that con-
cern modern research.5

The central importance of the non-public primary sources is
connected with the important distinction between the so-called
'context of discovery' and the 'context of justification'.6 While the
former refers to the procedures used to produce scientific know-
ledge, the latter refers to criteria of acceptability for such know-
ledge. The intellectual historian, by definition as it were, will be
committed to the context of discovery. As far as the uncovering
of contexts of concrete discoveries is concerned, published primary
sources are not the most reliable evidence. It is only in rare cases
that publications give information about the authentic process of
research.

One such case is Kepler's Astronomia Nova (1609), the preface
of which states: 'What matters to me, is not merely to impart to
the reader what I have to say, but above all to convey to him the
reasons, subterfuges, and lucky hazards which led me to my dis-
coveries.'7 But Kepler is an exception, both from the norm that
existed in Kepler's own time and in particular from what it has
been in later periods. It is worth noting, however, that the existing
publication norm with its sharp distinction between the contexts
of discovery and justification is not a necessary part of scientific
discourse. In some phases of scientific development, denoted 'con-
crete' by Caneva, it was part of scientific integrity to present evi-
dence and thought processes just as they actually came to the
scientist. This standard was not merely considered to be good tone
but was also regarded as a criterion of truth. The following quo-
tation from 1821 is typical of this 'concrete' standard of science:8

Since the view sketched . . . really arose with me in the order of the
investigations as expressed in the three sections, I considered myself,
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as it were, obliged to maintain the same order of presentation, for
it is far easier to uncover the paralogisms of a theory when one
knows precisely the thought process that led or misled its author.

The 'concrete' ideal of sciences disappeared in the middle of the
last century, when it was finally superseded by the 'abstract' stan-
dard that has since dominated scientific publications.

The value of non-public sources depends on the perspective and
interests of the historian. As far as the cognitive aspects of science
are concerned, non-public sources will have an absolute priority.
But this does not apply if the historical interest is focused on science
as a social phenomenon, for example. With this perspective,
notebooks, laboratory journals and manuscripts will be largely
irrelevant. The very fact that these sources are private means that
they have little to say about the social history of science. A man-
uscript only known to the author himself cannot have had any
influence on the social development of science (although it can
reflect the development). The social historian will therefore be
justified in focusing on different sources to those of the cognitively
orientated historian, especially on the public and institutional
sources.

In general, social history requires a more complex and diverse
approach than does intellectual history. For example, in dealing
with the development of a particular scientific field the social his-
torian will have to examine not only the actors, the scientists, but
also their audience in a wide sense. For this purpose the sources
in group 7 will often be relevant. Manufacturers of scientific
apparatus, firms supplying chemicals and science publishing firms
constitute an important, though often neglected, factor in the
development of science. The sources related to the commercial
aspects of science are different from other sources and may easily
be overlooked (group 6b).

While the sources in group 3 constitute what might be called
the research fronts of science, the sources in group 4 will not reveal
much about creative research. But textbooks will be central source
materials for achieving an understanding of the established stages
of development and paradigmatic basis of a scientific discipline.
The same is true, perhaps even more so, of handbooks and mono-
graphs. Textbooks are condensed expositions of the authorized
corpus of knowledge of a discipline and give us information about
the status of the subject at any one particular time. Textbooks and
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similar sources thus give the norm from which it will be reasonable
to evaluate scientific contributions. By discovering this norm one
is able to avoid the likely mistake of identifying frontier knowledge
as generally accepted knowledge, of confusing the top of the iceberg
with the iceberg itself. New knowledge is not disseminated instan-
taneously; just because a discovery is made in one particular year
it will not spread immediately and achieve acceptance no matter
how true and important we, today, can see that the discovery was.

Although textbooks do not themselves form part of the active
research front, they will also be of interest as sources of pioneering
science; namely as the literature that young scientists-to-be have
been acquainted with and which has, perhaps, for that reason
played a part in their later discoveries. Thus, in an attempt to trace
the sources that inspired Einstein to make his theory of relativity,
Holton has argued that the most important single source was an
otherwise forgotten textbook on electrodynamics by the German
physicist August Foppl.9

Handbooks and scientific encyclopedias have a similar function
as sources to that of textbooks:they will often provide an authorita-
tive expression of what was known at a particular time. Reviews
and abstracts that can be found in periodicals and bibliographical
yearbooks are good sources for evaluating how a scientific work
was received by a particular person or in a particular milieu. In
reviews the style is often freer and the reviewer expresses his opinion
in a more direct way than in scientific publications. Reviews are
particularly important sources in connection with methodological
controversies, priority conflicts and similar problems. For example,
when Alfred Wegener proposed his theory of continental drift it
was rejected by the majority of geologists. The best way to judge
the intensity of opposition that Wegener faced is through the study
of symposia and review articles. According to one reviewer,
'Wegener . . . is not seeking truth; he is advocating a cause, and
is blind to every fact and argument that tells against it.'10

The kind of scientists who are made the objects of sources of
type 5 are usually famous scientists whose discoveries took place
many years before the time the source originates from. Accounts
written by the scientists who were actually involved with the dis-
covery belong to group 12 but also have something of the nature
of primary sources. They will often have great authentic value and
in many cases they will be the only sources of knowledge. There
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are personal questions that only the scientist can answer and which
are difficult to test on the basis of other knowledge. However,
reminiscences and autobiographies are not always reliable and
should be used critically (see chapter 13).

Visual sources will only rarely be of any great interest with
reference to the origins of scientific discoveries. The working scien-
tist is not followed around by a film or TV crew during his creative
moments. Nevertheless, visual sources are very important, in par-
ticular in relation to the information they can impart about the
general conception of science in the past. Medieval illustrations of
the human body may, if properly interpreted, yield information
about the medical knowledge of the Middle Ages that cannot be
found in any text. Illustrations cover a wide spectrum: maps, diag-
rams of apparatus, portraits, plates of natural history objects, illust-
rations of models and analogies, graphical representations, etc.
Whatever their sort, visual sources are always designed to accom-
pany a text and should be examined as such; and yet illustrations
may surpass the text and acquire a life of their own, transcending
the barrier between science and art. The anatomical illustrations
of Leonardo de Vinci and the zoological illustrations of Albrecht
Diirer are well-known examples. Analyses of old pictures with
scientific motifs require the historian of science to work as a histo-
rian of art. In some cases pictures are an important source of
knowledge about the material base of early science, depictions of
laboratories, dissecting scenes and apparatus, for example.11 Diag-
rams and technical drawings are indispensable sources in most
areas of history of technology.

The study of what scientists have read can give important infor-
mation about their background in general and in particular about
other scientists who have influenced them. If it can be documented
that a scientist had read a particular work before he made his
discovery, this work might possibly be of some significance for the
discovery, even if the scientist himself does not refer to it.

In the very few cases where the private library of a scientist still
exists in reasonably good condition, or where the library can be
reconstructed, the historian will have a unique opportunity to form
a picture of the life of the scientist.12 But one obviously cannot
form any conclusions merely on the basis of the fact that a scientist
X owned a copy of a work written by Y. There can be many
reasons why X had a copy of Y's book. He might have received
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a copy from Y, for example, without having read it. If one wants
to establish whether X was influenced by Y's book in his work,
one has to ask whether X actually read the book. Have the pages
been cut? Are there any 'dog-ears' or other signs of use? Has it
been annotated? Has X made any references to the book? When
did X read it? And so on. It is from knowledge of the books owned
by Newton, among other things, that his interest in alchemy can
be documented (cf. Chapter 2). When someone leaves over 100
volumes that can be classified as alchemy when he dies, one must
at least conclude that the person in question was seriously con-
cerned with alchemy.

Obituaries and similar memorial articles are valuable but prob-
lematic sources. They are problematic because the purpose of the
obituary is not primarily to give reliable historical information but
to glorify the character and life of the person who has died.
Obituaries are almost always uncritical or at least favourable por-
trayals of a life. Furthermore, they are usually written by the
deceased's colleagues or students, for whom the obituary will tend
to serve as a link in the working history of their disciplinary trad-
ition. In short, obituaries are examples of the kind of mythical
historiography that we discussed in Chapter 10.

Going through bibliographies will often be a good introduction
to a history of science work. Bibliographies can be arranged in
many different ways, a bibliography of a subject or discipline in
a certain period, for example, or bibliographies of individual scien-
tists. For many scientists, there are more or less complete biblio-
graphies in existence, in some cases covering more than 1,000
published works. Complete bibliographies ought not only to con-
tain original scientific works but also works of a non-technical
nature, plus review articles, information about translations into
foreign languages, numbers published and number of editions.
Bibliographies of secondary literature are of equally great practical
value. The current bibliographies of Isis that encompass all recent
history of science publications are a necessary tool.13

The process of historical research begins with a problem situa-
tion. The historian chooses this problem situation in connection
with his desire to deal with a particular subject. He formulates
questions on the subject, builds up an idea of what it is that he
wishes to know. These questions will then naturally lead to particu-
lar sources that might possibly be able to answer the questions
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and that will probably lead to new ones. The original problem
situation will be transformed through the research process, partly
as a consequence of the study of sources.

The first stage will be to track down and identify the sources of
relevance to the problem that has been defined. This can be a
difficult task, depending on the nature of the subject and its position
in time. It will often be a good idea to start with the secondary
sources, in particular with the works that other historians have
written about the same or similar subjects. In this way one can
save on much time-consuming reference work and relatively
quickly achieve an overview of the source materials that will need
closer investigation. No matter how thoroughly he searches for
source materials, however, the historian will never succeed in bas-
ing a study on all relevant sources. It is impossible to know whether
relevant information can be found in sources that have not been
consulted; and irrelevant sources might, nevertheless, turn out to
be relevant. It is the interpretation of the source that determines
its relevance for the question posed by the historian.

Once the historian has chosen his sources, he ought, in principle,
to examine their authenticity. In other words, he ought to be alert
to the possibility that they might have been faked. I only know of
one single case of actual forging in the history of science, but this
is so extensive and grotesque that it deserves mentioning.14 It con-
cerns a certain Vrain-Lucas, who manufactured thousands of false
historical documents in the 1860s, including letters from Luther,
Galileo and Newton (not to mention Pontius Pilate and Mary
Magdalene - all of them in French!). Among the documents of the
inventive Vrain—Lucas was an exchange of letters between Newton
(aged 11) and Pascal which revealed that the latter was the true
discoverer of the law of gravitation. The most disturbing fact about
the Vrain—Lucas affair, perhaps, is the fact that his home-made
sources were taken seriously by several French scientists, whose
patriotism and scientific vanity were given a boost by the false
documents.

Historical criticism is the process by which sources are analysed
critically with a view to establishing their authenticity and reliabil-
ity.15 The aim is to evaluate how close to historical reality the
sources lie, since one makes a prior assumption that no source
gives an exact reflection of the past but can only be more or less
complete signals from the past. It is important to establish whether
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the source is authentic, whether its dating and information about
location is correct, whether its assumed author is its real author,
and so on. Sources that are not authentic in this sense need not
be forgeries ( — but forged sources are never authentic). There can
be many reasons why the immediate information disclosed by the
source does not reveal its actual origins. Sarton illustrated how
even an apparently reliable primary source can give false informa-
tion. On the colophon of an early printed edition of Ptolemy's
work on geography (cosmografia) the edition is dated
MCCCCLXII, that is 1462. But it is almost certain that this date
is wrong and that the book was not printed until 15 years later.16

The central investigation in the analysis of sources is the one to
establish the reliability of the source. Does the source represent
historical reality? How reliable is its information? As has been
mentioned, there can be many reasons for not immediately accept-
ing the information in a primary source without further enquiry.
The information given is typically the author's version of reality
and must always be evaluated in the context in which it occurs.
One has to analyse the motives that the author had for writing
what he did, establish the reason behind the source. To whom was
the source originally addressed? Under what circumstances was it
written? And first and foremost one has to compare the information
in the source with other evidence concerning the event the source
deals with; partly compare with other sources and partly scrutinize
the contents using what is generally known about the subject and
the time. The misdating of the above mentioned edition of
Ptolemy's Geography was not the result of a conscious action, for
example; the publisher or printer could hardly have had any motive
for dating the book 1462, which must have been the result of a
simple misprint. The mistake can be recognized as such by compari-
sons with other editions of Ptolemy's book (the first being from
1475) and from contemporary commentaries on the work.

As we shall show in the next chapter, the heart of all criticism
of sources is the comparison of different evidence. Let us think of
a particular occurrence 0 that has possibly taken place in the past.
In order to determine whether 0 is true or false, we have a series
of sources that give different evidence, El5 E2, E3, . . . Usually, some
of this evidence will support 0 and other evidence oppose it; we
can denote such evidence E+ and E~, respectively. There can now
be different situations:
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1 If 0 is clearly in conflict with established scientific knowledge
one will immediately conclude that 0 did not take place and that
E+ is either false or has been misinterpreted. This also applies even
when there are no sources with E~. Note, however, that the know-
ledge one uses here to evaluate 0 is the established knowledge of
one's time and that the evaluation can therefore never be more
certain than this knowledge.
2 If only E+ or only E~ exists, and there are no special grounds
to reject or accept 0, the matter is trivial. In this kind of case one
will, of course, conclude that 0 respectively did or did not take
place.
3 If there is conflicting evidence, between E | and E2, for example,
there are two possible situations:
3a If there is further evidence (E3, E4, . . . ), one will compare this
with Ei and E2. If E3 = E3, E4 = E4, and so on, one will conclude
that E2 must be rejected and that 0 did in fact take place.
3b If the only evidence is E | and E2 the historian has to assess
whether Ei or E2 gives the most 'plausible' or 'reasonable' account.
The historian might be forced to admit that it is not possible to
distinguish between the reliability of Ei and E2 and that knowledge
of 0 can thus not be established on the basis of existing sources.
4 It could be that E1 does not actually conflict with E2, E3, . . . ,
but that Ei is not supported by other, independent evidence. In
this case E1 will have a unique status in relation to other evidence
about 0. Normally, an acceptance of Ex will require a correspon-
dence with other evidence. The absence of such corresponding
evidence will make the total sum of evidence El5 E2, E3, . . . unin-
telligible and incoherent. One will then conclude that Ei must be
rejected.
5 The lack of supplementary evidence cannot automatically, how-
ever, be used as grounds for rejecting Ei. Marc Bloch reminds us
of this:17

The reagents for the testing of evidence should not be roughly
handled. Nearly all the rational principles, nearly all the experiences
which guide the tests, if pushed far enough, reach their limits in
contrary principles or experiences. Like any self-respecting logic,
historical criticism has its contradictions or, at least, its paradoxes.
. . . for a piece of evidence to be recognised as authentic, method
demands that it shows a certain correspondence to the allied evi-
dences. Were we to apply this precept literally to the letter, however,
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what would become of discovery? For to speak of discovery is also
to speak of surprise and dissimilarity. A science which restricted
itself to stating that everything invariably happens according to
expectation would hardly be either profitable or amusing.

As an example, there is documentary evidence that Leonardo da
Vinci seriously concerned himself with the principles of flying and
sketched plans of flying machines. This evidence does not corres-
pond with other contemporary evidence, since Leonardo was evi-
dently the only one who discussed the possibility of flying in the
Renaissance. Nevertheless, we accept Leonardo's sketches as
authentic sources, namely as an extremely original contribution
that is more an expression of his genius than of the general condi-
tions of the age.



12
Evaluation of source materials

Any evaluation of primary, published materials will involve the
question of whether the text can really be attributed to the author;
or how authentic an expression it is of the author's own thoughts.
One cannot unquestionably assume that every word in a scientific
publication is that of the author. There can be many reasons for
this. It is well known, for instance, that for a long time there has
been a tradition in academic institutions according to which pro-
fessors, directors, head doctors and similar highly placed personnel
appear as the authors of papers that have really been written by,
and based on, the work of younger researchers. Furthermore, one
must be aware of the fact that published sources have always to
a certain extent been filtered through the apparatus of publication;
that editors of periodicals, for example, might have changed the
paper written by the author, sometimes quite a lot, and not neces-
sarily with the consent of the author. In earlier times it was often
the right or even duty of the editor to modify the material that
was submitted, rather freely. In cases like this one cannot use the
published source as a reliable expression of the exact views of the
author. Today, scientific articles are criticized and edited by
referees; the version that is published is often a second or third
version of the original manuscript and thus not a suitable source
of detailed information about the views of the author. Rough
sketches and earlier unpublished versions of manuscripts will be
much more suitable for this purpose.

The problems connected with anachronical and diachronical
historiography respectively, come out into the open when one
analyses sources written in a language that is significantly different
from one's own. Superficially, the ideal to aim at might appear to
be an exact translation that rigorously reproduces the form, con-
tents and sense of the original. On closer inspection, such an ideal
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will be seen to be worthless, in fact it will not result in a translation
at all. The only way in which a historical text can be reproduced
with absolute precision is to reproduce the original as it is in
extenso. This is like saying that the most exact map that it is
possible to make is a totally true-to-nature 1:1 reproduction of
the landscape that cannot be distinguished from the landscape
itself. Such a map would obviously not serve any purpose. The
reason for making a translation is to transform the information
in the source from the past to the present, to make it understandable
in a contemporary context. Unlike a photographic reproduction,
an actual translation will involve interpretation and evaluation.
'Every good translation is an interpretation of the original text',
as Popper has pointed out. 'I would even go so far as to say that
every good translation of a nontrivial text must be a theoretical
reconstruction.'1

The question of translatability in history of science is closely
bound up with fundamental questions of theory of science. These
especially touch on translatability between different theories (bet-
ween Aristotelian and Newtonian physics, for example), but do
not essentially differ from the problems that confront the historian
of science. The degree of untranslatability between different
theories is one of the controversial points in modern theory of
science, between Kuhn and Popper, for example.2

Precision is, of course, a virtue in translations. But it cannot be
a goal in itself and might well militate against the clarity and
information that the translation is rightly expected to bring to the
reader. The reason why a certain amount of freedom and interpre-
tation — and thereby also a certain measure of anachronisms — has
to be included in translations of sources is bound up with the
nature of the historical process; that it is not only a process between
the source and the historian, but one which also includes the con-
temporary public that the historian is addressing. It is not enough
for the historian to understand the sources of the past himself as
a result of his studies and his empathic insight into the past. He
must also be able to communicate his knowledge to a public that
has not made a close study of the original sources.

