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The Language of Experiment in Chemical Textbooks:
Some Examplesfrom Early Nineteenth-Century Britain

Brian Dolan’

As many of the essays in this volume point out, when reviewing historical
literature, it becomes an immediate challenge to define what might count
as a ‘chemical textbook.” However, the genre could use definition.
Within a variety of early nineteenth-century British books that deal with
chemistry, some which even style themselves textbooks, one can distin-
guish different educational functions intended for these books. Further, in
books from the period as well as in current historiography, one finds many
different expressions of how scientific practices could relate to educational
aims. This complicates how a ‘language of experiment’ might be identi-
fied in these chemical texts.

Furthermore, ‘experiment’ itself is an activity which has only re-
cently received critical examination as a meaning-making process, having
previously been judged insignificant compared to the results of the ex-
perimental practices.’ We now have a range of studies which historicise
the uses of experiment in the making of modern science. We see how
natural philosophers from the seventeenth century refashioned their ex-
perimental cultures and (re)presented their activities in select ways in or-
der to persuade their communities to accept matters of fact about the
world.

Conducting experiments has not always been thought of as an ap-
propriate way to investigate the natural world. Steven Shapin and Simon
Schaffer have explained that in the seventeenth century, experimental
knowledge became credible, and natural phenomena ceased to be incredi-
ble, through repeated experimental demonstrations in public or by provid-
ing circumstantial descriptions of experiments in accounts which were

aimed to allow readers to visualise the experiments themselves.> Experi-
ments were seen to offer legitimate knowledge about the natural world
when the results of repeated trials were proven to be consistent and pre-
dictable.

Individual, solitary, and exploratory investigations--what we today
usually associate with ‘experimental science’--were only thought to pro-
duced reliable findings when the practitioner’s activities had been moved
to the public sphere or translated into an accurate record of the relevant
practices and observations involved in the trial. Peter Dear has suggested
how in some ways experimental reports could themselves count as credi-
ble experimental knowledge so long as certain literary conventions were
followed.®> Writing textual descriptions of experimental trials involved
developing argumentative strategies and making retrospective decisions
about what and how experiments should be described.

The ‘language of experiment’ in textual accounts is akin to what
Steven Shapin has termed a ‘literary technology’ which was used to argue
facts about the natural world, but was also designed to prove that the natu-
ral world could be rationally represented. Demonstrations of experimental
knowledge about natural phenomena, expressed either in writing or public
performances, followed rules which appeared to reflect the coherency and
control of the law-bound operations of nature. Sociologists of science
such as Bruno Latour, Michael Lynch, and Steve Woolgar have further
pointed out that the practices of representation utilise an array of toolsin
attempt to standardise, calibrate, and naturalise the depiction of the natural
world; these ‘tools,” inscription devices, modalities, metrological activi-
ties, etc., are used to help manufacture literary technologies.

It has also been shown how the preparation of documents for for-
mal communication of experimental activities and subsequent results fre-
guently involved practical artifice in the selection of evidence and
construction of arguments.4 The fase starts, uncertain pursuits, hunches,
and inconsistent results were unsurprisingly left out of public reports.
However, realising the practical gap between the work of experiment and
the later public account, historians of science have been left with the diffi-




culties in locating historical records in order to conduct accurate exegesis
of experimental practices.® This chapter considers some ways these stud-
ies can be brought to bear on our understanding of the relationship be-
tween experimental practice, accounts of experiments in textbook
knowledge, and educational interests in constructing rational representa-
tions of natural phenomena.

