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N. P. Edwards
Borderlands in Science: A Study of the Regeneration of Science in the English
“Popular” Scientific Journal c. 1860 - c. 1914

Abstract

This study examines the regeneration of science and scientific ideas through
the media of three popular scientific periodicals of the later Victorian and Edwardian
periods, Nature, Knowledge, and English Mechanic. 1t posits twin concepts of
generative and regenerative science, the former being the source of a scientific idea,
and the latter being the forma in which it is transmitted in scientific discourse.
Negotiations between the different scientific spheres of the scientists, science users,
scientific practitioners and the scientific public take place in the forma of regenerative
science, which has utilitarian, cultural and imaginative facets. Following the
traditions of post-structuralist ideas of discourse there is a scientific society in which
all participate in an active or passive manner.

In chapter one theoretical and sociological ideas are examined in their
relationship to the historiography as the concept of regenerational science is
established. Chapter two examines the position of the popular scientific periodical
within science and the scientific role it fulfils. A discussion of the background and
structure of the three main primary sources establishes them as media of
regenerational science and nexi of utilitarian, cultural and imaginative discourses.

Chapters three to five analyse these with a number of limited case studies,
ranging from accepted natural science to ‘marginal’ sciences such as Zetetic
astronomy, Pyramidology and astrology. Chapter six uses the debate over the
existence of canals on Mars to demonstrate these discourses in interaction. The power
of regenerative science to reconstruct accepted scientific ideas is emphasised, and
established concepts of the historiography of popular science such as cultural
authority, ‘ownership’ of ideas and the constructed divide between scientist and public
are represented as factors in the development of discourse.

Chapter seven draws some more general conclusions about the nature of
regenerative science in its interaction with a popular scientific folk psychology.
Regenerative science is presented as a primary agent in the creation of professional
science and construction of hegemonic ties, the period 1860-1914 being crucial. A
hypothesis is posited that such regenerative science, in addition to creating established

formae and channels of scientific communication, in turn reshapes ‘official’ science.
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Chapter 1: Historical and Theoretical Background

Chapter 1

The Transmission of Science ¢1830-¢1930 - Historical and Theoretical

Background|

In 1843 Justus Liebig wrote in the introduction to the second edition of his
Chemical Letters that he believed that ‘Chemistry’ would become as important to
‘the Statesman and Political Economist and the Practical Agriculturalist’ as to the
physician. Thus his Letters were designed for the * . . .especial purpose of exciting
the attention of governments, and an enlightened public, to the necessity of
establishing Schools of Chemistry and of promoting . . . science so intimately
connected with the arts, pursuits and social well-being of modern civilised nations.’
He expressed ‘ . . . a hope that this little offering may serve to make new friends to
our beautiful new science.’

In 1830 Charles Babbage, in his attack on what he saw as the decadence of
the Royal Society, bemoaned the lack of effort put into the promotion of natural
science, stating that in science England was ‘below several [countries] of inferior
power’, that ‘scientific knowledge scarcely exists among the higher classes of
society’, and that scientists did * . . . exercise the talents of a philosopher for the
paltry remuneration of a clerk.” This was despite the fact that, in his opinion, ‘As a
source of recreation, nothing can be more fit to occupy the attention of a divine."”

As two facets of a homogeneous argument these views were representative of
the natural philosophers’ position in respect of the development of science in the first

half of the nineteenth century. An overriding belief in the ability of science to cure

! (a) Much of the historiography discussed covers a wider timeframe than that

of the thesis but the inclusion of this gives provides greater contextual meaning. (b)
An invaluable historiographical review that has provided a starting point for many of
the ideas in this chapter is R Cooter and S Pumphrey: ‘Separate Spheres and Public
Places: Reflections on the History of Science Popularization and Science in Popular
Culture.” History of Science 32 (1994), 237-267.

: Justus Liebig: Familiar Letters on Chemistry and its Relation to Commerce,
Physiology and Agriculture (London: Taylor and Walton, 1843), v-vii.

3 Charles Babbage: Reflections on the Decline of Science in England (1830)
(Reprint Farnborough: Gregg International Publishers, 1969), 1-37.
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the ills of the world was backed up with ominous potentialities if this route was not
taken.! If either Liebig or Babbage could have foreseen the future one would expect
them to have been gratified that science today has indeed reached such a position -
mainly through the very means that they advocated in their own age. Their
arguments, the optimistic complemented by the pessimistic, are even now current
debates - the quest of organisations for the public understanding of science and the
declinist argument on the academic training of scientists indicate their continued
acceptance as valid beliefs.

Throughout the history of science after Liebig’s death many natural
philosophers, or men of science, or scientists, have prioritised the education of the
rest of society in the joys and pleasures, as well as the factual detail, of science. Yet
throughout most of the historical study of science, this major ingredient in the
scientist’s world view is largely missing. Until recently the history of science has
been largely based in either a biographical approach or a history of ideas - often
conjoined. In Robert Merton’s important article on the normative values that imbue
science with its distinctive character, the only sense of property within science is the
idea that a scientist formulates.” In historiography, often written from a scientist’s
point of view, ideas of science are listed with their originators, the one supporting the
other, inscribing their claims on the pages of history. Academics such as David
Knight discuss debates on who discovers what, when, and the possibility of

. . 6
simultaneous discovery.

4 Declinist debates often carried the sense of both of these ideas. See R M

MacLeod: ‘The Resources of Science in Victorian England: The Endowment of
Science Movement 1868-1900° in P Mathias (ed): Science and Society 1600-1900
(Cambridge: Cambridge University Press, 1972), 111-166 and ‘The Ayrton Incident:
A Commentary on the Relations of Science and Government in England 1870-1873’
in A Thackray and E Mendelsohn (eds): Science and Values: Patterns of Tradition
and Change (New York: Humanities Press, 1984), 45-78; F M Turner: ‘Public
Science in Britain 1880-1919° Isis 71 (1980), 589-608; W H Brock: ‘Science
Education’ in R C Olby et al (eds): Companion to the History of Modern Science
(London: Routledge, 1990), 946-959, esp. 946-949.