But naturally, this does not mean that precision and care in
translations are illusory virtues. Far from it. Within the boundaries
formed by the source and the context of historical analysis, it is
the plain duty of the historian to reproduce original texts as authen-
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tically as possible. This may seem to be a trivial point, hardly
worth mentioning, but the fact is that even in scholarly works on
history of science quotations from sources are often distorted.3

When reproducing extracts from sources it is self-evident that
the actual quotation ought to be clearly marked off from the rest
of the historian's account and that the quotation ought to be accom-
panied by a reference to the text from which it has been taken. It
is, furthermore, a well-known fact that quotations can be misused,
for in the very nature of things they are torn out of their original
context. It is very easy, and often tempting, to quote a source in
such a way that the quotation, in spite of it being precise, does
not represent the actual contents of the source. With the use of
scissors and paste, quotations from the same source can easily be
used to support quite different conclusions. It is up to the honesty
of the historian and his understanding of the source in its entirety
to ensure that the source is not misrepresented or that there is no
direct tinkering with the quotation. Let us look at an example.

In 1896 the American historian Andrew White wrote a long and
learned work on the historical relationships between science and
Christianity, a work that was an authority in this field for a long
time. The following concerns the attitude of the Calvinists to Coper-
nican teachings:4

While Lutheranism was thus condemning the theory of the earth's
movement, other branches of the Protestant Church did not remain
behind. Calvin took the lead, in his Commentary on Genesis, by
condemning all who asserted that the earth is not the centre of the
universe. He clinched the matter by the usual reference to the first
verse of the ninety-third Psalm, and asked, 'Who will venture to
place the authority of Copernicus above that of the Holy Spirit?'

Following White, Calvin's alleged anti-Copernicanism has been a
permanent part of history of science and history of ideas for gen-
erations; the quotation from Calvin used by White has been used
as evidence many times, by Bertrand Russell, Will Durant,
J.G.Crowther and Thomas Kuhn, among others. It turns out, how-
ever, that the quotation is a fabrication. Rosen and Hooykaas have
proved that Copernicus was not mentioned in any of Calvin's
works, and argue that Calvin was not an anti-Copernican at all.5

According to Hooykaas, the standard view of Calvin as an anti-sci-
entific, religious fanatic and fundamentalist is, on the whole,
erroneous and not supported by any documentary evidence. Rosen



136 Introduction to historiography of science

suggests that Calvin's apparent indifference to the Copernican
world picture is quite simply due to the fact that he had never
heard of Copernicus. Whether or not this is the case, we can never
know with any certainty, for good reasons. Calvin's failure to
mention Copernicus is an example of negative documentary evi-
dence and as such it has a different status to that of the usual
positive kind of evidence. Thus, although Calvin makes no mention
of Copernicus or his astronomical system, he might well, of course,
have had some knowledge of these. But one has to agree with
Rosen that Calvin's silence is at least puzzling if he did actually
know about Copernicus's system.

Calvin's world picture was most definitely not a Copernican one
but it does not reasonably follow from this that it was anti-
Copernican. The alleged anti-Copernicanism requires positive
documentation that Calvin did actually react to the theory of
Copernicus. In view of the controversial significance that we know
Copernicus came to have for theology and intellectual life in
Europe, it is tempting to read Copernican ideas into any cosmolog-
ical statement from the second half of the 16th century. This is
apparently what White did. Calvin's commentary on the 93rd
Psalm verse, does not in fact contain any polemical references to
Copernicus. But White, who knew the Copernican system to be
theologically controversial, read the commentary in such a way
that it complied with his knowledge and expectations.

The example of Calvin and Copernicus demonstrates that false
quotations can live for a long time and achieve the status of general
knowledge. It is only by checking sources that such mistakes can
be corrected; and even then the distorted evaluation and the false
quotation can live on and give rise to erroneous historical accounts
for years to come.

Meticulousness in the translation of sources is particularly
important when dealing with older specialist terms and with terms
whose meaning has changed in the course of time. Linguistically
speaking, several of the central expressions used are the same today
as they were in the past, but their meaning might have changed
radically so that a direct translation in such cases would be mislead-
ing indeed. They could be technical terms such as 'force', 'fluid'
and 'element', which, if translated directly and without annotation,
will often result in absurdities; or they could be more general
expressions such as 'experiment', 'theory' and 'science'.
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In the 18th century natural philosophers considered electricity
to be a kind of 'fluid'. If now the historian, eager to give a precise
translation, fails to annotate the word, the innocent reader might
think that the scientists of the 18th century regarded electricity as
some kind of watery fluid. Which they did not. Anachronisms arise
when the reader is confronted with a text. Even though an original
text cannot possibly be anachronistic in itself, it will often be
regarded as such when read by later generations. It is the historian's
task to prevent this from happening and with this end in view he
has to refer to contemporary knowledge, speak the language of
the reader. Exactly what language he is to speak depends of course
on his audience.

The English words 'philosophy' and 'science' have a meaning
today that differs from the meaning of the words in the 17th
century; this meaning, in turn, differed from the meaning of the
words in the late Middle Ages. According to John Locke (1632—
1704), 'natural philosophy is not capable of being made a science'.6

How should this sentence be translated so as to render its meaning
understandable to a modern reader? One possibility is to just repro-
duce the sentence as it stands. In which case one would avoid the
danger of damaging the text, but on the other hand the meaning
would then be misunderstood by most of the readers. Did Locke
believe that (natural) philosophy could not be made into a science?
Did he really object to making philosophy scientific? That this was
not what Locke thought and that he was not talking about
philosophy in our meaning of the word is revealed by his use of
the term 'natural philosophy'. Around 1700 this term was used to
describe the kind of natural knowledge provided by the new science,
as epitomized in Newton's 'mathematical principles of natural
philosophy' {Principia). One might therefore translate the meaning
as

'natural philosophy [i.e. Newton's physics] is not capable of being
made a science'.

But this version is mystifying, not least when one considers that
Locke was particularly enthusiastic about Newton and the new
empirical science. Locke certainly did not believe that Newton's
physics was unscientific. In order to grasp the right meaning of
the sentence the word 'science' will also have to be transcribed,
since it does not refer to what we call science. In Locke the word
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is used in the older Aristotelian sense, in which 'science' embraces
such disciplines as logic, mathematics, grammar, astronomy and
similar non-experimental knowledge. It is only then that Locke's
statement becomes understandable, but then it is difficult to repro-
duce it in the form of a quotation. One possibility is to write it as

'natural philosophy [i.e. Newton's physics] is not capable of being
made a science'.*

where the asterisk refers to a note on the meaning of 'science'.
Problems of translation do not arise only from words that have

changed their meaning in the course of time. They also arise from
words that have a general meaning but that are used in quite a
different, idiosyncratic way by certain scientists or groups.
Moreover, they may arise from technical terms that are no longer
in existence and cannot, therefore, be given a form that is both
precise and understandable to a modern reader. Early chemistry
and in particular alchemy are typical in this respect. The conceptual
world of alchemy was so different from ours and its use of language
so allegorical and mystical that it can be well-nigh impossible to
give reasonable translations. These problems are an integral part
of alchemy since the alchemists hoped that their works would only
be understandable to the initiated. Crosland writes that 7

a division was continually emphasized between adepts, who were able
to interpret alchemical symbolism, and the common herd of mankind,
to whom alchemy was essentially mysterious. Those who had not
received some guidance might find it very difficult even to recognize
an allegorical description as referring to chemical processes, quite
apart from being able to interpret the details of the allegory.

In the deliberately mystifying language of the alchemists, well-
known words were often used in senses known only to those
initiated in the alchemical fraternity. For example, the word 'water'
rarely means ordinary water in alchemical texts but may describe
fluid substances in general or in some cases particular fluids.

In the rest of this chapter we shall exemplify the problems of
the correct use of sources more cohesively in connection with two
case studies.

Dalton's atomic theory
The question of how John Dalton's (1766-1844) famous atomic
theory came into being has long been discussed by historians of
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science, who have come up with several — at least eight — different
explanations. When historical questions are problematic it is often
due to the fact that there are not sufficient, and not sufficiently
reliable, source materials available in which cases reconstructions
have, to a large extent, to be based on speculation. This is not so
with Dalton's theory. In this case most of the primary sources a
historian could wish for are known, including Dalton's own state-
ments. Unfortunately most of Dalton's apparatus and many of his
letters and manuscripts were burnt in an air raid on Manchester
in 1940, at a time when unexploited source materials were still in
existence.

In spite of the wealth of sources and the many historical analyses,
the historical explanation of Dalton's atomic theory has been a
tough nut to crack, in particular because of the mutual lack of
agreement in the sources available. The problem can hardly be
claimed to have been finally solved today. It probably never will be.

Which are the sources that tell us about how Dalton came to
think of his atomic theory? The most important ones are the
following:

a. Dalton's published scientific works, especially from the period
1801-1805. No direct information about the origin of the
theory is given in these.

b. Dalton's oral accounts to William Henry (1774-1836) and
his son William Charles Henry (1804-1892). William Henry,
a colleague and close friend of Dalton's, described a conver-
sation he had with Dalton in 1830. In this conversation Dalton
said that he had been inspired by J.B.Richter's table of chem-
ical equivalents (1792) to put forward his theory of simple
multipla in chemical compounds. W.C.Henry, a pupil of
Dalton, reported in his biography Memoirs of the Life and
Scientific Researches of John Dalton (1854) that Dalton had
given the same explanation in a lecture in 1824 from which
he had taken notes.

c. Thomas Thomson (1773-1852) met Dalton in August 1804
and was told that the atomic theory came into being in con-
nection with Dalton's study of the constitution of gases
(methane, ethane). Thomson reported this in 1825 and again
in 1831 in his History of Chemistry (1830-1831). Thomson
knew Dalton well, he was a respected chemist and historian
and an effective champion of the Daltonian atomic theory.
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d. In 1810 Dalton gave a series of lectures for the Royal Institu-
tion in London. In Dalton's handwritten notes for one of
these lectures he gives a clear and rather detailed account of
the considerations that led him to the atomic theory; namely
that a reading of Newton and considerations of the different
sizes and weights of gaseous particles led him to the idea that
atoms combine in multiple proportions. Dalton's document,
dating from 1810, was discovered in 1895 by the chemists
H.E.Roscoe and A.Harden. It was analysed, together with
other newly discovered Dalton sources, in their book A New
View of the Origin of Dalton's Atomic Theory (1896).

e. Dalton kept notebooks in connection with his laboratory
work. These notebooks, starting in 1802, were also found by
Roscoe and Harden. They do not contain an unambiguous
answer on the subject of the origin of the atomic theory, but
they do tell us what Dalton thought and worked on in this
critical period and help with chronological clarification.

These sources are all valuable but of different degrees of authentic-
ity. Thus, it is obvious that b and c, based as they are on oral
statements many years after the theory was created, cannot be
regarded as having the same authenticity as d and e. There is no
reason to believe that Thomson and the two Henrys did not report
what they thought they heard Dalton say. But we cannot be certain
that their (written) statements acccurately record Dalton's (oral)
statements. Furthermore, in the version given by the Henrys the
oral statements are from respectively 20 and 26 years after the
formulation of the theory so that Dalton's statements might well
have been marked by forgetfulness and rationalization after the
event.

Thomson's version, based on evidence a, has to be rejected
because it is not consistent with source materials of a more primary,
more authentic nature. For Dalton's notebooks reveal that his
work with methane and ethane did not begin until 1804, while
his table of atomic weights (which can be regarded as the direct
expression of the atomic theory) can be found in notes from as
early as 1803. But why did he then tell a different story to Thomson
in 1804 when everything was still fresh in his memory? It could
be that Dalton was talking about his newly discovered solution to
the composition of carbohydrates and that Thomson has later
rationalized the conversation into having been about the discovery
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of the atomic theory.8 Perhaps Thomson misunderstood Dalton's
reply or Dalton misunderstood Thomson's question . . . . The gen-
eral unreliability of Thomson's account can also be seen in his
different versions of it. In 1831 he stated that 9

Mr Dalton informed me that the atomic theory first occurred to
him during his investigations of defiant gas and carburetted hydro-
gen gases, . . .

In a book from 1825, however, Thomson wrote:10

/ do not know when the ideas first occurred to him [Dalton]. In all
probability they struck him by degrees and were adopted in consequ-
ence of his experimental investigations. . . . Unless my recollection
fails me, Mr Dalton's theory was originally deduced from his exper-
iments on olefiant gas and carburetted hydrogen.

There is a big difference between this guarded account and the
apparent authority in the 1831 account. Furthermore, in 1850
Thomson gave a completely different account of Dalton's theory
which he then attributed to his work on the constitution of nitrous
gases.

The Henry version cannot be rejected with the same assurance
as the Thomson version. It was later resurrected by Guerlac, who
thought that Dalton knew Richter's table of equivalences in 1803
and that this knowledge was of vital importance to the theory.11

Guerlac was not able to give positive documentary evidence —
apart from Henry's — that Dalton knew Richter's work but argued
that this might have been the case. As has been mentioned, Dalton's
own statements, as reported by the Henrys, cannot in themselves
be given any convincing value, especially since they are contradicted
by other sources. In 1845 Thomson said that when he met Dalton
in 1804 neither of them knew about the work of Richter and that
he, Thomson, was the one who later told Dalton about it. Strictly
speaking, this evidence is no more reliable than that of the Henrys,
although it seriously questions the Henry version. Thomson's
counter-evidence alone does not entitle one to conclude, as Greena-
way does, that 'we can therefore dismiss any suggestion that Dal-
ton's speculations flowed from the systematics of Richter'.12

When history of science questions cannot be answered with
reference to positive evidence in primary sources one has to use
arguments based on reasonableness and plausibility. If one wishes
to show that Dalton had no knowledge of Richter's table in 1803
one has to evaluate all the evidence in favour of this. Apart from
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the evidence of Thomson already touched on, there is the fact that
no mention is made of any knowledge of Richter's work in Dalton's
notes from 1802-1803, that is, negative evidence. Richter's name
does not appear in Dalton's notebooks until 1807. Today most
Dalton scholars agree that although Dalton might have known
about Richter's table in 1803, it is highly unlikely that he did; and
even if this were the case this possible knowledge played no part
at all in the creation of his atomic theory.

In 1911, A.N. Meldrum suggested that the atomic theory had
its origin in the experiments that Dalton carried out on the compos-
ition of nitrogen oxides ('nitrous gases') which he published in
1805.13 There is no direct documentary evidence to support Mel-
drum's version, which is especially based on the experimental
values in Dalton's notebooks and in the article from 1805. Mel-
drum demonstrated that the law of multiple proportions arises
naturally from a contemplation of these figures, which he believed
to stem from August 1803 (some of Dalton's notes are undated).
Meldrum's version gives a plausible explanation of Dalton's theory
and it has long been accepted; partly because it seems so natural
from the point of view of modern chemistry.

Despite its plausibility, however, it cannot easily be reconciled
with the sources. There are problems with the chronology and
problems with Dalton's notebooks from 1802-1803. There are
also problems with Dalton's experimental results, some of which
may not have been based on pure experiments but modified with
the help of the atomic theory.14 In particular, Meldrum's version
cannot be reconciled with Dalton's own version from 1810. How
authoritative is this source? A reasonable judgement is the follow-
ing, due to Leonard Nash:15

. . . while no great importance needs to be attached to Dalton's oral
statements, his written statements make a far stronger claim on our
considerations. To be sure, Meldrum seems to have adopted the
attitude that nothing said by Dalton about the origin of the chemical
theory deserves the slightest credence. But from what we know of
Dalton's character, it is unthinkable that he designed his statement
in a wilful effort to deceive posterity. The statement appears to be
a carefully considered account, and it was destined by Dalton for
presentation to a distinguished audience at the Royal Institution.
It was drawn up only seven years after the event; the dates cited
for the creation of the first (1801) and second (1805) theories of
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mixed gases are substantially correct; and there is no reason to
suppose that Dalton's memory had failed. Plainly we cannot take
Dalton's statement as literally exact. Yet completely to disparage
it as Meldrum does . . . is to go too far.

So Dalton's account from 1810 should be highly valued as a source.
It was accepted as the truth by Roscoe and Harden. According to
these authors, the atomic theory was the result of Dalton's use of
hypothetico—deductive thinking, not of inductive conclusions on
the basis of experiments as in Thomson's and later in Meldrum's
version. Even so, there is reason to reject Dalton's own account
as the literal truth. It contains the statement 'this idea occurred to
me in 1805' where Dalton is referring to his idea of gas mixtures
as consisting of particles of different sizes from which the atomic
theory is supposed to have sprung. But this is not consistent with
the first table of atomic weights appearing in Dalton's notebooks
from September, 1803. Dalton's specification of 1805 as the critical
year could have been a simple mistake, as Roscoe and Harden
suggested. But this can hardly have been the case, since the
notebooks reveal that Dalton's idea about gas mixtures first
appears a year after September 1803. So Roscoe and Harden's
unconditional acceptance of Dalton's account from 1810 has once
more to be rejected because of disagreement between this source
and more reliable sources. Note that once again a plausibility
argument is being used: Dalton could have written 1805 by mistake
and he could have had his theory of gas mixtures in 1803 even
though it does not appear in the notebooks; but it is highly implaus-
ible.

Whatever the answer may be to the question of the origin of
Dalton's atomic theory it has to be based on source materials.
Some of the confusion surrounding the problem may be due to
the fact that one has attempted to answer a question that does not
really correspond to historical reality. Namely, the question 'what
event resulted in the atomic theory?' There may have been many
events involved, stretching over a long period of time; the origin
of the atomic theory might perhaps be better described as an
evolutionary process than a sudden event. 'In one sense', writes
Arnold Thackray, 'Dalton's theory had no origin, but was rather
something inherited and only gradually made explicit and for-
malized in response to questions arising from his work on gases.'16
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Galileo's experiments

Research on Galileo is an industry which has produced hundreds
of books and thousands of articles. In the course of time, the
general estimate of Galileo has undergone many changes, partly
reflecting the prevailing theories of science within which it was
hoped to accommodate Galileo. Almost no matter what the view
of science, it is not too difficult to make Galileo appear to be an
exponent of that particular view if one uses suitable quotations.
We will only be looking at certain parts of Galileo's research below;
not in order to find out what Galileo's methods really were, but
in order to illustrate some points that have to do with the criticism
of sources.17

For a long time people have wanted to see Galileo's success as
the result of a modern empiricist, anti-authoritarian approach and
especially of a new experimental method, Galileo as a refined
version of Bacon. This has been the prevailing view for 300 years,
in which 'Galileo's method' has been used synonymously with 'the
empiricist-inductive method'. In Dialogo (1632) Galileo discusses
in dialogue form what will happen if one allows a body to fall
from the mast of a ship that is in motion. Simplicio (advocate of
Aristotelianism) maintains that the body will hit the deck behind
the mast while Salviati, Simplicio's debating partner and Galileo's
alter ego, maintains that the body will land at the foot of the mast.
During the discussion Simplicio asks if Salviati has ever carried
out this experiment, which Salviati admits that he has not. 'How
is this? You have not made an hundred, no nor one proof thereof,
and do you so confidently affirm it for true?' asks Simplicio. When
Salviati replies that he must necessarily be right, regardless of exper-
iments, the situation now appears to be awkward for the empiricist
picture of Galileo. In Stillman Drake's precise translation of the
original Latin text Salviati replies:18

Without experiments, I am sure that the effect will happen as I tell
you, because it must happen that way . . .