This chapter looks at the difficulties which ‘experiments’ create
for training regimes where standardisation of practices and consistency in
manufacturing results were meant to establish the values of Georgian sci-
entific pedagogy. Concerns over the presentation of experimental cultures
were central in attempts to establish chemistry as areliable natural science.
This led to the augmentation of the ‘language of experiment’ in textbooks
with other apparatus such as specially designed kits with prepared chemi-
cals and instruments which students were required to purchase. These kits,
which were part of an important commercial economy connected to natural
philosophy in Georgian Britain (an area of research neglected by historians
of science), were designed for students to practice conducting experiments.
Such kits made experimental activity itself important to demonstrating
facts about the natural world, but also represented chemical practice as a
coherent and reliable endeavour. The language of experiment was thus not
solely textual. This chapter ‘reads between the lines' in textbooks and
points to places where literary technologies cease to work, where descrip-
tive accounts do not express all involved in experimenta trials, and where
different ‘vocabularies articulated within material culture were involved
in reproducing ‘normal’ science.® The body of knowledge organised in
textbooks for the use of future generations often relied on associated re-
gimes for the training of chemists' own bodies.

One useful way to look at the function of textbooks in late eight-
eenth and early nineteenth- century Britain isto consider the availability of
public lectures, socia clubs, museums, and of instruments, chemicals, and
specimens which were parts of educational apparatus used by instructors
and students. It would first be fruitful, therefore, to situate some of these
textbooks within the pedagogical culture of Georgian Britain. Hence the
first part of this chapter sketches the diversity of the market for science
education.

Different authors wrote for different audiences, each with an inter-
est in representing scientific knowledge and practice in a particular way.
The second section of this chapter discusses some ways in which lan-
guages of experiment in these books formed part of a language of instruc-
tion that depended upon an array of merchandise that proved not only
rather expensive, but amenable to the values of Georgian polite education.
Textbook instructions on how to perform experiments were often written
with certain assumptions regarding the reader’s background knowledge
and tacit skills, the availability of apparatus, and accessibility to laboratory
spaces. The merchandise sold in the marketplace was as varied as the text-
books discussing chemical practices. Portable training kits were designed
to show youths the wonders of chemical phenomena, while other kinds of
instruments and apparatus mentioned in more advanced manuals were
used only by experienced practitioners. We see that attempts to inscribe
languages of experiment in textbooks were subordinate to appeals for
complementary physical actions and observation of spontaneous experi-
mental phenomena, the chemist’'s ‘signs.” We will here explore how text-
book rules and prepared chemical kits were fragments of a pedagogical
ideal to standardise the practices by which these signs were decoded.

Many of the books discussed here deal with the chemical decom-
position of minerals through the use of chemical reagents, fluxes, and
chemical instruments such as blowpipes and portable furnaces. | hope the
examples will help broaden our perspective of what might be counted as a
‘chemical textbook,” perhaps overlooked hitherto because of disciplinary
constrictions when defining chemistry and mineralogy. They also provide
me with the opportunity to relocate the place of chemical experiments
from their commonly associated venue of the laboratory to the arena of
field experiments, where we can examine how languages of experiment in
textbooks--books often taken to the field--might be related to the practice
of chemical analysis.

THE PEDAGOGICAL MARKETPLACE

It is easy to carry forth our own pedagogical theories to our readings of
historical literature. But when we review early nineteenth-century chemi-
cal books we cannot think of them as issued classroom texts required for



al enrolled students. Rather, these books have to be seen as products de-
signed for particular, voluntary audiences interested in scientific knowl-
edge.” Further, these books were part of a wider culture of popular
education. While London provided places for exclusive scientific discus-
sion among gentlemen, it also maintained a market for a hefty middle-class
consumer society.® Places for public lectures ranging from institutional
platforms to private residences were possible venues for the transmission
of scientific knowledge to audiences potentially equipped with an array of
books, instruments, and natural history specimens. A regiment of instruc-
tors and deal ers accommodated wide interests through the London market-
place: minerals were sold as specimens of analysis;, instruments and
chemicals were sold as agents of analysis; and handbooks or manuals
were sold as guides to analytical techniques. As Bernadette Bensaude-
Vincent and others in this volume suggest, chemical textbooks sometimes
enrolled captive audiences who were placed within a problem-solving dia-
logue written into the text. Not only might this work towards creating and
maintaining a disciplinary identity for chemistry, but what was sold as sci-
entific material could also be made a family business and provide a lucra-
tive source of income. By the end of the eighteenth century, urban
development, economic growth, and the desire to purchase into material
culture spurred the development of the manufactures, including the retail
market for philosophical apparatus.®