: R K Merton: ‘The Institutional Imperatives of Science’ (1942) reprinted in

Barry Barnes (ed): Sociology of Science (Harmondsworth: Penguin, 1972), 66-78.

0 E.g. D Knight: The Nature of Science: The History of Science in Western
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This form of history is very publishable,” striking a chord with the
presentation of individuals as heroes in fiction, film and the daily media, but has little
to say about the transfer of ideas within the society from which they came.
Discoveries of scientists have been proven ‘right’ or ‘wrong’ according to today’s
yardstick, and thus they stand or fall by their contribution to the sum of today’s
scientific knowledge. This progressivist, positivistic view of science can be traced
through intermediaries such as Nature, with its long running series on ‘Scientific

Worthies’, or the historians such as Ostwald or Tilden examined by Colin Russell.?

Science as culture

The direction of much recent historical study of science has effected one
change - that science is often no longer viewed as a neutral element that has little or
no relationship to society. More frequently historians are referring to science as part
of a cultural arena, and as an area is determined by its relationship to society. This
tendency has been vigorously opposed, notably in the scientific community itself, as
a ‘fashionable fallacy’.” This opposition is often based in the combination of firstly,
an imperfect understanding of social analyses and secondly, a general assumption

that as science is factual it cannot be studied through sociological tools - ‘To put the

Culture since 1600 (London, André Deutsch, 1976), 35-81; Sources for the History
of Science 1660-1914 (London, Hodder and Stoughton, 1975), 22.

! D Sobel: Longitude (London: Fourth Estate, 1996).

b C Russell: ‘Rude and Disgraceful Beginnings: A View of the History of

Chemistry from the Nineteenth Century’ British Journal for the History of Science 21
(1988), 273-296. This was the presidential address to the British Society for the
History of Science; also see A-K Mayer: ‘Moralising Science: the Use of Science’s
Past in National Education in the 1920s’ British Journal for the History of Science 30
(1997), 51-70.

’ Professor M Hammerton, quoted in C Russell: Science and Social Change

(London: MacMillan, 1983), 5; see also ‘Perutz Rubbishes Popper and Kuhn’ Times
Higher Education Supplement (25 November 1994); and refutation of theses of
feminism, cultural analysis, hegemony and postmodernism from a scientist’s
perspective in P R Gross and N Levitt: Higher Superstition: The Academic Left and
its Quarrels with Science (Baltimore and London: John Hopkins University Press,
1998).
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. 10 . . . .
matter brutally, science works’.”” Such views undervalue studies of science that in

recent years have demonstrated that there are a number of links in the relationship of
science and society, cultural, economic, personal and institutional, and as modern
science has increasingly accepted its own inexactitude - although not on a
popularised level - so the value of these studies has been more generally accepted.
The growth of sociological and philosophical perspectives in the history of
science, particularly in the last thirty years, has caused much reformulating of
historical outlook. Although critical sociological analysis of science can be traced
back beyond the significant point of Bernal’s neo-Marxist 1939 study,'' it is only
recently that historians of science have been forced to confront the fact that science
did not take place in a vacuum, and that in fact there was strong interaction in a
science-society relationship. Much of the recent historiography has concentrated on
one or more of the approaches loosely defined by science and society, society in

science, and science in society.

Science and society
The first trend, science and society, is that followed by many of the
sociological ideas most commonly cited in connection with science, particularly

those of Merton, Popper and Kuhn.'? These theories of science work around a

10 P R Gross and N Levitt: Op. Cit., 48.

' J D Bernal: The Social Function of Science (1939, Reprint London:
Routledge, 1944); also Idem: Science in History (London: Watts & Co., 1954). A
more sympathetic contemporary analysis of science can be found in F Znaniecki: The
Social Role of the Man of Knowledge (New York: Columbia University Press, 1940).
See later chapters for discussion of debates in the latter half of the nineteenth
century.

12

- R K Merton: Loc. Cit.; K Popper: Conjectures and Refutations: the Growth of
Scientific Knowledge (London: Routledge, 1963); T S Kuhn: The Structure of
Scientific Revolutions (Chicago & London: University of Chicago Press, 1970), The
Essential Tension (Chicago & London: University of Chicago Press, 1977); For
analyses see e.g. (on Popper) P Medawar: ‘The Philosophy of Karl Popper’ in R B
McConnell: Art, Science and Human Progress (London: John Murray, 1983), 84-97
(supportive); R G A Dolby: Uncertain Knowledge: An Image of Science for a
Changing World (Cambridge: Cambridge University Press, 1996), esp. 197-206
(critical). On Kuhn’s influence: H Radder: ‘Philosophy and History of Science:
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delineation process, a separation of science from society and an analysis of what
makes the scientific world distinctive. Historians who subscribe to this view see
events in terms of education, of society / state / science relationships, of the
development of scientific structures, and the benefits or otherwise of science to
society.

Karl Popper’s views are those most readily accepted by the scientific
community - science working to disprove theories until enlightenment - is most in
tune with the manner in which the scientific community has portrayed itself. Kuhn’s
theory of the paradigmatic development of science is probably the most frequently
discussed theory of scientific change. As with Popper, he endows the scientific
milieu its own laws distinct to those of society. Whilst the development of the
popularisation of science obviously is not directly connected with this paradigmatic
viewpoint, Kuhn’s division of the worlds of ideas of science and society provides a
way in which the two can be juxtaposed, and analysed in a distinctly separate
manner. In turn Merton provides a similarly useful division of science and society -
specifically outlining those values that he feels separate the hierarchies of science
from direct participation in the social system.

Whilst accepting possible over-simplification, particularly in the case of
Kuhn,' ? both of these views assume, firstly, that the sphere of science, although not
necessarily heterogeneous, acts in common upon certain points. Whether in conflict,
as with Kuhn and Popper, or in agreement, as with Merton, there is still a common
bond, a link that places them within a distinct scientific milieu. Secondly, they
assume that through this division the scientist largely ceases to be part of society, and
as with other distinct societal groupings, instead acts upon society. Thirdly, an
assumption is made that the scientist is largely neutral in communication with
society, a starting point for more traditional histories of science popularisation.