When Dialogo was translated into English in 1661 this proud
apriorist reply was too embarrassing in an England that was
strongly influenced by Bacon's empiricism. To think that Galileo
of all people should deny the crucial value of experiments! Salviati's
reply was toned down to 19
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I am assured that the effect will ensue as I tell you; for so it is
necessary that it should . . .

The 'empiricization' of Galileo is just as marked in a modern,
much used translation of Discorsi, in which Galileo states that in
his investigations into movement, he has 'discovered by experiment
some properties of it which are worth knowing and which have
not hitherto been either observed or demonstrated'.20 So here
Galileo draws direct attention to the experimental basis of his
mechanics. But, alas, it turns out that the central words 'by exper-
iment' do not appear at all in the original text! Either deliberately
or unintentionally they have been inserted by the translator and
thus completely distort the information one can get from the quo-
tation about Galileo's method. The distorted quotation has often
been used as an argument for Galileo's modern approach to science;
as it was by Raymond Seeger in a spirited attempt to refute the
modern apriorist view of Galileo.21

Galileo thus drew public attention to the fact that he (Salviati)
had never carried out the experiment with the ship's mast and that
he furthermore regarded it as superfluous. This line of reasoning
fits in with the view of Galileo held by many modern historians
of science: Galileo as the a priori working theorist greatly influ-
enced by Platonic, Pythagorean and Archimedean ideas, who only
used experiments at most to demonstrate results that had already
been achieved. This revaluation has been especially due to the
important works of Koyre, in particular his fLtudes Galileennes
(1939), a classic in modern research on Galileo.22 According to
Koyre Archimedes is the chief methodological model for Galileo.
Koyre argued that 'it is thought, pure unadulterated thought, and
not experience or sense-perception, as until then, that gives the
basis for the "new science" of Galileo Galilei.'23 Unlike direct
experience, experiments played admittedly an important, positive
part during the scientific revolution but only, emphasizes Koyre,
in so far as they were subordinate to theory.

'Galileo did not really carry out this experiment,' writes
Dijksterhuis with reference to the famous story of the leaning tower
in Pisa. 'In general one always has to take stories about experiments,
by Galileo as well as his opponents, with some reserve. As a rule
they were performed only mentally or they are merely described
as possibilities.'24 Hall repeats this judgement, in accordance with
the tradition established by Koyre: 'Many of Galileo's experiments
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(or rather, appeals to experience) were rhetorical; they were not
reports of events made to occur in a precise fashion.'25 Truesdell,
another expert on the history of mechanics, points out that 'Galileo
was essentially a Neo-Platonic idealist rather than an empiricist'.26

Does one now have to accept that Galileo was a 'Neo-Platonic
idealist'? Not quite. With reference to the experiment with the
ship's mast it appears that Salviati's statements do not actually
cover Galileo's actions. In 1624 Galileo wrote to Francesco Ingoli,
secretary at the Papal printing press:27

I have been twice as good a philosopher as those others because
they, in saying what is the opposite of the effect, have also added
the lie of their having seen this by experiment; and I have made
the experiment - before which, physical reasoning had persuaded
me that the effect must turn out as it indeed does.

This source must be regarded as reliable evidence of the fact that
Galileo carried out the experiments that in 1632 he more than
hinted that he had not carried out.28 Although the fact remains
that Galileo was convinced of the outcome of the experiment
beforehand, it was no mere thought experiment. The letter to Ingoli
therefore weakens the Platonic interpretation of Galileo.
A parallel case can be found in Galileo's investigation of movements
of projectiles in which he demonstrated that the trajectories of
projectiles are parabolic. Galileo published his argument for this
in Discorsi, where he described it as being based on pure thought
experiments. 'I mentally conceive of some movable projected on
a horizontal plane,. . .' he says. So Galileo's discovery was non-
experimental? If he had carried out real experiments, one would
expect that he had mentioned them and not pointed out that they
were hypothetical. However, Drake has unearthed some hitherto
unpublished notes in which Galileo records careful experiments
with balls on an inclining plane.29 These notes, dating from 1608,
prove, in the opinion of Drake, that Galileo realized from experi-
ments that after leaving the plane the balls move parabolically in
the air. The experiments were neither thought experiments nor
crude demonstration experiments a posteriori; they were quantita-
tive and were very carefully carried out. Drake and MacLachlan
comment as follows:30

. . . it is apparent that Galileo was describing as a mental conception
something he had carefully observed with his own eyes 30 years
earlier. The first historians of science jumped to the conclusion that
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that was what he had done. Recent historians of science, critical of
their predecessors, have jumped instead to the conclusion that
Galileo worked from pure mathematics without empirical evidence;
faith in ideal Platonic forms rather than attention to physical detail,
they say, opened the way to modern science. As far as Galileo is
concerned, the earlier historians came closer to the truth.

Another frequently aired argument against the authenticity of
Galileo's inclining plane experiments goes as follows: with the
technology available then (primitive clocks) it was impossible to
achieve a degree of experimental precision that would permit the
conclusions drawn by Galileo; hence the experiments cannot have
been of any significance in the discovery of the kinematic laws.31

This objection, however, is only valid if it is assumed that Galileo's
measuring technique was comparable to that of later versions of
the inclining plane experiment. According to Drake's reconstruc-
tion, this is not the case.32 Galileo used an ingenious method based
on his knowledge of theory of music and in this way was able to
achieve an amazingly high level of experimental accuracy. So,
following Drake, Galileo's precise data is not the result of manipu-
lation on the basis of theory, but of an experimental technique so
original and simple that it has outstripped the imagination of the
historians. On the other hand, experimental reconstructions have
not yielded unambiguous answers and the question cannot be said
to have been definitely settled.33 We shall return to the problems
connected with experimental reconstruction in chapter 14.

The most famous of all Galileo's experiments are unquestionably
the experiments that Galileo is said to have carried out with freely
falling bodies from the leaning tower of Pisa. Did Galileo really
carry out this experiment or is it just 'a literary legend', a myth,
as many historians believe?34 It is obvious that this alleged exper-
iment has had an important mythical function as empiricist prop-
aganda. But if the event took place, it is not in itself mythical. In
Galileo's works, from de motu (1591) to Discorsi (1638), there
are several references to free fall experiments he carried out from
towers, experiments the results of which were in conflict with
Aristotelian views. But the only direct evidence of the experiment
from the tower in Pisa is to be found in the first biography of
Galileo, written by V.Viviani (1622-1703). Viviani was Galileo's
assistant during his final years and in his biography he recalled
conversations with Galileo in which Galileo spoke about his exper-
iments in Pisa. According to Viviani, Galileo demonstrated35
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. . . through experience and sound demonstrations and arguments

. . . that speeds of unequal weights of the same material, moving
through the same medium, did not at all preserve the ratio of their
heaviness assigned to them by Aristotle, but rather, these all moved
with equal speeds, he showing this by repeated experiments made
from the height of the Leaning Tower of Pisa in the presence of
other professors and all their students.

There are, of course, grounds for being sceptical about the reliabil-
ity of this account, cp. Thomson's and Henry's memoirs of Dalton.
When Galileo told Viviani about the Pisa event (if he did) it was
50 years after it had happened (if it did). Why didn't Galileo
describe the experiment himself? If it took place in the presence
of large numbers of professors and students, why have none of
these commented on it?

On the other hand: the experiment described by Viviani is in
agreement with Galileo's results in de motu, in which the law
about the velocity not being dependent on weight is only thought
to apply to bodies of the same material; it was only later that
Galileo realized that the velocity does not depend on the kind of
material either. If Viviani's aim was to glorify Galileo, or if Galileo
rationalized the events of his youth in his old age, one would expect
an account of experiments that showed the same velocity for all
bodies, irrespective of weight and type. And furthermore,we know
that free fall experiments of the Pisa type were carried out by
others at about the same time and with the same purpose. For
example, in 1586 at the very latest (i.e. before Galileo), Stevin and
De Groot carried out free fall experiments in Holland with lead
balls of varying weights from a height of 10 metres. It would have
been natural — in harmony with the spirit of the age and with
Galileo's personality — if he had carried out the experiment in Pisa.

Pro et contra. We do not know that Galileo made the Pisa exper-
iment; but neither do we know that he did not. A dismissal of it
as a myth without historical reality can only be based on guesswork.
Unlike Dijksterhuis, Hall, Truesdell and others, Drake believes
that Galileo did carry out the experiment in Pisa and that Viviani's
account of this should be regarded as reliable.36

If the story of the Pisa experiment can nevertheless be described
as a myth, it is because the event has been distorted; in this capacity
it has achieved a legitimating function for empiricist views of sci-
ence, typically in textbooks and in popular accounts. A typical
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example of the mythical version of the Pisa event is due to the
eminent British physicist Oliver Lodge (1851-1940). In a book
dating from 1893 he writes as follows:37

So one morning, before the assembled University, he ascended the
famous leaning tower, taking with him a 100 lb. shot and a 1 lb.
shot. He balanced them on the edge of the tower, and let them drop
together. Together they fell, and together they struck the ground.
The simultaneous clang of those two weights sounded the death-
knell of the old system of philosophy, and heralded the birth of a
new. But was the change sudden? Were his opponents convinced?
Not a jot. Though they had seen with their eyes, and heard with
their ears, the full light of heaven shining upon them, they went
back muttering and discontented to their musty old volumes and
their garrets, there to invent occult reasons for denying the validity
of the observation, and for referring it to some unknown disturbing
cause. . . . Yet they had received a shock: as by a breadth of fresh
salt breeze and a dash of spray in their faces, they had been awakened
out of their comfortable lethargy. They felt the approach of a new
era. Yes, it was a shock; and they hated the young Galileo for giving
it them - hated him with the sullen hatred of men who fight for a
lost and dying cause.

Lodge's imaginative account has no basis in fact, of course. The
experiment carried out by Galileo in Pisa was a qualitative demonst-
ration experiment that merely showed what Galileo already knew;
and it was no more a crucial experiment than were the earlier
experiments of Stevin and De Groot.

The debate about Galileo's method and the role of the experiment
in his science will continue. This is the type of question that cannot
be decided by merely analysing sources and that does not seem to
have any final answer. But the long and learned debate does at
least seem to have established that Galileo was neither an apostle
of empirico—inductive science nor an unequivocal hypothetico—
deductive thinker; such images of the great Italian have no basis
in historical reality, but are the result of the scientific ideals of
later ages. Moreover, most Galileo studies have assumed that
Galileo had a clearly defined methodology and worked in accor-
dance with this; that his attitude towards the role of experiments
was unambiguous and consistent. As in other cases, this assumption
is not well grounded and appears to a certain extent to be based
on the myth of coherence (cf. chapter 9). Some of the lack of clarity
surrounding Galileo's method is undoubtedly due to the fact that
Galileo was unclear. The historian will have to accept this fact.38
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Scientists' histories

We have seen, as the examples involving Dalton and Galileo
demonstrate, that scientists' own statements cannot really be
accepted as the truth without further investigation. Such statements
ought to be critically evaluated and approached with scepticism.
In principle this applies to all evidence, even the most primary and
direct sources such as diaries, private notes, oral statements and
laboratory journals. We can never be absolutely certain that the
scientist who makes notes in his diary while in the middle of making
a discovery really did think and behave in the way he describes.
The fact that it is always possible to raise doubts about the authen-
ticity of any source is, however, a purely negative conclusion. In
practice the historian has to accept some sources as trustworthy
and is justified in doing so; namely, if no other source contradicts
the information given in the source in question and if, furthermore,
there are no reasonable grounds to doubt its authenticity. The
evidence must then be accepted as reliable. At least until anything
happens to affect this status, the source can become part of the
fund of historical knowledge that acts as a check on the reliability
of other sources.

In the present chapter we shall discuss the value and reliability
of sources written by scientists who were themselves involved in
the research on which the source throws light. It is already obvious
from earlier examples (cp. Dalton) that the scientist is not always
a witness to the truth when it comes to his own actions. General
forgetfulness and a tendency to rationalize after the event in the
light of later developments will naturally play a part in retrospective
accounts of events that took place many years ago. Also the scientist
can have had grounds for presenting his actions differently from
the way they actually were. In connection with conflicts of priority,
for example, he might consciously or unconsciously overestimate
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his own contribution, change dates or in some other way suppress
a reality that he might have wished were otherwise. It is not difficult
to find examples of unreliable statements of the types mentioned.
When the unreliability can be established it is because the state-
ments cannot be reconciled with other well-documented occurr-
ences, or because the same scientist has given conflicting accounts
of the same occurrence. Dalton's account of the origin of the atomic
theory provides us with an example.

Let us look at another case that has been thoroughly investigated
in particular by Gerald Holton.1 In 1887 the American physicist
Albert Michelson performed a famous experiment in order to mea-
sure the velocity of the earth relative to the world-ether. Michel-
son's experiment was later explained by the theory of relativity
and has traditionally been regarded as an experimental precondi-
tion for the establishment of Einstein's theory. The historical prob-
lem is now whether the experiment led Einstein to his theory of
relativity of 1905, or in any other way played a significant part
in Einstein's context of discovery, as the textbook version has it.
Naturally, Einstein's own statements constitute the most direct
evidence for answering the question.

We will only consider some of Einstein's retrospective pro-
nouncements on this question, not the more indirect evidence that
can be drawn from his scientific works and general thoughts from
around 1900-1905. Einstein had several opportunities to say what
he thought on the subject.2 In 1931 he made a speech at a meeting
in Pasadena, USA, in the presence of many American physicists
and astronomers, including the 79-year-old guest of honour,
Michelson, whom he now met for the first and last time. On this
occasion, Einstein apparently credited Michelson with having pro-
vided the experimental basis for the theory of relativity. According
to Bernard Jaffe's report of the speech, Einstein said:3

You, my honored Dr Michelson, began with this work when I was
only a youngster, hardly three feet high. It was you who led the
physicists into new paths, and through your marvelous experimental
work paved the way for the development of the Theory of Relativity.
You uncovered an insidious defect in the ether theory of light, as
it then existed, and stimulated the ideas of H.A.Lorentz and
FitzGerald, out of which the Special Theory of Relativity developed.
Without your work this theory would today be scarcely more than
an interesting speculation.
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Those present unquestionably regarded Einstein's words as an
authoritative confirmation of what everybody knew: that Michel-
son's experiment had provided the basis for the creation of the
theory of relativity. This is also how Jaffe interprets it: 'In 1931,
just before the death of Michelson, Einstein publicly attributed his
theory to the experiment of Michelson.'4 Three points of historio-
graphical interest ought to be mentioned in connection with the
evidence from 1931 and Jaffe's conclusion.

(1) Jaffe's conclusion is a rather free interpretation of the speech,
for Einstein does not, after all, express himself in quite that way.
Einstein does not state that the theory of relativity had its origin
in the experiment of Michelson. If this was what Einstein wished
to say why did he not say it in straightforward language?

(2) The interpretation of the speech is based on what looks like
a garbled quotation and on what is at the very least a dubious use
of sources. For Jaffe has left out a sentence that is of importance
in this context, without as much as indicating its omission. In
Einstein's original manuscript of the speech (in the English trans-
lation) he said that Michelson5

uncovered an insidious defect in the ether theory of light, as it then
existed, and stimulated the ideas of H.A.Lorentz and FitzGerald,
out of which the special theory of relativity developed. These in
turn led the way to the general theory of relativity, and to the theory
of gravitation. Without your work this theory . . .

'This theory', therefore, does not refer to the special theory of
relativity, as one might think from Jaffe's version, but to the later
general theory (1915), and thus makes Jaffe's interpretation even
more dubious.

(3) Nevertheless, Einstein praised Michelson's work and drew
attention to his significance for the theories of relativity in tones
that at least indicate that there might have been the genetic connec-
tion that Jaffe and the standard version say there is. The reason
why Einstein did not clearly hail Michelson's experiment as the
experimental basis of the special theory of relativity is that Einstein
knew that there was no genetic connection. But in that case why
did Einstein not clearly draw attention to this instead of making
a speech that hardly could fail to be misinterpreted? One must
remember that the speech was made in a particular social context
to a particular audience. It is an important tenet in criticism of
sources that texts cannot be analysed correctly as though they were
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isolated systems. Texts are always directed at a public and to a
certain extent they will reflect the wishes or anticipated reactions
of that public. In the case of Einstein, the atmosphere surrounding
the speech was markedly empiricist; the (mythical) link between
Einstein and Michelson had been pointed out by Millikan and
Michelson in speeches before that of Einstein. As Holton writes,
'the stage and the expectations were fully set for Einstein's
response'. In view of these expectations and the whole atmosphere
of the assembly, Einstein could hardly use the occasion to publicly
destroy the myth on which much of the fame of the ageing Michel-
son rested.

Many years later, however, Einstein made it clear that Michel-
son's experiment played almost no part in the discovery of the
theory of relativity. R.S.Shankland carried out a series of interviews
with Einstein in which the subject was touched on. From a conver-
sation from 1950 Shankland reports:6

When I asked him how he had learned of the Michelson—Morley
experiment, he told me that he had become aware of it through the
writings of H.A.Lorentz, but only after 1905 had it come to his
attention!

And again from a conversation in 1952:7

Einstein said that in the years 1905-1909, he thought a great deal
about Michelson's result, in his discussions with Lorentz and others
in his thinkings about general relativity. He then realized (so he
told me) that he had also been conscious of Michelson's results
before 1905 partly through his reading of the papers of Lorentz
and more because he had simply assumed this result of Michelson
to be true.

Finally, in a letter from 1954, Einstein wrote:8

In my own development Michelson's result has not had a consider-
able influence. I even do not remember if I knew of it at all when
I wrote my first paper on the subject (1905). The explanation is
that I was, for general reasons, firmly convinced that there does
not exist absolute motion and my problem was only how this could
be reconciled with our knowledge of electrodynamics. One can
therefore understand why in my personal struggle Michelson's
experiment played no role or at least no decisive role.