Linked to the changing socia climate, increased literacy and the
range of interests between industria utility and public entertainment was
the concern over the changing values of education. Popular and provincial
science lectures became legitimate when their educational and utilitarian
values were defined: here the improvement of individual character as well
as social benefits of science instruction were considerations.’® Evangelical
programmes embraced these educational concerns, extending enlightened
principles to the socially provincial public, displaced by religion, class, or
gender. Thus, the development of a market for pedagogical tracts afforded
a resource for intellectual and socia legitimacy of, for example, women
science writers, who had been traditionally excluded from the scientific
enterprise.** What was constructed in the early nineteenth century was a
socially diverse work-force of collectors, correspondents, writers, and art-

ists engaged in the dissemination of scientific knowledge through popular
publishing.*?

But, while the market for scientific publishing provided an intel-
lectual and economic resource for a diverse community, individuals en-
gaged in the production of scientific knowledge were located within a
specific social geography. Within the range of pedagogical tracts pub-
lished in the early nineteenth century, a hierarchy of knowledge and spe-
cific codes of conduct were maintained among the authors.® The
distribution of scientific knowledge was a system of interdependent rela-
tionships, mediated by theories of social order.** Thus the genre of *sci-
ence textbooks,” or books about science, can be refined to distinguish
between a range of books embracing different pedagogical theories, in-
tended for a diverse audience.

Public instruction was available in degrees of accessibility. The
opening of the Royal Institution in 1799 catered for a fashionable audience
of men and women. Asaresult of public lectures offered here, many sub-
sequent books, written to accompany or further explain the lectures, were
published. Jane Marcet’s well-known Conversations on Chemistry was
written because, after attending the lectures at the Royal Institution, she
‘found it almost impossible to derive any clear or satisfactory information
from the rapid demonstrations which are usually, and perhaps necessarily,
crowded into popular courses of this kind.”*> Marcet was well poised to
write about these lectures: her family were affluent Swiss émigrés and her
husband, Alexander Marcet, was an au courant London chemist and phy-
sician who held company with contemporaries such as chemists Jacob
Berzelius and Humphry Davy as well as progressive educational writers
Harriet Martineau and Maria Edgeworth.”® Marcet’s two small volumes
were extremely popular, publications pushing through multiple editions,
with editions and translations appearing in America and around Europe.
Although, as David Knight and Natalie Pigeard discuss in this volume,
Marcet’ s accounts of chemical experimentation were more theoretical than
practical, and, while ostensibly written for young women, were conceiva
bly also used by young men as an introductory text into basic principles of
chemistry.*’



Rebecca Delvalle' s catechism, titled Conversations on Mineral-
ogy, was likewise written. Delvalle was also well accustomed to discuss-
ing natural philosophical subjects. She worked closely with her husband,
Wilson Lowry, an entrepreneurial artist and engraver whose contributions
to natural philosophy were awarded with memberships to the Geological
Society and the Royal Society. While an accomplished writer, Delvalle
nevertheless felt that ‘very little knowledge of Mineralogy can be obtained
from books, without an acquaintance with Minerals themselves. thisis
unquestionably best acquired by personal instruction, which is now easily
obtainable through the public lectures delivered in this, as well as other
branches of Natural History in London ..." But knowing the distance at
which one was kept from the actual experiment at places such as the Royal
Institution (or the fact that most societies were closed to women), she rec-
ommended her own parlour-room lectures from her home on Titchfield
Street.”® Delvalle's lectures and abilities at arranging mineralogical col-
lections were commended by many, and she soon became prominent in
communities concerned with public instruction.*