The concept of scientists as a separated group acting in accordance with its

Beyond the Kuhnian Paradigm’ Studies in the History and Philosophy of Science 28
(1997), 633-655; various in G Gutting (ed): Paradigms and Revolutions (Notre
Dame: Notre Dame University Press, 1980); P Hoyningen-Hiine: Reconstructing
Scientific Revolutions (Chicago & London: Chicago University Press, 1993).

13

P Hoyningen-Hiine: Op. Cit.
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own laws has been adapted more recently, notably by Whitley. In his view the
creation of a distinctive scientific culture with its own laws came about through its
self-organisation based on the interdependency of scientists. Reinforced by specialist
skilling and language, this combined with business-like organisation and the creation
of a socially prestigious image."* Julie-Ann Lancashire, in her PhD dissertation on
the general science periodical, tests the concepts of Whitley, and finds that, for the
area that she studies, his ideas and concepts seem to work quite well. Although she
states that ‘since science is part of culture, its study must be located in cultural
context and its interaction with that context’,'5 in using Whitley she discusses more
the separation of science and culture - the relationship between science and society
rather than the effect of science inside society, or society inside science. She argues
that the worlds of science and society are becoming increasingly polarised, and
alongside this, the public are increasingly interpreting science as fact.

This analysis raises two questions. Although Lancashire suggests an
hegemonic analysis, without a fuller comparison do her arguments fully explain the
reasoning behind popularisation? Secondly, does she adequately explain the reason
for the wide gulf between scientific knowledge at the non-scientific end of society
and that of the scientists, except in terms of social distance and power? Could not
the increasing development of science perceived as fact at a popular level be a direct
result of the forms of communication? How far is this social distance truly created
by science itself?

Using this approach it can be easy to work solely with a diffusionist model
where knowledge is spread from the centre outwards, being corrupted on its path.
Removing any motives from the diffusionist process, apart from those of ‘advancing
the cause of science’, it gives the recipients of that knowledge very little control. It
also encourages examination of only scientific viewpoints, whilst making

assumptions about the subsequent reception of that science in society.

4 R Whitley: The Intellectual and Social Organisation of the Sciences (Oxford:

Clarendon Press, 1984); a similar earlier analysis can be found in N W Storer: The
Social System of Science (New York & London: Rinehart & Winston, 1966).

5 Julie-Ann Lancashire: An Historical Study of the Popularisation of Science in

Britain ¢1890-c¢1939 (Canterbury: PhD, University of Kent, 1988), quote 10.
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Unsurprisingly scientists are more likely to accept this particular sociological
discussion than other approaches endowing scientists with less autonomy.I6 Yet
removing scientists completely from the machinery of society ignores the fact that
until relatively recently scientists did not form a recognised, distinctly different,
group. Since the end of the nineteenth century this group has also been largely
dependent upon the modern economic structure of society in the form of industry

grants and employment, so cannot be seen as a neutral intelligentsia.

Society in Science

A different set of criteria need to be used in assessing the trend in history that
Roy Porter refers to as ‘organisationalist’, and that Colin Russell divides into Marxist
and hegemonic histories.'” Often based around the ideas of Marx, Weber and
Gramsci, these histories attempt to uncover the hidden societal structures that
pervade the scientific world and thus the social background, not only of the scientists,
but also often of the science itself. In some ways this approach extends the
internalism of Kuhn, Popper, Merton and Whitley to the examination of structures
outside that of orthodox science. It lends itself to the internal study of scientific
societies, the growing professionalisation and bourgeoisification of science, the links
of science with (for instance) imperialistic institutions, and the transition from

cultured learning to practical application.

(a) The social structure of official science

Most of the published work on nineteenth and early twentieth century history
tends to accept the ongoing bourgeoisification of society. Whether Marxist or not,
the analyses have tended to revolve around the growth of particular social groups

such as the new middle classes or the burgeoning upper working class, sometimes

16 An example of this concept of division can be found in the ideas of science in

its perceived ‘social responsibility’, such as J G Crowther: Science in Modern Society
(London: Cresset Press, 1967); Professor L Wolpert: The Social Obligations of
Scientists (London: Sandpiper Press, 1989) argues that scientists are independent, and
society must be held to blame for the misapplication of neutral science.

v R Porter: “The History of Science and the History of Society’ in R Olby et al
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known as the ‘labour aristocracy’. E P Thompson, Maxine Berg and Robert Gray
have all contributed important work in the changes in societal structure in Britain.'®
Similarly in the history of science there have been a number of attempts to link the
official scientific community into the structure of society. Although there were
crucial differences between the nations of Europe, much of the analysis of the
position of scientists in Britain mirrors that in other countries, in that there is a
transition from the gentleman of science to the bourgeois professional scientist.
Timescales differ greatly, so it is valuable to compare France and Germany to Britain

before drawing together some common themes.

(i) France

Much of the historiography on France is centred on Paris. As the second
largest metropolis in Europe after London it boasted many of the world’s leading
scientific institutions, and was considered to be the centre of chemistry in the early
nineteenth century - as Liebig experienced.'9 By the middle of the century, there was
some disgruntlement with the situation where science was so centralised, and it is
possible to detect a subtle change from the local level, often involving a more
‘applied’ attitude towards science. Schneider has demonstrated that in many of the
cities of France, local commercial geographical societies were formed in the early
1870s in response to the cool attitude of the established Societé Géographique

towards the exploration initiatives. In contrast to the ‘pure’ approach of the old

(eds) Op. Cit., 32-47; C Russell: Science and Social Change, 6-8.

. E P Thompson: The Making of the English Working Class (London,
Gollancz, 1968); M Berg: The Machinery Question and the making of political
economy 1815-1848 (Cambridge: Cambridge University Press, 1980); R Q Gray: The
Aristocracy of Labour in Nineteenth Century Britain ¢1850-1900 (London:
MacMillan, 1981); P Thane, G Crossick, R Floud (eds): The Power of the Past
(Cambridge: Cambridge University Press, 1984). J Field: ‘British Historians and the
Concept of the Labour Aristocracy’ Radical History Review 19 (1978-1979),
provides a succinct summary.