The conclusion to be drawn from these statements seems to be
that Michelson's experiment played no decisive role for Einstein.
Admittedly, statements which, like those of Einstein, deal with
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events that happened 40-50 years previously ought to be critically
evaluated. In fact, we have reason to believe that Einstein's claim
that he did not know about the Michelson experiment until 1905
is wrong. In an address given in 1922, Einstein said that9

While I was . . . in my student years, I came to know the strange
result of Michelson's experiment. Soon I came to the conclusion
that our idea about the motion of the earth with respect to the ether
is incorrect, if we admit Michelson's null result as a fact. This was
the first path which led me to the special theory of relativity.

Once again we realize that scientists' own statements, taken as a
whole, may be bewildering and inconsistent. To reach an unam-
biguous answer only by relying on Einstein's own words seems
not possible.

We shall now turn to another example. The French physicist
Andre Marie Ampere (1775-1836) is one of the founders of elec-
trodynamics. His main work, published in 1827, is entitled
Memoire sur la theorie mathematique des phenomenes elec-
trodynamiques. In this work Ampere presented his theory as having
been entirely deduced from experiment, cf. the continuation of the
title . . . uniquement deduite de Vexperience. Ampere emphasized
his empirical—inductive method and its close similarity with the
inductivist rules of natural philosophy established by the great
Newton:10

I have consulted only experience in order to establish the laws of
these phenomena, and I have deduced from them the formula which
can only represent the forces to which they are due; I have made
no investigation about the cause itself assignable to these forces,
well convinced that any investigation of this kind should be preceded
simply by experimental knowledge of the laws and of the determi-
nation, deduced solely from these laws, of the value of the elemen-
tary force.

A critical reading of Ampere's work reveals, however, that this
method was not the basis for (all) his theoretical conclusions. To
Ampere the empiricist method was an ideal and a methodological
creed, not his authentic practice. Ampere wished his public to
regard theorie mathematique as being based on the highly regarded
Newtonian method, and perhaps convinced himself that he fol-
lowed this method. But as Duhem pointed out, Ampere's data is
totally unsuited to the kind of inductive conclusions to which he
refers; many of the experiments described by Ampere are imprecise
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and lack necessary details. According to Duhem, Ampere's authen-
tic practice was in marked contrast to his presentation of it:11

his [Ampere's] fundamental formula of electrodynamics was found
quite completely by a sort of divination, . . . his experiments were
thought up by him as afterthoughts and quite purposefully combined
so that he might be able to expound according to the Newtonian
method a theory that he had constructed by a series of post-
ulates. . . . Very far from its being the case that Ampere's electro-
dynamic theory was entirely deduced from experiment, experiment
played a very feeble role in its formulation.

Bearing in mind the largely unjustified dismissal of the experiments
described by Galileo as mere hypotheses, one ought to be cautious
about concluding that Ampere did not carry out the experiments
he mentions. In this case, however, there is no doubt. Ampere
himself admitted, though at the end of his work and almost en
passant, that some of the experiments that he had described had
not been carried out. 'I think I ought to remark in finishing this
memoir that I have not yet had the time to construct the instruments
represented in Diagram 4 of the first plate and in Diagram 20 of
the second plate. The experiments for which they were intended
have not yet been done.'12 Ampere was obviously confident about
the outcome of the experiments; so confident that it did not make
much difference whether they were actually carried out or not.

Even though Ampere's text is unreliable as a representation of
his real method, it is, nevertheless, an authentic expression of what
he thought and of what he wanted his colleagues to connect with
the work. In other cases the statements of a scientist are unreliable
because they express thoughts that are not his own or that he
would have expressed differently in other circumstances. The active
elements in the development of science are the thoughts and actions
that are expressed publicly. No matter whether the scientist means
what he writes, the thoughts that have been expressed publicly
will have a life of their own in the history of science. If one wishes
to establish what the scientist really thought, however, and why
he might have expressed a different opinion, one sometimes has
to go behind the statements that were expressed publicly. Like
anybody else, scientists can have many reasons for saying some-
thing that they do not think. Their real opinions might be politically
unacceptable, in conflict with general morality or in embarrassing
disagreement with prevailing scientific views. In such cases as these,
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the scientist will be inclined to modify his views, accommodate
himself to the system on whose acceptance his career and penetra-
tion depend in the final analysis.

It is well known, for example, that Copernicus' de revolutionibus
was written with one eye on the views of the Church, and that in
its finished version it was marked by the attempts of the Lutheran
theologian Andreas Osiander (1498—1552) to render the work
harmless. Osiander provided Copernicus' work with an anonym-
ous foreword in which the theory was presented as a pure
hypothesis, not as a realistic candidate of a new cosmology. Osian-
der's notorious preface did not fit what Copernicus thought but
it is on the face of it presented as though it had been written by
Copernicus.

History of contemporary science differs from other kinds of
history of science in certain areas as far as sources are concerned.
Unlike all other historians, the historian of contemporary society
does not have to limit himself to searching for and reinterpreting
sources already in existence. He is able to create his own source
materials by arranging interviews, questionnaires, etc. This fact
gives certain possibilities that do not exist in history of the past.
But these possibilities do not, of course, provide a universal key
to the history of present science. Interviews and questionnaires,
after all, only give answers to the questions that the historian thinks
interesting and therefore thinks of asking; the historian's control
of the situation invites perhaps manipulation of the sources.

But if the historian of contemporary science has several unique
possibilities as far as sources are concerned, there are also disadvan-
tages compared with traditional historical sources. As we have
stressed throughout, non-public primary sources are of particular
value because of their immediacy and authenticity. In modern sci-
entific communities letters, diaries, informal notes, etc. are used
less and less and are seldom kept. Informal contacts between sci-
entists often take place on the telephone or in conversation at the
innumerable conferences that easier communications have made
possible; increasingly in ways that do not leave any permanent
written record behind them that the historian can use as source
materials.

It is not least in connection with sociological studies that history
of recent science has been pursued. S.W.Woolgar, who has studied
the discovery of pulsars, has given an illuminating account of the
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methodological problems in such studies.13 As in other historical
investigations, the historian (or sociologist) will first attempt to
work out a chronology of the events that took place; or a 'working
account' as Woolgar calls it. During this preliminary stage the
historian particularly relies on review articles and broad accounts
in which the discovery is discussed by specialists. He will select
what he believes to be a representative section of published sources
and will attach particular importance to articles that (1) were
written by scientists who were actively involved in the discovery,
(2) were written at a time close to that of the discovery, and (3)
give detailed accounts. Usually, though, the historian will discover
that these sources do not give information that tallies and cannot
thus directly tell us 'what actually happened'. Woolgar's experi-
ences of the historiography of the discovery of pulsars have a
general application. He writes:14

. . . using several accounts of the discovery, I found it difficult
immediately to discern any straightforward sequence of events. At
several points the accounts did not appear to 'fit'. . . . it seemed
possible that these apparent discrepancies resulted from the diffi-
culty experienced by participants in reconstructing 'exactly what
had happened'. If so, I wondered to what extent such authors would
tend to order, and subsequently re-present, their recollections in
what appeared to them, retrospectively, to be a 'logical' sequence.
I was also aware of the likelihood of my own inclination to logical
reconstruction: I might be tempted to resolve differences between
two competing versions by favouring the sequence which appeared
to be the more 'logical' in line with my own, unspecified, presump-
tion.

As we have touched on earlier, this is quite a common problem
in historical research: how is one to evaluate conflicting sources?
As in the case of Woolgar, the historian of contemporary science
can address himself directly to the scientists involved and confront
them with the different versions. This can lead to a clarification
of the true course of events but in many cases (Woolgar's included)
will not achieve consensus. Members of a research team who were
equally centrally placed in a discovery can still have very different
ideas of what happened.

Instead of regarding these variations as distortions of the 'true'
course of events, and attempting to establish this, Woolgar suggests
that one should recognize the differences as an irreducible fact (in
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methodological terms). In other words, the historian can profit
from using the conflicting sources as information about the process
of discovery precisely because it is conflicting information.15

We can regard these differences not as sources of possible 'inaccu-
racy' or 'distortion', but as potentially fruitful forms of data in
themselves. Perhaps the very difference between the two accounts
can tell us about the essential process of the development of ideas.

This way of using conflicting source materials is in line with the
idea of discoveries as processes full of conflict instead of as neutral
events. We have seen a similar view used by Thackray in his study
of Dalton's atomic theory. It ought to be noted that Woolgar's
suggestion is not merely an emergency solution in those cases in
which conflicting sources cannot be reconciled. Even in those cases
where the historian is able to reject or modify accounts and arrive
at a picture of the authentic course of events, the fact that scientists
give different accounts of it will in itself be a valuable source for
understanding the process of discovery.
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Experimental history of science

In spite of the fact that the past cannot be revoked, in one sense
at least it can be investigated by experimental methods. Experimen-
tal history of science has not been used extensively or systematically
and there are divided opinions about it. On the one hand, one
might mention the Italian historian L.Belloni who has developed
the experimental method in the history of medicine and biology
in particular. According to Belloni, the reconstruction of historical
experiments is of special value as a supplementary method for the
interpretation of texts:1

When we set to work on the study and reconstruction of the thought
of an author, the analysis of his writings obviously cannot be under-
taken apart from the general framework of the culture of his time.
If then observations and experiments are described which in arrange-
ment and technique are as distant from our habits and mentality
as the cultural climate in which the author lived, the best and
sometimes the only way of arriving at an exact interpretation of
the text being considered lies in repeating the experiments under
the same conditions under which they were originally performed.

On the other hand, there are historians who reject the experimental
method on principle:2

If we were to discover Dalton's thought, we could, it may be sup-
posed, help ourselves by performing once again Dalton's experi-
ments, which would put us in the situation in which he found
himself thinking. We have only to assert this about Dalton to realise
how unsound it is, . . . The activity of John Dalton shows us quite
clearly the uniqueness of scientific acts of thought. I cannot repeat
yesterday's experiment. It has gone into a past which is only acces-
sible to the kind of enquiry we call historical.

As we shall see, these two points of view do not have to be con-
tradictory; each one is true, in its own way.
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Past experiments can be studied by the help of a (modern) experi-
mental reproduction of them. The reason why experimental repro-
duction must be regarded as an acceptable method is as follows:
a very significant part of the sciences has always consisted of exper-
iments or similar empirical work. By experimenting, one manipu-
lates natural objects in different ways and measures, or perhaps
merely registers, different effects of the controlled manipulation.
The effects are clearly linked to the specific experimental situation;
namely, by ways of natural laws that ensure that when one arranges
an experiment in a certain way, the outcome will always be deter-
mined. But since the laws of nature are independent of time, or
'ahistorical' as it were, the link between the experimental situation
and the objective outcome will be valid across historical periods.
We can use our knowledge of the laws of nature to overthrow
historical reports; not about the thoughts and actions of human
beings (which form the actual substance of history), but about the
phenomena that, objectively, the thoughts and actions were con-
cerned with. For example, if a chemist in the 15th century reports
that he has made experiments in which he made gold out of mate-
rials that do not contain gold, we know that this report is erroneous.
Our knowledge of chemistry and atomic theory provides us with
this knowledge. The fact that the alchemists were mistaken cer-
tainly does not make their works less interesting historically. We
know that it was not gold that the chemists made; but what made
them believe that it was, then? If the alchemist's report is sufficiently
detailed and understandable the historian can repeat his experiment
today and analyse the product using modern methods. If the recon-
structed experiment is an exact reproduction of the original, one
can be certain of obtaining the same product as the one obtained
500 years ago. In this way one has obtained knowledge about a
historical question by means of experiment. The knowledge that
one can obtain about the past in this way is only possible because,
in the final analysis, the ideas that are dealt with in history of
science are ideas about objective features in nature. Other forms
of history do not possess this qualification.

The suggested modern reproduction of historical events only
applies to events that can be isolated and repeated, i.e. that are
governed by causal laws. In the case of the alchemist it is just as
important to know what the reasons were for the status of alchemy
in the 15th century, how alchemists thought, what connections
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there were between alchemy and astrology, etc. The experimental
method cannot be of any use here. We cannot recreate the social
and religious conditions of the 15th century with any degree of
certainty, cannot make them the object of actual experiments.

The historical reconstruction has a different status to the logical
or rational reconstruction that is discussed in theory of science. In
the rational reconstruction one re-thinks the problems from a par-
ticular norm of rationality and, perhaps, one criticizes a scientist
for having argued in a way that is not rational. This kind of
reconstruction can be valuable philosophically but as history of
science it is unacceptable; it is irrelevant whether a scientist thought,
or did not think, as a modern philosopher might wish him to have
done. We cannot acquire any knowledge about the past by judging
its events on the basis of modern norms of rationality. These norms
are themselves, after all, a result of a social and historical process.
As Dijksterhuis pointed out:3

. . . the principle, all too frequently neglected in the history of sci-
ence, that if a proposition B . . . really follows from a proposition
A . . . , a person who is acquainted with B is not on that account
to be credited with the knowledge of A and the logical relation
between A and B.

The experimental reconstruction can, however, contain elements
of rational reconstruction. If a scientist performed a particular
experiment with a particular purpose in view, the experiment can
be criticized for not being rational in its context; the way in which
the experiment was carried out might not, perhaps, be connected
with its purpose. Such criticism can be justified but it is anachronis-
tic as long as it does not reflect actual historical views but is due
to later doctrines on the experimental method.

Repetition of experiments can only involve the physical actions
that form the raw kernel of experiments: setting up of equipment,
reading instruments, registering observations. This, however, is
hardly an 'experiment' in the real sense. The real experiment is an
integral whole in which theoretical expectations and interpretation
of data are also involved. It is only in an abstract, and hence
unhistorical, sense that 'purely experimental conditions' can be
isolated from the theoretical framework in which the experiment
is situated. In this sense one can say, as Greenaway does, that
historical experiments are unique, non-repeatable occurrences.
Even if, today, we repeat Lavoisier's famous experiment from 1777,



162 Introduction to historiography of science

in which he demonstrated the composition of air, it will not be
Lavoisier's experiment that we are repeating. In isolation, this
repetition will not be anything more than an ordinary chemical
experiment. But if we make a thorough study of the scientific and
intellectual climate that existed at the time of Lavoisier, the exper-
iment can help us to understand Lavoisier better. It has become a
kind of repetition of a historical experiment.

Experimental history of science can give information about
whether experiments that have been reported were actually per-
formed or whether they were merely thought. If historical texts
describe results of experiments that sharply conflict with modern
repetitions, one will have reason to doubt whether the experiment
was actually performed in reality and gave the results described.
If, on the other hand, the experiment described corresponds to
reconstructed experiments we have reason to believe in the authen-
ticity of the report. The modern control that we can exercise in
this way does not have to be experimental. It will often merely be
a theoretical check that the experimental results that have been
described agree with modern established knowledge. Thus we do
not need to repeat the experiments of the alchemists in order to
know that they did not make gold.

Two qualifying remarks may be necessary here: with reference
to the 'verification' mentioned above the mere fact that the histor-
ical report agrees with modern knowledge is not in itself sufficient
grounds for accepting the report. If X, in 1750, describes an exper-
iment in which, after passing through a prism, white light is seen
to be divided up into a colour spectrum, the fact that the experiment
is in agreement with modern knowledge should not lead to an
acceptance of its historical authenticity. Such experiments were
well known in 1750. We have to demand that the outcome of the
experiment is new or surprising for the time. If, in 1650, Y describes
the same observation there are good grounds for believing Y. For
such results as this were not known and not theoretically predict-
able in 1650. How could Y have reported a correct result of a
non-trivial experiment, if he had not performed the experiment?

With reference to the 'falsification' of historical accounts, one
cannot just conclude that if the reported result conflicts with mod-
ern knowledge or with the result of the reconstructed experiment,
then the experiment was not really performed as described. Then,
as now, people who make experiments report what they regard as
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its important features, on the basis of their theoretical expectations
and of the purpose and context of the experiment. A scientist may
well have observed a phenomenon that we know to be true and
that the reconstruction upholds, without having reported it or
having been in any way aware of it. He might have regarded it as
irrelevant 'noise', while the historian of science, repeating his exper-
iment with the advantage of hindsight, will regard the phenomenon
as interesting and meaningful. In Discorsi Galileo reported his
experimental discovery that pendulums oscillate isochronously, i.e.
that the period of oscillation does not depend on the amplitude
(how far the pendulum moves from its position of rest). According
to Galileo he observed that the period was exactly the same for
each amplitude. This is not, in fact, the case with wide amplitudes
and Galileo just cannot have measured it in his experiments. Even
so, there is no reason to doubt that Galileo's reports are authentic.
Galileo knew that the period is not quite constant with wide
amplitudes; but he regarded the deviation as unimportant and
hence reported it as non-existent.

It is not only that the circumstances surrounding the experimen-
tal report makes simple falsification as good as impossible. Actual
testings will also require a comprehensive knowledge of the earlier
experimental situation and method so what is repeated is the exact
historical experiment. Such knowledge is often not present and the
reconstructed experiment will contain such high levels of uncer-
tainty in relation to the original that it is not possible to draw any
conclusions.

An example can again be found in Discorsi. In this work Galileo
(Salviati) refers to a strange experiment with water and wine.4 A
glass globe with a little hole is filled with water and placed, with
the hole facing downwards, against a bowl of red wine. I now
saw, says Galileo, that the red wine went up into the globe while
the water went down into the bowl, without the fluids becoming
mixed; at the end, the globe was full of red wine, the bowl full of
water. Did Galileo make that experiment, whose result may seem
to be in conflict with what we know about the motion of fluids?
Koyre evidently accepted the applicability of the experimental
method, for he writes:5

It is, indeed, difficult to put forward an explanation of the astonish-
ing experiment he [Galileo] has just reported; particularly, because,
if we repeated it exactly as described, we should see the wine rise
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in the glass globe (filled with water) and water fall into the vessel
(full of wine); but we should not see the water and the wine simply
replacing each other; we should see the formation of a mixture.

This historically reconstructed experiment is itself fictitious. Koyre
does not claim to have performed the experiment, but thinks he
knows what will happen. Koyre concluded that 'Galileo . . . had
never made the experiment; but, having heard of it, reconstructed
it in his imagination, accepting the complete and essential incom-
patibility of water with wine as an indubitable fact'.6 The Canadian
historian of science James MacLachlan, however, went to the trou-
ble of actually repeating the experiments.7 He was able to support
the result reported by Galileo. Conclusion: Galileo's experiment
with wine and water is presumably authentic.