Friedrich Accum represents a practitioner at a different level of
scientific pedagogy. Accum was a popular lecturer and prolific writer on
chemical experimentation, exploiting what Jan Golinski has identified as
the market for polite chemical education in the metropolis.®® A Hanove-
rian chemist and apprenticed apothecary to King George |11, Accum had
been employed by the Roya Institution, established his own short-lived
London Chemical Society in 1806, set up a pharmaceutical company in
Soho, and afew years later became a lecturer at the newly founded Surrey
Institution.?* The Surrey Institution was loosely modelled after the Royal
Institution, with the significant difference that the ‘ convenient Laboratory,
furnished with the necessary apparatus affording every facility to Chemi-
cal and Philosophical Researches,” was open to all who subscribed the an-
nual two guineas.?

Accum'’s lectures provided demonstrations of experiments which
the audience could later perform for themselves. Complementing his lec-
tures, he published handbooks providing information about conducting
experiments.”® Ranging from amusing home entertainment to practical
treatises on mineral analysis, Accum’s books demanded reader interaction.

His texts assumed his reader’s familiarity with experimental procedures
and possession of chemicals and instruments. The range of publications,
number of editions, and extent of foreign trandations not only attest to the
popularity of his work, but imply the commitment of his audience to learn
to follow hisinstructions.

Similar pedagogical aims were set by the chemist and mineralogist
Arthur Aikin. He had been one of the founding members of the Askesian
Society of London, and in 1799 was part of the core group who formed the
Mineralogical Society (1799-1806), of which he became the second presi-
dent.* In 1807 Aikin was aso one of the founding members of the Geo-
logical Society, to which he became secretary between 1811 and 1817.%
Through his lectures, published papers, and pedagogica tracts, Aikin es-
tablished himself as a skilled mineralogist and chemist, as well as central
to the scientific lecture circuit in London. Considering the corresponding
market for philosophical apparatus, we can see how akind of ‘training’ in
mineralogical and chemical analysis could be accommodated.

It was this market that attracted John Mawe, a Derbyshire miner-
alogist and geologist, to London in the 1790s. Mawe opened up a minera-
logical shop at 149 Strand, near Somerset House, the home of the Royal
Society and the Royal Academy of Arts.”® Throughout the decade he
committed himself to providing materials for instructing the public on
mineral analysis, and he published several books and pamphlets on topics
ranging from blowpipe analysis, mineral characteristics, catalogues of
minerals, aswell as narratives of histravels to Brazil.

For these individuals and many others associated with popular
pedagogy, the investment in scientific education was thought to yield con-
siderable moral and mental improvement, in addition to economic return.
Mawe's merchandise contributed to the mineralogical ‘training package’
sold to the public for individual pursuit.”” The end to such a pursuit was
the establishment of a system of mineralogy, where the identification of
minerals was becoming increasingly dependent upon identifying chemical
congtituents of minerals. Mawe was aware that the mineral kingdom held
much to be explored; unlike botany, with Linnaean taxonomy rendering
order to the kingdom, knowledge of mineral classification systems was far
from comprehensive. Mawe lamented that ‘few have thought the knowl-



edge of Minerals worthy of their attention, although to them we owe our
national strength and riches’?® The relevance of pursuing mineralogy he
argued in two ways.

we may consider it as closely connected with the more common

affairs of life, and consequently inviting us to pursue it from its

utility; or by affording us continual examples of mathematical
regularity, and of the undeviating order of Nature, it may, like As-
tronomy, accustom the student to sublime speculations, and thus
become the means of enlarging and dignifying the faculties of his
understanding.®
The utility of exploiting the mineral resources of the earth did not need to
be justified, only identified. But techniques by which one could render
order to the mineral kingdom needed to be explained. Reducing the min-
eral kingdom to a coherent classification system meant recognising the
rules governing the ‘undeviating order of Nature.” Classification systems
represented order and control; a system of education--the acquisition and
application of scientific knowledge--was likewise governed by a system of
rules, reflecting coherency and order. As John Hailstone, the Cambridge
‘professor of fossils, commented: ‘what is incapable of being reduced to
system cannot be made the subject of public instruction.”*® Training the
mind, shaping the character of the individual, and realising the utility of
the earth sciences--mineralogy and chemistry included--were justifications
for such pedagogical practices. Many chemica textbooks, a selection of
which will be discussed below, were written with the aim to demonstrate
how following instructions could allow the reader to identify minerals and
construct rational classification systems. These textbooks helped create
the appearance that scientific practices were rule-bound, undeviating, and
coherent.