19 R Fox and G Weisz: ‘The Institutional basis of French science in the

nineteenth century’ in R Fox and G Weisz (eds): The Organisation of Science and
Technology in France 1815-1914 (Cambridge: Cambridge University Press, 1980),
1-8.
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established society, the new societies were formed with the explicit intention of
exploration, and many businessmen were members. This alliance of businessmen
and scientists proved to be a lasting model in the organisation of French science.?

Robert Fox presents a picture of a symbiotic relationship between a long-
established local scientific organisation and the local dyeing industry in Mulhouse.
The extent of scientific knowledge was such that in 1860 ‘For one person of an
adequate chemical education connected with dyeing or printing in England, there are
ten such in France.” Fox uses this as an example to show that the level of learning
extended to artisan level. This relationship was soon disrupted, and although links
with industry were kept, the encroachment of the state and the subsequent annexation
by Germany disrupted the local business elite’s direct control over science.”’

This is the twofold face of the organisation of French science. On the one
hand there were increasing links with business on a local level - science becoming
more business-orientated in the process - and on the other the growth of the French
state increasing its control over the local educational organisation. By the 1860s the
French state was itself becoming more bourgeois. The restructuring of Paris by
Georges Haussmann into a shopkeeper’s paradise at the orders of the Napoleonic
state has been well documented,™ and so it could be said that the middle classes were
slowly taking control of the official scientific community. This is confirmed by
Harry Paul’s study of the expansion of the applied science institutes from the 1850s
onwards, where business came to form a far greater part of university life, reflecting

the developments in Germany.23

20

W H Schneider: ‘Geographical Reform and Municipal Imperialism in France’
in J MacKenzie: Imperialism and the Natural World (Manchester: Manchester
University Press, 1990), 90-117.

2! Robert Fox: ‘Science, Industry and the Social Order in Mulhouse 1798-1871"
British Journal for the History of Science 17 (1984), 127-168.

M

- For instance: J Gaillard: Paris La Ville (1852-1870) (Paris: PhD, Lille
University, 1976), esp. 559-572; P Nord: Paris Shopkeepers and the Politics of
Resentment (Princeton: Princeton University Press, 1986), 100-142; D H Pinkney:
Napoleon Il and the Rebuilding of Paris (Princeton: Princeton University Press,
1958), esp. 1-40 and 174-191.

23

H W Paul: ‘Apollo Courts the Vulcans: The Applied Science Institutes in
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(ii) Germany

The university system in Germany, despite being relatively new, was looked
upon with envy by the rest of Europe. Organised mainly on Prussian lines, the
university was the only way of gaining a professorship, and thus a living, out of
science. Also, and more importantly, it meant that all working men of science were
technically civil servants and thus had to abide by certain guidelines. The subsequent
development of the Technische Hochschiilen for more practical efforts, the
foundation of agricultural colleges, and the overall efforts on the part of the state(s)
were the envy of much of Europe24 - to such an extent that it has been argued that the
Franco-Prussian war lead directly to a French renaissance in scientific endeavour - a
clash in culture as well as in war.

How far the control of the state affected science is not clear. Ben-David and
Zloczower (following the ideal of Weber) have argued that the development of a
deliberately neutral standpoint in order to be able to carry on was a major
development in the progress of science to a purely empirical basis.”> Yet Liebig was
not one to espouse this neutral attitude, encouraging science’s involvement with
industry, and even forming his own meat extract company. By the turn of the
century, as Brock clarifies, major companies used the research laboratory, and

scientific institutionalisation incorporated further into the bourgeois structure.”®

Nineteenth Century French Science Faculties’ in Fox and Weisz (eds): Op. Cit., 155-
190.

24 See for instance: W H Brock: ‘Science Education’; Arthur Shadwell’s 1906

analysis of the German system related in I Inkster Science and Technology in History
(Basingstoke: MacMillan, 1991), 102-103; R Paul: ‘German Academic Science and
the Mandarin Ethos’ British Journal for the History of Science 17 (1984), 1-30; U
Schling-Brodersen: ‘Liebig’s Role in the Establishment of Agricultural Chemistry’
Ambix 39 (1992), 21-30.

2 J Ben-David and A Zloczower: ‘The Growth of Institutionalised Science in

Germany’ in B Barnes (ed): Op. Cit., 45-59.
26 W H Brock: The Fontana History of Chemistry (London: Fontana Press,
1992); ‘Science Education’ Loc. Cit.
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(iii) Britain

Whereas France is an example of the largely bourgeois state slow to develop
any links between science and industry, Prussia until 1871, and Germany after,
contradicts its noble government by forging strong ones. Britain in many ways is
even more paradoxical. Towards the end of the century scientists in Britain felt that
the country was losing ground on the rest of Europe: there was virtually no organised
system of education; university professorships were few; and much of the
sponsorship for science came from private subscriptions.

Ian Inkster has shown that up until the end of the century much of Britain’s
science organisation was ad hoc. In practical science only Scotland had any major
orgamisation.27 In this ad hoc organisation there grew a similar sort of link between
science and industry that there was in France. Although the state refused to get
directly involved in most cases, and direct sponsorship from companies was limited,
the association of many of the local societies with industry was vital. In Manchester,
Bradford and elsewhere there were informal, but crucial, links between local societies
and the industry of the area.”®

British science was thus more established, yet less professionalised than
either Germany or France. The concept of practicality was recognised only as a
resulting factor, not as a motivator of science. Industrial links at a local level, whilst
important, were not considered as such by scientific institutions such as the Royal
Society. Until the end of the century moves towards professionalisation took place

largely through the efforts of private individuals.