The history of chemistry, marked as it is to such a high degree
by experimental work, ought to be especially amenable to the
experimental historical method. H.C.0rsted (1777—1851) and
Friedrich Wohler (1800—1882) share the honour of having disco-
vered aluminium. 0rsted has priority since he reported his reduc-
tion of alumina (aluminium oxide) to metal in 1825, while Wohler's
improved method stems from 1827. In earlier works on the history
of chemistry, 0rsted's discovery was often ignored so that it was
felt necessary to determine whether 0rsted had actually isolated
aluminium in 1825. In 1920, on the occasion of the centenary of
0rsted's discovery of electromagnetism, Danish chemists repeated
the procedure described by 0rsted and in this way extracted pure
aluminium.8 There can thus be no justifiable doubt that 0rsted
did actually make aluminium in 1825 (whether he also discovered
the element is a slightly different question).

The fact that there can be any doubt at all about 0rsted's method
is partly bound up with 0rsted's original report which cannot lead
to aluminium, if one follows it word-for-word. For 0rsted writes:9

Dry chlorine was conducted over a mixture of pure alumina, which
was kept red hot in a porcelain tube. Since the alumina was thus
able to separate from its oxygen, its combustible parts combined
with the chlorine and in doing so formed a volatile compound that
was easily caught in a receiving flask that naturally had to be pro-
vided with a waste pipe for the unabsorbed chlorine and the carbonic
oxide gas [carbon monoxide] produced. The compound of the
chlorine and the alumina's combustible element, the aluminium
chloride, is volatile at a heat that does not much exceed that of
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boiling water; it is slightly yellowish, though perhaps from attached
carbon, it is soft but takes the form of a crystal; it absorbs water
greedily, and easily dissolves in this and with the development of
heat.

It is obvious that the reported experiment cannot give the results
described since the metallic part in alumina is aluminium oxide.
Where could the 'carbonic oxide gas produced' and the 'attached
carbon' come from if carbon were not also present? Aluminium
oxide does not in fact react directly with chlorine. The words
'carbon black' (coal dust) have been omitted, presumably because
of a printing error, so the correct sentence would read 'over a
mixture of pure alumina and carbon black, which . . . '. This, at
least, was the direction on which the confirmation of 0rsted's
experiment rested in 1920. With this revision 0rsted's report not
only becomes chemically intelligible but also linguistically consis-
tent. The expression 'a mixture of pure alumina' does not make
sense if it is not a mixture with something; in view of the later
reference to carbon monoxide this something must be interpreted
as being carbon.

But, one might object, with what right can the historian revise
an original text and add words that do not actually appear in it?
Is it not conceivable that 0rsted might have made the experiment
exactly as described and therefore not have prepared aluminium?
In 0rsted's case might this well-meaning revision of his text not
be an example of 'the mythology of coherence' if the only grounds
for it were the above-mentioned considerations of common sense?
No, not in this case. The hypothesis about a trivial printing error
receives documentary support, for in the same year 0rsted
described his discovery in a letter to the German chemist Schweig-
ger, where he writes: ' . . . One obtains the aluminium chloride as
a volatile substance when one conducts dry chlorine over red-hot
alumina mixed with carbon . . . '.10 The conclusion, therefore, is
that there actually was an unfortunate printing error in 0rsted's
original report and that 0rsted did prepare aluminium in 1825.

When one uses modern scientific methods for the study of the
past one draws elements into the past that were unknown to it.
This does not mean, however, that it is anachronistic historio-
graphy. It is a purely technical intervention into the past without
any later knowledge being attributed to the people of the past.
There is nothing illegitimate about this kind of intervention.
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All historical insight has its starting point in modern analyses.
The historian uses his current situation and knowledge, including
the results of modern science. There is nothing new in this or
anything peculiar to history of science. Chemical analyses of paper
and ink and physical methods for dating records have long been
used in historical and archaeological research. Modern knowledge
used as an instrument in history and archaeology has been systemat-
ically developed in modern times and is known as archaeometry.
These techniques have most relevance for general history of civili-
zation and in particular for its pre-literate periods where the usual
analysis of sources cannot give us much information.

A recent analysis of Newton's hair provides us with a curious
example of archaeometry relevant to history of science. In his
youth, Newton went through a period of severe neuroses and
religious mania, and Newton scholars have given the most diver-
gent explanations of these. The fact that the remains of Newton's
hair reveal an abnormally high concentration of mercury and the
fact that mercury is known to cause mental injury provide us with
a new explanation. A much more simple and prosaic explanation,
but possibly rather more trustworthy than the complicated
psychological guesswork of historians.11

The relevance that history has for the present can sometimes
take on a completely concrete character in history of science. A
lot of scientific work only exists in historical archives in an unpro-
cessed form. One might imagine that this data might be of some
value to the modern scientist, if the historian of science was to
make it accessible. In practice, however, one must regard such a
'historically' based science as Utopian and, therefore, agree with
C.A.Elliott in the following judgement:12

It does seem very unlikely that any scientist would come to a con-
ventional archive to consult, in conjunction with his own current
work, that data of an earlier scientist. Except in a formal sense, he
probably does not even consult the very early published documen-
tation.

Nevertheless, historical data can be of value to modern science in
some cases, possibly even the only source for the answering of
questions. The natural sciences, including astronomy, geology and
evolutionary biology, include aspects which are not repeatable and
are, in this sense, 'historical' sciences. The palaeozoologist studies
the physical relics of extinct animals. If even the relics have disap-
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peared he is forced to work as an historian. A focal point in modern
geophysics is the study of how the mass of the earth is distributed
around its centre and the reason for this. The study of early Babylo-
nian cuneiform texts have proved to be of great importance for
this question: the Babylonians reported careful observations for
the moon and the planets, including lunar eclipses which they
timed in relation to sunrise or sunset. If modern scientists calculate
at what time of day an eclipse, visible in ancient Babylon, happened
on a particular date, it turns out that there is a discrepancy between
the Babylonian records and the calculated value. The discrepancy
is not reasoned in inaccurate Babylonian data but in the fact that
the length of the day is gradually increasing because of the slowing
down of the earth's rotation. Comparison of modern calculations
with Babylonian records indicates that the change in the speed of
the earth's rotation cannot be due only to tidal effects but must
also depend on changes in the distribution of mass inside the earth.
The non-tidal effects can be estimated rather accurately on the
basis of the cuneiform texts which thus help geophysicists improve
their models of the interior of the earth.13 The Babylonian data
has of course to be interpreted and made intelligible by the historian
of science before it can be communicated to the geophysicist. Also
in other areas of the history of astronomy there are examples of
how historical data has been successfully used in modern research
and of how it could have played a useful part if it had been utilized.14

However interesting these examples of the relevance to science
of historical data might be, it should not be forgotten that they
are exceptions; and they can hardly be called proper history of
science.
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The biographical approach

Biographies of eminent, individual scientists are one of the oldest
forms of history of science. However, in the new, professional
history of science it has been regarded as a less-esteemed form of
history, to some degree. It is only recently that this trend has been
reversed.1 The diminishing respectability of the biography is con-
nected with modern standards of scholarship in history of science
and with a change in general perspective where the focus has to
some extent moved to either intellectual or social topics. Biographi-
cal works are still, however, an important part of history of science
and they will remain so. Even though biographies are often of
dubious quality, as seen from a history of science point of view,
they can carry out functions not covered by other forms of history.

Since the scientific biography is built up around the activities of
an individual it can easily veer towards giving a distorted picture
of the development of science. Namely by, in the very nature of
things, concentrating on the achievements of the scientist whose
life story is being told, and thereby possibly glorifying these, while
other scientists merely appear as a grey background. The fact that
a biography is written from a person-centred perspective does not
in itself merit criticism and is not in itself a sign of lack of objectivity.
The biographer, however, will often be tempted to identify himself
with the subject and present the portrayed scientist as a hero; while
his opponents and rivals are presented as villains. When this hap-
pens, the biography degenerates into so-called hagiography, uncrit-
ical black and white history. There is no doubt at all that scientific
biography sets the stage to a tempting degree for the kind of black
and white painting that Agassi describes as inductivist history of
science.2 It is no coincidence that myths of anticipation and other
forms of mythical history of science flourish in the biographical
literature.
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The mythicization of history that is a common feature in so
many biographies is connected with the fact that the biography is
often directed at a wider public. Biographies are almost the only
kind of history of science literature that succeeds in becoming
best-sellers. But these widely read works, such as Eve Curie's biog-
raphy of her mother, Madame Curie, rarely live up to the standards
one would like to associate with the scientific biography. If a
biography is to attract wide present-day interest it will have to
appeal to the reader either by setting the stage for modern discip-
linary connections or through its contents of human drama. If
these elements do not exist in the real life of the biographical
subject, the biographer is tempted to invent them or imagine them.
Who can be bothered to read a whole book about a scientist who
admittedly played an important part in his day, but whose contribu-
tion has been revealed to have been a blind alley and whose life
was, furthermore, undramatic?

The biography that glorifies and romanticizes will typically pre-
sent the hero as a genius struggling against a stupid contemporary
world that placed every kind of obstacle in the way of his brilliant
ideas; ideas that are brilliant because they anticipated, or can be
read into, modern knowledge. Such obstacles will often not have
any authentic basis in fact but will merely be a means of strengthen-
ing our admiration for the hero (if he overcomes them) or of
excusing his lack of success (if, in spite of everything, he does not
overcome them). As we have already seen, this kind of myth is not
confined to the more popular type of history of science. It is obvi-
ously the duty of the historian to puncture myths, where these can
be located.

As to romance, few cases in the history of science can equal the
tale of the death of the French mathematician fivariste Galois
(1811-1832). According to the standard story, propagated by vir-
tually all of Galois's biographers, Galois was a misunderstood
genius whose brilliant theories were suppressed by the mathemat-
ical establishment. A victim of circumstances, he became involved
in the political turmoil of the time and imprisoned because of
republican sympathies. Even in the prison did Galois continue to
develop his mathematical ideas, later known as group theory. In
1832 the young Galois became involved in an unhappy love affair
which, according to the standard story, resulted in a duel of honour
with a political enemy. The night before the duel Galois 'spent the
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fleeting hours feverishly dashing off his scientific last will and
testament. . . . What he wrote down in those last desperate hours
before the dawn will keep generations of mathematicians busy for
hundreds of years'.3 Galois, only 20 years old, was killed in the duel.

Unfortunately for romantics, the story is largely a myth. Recent
scholarship has argued that Galois was not an innocent victim of
circumstances but rather a republican hothead with an almost
paranoid antipathy against authority. As to the duel, it seems to
have been a result of a personal quarrel and neither caused by love
affairs nor politics. Galois's alleged 'scientific last will and testa-
ment' is a legend: the night before the duel Galois was indeed
occupied with mathematics but actually of a rather trivial sort,
viz. making editorial corrections on manuscripts. The destruction
of the Galois myth yields a more authentic history without
diminishing the scientific originality of Galois. If it makes his biog-
raphy a little less exciting, this is a cost which should not be
regretted. T.Rothman, who has contributed to the undermining of
the Galois myth, writes:4

His [Galois's] reputation is not served, however, nor is the history
of science, by a legend that insists a scientific genius must be above
reproach in his personal life, or that any contemporary who does
not appreciate his genius is either a fool, an assassin or a prostitute.
The notion that genius is not tolerated by mediocrity is too old a
platitude to be adopted uncritically as accurate history.

Even though mythicization and black and white painting are fre-
quently appearing elements in biographies, there are, after all,
many examples of scientific biographies that are anything but hero
worshipping. Newton has been a favourite subject for hagiographi-
cal works ever since his death, usually portrayed as a majestic
genius completely absorbed in his science. In Frank Manuel's scho-
larly biography of Newton, the great physicist is pictured as a
genius indeed, but a human genius who suffered psychical conflicts
to the edge of paranoia and who was in no way above worldly
concerns. Manuel's portrait of Newton is scarcely flattering but it
is a truer, better documented and much more interesting portrait
than that produced by earlier Newton hagiographers. By the same
token, Westfall's Newton 'was a man like all of us, facing similar
moral choices in terms not altered by his intellectual achieve-
ment. . . . Newton's role in history was intellectual not moral
leadership'.5
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The biographical approach to the history of science can be
accused of giving a narrow, individualized and internalist picture
of the development of science; of focusing on the individual genius
at the expense of the collective and social currents. It is true, of
course, that biography focuses rather unambiguously on the indi-
vidual plane and that history of science would give a grossly mis-
leading picture of history if it only consisted of biographies. But
in the first place biography is only one solitary instrument in the
history of science orchestra. And in the second place the focusing
of biography on the individual will not necessarily happen at the
expense of collective and social factors. In fact biography, in one
version, can be decidedly externalist; it can, for example, depict
the subject of the biography as a mere medium for social and
economic currents typical of the time. In such cases the real pro-
tagonist of the biography is not the person but the super-individual
currents of which he is seen as an exponent or a medium. Now it
is a fact, not disturbed by the debate about the motive powers of
history, that science is primarily created by single individuals. No
matter what influence external factors have on scientific develop-
ment, it is individual human beings who throughout history have
thought the thoughts and performed the experiments that are the
backbone of science. The social and institutional frameworks only
become effective when they are mediated through individual living
people. So, at its best, biography is the 'literary lens', to use Han-
kins's expression, through which we can study the impact of the
external factors on science.

One of the big advantages of the biographical method is that it
permits an integrated perspective on science. If one wants to have
a true picture of how the philosophical, political, social and literary
currents of a period interact with science, one can profitably focus
on the individual. The individual is a unit through which these
currents pass through the same 'filter', are mixed, and come out
as science in some form or other. But, naturally, we cannot expect
that the process unveiled in this way will be typical. One of the
obvious limitations of biography is that it does not make generali-
zation possible. In his defence of history of science biography,
Hankins expresses the advantage mentioned above as follows:6

We can say at least one thing with certainty about biography: the
ideas and opinions expressed by our subject came from a single
mind and are integrated to the extent that the person was able to
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integrate them in his own thoughts. We have, in the case of an
individual, his scientific, philosophical, social and political ideas
wrapped up in a single package. This package will most likely
contain contradictions, blind spots, and irrelevancies. Often the
individual will appear to keep two provinces of his mind completely
distinct (usually at the precise point where we are looking for a
connection), but such is the perversity of human kind, and we are
more honest if we accept this perversity rather than try to extrapolate
the rise of science onto a smoothly ascending curve.

It is precisely the integrated perspective that is difficult to fulfil in
practice. It is tempting to divide a biography up into two separate
sections, especially when the science in question is difficult to under-
stand or not clearly bound up with extra-scientific events in the
person's life. The course of the scientist's life is then described in
the first part, his science in the second part. Such a division is
rather common, presumably because it makes the biography avail-
able to a larger circle of readers: the reader with specialist know-
ledge, who wants to concentrate on the science can do so without
being disturbed by 'irrelevant' biographical details; the non-
specialist reader can get the full benefit of the first part and skip
the second part. The disadvantage is, of course, that any connection
between the subject's scientific and extra-scientific activities hereby
disappear. Admittedly, an opposite danger can be found in integ-
rated biography, the tendency towards exaggerated integration;
for example, to always see the scientific contributions of the subject
as being based on or related to extra-scientific events. The artificial
integration can be just as misleading as the artificial isolation.

Biographies naturally include aspects of the portrayed scientist's
psychology. If psychoanalytical or similar ideas are used extensively
one may talk of a psychobiographical approach. This is a difficult
art, full of pitfalls.

Sigmund Freud, the father of psychoanalysis, wrote a
psychobiographical study of Leonardo Da Vinci in which he
analysed experiences from Leonardo's childhood. In this study
Freud made a blunder in mistranslating the Italian word for 'kite'
with 'vulture', a term which has a symbolic significance in
psychoanalysis and on which Freud based parts of his interpretation
of Leonardo.7 A modern example of Freudian psychobiography is
Lewis Feuer's study of the psychological roots of modern physics,
based on the idea that scientists' mental activities express a subli-
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mation of emotional tensions.8 For example, Feuer explains Ernst
Mach's opposition to atomism by referring to young Mach's
strained relations with his authoritarian father. What has father-
hatred to do with atoms? Feuer argues as follows: Mach sometimes
referred to atoms as 'stones', which is the biblical metaphor for
testicles. Since Mach hated his father, he dreamt of a de-pater-
nalized reality, that is, a reality without 'stones'. By association
Mach projected this psychological revolt into a physical theory in
which there was no need for atoms.

In this case, like in Freud's, terms are conceived symbolically
and arbitrarily subjected to psychological interpretation without
further evidence. A less artificial explanation of Mach's use of the
term 'stone' would be that Mach thought of the smallest building
stones (Bausteine) of matter, not of testicles. But then, of course,
there would be no need to psychologize. The example may illustrate
the danger in applying pre-conceived, psychological notions to
biographical events. Only if the events seem otherwise inexplicable,
that is, cannot be explained on rational grounds, psychological
data or psychoanalytical reasoning should be considered. In the
case of Mach psychologisms hide the fact that anti-atomism was
far from unusual at the end of the 19th century and that Mach's
attitude was in fact based on good, scientific reasons.

Whether psychologically orientated or not, biographies of indi-
viduals can only play a limited part in history of science. The
biography is situated inside a framework that by its very nature
it cannot transgress. Thus, in time it will be confined to the gener-
ation to which the portrayed person belongs, and it will similarly
be geographically confined. Furthermore, in practice, the biography
will only be concerned with a special type of scientist: the great
scientists whose works have been of pioneering importance, who
have been influenced by philosophical ideas and who have possibly
also played a public role - the aristocrats of science. The thousands
of less important or less exciting scientists will remain beyond the
reach of biography. If one wants to capture the typical scientific
environment of a particular period, not just its elite, one can hardly
do so by means of the individual biography.
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Prosopography

The historical technique based on collective biographies and similar
sources is called prosopography. What characterizes this method
is that it uses data concerning many people and events as its sources.