Authors such as Mawe and Accum contributed to a scientific
training package by providing individuals with a variety of interdependent
texts and selling instruments with which one could actually conduct the
experiments described in manuals. As we will further consider in the fol-
lowing sections, with some books, like Marcet’s, which claimed to be ‘11-
lustrated by Experiments, one could conceivably ‘get the picture’ by

going beyond reading about them and actively reproducing experiments as
well as attending lectures.

The people involved in scientific pedagogy shared a division of
labour. Mawe, for example, referred his readers to the work of other Lon-
don colleagues as part of the course for their mineralogical education:

The excellent publication upon English Minerals, by Mr. Sow-

erby, is particularly recommended. Information relative to Miner-

alogy is given in the style of lessons by Mrs. Lowry [Rebecca

Delvale], with the advantage of an extensive and well arranged

collection. Smith's excellent Geological Map is highly interest-

ing, and will prove of great utility.**
After attending lectures, visiting collections, and obtaining a series of
books and maps, anyone interested in training themselves in mineral
analysis had the additional expense of obtaining the necessary apparatus.
‘I would advise you,” Delvalle suggested to her students, ‘if you travel, to
get alittle apparatus, called a mineralogical pocket-book.’* Mawe's shop
was, of course, well equipped.

Strolling down the Strand one could purchase ‘small boxes, fitted
with Chemica Tests, Blow-Pipe, Hammers, Magnet, Steel Mortar, &c. for
the use of Travellers’® In a small, pocket-sized pamphlet that cost four
shillings on Instructions for the Use of the Blow-Pipe, Mawe included an
advertisement for pre-packaged specimens on which one could practice
mineral analysis with the instrument. ‘Collections of the Metals, Earths,
and Rocks are formed in Mahogany Cabinets of varying sizes. £2.2.0
would buy ‘100 small specimens,” but elaborate collections with exotic
specimens contained in portable chests including a blowpipe, magnets,
tubes, crucibles, acids, and fluxes were advertised for upwards of twenty
guineas.® Shops elsewhere provided similar materials. Accum’s Soho
shop sold his own pre-packaged mineralogical kits, as well as pricey ‘Ag-
ricultural Chests' and ‘Medicine Chests,” for families or ‘for the use of the
Army or Navy.” Not least, John Newman, the instrument maker for the
Royal Institution, sold chemical cabinets and apparatus to the public from
his Regent Street supply house.® Typical of these kits, Mawe's ‘Instruc-
tive Portable Collections' contained simple mineral substances with dis-
tinctive characteristics, either external or identified through simple



chemical analysis, to introduce the student to mineral classification.
Mawe explained that in his book ‘the Species and Varieties are described,
and these being compared with the accompanying Specimens, will soon be
distinguished from each other, and a correct notion will be obtained of the
general Characters of Mineral Substances.” Pre-packaged arrangements
and simple step-by-step instructions were designed to make ‘ correct no-
tions' easier to grasp.