(b) Gramsci, historians and science

Berman’s work on the Royal Institution and its links with society deserve

some mention here. Berman uses the Gramscian concept of hegemony to describe

27 I Inkster: Op. Cit.

2# See for instance: J B Morrell: ‘Wissenschaft in Worstedopolis: Public Science

in Bradford 1800-1850 British Journal for the History of Science 18 (1985), 1-23; C
Russell: Op. Cit.; A Thackray: ‘Natural Knowledge in Cultural Context: The
Manchester Model’ American Historical Review 79 (1974), 672-709; G Averley:
‘The “Social Chemists”: English Chemical Societies in the Eighteenth Century’
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the changes inside the Royal Institution - from the agriculturalist representative of
aristocratic science, Humphrey Davy, to the bourgeois industrially-inclined William
Brande. Berman comes to the conclusion that this is in fact a change of hegemonic
form; that the traditional intellectual has been replaced by the organic.29

This approach is an explicit example of much of the foregoing discussion on
all three countries. Most historiography of the academic system, of local societies
and their structure, is based around the appropriation of the talents, facilities and
personnel of organised science by the new business classes. Although perhaps not as
specific as Berman in their Gramscian tendencies, the literature on
professionalisation, and the growing influence of the middle classes upon science at
the expense of the gentleman scholar, along with histories of industries closely linked
with science, show evidence of this reformulation of the societal structures of
science.

Berman was the first author to provide explicit evidence that seemed to show
the direct use of science as an hegemonic tool. Although his work is primarily
concerned with the organisation of scientific structure, the inherent implication of the
hegemonic approach is that science is a tool of social control - at least in potentia.
Whilst this control may not have the subtleties and nuances of Gramsci’s concepts of
balance between control and consent, dictation and legitimisation, this can be broadly
referred to as a Gramscian tradition.™ Sheets-Pyenson uses such an approach to
draw a stark distinction between France and England. The former, she argues, had a

long history of the use of popular science journals to transmit orthodoxies, whereas in

Ambix 33 (1986), 99-128.

29

M Berman: Social Change and Scientific Organisation: The Royal Institution
1799-1844 (London: Heinemann, 1978). Critiques of this thesis - G K Roberts:
‘Essay Review’ British Journal for the History of Science 14 (1980), 154-157; M
Neve: ‘Book Review’ Isis 70 (1979), 623-625 - show reservation about the directness
of his approach which opens the door for more radical approaches, e.g.: D Dickson:
‘Science and Political Hegemony in the Seventeenth Century’ Radical Science
Journal 19 (1978-1979), 7-38.

30 For the theories of Gramsci see: A Gramsci: Prison Notebooks (trans. L

Lawner, New York: Harper and Row, 1973); R S Dombrowski: Antonio Gramsci
(Boston: MacMillan Library, 1989); ] Cammett: Antonio Gramsci and the Origins of
Italian Communism (Stanford: Stanford University Press, 1967).
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England this use of the science journal only grew slowly. This trend could be linked
to the growing influence of the middle class, and the concurrent growth of various
philanthropic movements.”'

Tighter controls over the dissemination of journals were also considered
important in London, where, Desmond argues, the congruence of dissent and
unauthorised science was a major factor in its adoption. Morrell elucidates the
controls exercised over working class science in Bradford where the clergy joined
forces with the middle classes to force the closure of the first Mechanics Institute,
controlled by the artisans, to be replaced by a neutered institution based in middle-
class mores. Similarly Michael Neve charts the control of scientific activity by the
local urban elite in Bristol.*

Two recent doctoral theses, those of Katherine Ring and Peter Broks, have
confronted the problem of science as an hegemonic tool. These works are based
around the idea that, in Ring’s words, ‘the popularisation of scientific knowledge is
intended to gain wider social support for ideological conditions and beliefs.”* Her
thesis highlights the shortcomings of Whitley’s arguments - as previously stated, that
he does not highlight the relationship between popularised views and the socio-
political views of the scientists. The popularisation process was more than simply a
process of interaction, but a system of social and cultural construction. Ring shows
this in action, stating in contradistinction to Lancashire’s passive explanation for
what could be called the image of truth of popularised science, that **“‘Public

scientists” were keen to perpetuate the idea that science was certain, experimentally

A S Sheets-Pyenson: ‘Popular Science Periodicals in Paris and London’ Annals

of Science 42 (1985), 549-572.

32

A Desmond: The Politics of Evolution: Morphology and Reform (Chicago:
University of Chicago Press, 1989) and ‘Artisan Resistance and Evolution in Britain
1819-1848’ Osiris n.s. 3 (1987), 77-110; J B Morrell: Loc. Cit.; M Neve: ‘Science in
a Commercial City: the case of Bristol’ in I Inkster and J B Morrell (eds): Metropolis
and Province: Science in British Culture (London: Hutchinson, 1983), 179-194.

33 K Ring: The Popularisation of Elementary Science through Popular Science

Books 1870-1939 (Canterbury: PhD, University of Kent, 1988), 3.
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proven, knowledge.'**

In his thesis, book and his article on Pearson’s publications, Broks is even
more explicit about the role that science plays in the construction of an hegemony for
itself and for the middle classes. Broks sees the early twentieth century as a time of
hegemonic crisis brought on by the effects of the Boer War, which resulted in a
change in not only in the way that the public viewed themselves, but also, and
necessarily, a change in the popular science magazines. He traces a transition
between the technology-worshipping 1890s and the nature-loving 1900s, and shows
its reflection in the popular magazines, a shift needed in order to retain the consent of
the population to science’s hegemony. This is the crucial difference of Broks’ work:
as science is an hegemonic process, in the popular sphere it must balance the twin
concepts of control and consent in its presentation in order to retain its cultural
significanc:e.35

The use of concepts of power and hegemony have thrown light on many
otherwise hidden areas of the history of science popularisation. Firstly they have
allowed historians to examine the processes of institutionalisation of science.
Secondly they have allowed science to be placed as part of society, as part of culture,
and as a part of the system by which the middle classes legitimated their control over
society. Thirdly, they have allowed the effect of popular reaction in science to
become recognised.

Inherent in the hegemonic approach is the problem of intent. As Colin
Holmes points out, the degree of obvious control varied from area to area, and it 1s
very difficult to make overall generalisations. It is one thing to state that there is an
hegemonic relationship, but another to prove its existence. There are no manifestos,
save the views of individuals. There is no proof save action. Often there is often no

way of telling whether the agendas of lower class groups were decided independently

M Ibid., 348-350(d).