Prosopography is not a method that is peculiar to history of
science and it is only recently, in fact, that it has been introduced
into this field in an elaborate form. This happened via inspiration
from general social history, especially from economic history, that
has long used quantitative methods of the same type as those used
in prosopography.1 However, collective biographies have been used
sporadically in the study of science for over 100 years, starting
with Francis Galton (1822-1911) who compiled statistics about
eminent British scientists so as to study the relationship between
heredity, environment and genius.2 The statistical studies on
geniuses made by Galton and others were strongly influenced by
the extreme social-Darwinism of the Victorian age; today they are
regarded as classic examples of so-called scientism. Wilhelm
Ostwald used membership of scientific academies as a measure of
'greatness' and studied the distribution of members of such institu-
tions with regard to sex, race, religion and nationality.3 Among
other things, Ostwald concluded that women had no scientific
ability and that Teutonic men had a particular aptitude for science
(it is perhaps unnecessary to state that Ostwald was a German
male). Studies of ability and genius like those of Ostwald and
Galton are not, of course, comme il faut today, although their
research methods in more refined forms have been taken over by
modern quantitative sociology and historiography. Galton,
Ostwald and other early scientists in the same tradition are clear
illustrations of the fact that quantitative historiography is not a
particular objective method and can easily degenerate into ideol-
ogy-
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If anyone can be called the precursor of modern prosopography,
it is not Galton but the Swiss botanist Alphonse de Candolle (1806-
1893). In 1873 he wrote an ambitious work, Histoire des sciences
et des savants depuis deux siecles, in which he systematically used
statistical methods for the study of the factors that promote or
hamper scientific progress. Candolle investigated the dependence
of science on hereditary and institutional factors by relating the
careers of leading scientists to their educational background or to
the careers of their parents. In many ways, Candolle's work staked
out the perspectives and methods that were to form the basis many
years later for modern sociology of science and science of science.
Although Candolle's book was translated into German, at
Ostwald's instigation, in 1911, it did not have any immediate
influence on history of science.4 It was not until the middle of the
1930s that the sociologists P.Sorokin and R.K.Merton used similar
methods in the history of science and technology (see the next
chapter). Merton was inspired by Candolle's book which, though
neglected by historians of science, was well known to sociologists.
The Handbuch zur Geschichte der Naturwissenschaften und
Technik published by Ludwig Darmstaedter in 1908 played an
important part in Merton's investigations as it did in other investi-
gations in the same tradition. The book is a chronologically ordered
collection of approximately 13,000 discoveries and inventions.

The sources used by the prosopographically orientated historian
differ from the typical sources of intellectual history of science.
Analyses of the contents of scientific publications, of letters and
manuscripts, are not particularly interesting to the prosopographer.
The sources suited to his purpose are collective biographies, tables
of discoveries, protocols and yearbooks of scientific institutions,
academic registers and many other things. A first step will often
be to consult biographical dictionaries like the Dictionary of
National Biography (England). For 19th century science in particu-
lar, Poggendorf's old Handworterbuch is an unrivalled source of
biographical data that has played a role similar to that of
Darmstaedter's Handbuch in prosopography.5

Studies of the development and careers of scientific communities
and disciplines are a genre that utilizes methods that are similar
to those of prosopography. In this genre, the interest lies in how
a particular scientific discipline originates, is developed and disin-
tegrates, for example; what the social structure of the discipline is
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like; its paradigmatic basis; which people are members of the com-
munity, and how they are related to each other; how the charac-
teristics and values of the discipline are transmitted to new geog-
raphical areas and specialist fields. In recent years many case studies
of this kind have appeared, including experimental psychology,
mathematics, molecular biology and radioastronomy.6

Thus, Mullins investigated how the study of phages (a type of
virus) developed from around 1935 when a few scientists (in par-
ticular Max Delbriick) established a research programme that soon
evolved into a vital scientific discipline. Mullins is not interested
in the progress of knowledge in microbiology but in the social
processes in the development of the new discipline, such as hierar-
chy, recruitment, communication and status. Information about
pupil/teacher relationships and forms of co-operation is supplied
by collective biographies and secondary literature. In the period
from 1945 to 1953, when phage research took the form of a
separate discipline, Mullins summarizes its structure in a network
that shows the connections between the few scientists then involved
in the discipline (Figure 2). A chart like this gives a description of
the structure of a scientific community during a particular period
but says nothing, of course, about the science in question as regards

Figure 2. The network of phage research, 1945-1953. Reproduced
from Mullins (1972), p. 60, with the permission of Minerva.
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contents. Furthermore, this type of network can easily be over-
interpreted and, without justification, be accredited great objectiv-
ity. The 38 scientists who appear in the chart must have been
chosen by Mullins on the basis of certain criteria or ideas about
what phage research actually was during the period. If other criteria
had been used, the members of the discipline would not be the
same ones and the network would look different.7

The development of a scientific discipline is partly determined
by how effectively it is 'marketed'. In the transmission of ideas,
personal contacts between scientists, the recruitment of new discip-
lines, and the creation of social structures to which members feel
themselves committed, are important elements. Many modern his-
torical and sociological studies have concluded that it is these
factors, and not primarily the truth of scientific ideas, that deter-
mine the growth of science. In Mullins' study of phage research,
the successful development of the discipline is seen as the result of
effective marketing with production of students, the setting up of
courses and the establishment of professional standards. Fisher
investigated the development of another, less successful scientific
discipline, the mathematical theory of invariants. This theory con-
stituted a progressive research area in the last quarter of the 19th
century but then degenerated and eventually died out; by about
1930 invariant theory no longer attracted the interest of mathemati-
cians.8 Fisher's study of the fate of invariant theory illustrates how
a scientific discipline can die out if one does not ensure that it is
carried on through the recruitment of students. Science does not
live on by itself, on the strength of its intellectual qualities alone.9

As has already been intimated, there is a temptation in prosopog-
raphy, as in all forms of quantitative historiography, to regard
one's data as unproblematic and purely empirical. Trosopog-
raphers have sometimes tended to present themselves as objective,
experimental scientists who do not need to consider historiography
since they feel they have revealed the numerical essence of an
historical problem.'10 It should be obvious that this is unjustified.
'Phage research' and 'invariant theory' do not have any clearly
defined or natural demarcation lines, but are the result of an
interpretation or an estimate and in this sense are non-objective.
The prosopographer cannot, just as other historians cannot, avoid
qualitative historiographical considerations.

The social history that collective biographies lead up to is not
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the history of ordinary scientists, but rather the history of the
aristocracy of science. Most prosopographical studies have concen-
trated on the elite, from the members of the Royal Society in the
17th century to the exclusive circle of Nobel Prize winners from
the present century. In one sense this is only natural, since collective
biographies usually only cover the elite. Even such broad reference
works as World Who's Who in Science (containing 30,000 names)
only contain professional practitioners of science. As have been
emphasized by Pyenson, Thackray and Shapin, there are good
grounds for widening the social history of science so as to embrace
not only the run-of-the-mill scientist who never received any pro-
fessional recognition, but also the many non-scientists from the
periphery of science. Pyenson writes:11

In the history of science these figures might be reflected in the
legions of popularizers who explicated the conservation of energy
or the theories of relativity, the journalists and essayists who created
the climate for receiving scientific ideas and financing scientific

Figure 3. The figure to the left shows the cumulative number of
authors in phage research, the one to the right the cumulative number
of publications in invariant theory. Note that a cumulative linear
growth, as in the invariant theory 1895-1915, corresponds to stag-
nation, that is, the same number of new articles per year. When the
graph is almost horizontal as from 1935 to 1941 this means that
almost nothing is published. Reproduced from Crane (1972), p. 177
and p. 178, with the permission of Chicago University Press.
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projects, the scientific publishers and editors who earned their living
by catering to public tastes, and the university trained scientists
who published little 'scientific' work beyond their dissertations.
'Common ideas' in science might be clarified by studying the lives
and work of such populations, rather than those associated with
the institutions and organizations that sheltered ruling elites in sci-
ence.

At the present time there are only few studies in existence in the
broad social history sense that Pyenson suggests. We shall mention
two examples.

Arnold Thackray is a central figure in modern prosopography.
He investigated the scientific milieu in England in the 19th century
as it developed around the many privately organized societies. One
of the most important of these societies was the Manchester Liter-
ary and Philosophical Society (MLPS), whose most famous member
was John Dalton. What part was played by the MLPS at the time?
Why was the society created, which people were members, and
what did they expect from it? The answering of such questions as
these invites the use of prosopographical methods, for the signifi-
cance of such an institution as the MLPS cannot be evaluated solely
on the basis of scientific publications. Thackray studied biographi-
cal data concerning about 600 early members of the MLPS.12 It
appears that the overwhelming majority of these came from the
growing middle class (doctors, industrialists, merchants, bankers,
engineers) and very few of them had much knowledge of or
specialist interest in science. Thackray's data leads him to the con-
clusion that the real function of the MLPS was not to pursue or
promote science but to give social legitimation to the interests and
cohesion of the new class. One did not gather around science for
the sake of science but for the sake of the ideology. According to
Thackray science became 'the predominant mode of cultural
expression' for the members of the Manchester Society; 'natural
knowledge was the private cultural property of a closely knit,
continuing intermarrying, almost dynastic elite'.13

In another study, together with Steven Shapin, Thackray consi-
dered the social role of science during the industrial revolution in
England.14 Thackray and Shapin argue that this role will be incom-
prehensible as long as one identifies science with cognitive interests
and expert knowledge. Only by including under the label 'science'
{natural knowledge rather than science) all the people who have
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in some way or other been involved in scientific circles, will it be
possible to understand the social role of science. Thackray and
Shapin therefore call for a radical change in the history of science
perspective:15

Historiographically, we have been accustomed to disregard science
as it percolates from men of science to the generally literate. It has
either been dismissed as non-science, scientism (hence, irrelevant or
pernicious), misunderstood science (hence, error), or popularized
science (hence, trivial). In point of fact, science as people think of
it and as they use it is every bit as historically important as science
as scientists conceive of it. . . . Recent work hints that we have
grossly underestimated the extent to which scientific ideas, scientific
principles, attitudes and modes of enquiry permeated the social
structure and served important structural and dynamic purposes in
the process of British industrialization. As we begin to look at
natural knowledge in the varied cultural contexts in which it has
flourished, we shall probably come to see that perspectives carried
from the university laboratory are far from adequate to business
of history. In creating a deeper historical understanding of the sci-
entific enterprise, prosopography is by no means an all-sufficient
tool. It is nonetheless a highly promising, and as yet insufficiently
exploited, mode of conceptualization.

Shapin's works on the Edinburgh science culture in the early 19th
century is an example of the new prosopographical historiography.
Shapin deals in particular with the development of phrenology.16

According to the doctrines of phrenology, the brain was the
organ of the mind and the site of a number of distinct psychological
faculties which could be read off by examining the contours of the
skull. Phrenology gained wide popularity in Edinburgh in the
1820s, receiving considerable support by the lower middle classes;
it was, on the other hand, rejected by the upper classes and the
university establishment. The attempts to disseminate phrenology
led to a protracted controversy the core of which was as much a
matter of social power as of scientific truth. In such a case the
audience — the people who were either sympathetic or unsympathe-
tic to the cause of phrenology but did not actively participate in
the debate — is just as important as the actors and can profitably
be treated prosopographically. For example, in order to establish
the social affiliations of the two camps Shapin makes use of collec-
tive biographies of the Fellows of the Royal Society of Edinburgh
(anti-phrenological) and the members of the local Phrenological
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Society. In this way he is able to show that phrenology was an
outsider movement, attracting many merchants, artisans, engineers
and lawyers but virtually no university professors.

The fact that in the cases investigated by Thackray and Shapin
it has proved fruitful to operate with a 'prosopographical view of
science' does not, of course, ensure that such an approach has
general validity. The Manchester Literary and Philosophical Society
and the phrenology movement have not very much in common
with mainstream physics, for example. A very substantial part of
scientific development, in particular in modern time, has taken
place virtually without an audience. In those cases the prosopo-
graphical model of science has little relevance.
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Scientometric historiography

The term scientometry is used here to denote a collection of
methods for analysing structure and development in science at a
relatively highly developed level. As a methodological discipline,
scientometry does not have any special object field; the methods
can be applied in other social forms of organization than scientific
ones, without any significant changes being necessary. Scien-
tometry is not a particularly historical technique either although
it is in that capacity that we will be concerned with it here. In fact,
in many respects it is linked up with present science and must
rather be called a quantitative sociology of science technique that
can also be applied to parts of earlier science. In integrated studies
of science — science of science — scientometry plays an important
role as an instrument of analysis and prognosis for research policy.

One can distinguish between two kinds of studies within scien-
tometrically orientated history of science, namely:

1. Studies that focus on the temporal development of science,
quantified in various ways. Typically the development of sci-
entific growth.

2. Studies that focus on the structure of scientific communication
in a given period or on the influence of scientific contributions
in the period. This form of history of science is close to many
prosopographical and sociological studies.

Truly quantitative studies of history of science are a new
phenomenon. The first completely quantitative history of science
study — scientometrical in the sense we are using here — is from
1917, in which Cole and Eames applied bibliometrical methods
to the history of anatomy.1 Another early example is the Soviet
scientist Rainoff, who studied the development of physics on the
basis of statistical analysis of the literature, number of discoveries,
etc.2 In this way Rainoff was attempting among other things to
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correlate the fluctuations in scientific development on the one hand
and social and economic history on the other. Rainoff's work had
no influence at the time but contained much of the foundation on
which scientometrists built decades later. Merton's important work
from 1938, Science, Technology and Society in Seventeenth Century
England, in which extended use was made of quantitative analysis
of source materials, was of more importance for the later develop-
ment. One of the ways in which Merton illuminated the controv-
ersial question of the connection between the science of the time
and the politico—economic conditions was to analyse the topics
dealt with at meetings of the Royal Society and other forms of
scientific communication. By classifying and counting these topics
he found the percentage of research that was driven by socio-
economic needs, and used this data for his conclusions about the
relationship between science and economics.3

Before looking at further, more modern, examples of quantitative
historiography, we will give a critical resume of the methods and
basic assumptions of scientometrics.4

Whenever science is measured quantitatively, the chosen limita-
tion of what science is becomes decisive and problematic. For a
measure to be suitable for the quantity called science one has to
demand

— that it is reasonably 'realistic' in the sense that it agrees with
the general, qualitatively based view of what science is.

— that it is reasonably 'objective', that is, the chosen measure
should not be ambiguous or subject to idiosyncracies.

However, these two demands are usually not reconcilable. If, for
example, one wants to judge which are the most progressive fields
of a scientific discipline at a given time, one can use interviews
with leading scientists (informants), yearbooks, state-of-the-art
reports, etc. Such a technique as this will undoubtedly be able to
deliver a realistic, relevant picture of the state of the science in
question; but it will be a rather 'subjective' picture that cannot
easily be quantified. Alternatively, one can investigate the question
bibliometrically, by counting how many publications are written
in the fields of the science in question and how these have varied
over time. This is a very 'objective' method, but on the other hand
it will only superficially, and perhaps not at all, reflect the condi-
tions that one actually wishes to study.5

Scientometrics makes use of two quantitative measures in par-
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ticular in order to illuminate the growth and distribution of science,
the number of scientists and the number of scientific publications.
In the first case one will typically use the number of scientists, or
the number of scientists per 100,000 inhabitants, for example, as
a gross indicator of the level of scientific activity. But even at this
stage there are obvious problems: which people should be classified
as scientists? according to which criteria? One might, for example,
use one of the following criteria:

(a) Scientists are the people who are employed in institutes and
similar places, whose purpose it is to pursue science.

(b) Scientists are the people whose names appear in scientific
bibliographies, surveys, standard reference books and collec-
tive biographies.

(c) Scientists are the people who have published articles or books
on scientific topics.

There are obvious weaknesses in each of these criteria, especially
when it comes to historical application. Thus criterion (a) will
exclude all the amateur scientists who have notoriously played an
important part in science up to this century. Whatever criterion
of the term 'scientist' is used, it will merely put off an operational
definition of the term 'science' itself. To search for such a definition
which is, at the same time, historically meaningful, seems futile.

The crucial point is that any quantification of science presup-
poses an understanding of the nature of science. It is important to
insist on this, in particular because quantifications often appear
as and are presented as being based on objective, unproblematic
criteria; which they never are, no matter what measure is used.

It is mostly in connection with science before our century that
there will be problems with scientometrical standard measures.
Shapin and Thackray have argued that (in the case of England at
least) science must be seen as a social institution in which it is
difficult to differentiate contributors from receivers, scientists from
non-scientists. When science is seen as 'an ecologically well-adapted
variant which answered the social and ideological needs of many
whose participation in literate culture might otherwise have been
non-existent', the whole basis of the so-called objective measure
of the scientometrists crumbles.6 According to Shapin and Thac-
kray many of those who published science in the period 1700—1900
were not scientists, not even when a very liberal definition is used.
They did not contribute new knowledge. Only a minority of the
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members of the scientific societies did any research at all, and even
fewer of them published anything in the periodicals of the societies.

The most frequently used measure in scientometrics is the direct
output of scientific activity, namely publications. This measure has
been developed in particular by Derek de Solla Price, one of the
founders of scientometrics and modern quantitative history of sci-
ence.7 According to Solla Price scientific activity differs uniquely
from all other cultural and social activities by fundamentally being
universal, objective, cumulative and papyrocentric. By the last term
is meant that the output of science is paper of some kind or other
(books, articles, preprints, pamphlets). Solla Price has defined sci-
ence as 'that which is published in scientific papers', and a scientist
as 'a man who sometime in his life has helped in the writing of
such a paper'.8 It is obvious that such a definition of science is
operational with respect to quantitative studies, but it is just as
obvious that it is open to criticism.

The definition presupposes a papyrocentric scientific community
in which publication is a recognized virtue or a necessity. There
is no doubt that basic science today is ruled by a 'publish or perish'
phenomenon; but in earlier times the tyranny of publication was
less explicit or did not exist at all. It will therefore be misleading,
in the case of much early science, to equate science and publications.
Furthermore, the definition assumes an unproblematic distinction
between 'scientific papers' and 'non-scientific papers', or between
periodicals that contain science and those that do not. With respect
to early science in particular, it is not possible to transfer the rather
precise meaning of our own scientific specialist periodicals without
absurdity. In earlier centuries much excellent science was published
outside these channels, often in very obscure contexts.

Solla Price and others have formulated a so-called exponential
law that is supposed to reflect the fact that the 'size' of science
grows exponentially.9 As an example of the exponential law, look
at Figure 4. This curve apparently shows that at least as far as size
is concerned physics has displayed a steady exponential growth
throughout the period. Large-scale external events (the two World
Wars) even reveal themselves as temporary declines that do not,
however, have any influence on the rate of growth over longer
periods. Solla Price used this curve to give his message concerning
the frequently asked question about the influence of war on science.
Does war stimulate science or does war have an inhibiting effect?
Solla Price's answer:10
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The graph shows immediately that neither of these things happened
- or, rather, if they did, they balanced each other so effectively that
no resultant effect is to be found. Once science had recovered from
the war, the curve settled down to exactly the same slope and rate
of progress that it had before.