It appears that within the variety of merchandise available in the
London marketplace one could be equipped with the necessary items for
participating in scientific practice, often sold at considerable expense in
forms resembling a ‘training package’ for novice experimentalists. Thus
equipped, the consumers were encouraged to think of themselves as par-
ticipants in the production of scientific knowledge. At the introductory
level, learning rule-governed practices with prepared kits supported polite
pedagogical ideals and reinforced Enlightenment sentiments of improving
individual morals and manners.® One intended result of the distribution of
these kits was the multiplication of sites for standardised scientific prac-
tice: from lecture halls to laboratories to fields, it was hoped the same
conclusions about the chemical composition of the mineral kingdom could
be reached. But not all ‘textbooks written during the period in question
shared the aim to make scientific knowledge appear so prescribed and
standardised, and not al experimental practices discussed in books were
understood as being solely governed by simple and reliable rules. In what
ways, then, did the language of experiment in various field manuals or
chemical textbooks correspond to the required activities of students who
purchased the textbook and other necessary apparatus?

Our discussion of the resources available to readers of a particular
text will prove helpful to thinking about how effective textbooks could
have been in teaching experimental skills. Further, we will see how lan-
guages of experiment were intended to be supplemented with forms of
instruction such as visual aids, gestures, or audible commands by instruc-
tors. Competent experimentalists would most likely have read about ex-
periments, watched others perform experiments, and obtained access to
apparatus necessary for doing experiments. A book written for this person
would be laden with assumptions about the kinds of knowledge acquired

during these levels of learning. A number of books can be identified
where it becomes evident that the author had a particular reader in mind,
assumed that person to have attained a level of skill in using instruments,
and knew that laboratory space, apparatus, and chemicals could be avail-
ableto the reader. A few of these kinds of books will be reviewed briefly
here.

Some books required the reader to have speciaised background
knowledge in order for them to be useful. These books took different
forms, reflecting different pedagogica aims. As Bernadette Bensaude-
Vincent has suggested, when reflecting on different accounts of scientific
practice, sentiments of universality in scientific knowledge, and theoriesin
scientific pedagogy, useful distinctions can be made between, for example,
encyclopaedic accounts of scientific facts, explanatory tracts which offered
guidelines for preparing chemicals or using instruments, and analytic de-
scriptions of experiments and reactions in instruction manuals.*” What
follows is a selection of textbooks which contain different levels of de-
scriptive information, some intended to paint a more detailed picture of the
minute steps involved in experimentation, but which were usually limited
to simple experiments, involving few steps and chemicals. These text-
books were often sold to accompany chemical kits with specialy prepared
tests and chemicals in an attempt to limit contingency and uncertainties
usualy encountered when performing experiments. Textbook descrip-
tions, however, did not contain other sorts of experimental languages
which we could associate with a kind of ‘body language’ acquired through
practice and articulated through non-verbal activities, gestures, and subtle
manoeuvres.

FOLLOWING DIRECTIONS

The first edition of Friedrich Accum’s Manual of Analytical Mineralogy
was published in 1807, written while he offered lectures at the London
Chemical Society. Within eighteen months the first print run sold out and
a second edition was published. These latter two, octavo-size volumes
were written to ‘serve as a text book for my pupils, Accum wrote, but
were not necessarily restricted to classroom use.*® The classroom, which
in Accum’s case was aso a laboratory space, was a centre for different



kinds of instruction. Students learned about different sorts of chemical
instruments, furnaces, basins, and flasks, chemical reagents and acids
were described. Following a discussion of different mineral compounds,
students were shown how chemical apparatus could be used to analyse
minerals. This instruction involved visual demonstrations of experiments
where effects of different reactions were explained. Accum'’s *classroom’
instruction was intended to familiarise students with experimental prac-
tices involved in chemical analysis.*

Analytical mineralogy was a science not only linked with chemis-
try, but practices in crystallography and geology as well. Specimens of
analysis came from all over, from the depths of mines to collections from
shores of foreign lands. Further, analytical mineralogy was not an ex-
perimental science confined to laboratory sites. It was mainly afield sci-
ence, and mineralogists often carried out field experiments independently,
equipped with an array of portable tools and instruments.* Accum’s lec-
tures provided practical instruction which prepared the ground for individ-
ual pursuit. The portable ‘text book,” written to be ‘anarrow a compass as
possible,” provided ‘concise directions to making one's way through the
field and performing individual on-site analysis.** The book provided
tabular instructions for conducting chemical analysis on different kinds of
earths, stones, and ores, so that, ‘with the book in his hand,” the student
would be able to ascertain the ‘nature and composite of all such mineral
substances as he may meet with.’* Careful to keep the book useful as a
portable field manual, Accum provided only succinct instructions for suc-
cessive steps involved in experimental practice. Unlike some books dis-
cussed below, in order to carry out the instructions offered in Accum'’s
Manual, the student would have needed a considerable amount of back-
ground knowledge.