3 P Broks: Science and the Popular Press 1890-1914 (Lancaster, PhD,
University of Lancaster, 1988), esp. 307-309; Idem: ‘Science, the Press and the
Empire - Pearson’s Publications 1890-1914’ in J] M MacKenzie (ed): Imperialism
and the Natural World (Manchester: Manchester University Press, 1990), 141-160,
esp. 154-160; Idem: Media Science Before the Great War (Basingstoke: MacMillan,
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or by someone else. In addition, it has been shown that the assumption of the prior
existence of a ‘gentleman scholar’ archetype cannot be so easily made, even in the
eighteenth century.*®

This is where the study of popular culture grows in importance. If we are to
imbue the popularisation of science with hegemonic qualities we must be sure of two
points. Firstly it must be certain that the source of an ideology is interested in social
control of a target group, and secondly, it must be proven that the material that is
disseminated has at least potential hegemonic qualities in that it reinforces the
position of the originator. The concept of hegemony also assumes a commonality of
interest across a wide scale. Whilst it is simple to prove that certain individuals used
science in an hegemonic manner it is less easy to prove that these individuals formed
part of a group with a common interest or goal. Finally, although an hegemonic
approach can be useful, care must be taken not to base analyses in power and control,

losing the subtleties surrounding the constant flux and change of consensual factors.

Science in Society

The third and most recent approach tends to avoid the potential traps inherent
in analysis of power structures, and is based in the cultural history of, for instance,
Raymond Williams or E P Thompson and, more recently, Jiirgen Habermas.®” In this
approach science is studied as it occurs (usually) at the lower end of society. It is
seen as a cultural force working sometimes to the benefit of the middle classes,
sometimes to the benefit of the recipients of scientific fact. This approach lends itself
to the study of local societies, of worker organisation in terms of science, and more

generally of science in popular culture.

(a) Popular Science and Popularised Science

1996).

16 C Holmes: Op. Cit.; Roger Cooter and Stephen Pumphrey: Loc. Cit.

37 Raymond Williams: Culture and Society 1780-1950 (Harmondsworth:
Penguin, 1961) and Culture (London: Fontana, 1981); E P Thompson: Op. Cit.; J
Habermas: Knowledge and Human Interests (London: Heinemann Educational,
1978).
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The study of science in society has mainly revolved around the debate on the
definition of ‘popular science’. As with popular culture there are two major
definitions, which can lead to difficulties for the historian. As Raymond Williams
identifies, the first and original meaning was ‘of the people’ or ‘for the people’,
stemming from the early modern period with such common terms as ‘action popular’
or ‘popular government’. The second usage of ‘popular’ places it firmly in the ranks
of the lower classes. The sense of ‘low-born’ is historically and implicitly connected
to the ‘people’ so whatever the usage, there is always a concept of a low status in
society connected to the term ‘popular’, even if used by historians to refer to the
general acceptance of an idea.”®

There have been other approaches to this problem of the differing meanings
of popular when applied to culture or science. One possible solution is espoused by

Sheets-Pyenson.” She writes:

The term “low science” may be introduced ... as a more
comprehensive notion than “popular science”. Traditionally “popular
science” has been understood to mean a simplified reflection of “high”
or “academic” science. But often “low science” related to “high
science” in a way that was not so directly dependent. ‘Popular
science™ is more properly seen as a subset of “low science”;
specifically, it is that kind of “low science” that attempts to make
“high” scientific discourse intelligible to the non-scientist. . . . On
occasion, “low science” periodicals vigorously opposed the “high”

. o . 40
scientific establishment.

¥ R Williams: Keywords: A Vocabulary of Culture and Society (London:

Fontana, 1986); S Hall: ‘Notes on Deconstructing the Popular’ in R Samuel (ed):
People’s History and Socialist Theory (London: Routledge & Kegan Paul, 1981),
227-239.

39 S Sheets-Pyenson: Low Scientific Culture in London and Paris 1820-1875
(Pennsylvania: PhD, University of Pennsylvania, 1976).

40 S Sheets-Pyenson: Loc. Cit.
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Sheets-Pyenson draws upon the same ground as Williams, seeing popular
culture as rooted in the lower classes. From this she develops the concept of low
science as being generated inside the working classes. Adrian Desmond uses
‘popular science’ to mean the same, describing the artisanal and medical classes of
London. Elucidating the conflict between his subjects’ support for neo-Lamarckian
theories of evolution rather than natural theology he demonstrates that support from
these theories came as a result not of outside pressure, but from a scientific self-
awareness at odds with a recognised orthodoxy. This self-awareness developed due
to the continuing idea, prevalent from the 1830s, that Lamarckianism was a
subversive form of evolutionism, placing them in opposition to the controlling
influences of society”'

From the previous analysis Williams also makes clear that both senses of
‘popular’ imply a lesser status when placed against ‘specialist’ or ‘élite’. It is this
that can impair our judgement of popular science if we assume, even subconsciously,
that somehow it is not as important as its more officially accepted equivalent. To
circumvent this possibility, from the work of Sheets-Pyenson and Desmond it is
possible to formulate the two different meanings of popular science slightly
differently and from this we can form a more general analogy. In the first sense it is
science that could more properly be called popularised, or made comprehensible to
all, thereby removing its specialist edge - and thus its potency. It is science for the
people. In the second sense science might be popular in that it represents science
that has been constructed independently of the self-proclaimed guardians of ‘official
science’ and therefore is inferior, as it has not applied the recognised laws inherent in
the official construction. This is science of the people.

Thus it is here that there may be a distinction drawn between popularised
science and popular science. The word popularised indicates a change of meaning,
an adaptation of a recognised symbol to suit the cultural space into which it is
introduced. The form is changed, and certain aspects of the content, but however far
from the original conception, it still retains the broad intentions of the original author.

Popular science is constructed independently of the established cultural spokesmen,

4 A Desmond: Op. Cit.
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finding its own rationale in the features of the cultural space in which it operates.

(b) Generative and Regenerative Science®**

In this sense, the concept of popular science ceases to be peculiarly class-
based in the lower strata of society, and develops a more general meaning. As the
original ‘rude’ meaning of ‘popular’ has become increasingly solely associated with
industrial ‘lower-class’ through the development of mass audiences and colloquial
usage, a different term must be used which can transcend social divisions.