Such a conclusion, however, is only possible if by science one
means the quantity of publications within all physical science dis-
ciplines combined. In fact there is no reason why one should inter-
pret the seductively regular growth in the curves of Solla Price and
others as a corresponding growth in scientific knowledge or use
them as support for a cumulative conception of science. Thus it is
a distinctive feature of the chart that it does not show any periods
of boom or periods of stagnation. The revolutionary ideas that
physics produced in this century cannot be traced at all in the
figure. This is a natural consequence of the fact that interesting or
pioneering works do not count for any more in statistics of publi-

Figure 4. The total number of Physics Abstracts in the period from
1900 to 1955. Reproduced from Solla Price (1974), p. 172, with the
permission of Yale University Press.
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cation than the great mass of mediocre or indifferent works. It is
only because cumulation and continuity are built into the metric
employed that it can lead to the absurd result that there have not
been any particularly dynamic phases in 20th century physics.

Part of the problem with primitive publication statistics is, of
course, that they measure something different to what the historian
and theorist of science are really interested in, the development
and quality of scientific knowledge, the conceptual innovations,
and so on. The relationship between productivity and 'quality' in
individual scientists has been studied by several analysts. This has
mainly been done by replacing the subjective, not very operational,
term 'quality' with relatively objective terms like 'success' and
'professional recognition', the latter to be measured as membership
of prestigious scientific societies or as scientific honours received.11

On the basis of such methods Solla Price maintained that 'on the
whole there is . . . a reasonably good correlation between the emi-
nence of a scientist and his productivity of papers'.12 Whether there
is such a correlation or not, 'eminence' or 'success' is not the same
as quality. Many of the most original and innovative scientists in
history have not had 'success' in the world of science; only a few
of the most productive authors can be counted among those nor-
mally regarded as important contributors to scientific progress.13

An alternative way of quantifying science to statistics on publi-
cations is to rely on a counting of 'scientific achievements', impor-
tant discoveries or events. These events can, for example, be
counted from chronologies or surveys. This was Rainoff's method
in the previously mentioned work from 1929. Rainoff based his
data on discoveries in Auerbach's Geschichtstafeln der Physik and
allocated the same value to each of the discoveries counted ('for
the purpose of accounting', as Rainoff wrote). Similar methods
have often been used later, though seldom with anything but
unreasonable results. For example, one can plot the number of
known elements cumulatively against time, as shown in Figure 5.14

Dobrov regards this curve as an illustrative example of the course
of development of chemistry and more generally of the 'alternation
between periods of stormy developments and periods of a certain
languor' that is characteristic of all scientific development and that
is linked up with 'the dialectic process of the transition from a
quantitative accumulation of new facts, experiences, methods, etc.
to qualitative changes in the content of science itself'.15 It is espe-
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dally hazardous in this case, however, to use the curve for anything
other than an amusing overview. It is anachronistic in the sense
that it only encompasses elements that have achieved accepted
status according to modern knowledge; it unashamedly operates
with the modern concept of elements in periods when the view of
what constitutes an element was quite different. The few hundred
elements that turned out to be mistakes or that were based on an
older view of elements are not included in the curve. In the kind
of teleological history that the curve represents, there is no room
for such abberations as Lavoisier's 'calorique', Mendeleev's 'new-
tonium' and Lockyer's 'protometals'; abberations that were,
nevertheless, discoveries.

Other studies use the number of scientists recorded in standard
biographies, the number and distribution of scientific awards, and
the number of discoveries recorded in chronological surveys as
their measure of scientific activity.16 A recent example is Simonton's

Figure 5. The number of recognized discoveries of chemical elements
as a function of date. Reproduced from Solla Price (1963), p. 29,
with the permission of Columbia University Press.
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attempt to explain the relationship between war and scientific
creativity.17 Simonton takes his measure of 'creativity' or 'scientific
discovery' from a table that gives about 10,000 'important scientific
discoveries and inventions' distributed between times and coun-
tries.18 However, a measure like this must be regarded as unaccept-
able: the number of those discoveries that Darmstaedter regarded
as important enough, in 1908, to be included in his work cannot
reasonably be a satisfactory measure of scientific creativity; even
less so since neither Darmstaedter, Sorokin or Simonton make any
attempt to differentiate between the importance of these dis-
coveries. In the case of Simonton, as in others in the same tradition,
the tables and surveys that act as data banks predetermine, to a
high degree, the conclusions. Not even the most advanced statistical
methods can change this.

Solla Price has used a similar method in an ambitious attempt
to objectively determine times of boom and times of stagnation in
the development of science, and thereby give a firmer basis to
periodization.19 It might be worth quoting Solla Price's working
hypothesis, which is that 'the objectivity and transnational charac-
ter of basic science lend to its historical development a much larger
element of determinism and of imperviousness to local socio-
economic factors than one is accustomed to elsewhere in human
affairs'.20 This view of science, which is characteristic of the scien-
tometric tradition, leads to a particular historiography of science
strategy:21

It follows that a vital task of the historian of science and technology
is to analyze such quasi-automatic secular change as proceeds
regardless of particular causes, for only then can we dissect out
those non-automatic and significant events that require special ad
hoc explanation. We need to perceive and understand regularity of
behavior before we can get to a second-order explanation of the
deviations therefrom.

Solla Price has then counted all the scientific events in a number
of chronological works of the Darmstaedter type, and has worked
out the deviations from the regular, exponential growth rate. The
result appears in Figure 6 which, in the opinion of Solla Price,
reveals a valuable, objective division into periods. The reason why
Solla Price has so much faith in the curve is that it corresponds
well with the historian's intuition about the periods of boom and
stagnation.22
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The fact that in reality one checks the result via comparison
with qualitative historical insight, implies that one accepts this
insight, after all, as a kind of check list. This applies generally to
quantitative historiography and thereby places the assertion about
a better and more objective perspective in a problematical light:
if quantitative history of science really does have a superior status,
why should it then be necessary to evaluate and correct its results
by comparison with 'subjective' historical insight?

Scientometric techniques are based on the largely tacit assump-
tion that at least in principle it is possible precisely to localize
scientific discoveries as events in time and that the development
of science can be understood by the cumulative addition of such
events. This shows up clearly in the chronological technique just
mentioned, when a specific discovery is allotted to a specific year.
But such a view is primitive and misleading. Scientific discoveries
are not usually discrete events; they are processes that can seldon
be localized to a particular time or particular place. Furthermore,
it can often be difficult to decide whether a discovery was actually
made at all or whether it was turned into a discovery retrospec-
tively.23

Figure 6. Variations in the scientific and technological development.
Reproduced from Solla Price (1980), p. 183, with the permission of
D. Reidel Publishing Company.
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We can provisionally conclude that quantitative historiography,
based on counting scientists, publications or discoveries, is encum-
bered with considerable methodological defects and an inbuilt bias.
We will now look at another kind of quantitative historiography
that has won some influence in recent years, namely techniques
that make use of frequency and distribution of citations. The reason
for using citation measures, i.e. measures that are defined on the
basis of how many times a scientific publication is quoted by other
publications, is that a measure like this is supposed to give a more
realistic picture of the impact of a scientific work. Unlike publica-
tion as a measure, the citation measure has the advantage that it
can be used in connection with a single scientific work. If this
work is frequently quoted by colleagues in the discipline it will
tend to be judged important and of 'high quality'.

If one wishes to study the frequency with which a particular
work is quoted, one can simply count the references to it in all the
other works that one thinks relevant. This is a time-consuming
and uncertain job but it is the only possible method as far as older
science is concerned. For literature after 1961 one can profitably
use the Science Citation Index (SCI), published currently, which
systematically covers about 3,000 selected periodicals as well as
most books.24 Among other things, SCI gives information about
how many times a work is referred to, by whom and in which
publications. Although SCI only starts with 1961, similar data
banks can also be made for earlier periods.25

Is the citation measure a reliable measure of impact or value in
the sociological sense? An answer in the affirmative presupposes
that the members of the scientific community live up to the norms
generally accepted today of always referring to the works one has
relied on for the information; and only these works. This presup-
position is problematic.

For example, the use of 'cosmetic references', i.e. references that
do not have any actual importance for the work in question, is a
widespread phenomenon in modern science. This is partly due to
the fact that a large number of references is thought to give more
weight to an article, make it look more imposing. Or it may be
due to the fact that one feels it opportune, for collegiate or diploma-
tic reasons to refer to one's professor or peers. An author X, who
has independently developed a theory and who finds out just before
publication that another scientist Y has previously developed a
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similar theory, will normally see that a reference is made to Y;
without one being able to conclude from this that X was influenced
by Y.26

Modern works that build on classic results from early science
seldom refer to these. An important part of the literature will
almost systematically avoid being cited because it is included as
'tacit', assumed knowledge that everyone in the speciality con-
cerned knows about without it being necessary to make any direct
reference to it. Furthermore, conflicts of priority, or other forms
of controversy, can easily result in the publications of the opponent
deliberately being left out of the reference list. If a scientist wishes
to promote himself at the expense of a rival, this can happen by
ignoring the publications of the rival. In tense situations, wars or
political crises, it can become a downright patriotic duty not to
acknowledge contributions from the opposite side. This happened
during the First World War and the years following it, when milit-
ant scientists in England and France recommended ignoring con-
tributions from Germany or in the German language. The German
physicist Arnold Sommerfeld commented on this deliberate ignor-
ing of German science in a letter to Niels Bohr, whom he thanked
for never having failed to make references to German physics:
'Through this, the colleagues in the same field in the enemy coun-
tries, who normally want to suppress all German achievements,
will presumably also be made to realize that German science will
not allow itself to be kept down, not even during a war.'27

Another break with the scientific ethos is the more or less overt
plagiarism that has always been a real phenomenon in science.28

In such cases the references will not cover the publications that
form the basis for the plagiarism. In a study of the sociology of
modern high-energy physics Gaston discovered that about 50%
of the physicists interviewed believed that at some point or other
they had not been cited when they ought to have been. One of the
informants said: 'It very often happens that people who haven't
published much will not refer to your work because the only way
they can get their paper into print is by not referring to the preceding
paper that has done the same thing.'29

The above reservations lead to the conclusion that citation mea-
sures cannot, without qualification, be accepted as reliable mea-
sures of impact. There is no doubt that in many cases frequency
of citation does reflect impact, but the measure should not be
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credited with any particularly objective or reliable status compared
with evaluations based on a qualitative assessment.

Citation networks have been used to identify the contributions
that are specially important in a scientific discipline ('key papers'
or 'nodal publications'); namely, as the contributions to which
other publications in the discipline very frequently refer. In Figure
7 an attempt is being made to ascertain whether Mendel's famous
work from 1865, in which he laid the foundations of genetics,
remained unknown to his contemporaries, as the standard version

Figure 7. The citation pattern concerning Gregor MendePs article
from 1865. Reproduced from Garfield (1970), p. 670, with the per-
mission of Macmillan Journals Limited.

Pre-rediscovery citations

Rediscovery
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asserts in the history of biology. Mendel's discoveries were redis-
covered in 1900 by de Vries and others and it was not until then
that his works had any influence on the development of biology.
The fact that Mendel's paper, published in 1866, was cited by five
publications, including the Encyclopedia Britannica, between 1869
and 1894 shows that it was not totally ignored. The periodical in
which Mendel's article appeared, Verhandlungen des naturwissen-
schaftlichen Vereins in Brunn, was no obscure publication either;
115 libraries and scientific institutions in Europe, including the
Royal Society, subscribed to the Verhandlungen. In addition, Men-
del sent 40 reprints of his paper to botanists and other natural
scientists. On the other hand, the citation network cannot be taken
as proof that Mendel's paper was, after all, well known. But it
can at least give rise to some interesting questions, such as: if
Mendel's work was not, apparently, unknown, why did it not play
any important part? Why was its value not acknowledged? Why
was it necessary to rediscover it? Had Darwin, who cites Hoffman,
who in turn cites Mendel (five times at that), read Mendel?30

The citation technique will not, in itself, be of any help in answer-
ing these questions; partly because references do not give informa-
tion about the referring author's understanding of the reference
or about the context in which he refers to it. For example, the
German doctor W.Focke (1834-1922) referred to Mendel's dis-
coveries in a book that was bought by Darwin. But Darwin did
not learn about Mendel's works in this way. Darwin's copy of
Focke's book still exists today and there is good reason to believe
that Darwin never read it;31 the part in which Focke referred to
Mendel is still uncut. With reference to H.Hoffman (1819-1891),
a German botanist, we know that Darwin read the publication in
which a reference is made to Mendel. Although Darwin probably
saw Hoffman's short reference to Mendel, we cannot conclude
that then Darwin also knew about Mendel's investigations. It is
only by studying the contents of Hoffman's reference, in other
words by working on qualitative lines, that one can see that 'despite
the surprising proximity of Mendel and Darwin, the fateful dice
of history seem to have been loaded against any intercommunica-
tion'.32 It appears from Hoffman's reference that he did not under-
stand, and at any rate never mentioned, the point of Mendel's
investigations; the point that would have interested Darwin.

In a series of studies, Sullivan et al. have carefully examined the
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development in so-called weak interaction physics, a branch of
elementary particle physics.33 Inspired by Lakatos's theory of sci-
ence, Sullivan tried to identify what is known as progressive, stag-
nating and degenerating phases in the development of the field
from 1950 to 1972. One of the methods was to study the correlation
between theory and experiment in the period by seeing how many
experimental works cited theoretical works. According to Lakatos,
the relationship between theory and experiment is a decisive indi-
cator of whether a research programme is progressive or not.34

The result of Sullivan's studies is that theory and experiment
remained separate for the whole period, since the 'citation overlap'
was not statistically significant at any point. Interpreted in the
Lakatosian way, this result should mean that weak interaction
physics did not experience any progressive phase during the period,
a conclusion that flatly contradicts the views of the physicists
involved. So here again we meet the conflict between qualitative
and quantitative evidence and are forced to ask which form of
evidence is the most reliable. The conclusion of Sullivan et al.
clearly outlines the dilemma:35

. . . if we take a very strong position on the relevance of these data,
and if we take Lakatos seriously, we must conclude that weak
interactions subsequent to 1959 was experiencing a period of 'de-
clining progress'. How seriously and confidently one can take
Lakatos' analysis here is, of course, open to debate. At least one
empirical case, that of radioastronomy as described by Edge and
Mulkay, seems to be in obvious conflict with Lakatos, since it
presents a picture of a rapidly growing speciality in which experi-
ment almost always led theory. One could, of course, resolve this
inconsistency simply by overriding the accumulated wisdom of those
who have watched the field and who (despite the pre-eminence of
experiment) claim that radio astronomy was thoroughly 'progres-
sive' during the period of Edge and Mulkay's study: one might, for
instance, just classify radio astronomy as 'stagnating', by definition,
because of the relation between experiment and theory. But that
hardly seems sensible.

One of the last shoots on the stem of scientometric techniques is
the so-called co-citation analysis that has especially been developed
by Henry Small. When an author A cites both author (article) B
and author C, this double citation could be taken as an expression
of the fact that in A's eyes contributions B and C are related. The
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intensity of co-citation is defined as the number of times a pair of
publications are cited by others. If there is intensive co-citation the
pair will be regarded by the practitioners of the discipline as belong-
ing to the same group and as forming an 'intellectual focus'. Pairs
of citations can similarly be related to each other, for example
(C,D), (D,E), (C,F), for the purpose of identifying the 'cognitive
kernel' of a speciality. In this way, by making co-citation patterns
year for year, one can hope to follow the temporal variation of
the intellectual foci, identify the emergence of new foci, and so on.
The technique of co-citation is narrowly based on the SCI biblio-
graphies and will therefore have only a limited application in the
history of earlier science.36

We can now make conclusions about the scientometric approach
to history of science:

In its endeavours to establish an objective historiography, scien-
tometry focuses on a model where science is perceived as a flow
of discrete information whose cognitive contents, in principle, do
not matter. The atoms of the flow of information are the recognized
publications such as have been canonized in SCI or other biblio-
graphical works. Because of this, one can hardly avoid giving a
too formalized picture of processes that in reality are strongly
marked by informal and non-rational influences. As Edge has
pointed out, scientometry gives priority to the formal rather than
the informal; while traditional historiography, in contrast, tends
to explain the formal on the basis of the informal.37 It should be
obvious that scientometry cannot, in any circumstances, stand
alone. If it has to have any historical value it must be regarded as
a supplement, and occasionally as a corrective, to traditional his-
torical methods. This is also the view of most scientometrists,
though not always their practice. If scientometry is used with care
and in combination with other methods, it can play an important
part, especially in the study of modern science.
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Rutherford. 'Thus, we have sufficient grounds to believe that Newton had
a good idea of the complexity of the chemical atom and even conjectured
the existence of a tiny exceedingly stable atomic nucleus. In this sense
Newton was a predecessor of Rutherford.' Vavilov (1947), p. 55.

23. Lindholm (1981).
24. Kuhn (19846), p. 233 and 236.
25. Ibid. The notion of the sleepwalking discoverer was argued in Koestler

(1959).
26. Skinner (1969). Canguilhem (1979). Sandier (1979).
27. Quotation taken from Canguilhem (1979), p. 20. Biot objected to the claim

that the chemical revolution did not originate with Lavoisier but was
anticipated by earlier researchers.

28. Glass, Temkin and Straus (1968), p. 172, here quoted from Sandier (1979),
p. 189.

29. Cf. Heimann and McGuire (1971). Boscovich's main work. Theoria
Philosophiae Naturalis, was published in 1758.

30. Agassi (1963), p. 32.
31. Duhem (1974), p. 221.
32. Merton (1975). See also Hull (1979) and Hall (1983).
33. 'Only in view of what happened later can we say that these partial statements

even deal with the same aspect of nature.' Kuhn (1977), p. 70. '. . . the
"simultaneous discoverers" discovered very different things, and it is only
under the influence of hindsight gained from their pooled results, that their
discoveries seem identical.' Elkana (1974), p. 178.

34. Butterfield (1951), p. 72.
35. Hull (1979).
36. Brannigan (1981), p, 112. Olby (1979).
37. Hooykaas (1970, p. 45.

Chapter 10

1. Althusser (1975), 52. A comprehensive discussion of the concept of
ideology can be found in Plamenatz (1970).
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2. Cf. Graham, Lepenies and Weingart (1983), pp. IX-XX.
3. Reprinted in Coleman (1981).
4. Lenard (1937). Lenard's Nazi history of science was parallelled in chemistry

by the distinguished chemist and historian of chemistry Paul Walden, see
Walden (1944).

5. Joravsky (1955). Graham (1972), chapter 8.
6. The classical examples are Draper (1875) and White (1955).
7. Jaki (1978*). Also Jaki (1978b) in which the author argues at length that

'the road of science, both historically and philosophically, is a logical access
to the ways to God. The study of that road is the historiography of science',
p. 4.