Eight years later, in 1816, Accum published another book, A Prac-
tical Essay on Chemical Re-Agents. This, however, was written in com-
paratively more detail for ‘the young chemist’ who was expected to
practice conducting experiments from the ‘collection of chemical tests
described in the text after purchasing ‘a few articles of commerce.’
These articles of commerce were similar to those discussed in the previous
section, including instruments, prepared chemicals, and mineral specimens

of the sort sold by himself and others like Mawe or Newman as apparatus
congtituting a training package. The textbooks were sold to accompany
the pre-packaged kits in attempt to provide novices with the opportunity to
practice field experiments in order to acquire skills in using instruments
and conducting experiments.

For example, a frequent experimental procedure in the analysis of
minerals was fusion--melting the minerals, converting the solid to a liquid.
Accum had noted in the Manual that the ‘chief instrument necessary’ for
fusing small quantities of ore was the blowpipe, an instrument in common
use by many to perform this chemical reaction. This instrument was nec-
essary and important because it alowed the analyst to see how the melting
mineral reacted to the intense flame that the blowpipe directed on to it;
this was an efficient test that quickly indicated what compounds were pre-
sent in the mineral sample. However, using blowpipes required consider-
able skill. Accum was aware that if one did not use a blowpipe correctly
in fusing substances then obtaining an accurate experimental result was
unlikely. So, Accum included along explanatory passage on how to per-
form blowpipe experiments. Using blowpipes involved blowing in various
intensities through a small tube for uninterrupted and extended periods of
time. Accum noted that ‘a few days practice’ was required for ‘the mus-
cles of the mouth [to become] accustomed to this new mode of exertion.” *
When John Mawe was selling his mineralogical kits from his Strand shop
for students to practice chemical analysis of minerals, he was likewise
aware that techniques for using instruments and mixing chemicals needed
to be learned. For this, Mawe recommended ‘ Aikin's excellent “Manua
of Mineralogy.”” *

For seven shillings, Arthur Aikin's Manual, which provided
hours of experimental practice, was a bargain. Based on his lectures to the
Geological Society of London between 1813-1814, Aikin's book was writ-
ten with descriptive instructions on how to perform mineralogical anaysis,
guiding the student through each step, introducing the fundamental tech-
niques of experiment.* ‘Thefirst object of the mineralogical student is, or
ought to be, the acquisition of a facility in identifying every mineral sub-
stance that presents itself to his notice,’” explained Aikin.*” The prerequi-
site of classifying a mineral substance was learning the ‘chemical



characters that are employed in identifying simple minerals ...’ *® Thein-
strument most useful for determining the chemical characteristics of min-
eras from which to construct a classification system was the blowpipe,
something which Aikin, like Accum, had previousy emphasised in his
writings.*

Aikin’s Manual was also an octavo sized, two-volume descriptive
textbook written to provide students with the opportunity to practice using
instruments during field experiments. Aikin was likewise aware that
blowpipe experiments, which were central to his minera classification
scheme, required a good deal of skill. ‘Few persons are able at first to
produce a continued stream of air through the blowpipe, and the attempt
often occasions a good deal of fatigue; | shall make no apology therefore
for treating this matter somewhat in detail.’® No matter how much de-
scriptive information about how to use the blowpipe Aikin provided, how-
ever, the ultimate achievement of performing an accurate blowpipe
analysis rested not upon a close reading of Aikin’s written instructions,
but disciplined practice. Reading the description of how to use the instru-
ment was subordinate to working through fatigue, pain, and muscle
cramps by practising with the instrument, as students were reminded with
phrases such as ‘when the means has been acquired,” ‘acquire the habit,’
and ‘thus with alittle practice.’