Thus it could be said that if this reading of popular and popularised science is
accepted, then popular science is created in a generative, independent construction
inside one cultural sphere. Popularised science is formed through a regenerative
diffusionist construction, across two or more cultural spheres. This formulation of
science in society is analogous to Sheets-Pyenson and Desmond; however by using
the terms ‘generative’ and ‘regenerative’ we can transcend the class boundaries
imposed by both the terms ‘popular’ and ‘low’. Not only this, but it removes the
necessity to define popularisation, as the problems inherent in the term, the same
tensions that exist in ‘popular’, have been removed. Popularisation becomes in itself
an incomplete term, a description of only part of a process, rather than the whole.

The main effect of removing the problem of ‘popular’ from the study of the
transit of scientific ideas is that it also removes the perceived barriers of science
being disseminated from lay society into the scientific milieu. Viewed in this
manner, the dissemination of science becomes not just a linear movement, or even a
two-way exchange of information, but a spiral regeneration of science through

different cultural spheres. This interactive regeneration model of the various forms

4 The ideas behind the development of the division of generative and

regenerative science come from various sources. Stuart Hall’s concept of the coding
and decoding of ideas in transition between cultures has been especially useful in
defining regenerational concepts. S Hall: ‘Encoding/Decoding’ in S Hall (ed):
Culture, Media, Language: Working Papers in Cultural Studies (London:
Hutchinson, 1980), 128-138. Mikhail Bakhtin’s ideas of heteroglossia find a number
of parallels in Desmond’s analysis. M M Bakhtin: The Dialogic Imagination
(Austin: University of Texas Press, 1981), esp. 259-422; Dolby’s concept of idea
construction shows generational science in its purest theoretical form. R G A Dolby:
Op. Cit.
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of science in orthodox scientific and lay society allows the historian to examine how
official science developed its own generative and regenerative science in response to
that it came into contact with, and how the scientific community reacted to adaptation
of and opposition to its views.*’

Using this model it is possible to reappraise previously published pieces of
work. In Roger Cooter’s study of Harriet Martineau’s cure of a prolapsed womb
through mesmerism, the lack of any effective treatment by the recognised medical
community can be seen as a crisis of official generative science. Her subsequent cure
through mesmerism (generative), the attacks on ‘hysteria and nerves’ (regenerative)
combined with those on the soundness of mesmerism (regenerative), her
championing of the mesmerist cause (generative and regenerative), and finally the
extremely public post-mortem (regenerative) all follow this pattern.**

This model also adds a new dimension to cultural Marxist and Gramscian
models of hegemonic controls. It becomes simpler to see the balance of control and
consent that had to be manipulated - if any were manipulating - in order for science
to obtain its hegemony over society. The inherent problem of one-sided hegemonic
models of science popularisation is avoided, as now all sides have to be considered
equally. In the Harriet Martineau case, the oppositional stance of medical authorities
and mesmerists through one public figure led to redefinitions of both. Neither was
unchanged by the confrontation, as both found themselves under attack. Such
pressures introduce Bakhtin’s concept of heteroglossia, where polemical discourses
redefine each other through responses to each other’s arguments. Removing the

concept of the official scientist tacitly accepted as correct by the historian, such

3 In this there are obvious parallels with Chomsky’s theories of ‘generative

grammar’, in which grammar is seen as a unifying feature between languages, and
language itself is reduced to an expression of difference in method of execution, but
not purpose. ‘Generative’ in both cases assumes commonality of interest and a fixed
basis. However, this is closer to Dolby’s production of science from first causes than
the more superstructural concept of generational science presented here. A N
Chomsky: Syntactic Structures (The Hague: Mouton & Co., 1957); A George (ed):
Reflections on Chomsky (Oxford: Blackwell, 1989).

44 R Cooter: ‘Dichotomy and Denial: Mesmerism, Medicine and Harriet

Martineau’ in M Benjamin (ed): Science and Sensibility (Oxford: Blackwell, 1991),
144-173.
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heteroglossia are easier to see in operation.45

(4) Science, Scientists and Regenerative Textual Meaning

There are a number of links between the three approaches mentioned,
although they seem to be at first sight mutually exclusive. Diffusionist histories of
science generally tend to incorporate parts of the first two approaches, but not the
third. Much of the work on lower class science, for instance that of Colin Russell
and J B Morrell on Mechanics Institutes incorporates the first two from the point of
view of the third, without necessarily studying the practice of science itself. So these
are not necessarily mutually exclusive categories; however, it is true that the last
category, science in society, as opposed to science diffused into society, has received
comparatively little treatment and that this is only now beginning to be remedied.

The use of an interactive regeneration model allows a certain amount of
flexibility between the three approaches. It is not held to any, save that it takes into
account the social and economic background of, and the social and cultural forces
working upon, the subject, and thus denies the inherent superiority of the ‘official’
scientific view. In the same way control becomes merely a part of the process, not
the whole of it. Finally, this approach lends itself to textual and cultural analysis,
which can provide insights into the practice of science throughout society from a
specialised basis by analysing regenerative discourse.

Having overcome one problem, another is created, precisely in that the
notions of generative and regenerative science are not specific to any one cultural
sphere. For purposes of clarity, if nothing else, some method of distinguishing
between that science generated by the scientific élite and that generated by society
must be formed. Class divisions clearly cannot apply where there is no obvious
relationship between the scientific élite and social and economic status - except by
divorcing scientists from society. Yet class divisions are more apparent in the
practice of science inside the popular sphere, as many of the previously mentioned

studies have indicated.