8. Jaki (1978*), pp. 579 78 and 61.
9. Kohlstedt and Rossiter (1985).

10. As to the transmission of science to the Third World, see Pyenson (1982).
During the past few decades the development of science in the Eastern
cultures has attracted many historians of science and given rise to its own
journals, including Journal of the History of Arabic Science, Historia
Scientarum (formerly Japanese Journal ofthe History of Science) and Indian
Journal for the History of Science. Latin American science, too, has got its
own journal, named Quipu.

11. The feeling of unfair crediting is distinct in the official Romanian Reviewr,
35 (1981), special issue dedicated to the Sixteenth International Congress
of the History of Science held in Bucharest in 1981. Although the neutrality
and internationalism of science is constantly emphasized, the Rumanian
authors also claim that a number of important discoveries were first made
by Rumanian scientists and thus 'belong' to Rumania.

12. Fisher (1966), p. 158.
13. Cf. Laudan (1983).
14. Young (1802), p. 12. Young's references to Newton should not be

interpreted solely as an attempt to legitimize his theory. The 'Newtonian
censorship' explanation of why Young's theory did not achieve immediate
recognition exaggerates the authority of Newtonianism. See Cantor (1983),
pp. 129-146 and Worrall (1976), pp. 112-114.

15. According to Tait's biographer, the myth was made up as follows: '"The
Conservation of Energy," he [Tait] said to Thomson one day, "must be in
Newton somewhere if we can only find it." They set themselves to re-read
carefully the Principia in the original Latin, and ere long discovered the
treasure in the finishing sentences of the Scholium to Lex HI.' Knott (1911),
as quoted in Elkana (1974), p. 49.

16. Bensaude-Vincent (1983).
17. Porter (1976). Laudan (1983).
18. Einstein (1933), p. 1.
19. Byrne (1980). Byrne's analysis of what he calls 'Albert Einstein's theory of

the history of science' exaggerates Einstein's interest and competence in
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history. Einstein was a great physicist, but he was no historian. Byrne's
primary source for his interpretation is Einstein and Infeld (1938) which
is a popular, semi-historical work. In regard of the fact that the authors
meant it to be 'a chat' (preface) it is far-fetched to analyse it as if it were
a serious contribution to the history of science.

20. In a conversation with Robert Shankland in 1950. Quoted from Holton
(1973), p. 327.

21. Forman (1969).
22. Ibid., p. 67.
23. Forman's provocative anthropological perspective is related to the

programme which the so-called Edinburgh School developed a few years
later.' . . . those who study natural knowledge will feel free to experiment
with any of the general methods and theories of the social sciences. In so
far as such methods and theories appear to have merit in the context of
art or religion, or the cosmologies of preliterate societies, or any other
setting, they may prove useful in the study of science also. As a typical
form of culture, science should be amenable to whatever methods advance
our understanding of culture generally'. Barnes and Shapin (1979), p. 10.

24. Forman (1969), pp. 69-70. Forman's critical attitude towards the scientist-
as-historian has not weakened over the years. Thus in an essay review of
1983: '. . . for scientists history is not the field upon which they wrestle
for truth, but principally their field of celebration and self-congratualtion'.
Forman (1983), p. 826.

25. Ewald (1969), pp. 72-81.
26. Forman (1969), p. 41 and p. 68, Ewald (1969), p. 81.

Chapter 11

1. Quoted from Weyer (1974). p. 3.
2. Dahl (1967).
3. Knight (1975).
4. Amazingly, some archivists and historians think that such sources are

superfluous, that 'test and experimental data should be destroyed when
the information they contain is condensed in published reports or statistical
summaries'. MJ.Brichford as quoted in Elliot (1974), p. 30.

5. For a recent guide to archives, bibliographies, catalogues, handbooks, etc.,
see Jayawardene (1982).

6. The contexts of discovery and justification are discussed in most books on
theory of science. See, e.g. Lakatos and Musgrave (1970).

7. Quotation from Koestler (1960), p. 124. A modern parallel is contained
in Einstein's fundamental paper on cosmology from 1917', 'Kosmologische
Betrachtungen zur allgemeinen Relativitatstheorie'. In the introduction
Einstein tells the reader that 'I shall conduct the reader over the road that
I have myself travelled, rather a rough and winding road, because otherwise
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I cannot hope that he will take much interest in the result at the end of
the journey'. English translation in Einstein et al. (1923), p. 179.

8. Translated from an early book about electromagnetism, written by the
German physicist and physiologist Paul Erman shortly after 0rsted's
discovery. Quoted from Caneva (1978), p. 83.

9. Holton (1973), pp. 192-218.
10. Quoted from Frankel (1976), p. 307.
11. Cf. Hill (1975). For natural history illustrations, see Knight (1985).
12. Two examples are Harrison (1978) and Crosland (1981).
13. Isis Critical Bibliography (annually). Also Bulletin Signaletique (three times

a year).
14. Merton (1957). A better known scientific fraud is the Piltdown case. The

Piltdown fossils were 'discovered' in 1912 and for 40 years were generally
accepted as evidence of a prehistoric man. Only in 1953 was it realized
that the Piltdown man was a carefully planned fraud. See the discussion
in Brannigan (1981), pp. 133-142. The Piltdown man was a forgery of
the science of palaeoanthropology, not really of the history of science. In
this respect it differs from the Vrain—Lucas case.

15. Bloch (1953), pp. 90-100.
16. Sarton (1936), p. 13.
17. Bloch (1953), p. 120.

Chapter 12
1. Popper (1976), p. 23.
2. Kuhn (1970b). Much of the discussion in modern theory of science deals

with the degree of translatability between theories. Kuhn, Quine and
Feyerabend claim that scientific theories are sometimes radically
intranslatable while Popper only accepts intranslatability in a much weaker
form. As to translations of texts most theorists of science, Popper included,
agree with Kuhn in the following statement: 'Translation, in short, always
involves compromises which alter communication. The translator must
decide what alterations are acceptable. To do that he needs to know what
aspects of the original it is most important to preserve and also something
about the prior education and experience of those who will read his work.
Not surprisingly, therefore, it is today a deep and open question what a
perfect translation would be and how nearly an actual translation can
approach the ideal.' Ibid., p. 268.

3. Cf. Pearce Williams (1975).
4. White (1955), p. 127. White gives no source for what appears to be Calvin's

quotation.
5. Hooykaas (1973), p. 121. Rosen (1960).
6. Quoted from Ross (1962), p. 68. The source is Locke's Essay on Human

Understanding.
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7. Crosland (1978), p. 5.
8. Thackray (1966), p. 43.
9. Thomson (1830-1831). Vol.2, p. 291.

10. Thomson (1825), vol.1, p. 10. Here quoted from Thackray (1966), p. 52.
My emphasis.

11. Guerlac (1961).
12. Greenaway (1958), p. 79.
13. Meldrum (1910-1911).
14. This was Partington's conclusion after having sought in vain to reproduce

experimentally the data reported by Dalton. Partington (1939), p. 279.
15. Nash (1956), p. 108.
16. Thackray (1966), p. 51. See also Thackray (1972) which includes a critique

of 'the continuing desire to explain Dalton's work in terms of crucial events
and decisive breaks', p. 40.

17. In addition to the titles mentioned below, see, e.g. Shea (1972) and Drake
(1970).

18. Galilei (1963), p. 145.
19. Thomas Salusbury's translation from 1661, cf. Cohen (1977), p. 340.
20. Galilei (1914), p. 153.
21. Seeger (1965), p. 689.
22. See also Koyre's collection of articles in Koyre (1968).
23. Koyre (1968), p. 13. Koyre's anti-empiricist view of the scientific revolution

was rooted in philosophical as well as historical considerations. He was
convinced that the 'Platonic method' did not just happen to be the method
of Galileo and Newton but that it constitutes the very essence of modern
science: 'I do indeed believe that science is primarily theory and not
gathering of "facts".' Ibid., p. 18.

24. Dijksterhuis (1961), p. 336.
25. Hall (1963), p. 34.
26. Truesdell (1968), p. 307.
27. Quoted from Drake (1978), p. 294.
28. According to Dijksterhuis (1961), p. 353, Salviati's answer is a blow against

'the myth that Galileo was a great advocate of experiment'. Dijksterhuis
mentions the letter to Ingoli but apparently he does not find it trustworthy.

29. Drake and MacLachlan (1975).
30. Ibid., p. 110.
31. Hall (1963), p. 34. Also Koyre (1968), p. 94.
32. Drake (1975).
33. Ronald Naylor carefully repeated the experiments reported by Galileo but

was unable to confirm Galileo's results. He then concluded that Galileo
probably did not obtain his results by means of the inclining plane
experiments. Naylor (1974). Shea, another Galileo scholar, summarized
the ongoing discussion as follows: 'Koyre concluded that such experiments



Notes 211

[balls on inclined planes with sufficiently exact timekeeping] were beyond
the art of experimentation, and, since Settle showed that Galileo could
have performed the inclined plane experiment, Drake concluded that he
actually achieved Settle's results. But surely the most we can claim for
Settle's experiments, if they faithfully reproduce Galileo's, is that Galileo
could have secured identical results but not that he necessarily did.' Shea
{1977), p. 85. Now it is correct that the historian is not entitled to conclude
that an experiment was actually performed just because it can be repeated
(see also chapter 14). But neither can he conclude that moderate
disagreements, such as those demonstrated by Naylor, prove that the
experiment did not take place as reported. This is what Shea does.

34. Truesdell (1968), p. 307.
35. Quoted from Drake (1978), p. 19.
36. Ibid., p. 20 and p. 415. But see also the classic work of Cooper (1935)

which provides a detailed examination of the sources, including Viviani's
account. Cooper concluded that Galileo did not while teaching at Pisa
make the alleged experiment.

37. Lodge (1960), p. 90.
38. Cf. Segre (1980).

Chapter 13

1. Holton (1969a), Holton (19696).
2. The earliest evidence is contained in a series of conversations the

psychologist Max Wertheimer had with Einstein in 1916 and later. See
Wertheimer (1959), pp. 213-233. As far as the role of the Michelson
experiment is concerned, Wertheimer's account is consistent with Holton's
conclusions.

3. Jaffe(1960),p. 167. Jaffe's quotation is from Science, 73, (1931), p. 375.
4. Jaffe (1960), p. 101.
5. Quoted from Holton (19696), p. 175.
6. Shankland (1963), p. 47.
7. Ibid., p. 55.
8. Quoted from Holton (1969a), p. 969.
9. Einstein (1982), p. 46. Translation of notes taken by J.Ishiwara who

attended Einstein's speech, delivered in German at Kyoto University on 14
December 1922.

10. Quoted from Duhem (1974), p. 196.
11. Ibid.
12. Ibid., p. 198.
13. Woolgar (1976). Pulsars are celestial objects which emit rapidly pulsating

radio signals of an accurate frequency. They were first detected in 1967
by a group of astronomers at Cambridge University.
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14. Ibid., p. 400.
15. Ibid., p. 399.

Chapter 14

1. Belloni (1970), p. 158.
2. Greenaway (1958), p. 96.
3. Dijksterhuis (1961), p. 340. For objections to the use of Lakatosian

reconstructionism, see McMullin (1970) and Holton (1978).
4. Galilei (1974), p. 74.
5. Koyre (1968), p. 84.
6. Ibid.
7. MacLachlan (1973).
8. Fogh (1921).
9. Translated after the facsimile in Kjolsen (1965), p. 105. The quotation

reproduced here refers only to the first step of the aluminium synthesis,
the production of non-aqueous aluminium chloride. In the second step the
chloride was transformed into an amalgam by dissolving it in mercury.
The metal was obtained in pure form if the amalgam was distilled.

10. Quoted frrom KJ0lsen (1965), p. 108. The content of the letter to
Schweigger, including its reference to carbon, was in the same year published
in Poggendorf's Annalen der Physik und Chemie.

11. Broad (1981).
12. Elliott (1974), p. 27. See also volume 53 of Isis where W.C.Grover defends

the opposite point of view (on p. 58).
13. Stephenson (1982).
14. Grosser (1979), p. 41 and p. 139.

Chapter 15

1. See Hankins (1979). Notable examples of modern scientific biographies
which have helped to reverse the trend include Drake (1978), Manuel
(1980), Westfall (1980) and Morselli (1984).

2. Agassi (1963).
3. According to E.T.Bell's widely read Men of Mathematics, first published

in 1937. Here quoted from Rothman (1982), p. 112.
4. Rothman (1982), p. 120.
5. Manuel (1980). Westfall (1980), pp. 600-601.
6. Hankins (1979), p. 5.
7. According to Shore (1981), p. 95.
8. Feuer (1974).

Chapter 16.

1. Stone (1971) helped to make historians of science rediscover the
prosopographical method.
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2. Cf. Cowan (1972).
3. Ostwald (1909).
4. Cf. Mikulinsky (1974).
5. Poggendorf (1863—1976). For other biographical dictionaries, see

Jayawardene (1982).
6. Ben-David and Collins (1966). Mullins (1972). Fisher (1966), Fisher

(1967). Edge and Mulkay (1976). Lemaine et al. (1976).
7. More often than not, master-pupil networks are misleading, especially

when they cover several generations. For an example, see Pledge (1959),
p. 200, which seems to imply that Max Planck (1858-1947) was somehow
connected with Claude-Louis Berthollet (1748-1822).

8. Fisher (1966), Fisher (1967).
9. Fisher's studies are criticized by Fang and Takayama (1975), pp. 227—238.

'The number, large or small, of those engaged in a certain theory has never
been a sound or valid criterion with which the validity of the theory may
be diagnosed. . . . After all, never has mathematics been an undisciplined
champion of democracy for counting noses.' p. 237. But if Fisher's data
are reliable it would indeed be strange to claim that the invariant theory
was a vital discipline in the period 1935-1941. Mathematics may be more
aristocratic than democratic, but even an aristocracy is nothing if there are
not aristocrats.

10. Pyenson (1977), p. 172.
11. Ibid., p. 179.
12. Thackray (1974). For objections to Thackray's approach, see the same

journal, 80 (1975), pp 203-204.
13. Thackray (1974), p. 681 and 698.
14. Shapin and Thackray (1974).
15. Ibid., p. 21.
16. Shapin (1974), Shapin (1975).

Chapter 17
1. Cole and Eames (1917).
2. Rainoff (1929).
3. Merton (1938). Merton had earlier used quantitative methods in the history

of science, see Merton and Sorokin (1935). Surveys of the development of
quantitative history of science include Merton (1977) and Thackray (1978).

4. Gilbert and Woolgar (1974). Gilbert (1978). Edge (1979).
5. Cf. Narin (1978).
6. Shapin and Thackray (1974), p. 7.
7. Solla Price (1963), Solla Price (1974), Solla Price (1980).
8. Solla Price (1972).
9. Solla Price (1956), Solla Price (1974).

10. Solla Price (1974), p. 172.
11. Cf. Menard (1971).
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12. Solla Price (1963), p. 41.
13. The French mathematician A.Cauchy (1789-1857) wrote almost 800

scientific publications, his Irish colleague A.Cayley (1821-1895) almost
1,000, and the French chemist M.Berthelot (1827-1907) was the author
or co-author of no less than 1,600 publications. However, these examples
of highly productive and eminent scientists are exceptional. Theodore
Cockerell (1866-1948), a professor in natural history, published 3,904
works during his lifetime. Although not recorded in Guinness Book of
Records, this is probably a world record in publication mania.

14. The diagram appears in Solla Price (1963), p. 29, Rescher (1978), p. 169
and Dobrov (1969), p. 66.

15. Dobrov (1969), p. 66.
16. See, e.g. Yuasa (1962) who concludes that the dominant centres of science

since the 16th century have moved from Italy, via England, France and
Germany to the USA. Hardly a discovery that needs the kind of quantitative
support provided by Yuasa.

17. Simonton (1976). Notice the difference in perspective adopted by Solla
Price and Simonton. While Solla Price wants to determine the overall
influence of wars on scientific production, Simonton's analysis is made
'with the aim of determining the specific causal relation between war on
the societal level and scientific discovery on the individual level.' Ibid.,
p. 135. For an elaborated version of Simonton's quantitative science
studies, see Simonton (1984).

18. Taken from Sorokin (1937). Sorokin's table is mainly based on data from
Darmstaedter (1906).

19. Solla Price (1980).
20. Ibid., p. 180.
21. Ibid.
22. In addition Solla Price draws the following, more far-reaching conclusions

from the data. (1) The Industrial Revolution is not an objective historical
reality but rather a convenient label due to the arbitrary periodization used
by the historians. (2) Although a reality, the Scientific Revolution does not
mark the beginning of the development of modern science; Copernicus,
Galileo, Kepler and Boyle were predecessors of the scientific take-off which
only took place at the end of the 18th century. (3) Contrary to what is
often stated, the take-off phases of chemistry and biology were not delayed;
it was astronomy and mechanics which began their development at an
exceptionally early date.

23. Cf. Brannigan (1981).
24. CSI consists of several sections. In addition to the Citation Index there is

a Source Index, including new publications, and a Permuterm Subject Index
which classify the contributions according to specialty and codewords.

25. A first example is Small (1981) which counts 21,000 publications and
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167,000 references. However, the volumes are of limited value to the
historian of physics. The editor has made a very narrow selection of
periodicals, excluding journals such as Comptes rendus, Nature and Die
Naturwissenschaften. The selection is presumably made because these
journals were not exclusively devoted to physics. Still it is a fact that many
important contributions to physics appeared in these journals. The
exclusion of most journals associated with applied physics or
interdisciplinary physics adds to the general bias of the work.

26. Moravcsik and Murugesan (1975).
27. Quoted from Forman (1973), p. 157.
28. Merton (1957).
29. Gaston (1971) p. 486.
30. Concerning Mendel's discovery and its fate, seeZirkle (1964), Olby (1966)

and Vorzimmer (1968).
31. Darwin's reading habits included his adding a mark of his own to indicate

that he had looked through a work. This mark does not appear on Focke's
book.

32. Vorzimmer (1968), p. 81.
33. Sullivan, White and Barboni (1977*), Sullivan, White and Barboni (1977b),

Sullivan, White and Barboni (1979).
34. Lakatos and Musgrave (1970), pp. 91-196.
35. Sullivan, White and Barboni (1979), p. 323. The study of Edge and Mulkay

mentioned in the quotation is Edge and Mulkay (1976).
36. Sullivan, White and Barboni (19776). Small (1977).
37. Edge (1979), p. 115.
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