4 N Perlina: ‘Bakhtin and Buber’ Studies in Twentieth Century Literature 1

(1984), 13-28.
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Accepting this, it is necessary to understand that the status of the scientist is
based upon cultural validation, and thus a cultural approach would seem to be the
most effective. The history of popular culture, and the field of cultural studies in
general, lends a number of models to the historian. Williams’ concept of cultural
spheres is useful, but not perfect, in that the usual divisions of élite and popular still
apply. Even Habermas’ model of private and public spheres tends towards analysis
of dimorphic culture.*®

If one accepts that there was an interface between science and society
comprised of those who were involved in science in whatever context, then the
problem becomes simpler. Frank Turner has suggested that divisions in scientific
men in the late nineteenth century were based on the essential difference between the
practising scientist and the ‘public scientist’ or active populariser of science.'’
Whilst useful in identifying that group of scientists who were the primary lobbying
group representing scientific interests to the upper echelons of society, this
terminology is less useful in determining the relations of science to other areas.*®
Moreover, the majority of scientists were engaged in public discourse - not merely
those who made themselves apparent through self-publicisation.

Thus I propose to use the structure used by Klapper in his discussion of the
development of the mass audience, namely a series of semi-homogeneous spheres, to

delineate differing cultural attitudes within science.*” The scientist™ was a proto-

46 J Habermas: Op. Cit. assumes the creation of a distinct public sphere in the

late eighteenth century, which has implications in the debates on mass media.
Similarly the researches of Raymond Williams, Stuart Hall and Peter Burke are based
on ideas of a fixed division between cultural spheres.

4 F M Turner: Loc. Cit.

48 Richard Proctor and William Noble stand out as two ‘public scientists’ who

did not actively lobby parliament, but instead concerned themselves with the use of
science at all levels of society.

49 J Klapper: The Effects of Mass Communication (Glencoe: Free Press, 1960).

This internalistic reading by necessity accepts the growing scientification of society
in the mould of official science, and is reminiscent of B Latour: We Have Never Been
Modern (London: Harvester, 1993) in its ideas of the absorption of scientific hybrids
into its structure. This view has been criticised because it ignores language
differentiation - S Cohen: ‘Science Studies and Language Suppression’ Studies in the
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professional, whose concerns were largely with the development of science as an
academic, publicly funded institution. The science user was a proto-amateur, largely
cognisant of the ‘proper practice’ of science, but imperfectly so. The practitioner of
science was a technologist - ranging from the civil engineer to the artisan in his
workshop - who practised science in a manner directly part of the economic structure
of society. The scientific public was the part of society that made up the active
audience of the scientifically interested. The rump of society was the non-scientific
public, a shrinking body that had only indirect contact with official science and
formed its own science based on previous forms. This group formed a pool of
recruitment for the scientific public - a synthesis which was not to come about fully
until the implementation of science teaching on a systematic basis.”'

There were no fixed boundaries between these spheres; they interlocked to
form an internal human interface of science and society. Similarly as the spheres
merged, so there were also individuals who formed part of the interfaces of these
spheres, communicating at many levels. Within these cultural spheres the operation
of class background was obviously of vital importance — as the scientific practitioner
was an intrinsic part of the economic basis of society from, at the latest, the middle of
the nineteenth century, it is impossible to refer to science as disinterested, even using

Weber's definition of Wertfreiheir>> This division of cultural spheres takes

History and Philosophy of Science 28 (1997), 339-361. The use of various smaller
cultural spheres has however been used to great effect by Klapper, and recognising
the existence of generational science removes this obvious flaw.

50 The use of the term ‘scientist’ is actually an anachronistic one, as until the

twentieth century it was not used by the scientific community in Britain to refer to
themselves. S Ross: ‘Scientist: The Story of a Word’ Annals of Science 18 (1962),
65-85. However, for ease of understanding, despite its associations with the modern
professional scientist, the term will be used as above.

5! D Layton: Science for the People: The Origins of the School Curriculum in

England (London: Allen & Unwin, 1973).

52 Weber's concept was developed to justify the independent practice of

academic subjects where the funding of them came directly from the interested party
of the military government of Prussia. D Beetham: Max Weber and the Theory of
Modern Politics (London: Allen & Unwin, 1974); A Giddens: Capitalism and
Modern Social Theory: an analysis of the writings of Durkheim, Marx and Weber
(London: Cambridge University Press, 1971).
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organised, ‘pure’ science as its starting point as in the late nineteenth century it was
the sphere of the scientist that was most aligned towards popularisation. Moreover,
interaction between this sphere and that of the scientific public more often than not
passed through the other two. Rather than bringing science into society, this

approach seeks to demonstrate that society was intrinsically imbued with science.

Means of Interface in Science and Society

The multifarious means of communication have been exhaustively studied in
recent analyses. They can be broadly broken down into three main areas - oral, visual
and written. Oral analyses have concentrated either on the lectures that scientists
gave to thousands of - especially - working-men, which tend to be élitist
examinations of the teachings of popularisers such as Tyndall and Huxley, or on the
oral culture of official scientific society.® Outside the mainstream of the history of
science, analysis of oral traditions in the workplace can elucidate the transfer of craft
‘mysteries’ - among them scientific knowledge.> Examination of oral culture,
except where written records were kept of the transfer of information, is at best
difficult, and often impossible. Moreover even if written down, it is often impossible
to gauge response to what is often dissemination of the ideas of the ‘scientist’.

Analyses of visual representations of science have concentrated on art,
illustration and architecture, both inside and outside science. Art itself became more
formalised in this period, culminating in works based on form and structure, not

representation.55 Illustrations to scientific books became more stylised, reproducing

53 J N Hays: ‘The London Lecturing Empire’ in I Inkster and J Morrell: Op. Cit.,
91-110; R Barton: The X Club (Pennsylvania: PhD, University of Pennsylvania,
1976); A Secord: ‘Science in the Pub: Artisan Botanists in Early Nineteenth Century
Lancashire’ History of Science 32 (1994), 269-312.

>4 D Vincent: ‘The Decline of the Oral Tradition in Popular Culture’ and C

Behagg: ‘Secrecy, Ritual and Folk Violence: The Opacity of the Workplace in the
First Half of the Nineteenth Century’ R D Storch (ed): Popular Culture and Custom
in Nineteenth Century England (London and Canberra: Croom Helm, 1982), 27-42
and 154-179.

> On scientific colour theory: P Signac: The Colour Contributions of Delacroix,

the Impressionists and the Neo-Impressionists (D'Eugéne Delacroix au Néo-
Impressionism) (Paris: Hermann, 1978); on radical technical approaches: H Read:
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