Aikin wrote his book specificaly as an inexpensive and portable
treatise designed to assist travellers in conducting mineralogical analysis.
His Manual was written with the hope of providing students, or who he
also referred to as *Mineralogical Tourists,” with the training necessary in
‘identifying any unknown specimen that may fall into his hands.’* Ai-
kin's emphasis on travelling and conducting field experiments was closely
aligned with his own early education in mineralogy, acquired during tours
through Britain in the 1790s. At the encouragement of Joseph Priestley,
Aikin conducted chemical analysis of minerals on his tours, and in 1797
published a journa of his observations.”® His goal was to collect enough
information to produce a mineralogical map of Great Britain.>® The Man-
ual, written in conjunction with his lectures at the Geological Society, was
designed for the use of mineralogists who needed to practice experimental
procedures in the field. Aikin emphasised that understanding chemical

mineralogy was intimately related to understanding other sciences. Ex-
perimental practices discussed by Aikin would link mineralogical maps,
chemical classification systems, and geological structures. ‘[1]t ought to
be borne in mind,” Aikin informed his readers, ‘that as all sound scholar-
ship is founded upon grammar, so all sound geology depends primarily on
a familiar acquaintance with the distinctive characters of simple miner-
as’> The ‘language of experiment’ which Aikin provided was a prelimi-
nary description of the uses of the blowpipe. Only through practice with
this instrument, not merely reading about its applications, would the stu-
dent gain a‘familiar acquaintance’ with mineral analysis.>
Throughout the 1810s and 20s, practical training of this sort con-
tinued to develop, reliance on materia culture persisted, and descriptive
texts multiplied. John Mawe's own pocket-sized booklet on Instructions
for the Use of the Blowpipe and Chemical Tests was not only a prelimi-
nary introduction to mineral analysis but a catalogue of wares available at
his shop to assist mineralogical education. Symptomatic of the difficulties
in using such a portable instruction guide was Mawe's confession of the
limitations of his publication:
A perfect habit of discriminating minerals by means of the blow-
pipe, requiring a combination of study and experience, [meang] it
can no more be expected that an introduction of this nature should
make an able operator, than that the most simple and elementary
grammar should enable its possessor to become master of a for-
eign language.*®
Practitioners of analytical chemistry shared the sentiment that acquiring
fluency in the languages of experiment necessary for writing one’'s own
classification system relied on the reader’s practice at using instruments
and performing experimental tests. Instructions in textbooks (or manuals
or handbooks) on how to use portable blowpipe kits and chemical reagents
were ideally designed to provide the traveller with standardised procedures
for identifying minerals in foreign fields and creating rationa classifica
tion systems. The texts described above embodied the standardised rules
which were deployed to govern the configuration of mineralogical and
chemical knowledge. But developing a standardised language in text-
books in attempt to represent characteristics of minerals found in the fron-



tiers of the mineral kingdom was laden with difficulties. Textbook classi-
fication systems and mineral collections were mere samples, exemplars, of
the kinds of order that might be made of the mineral kingdom.

STANDARDISATION AND CONTINGENCY

Thefield is notoriously contingent, but the pedagogical packages tended to
represent scientific knowledge as reliable and predictable. This worked to
make scientific knowledge seem congruent to Georgian educational ideals,
as well as to make scientific practices appear to reflect the coherency and
order of nature and the unproblematic presentation of proofs regarding
facts of nature. The language of experiment in textbooks was thus com-
monly written with a blind eye to the complications and uncertainties of
experimental practices. Surveys of chemical textbooks shows that when
attempting to identify ‘languages of experiment,” such languages become
harder to find, that experimental directions become more concise, when
the textbook is meant to be used by those with the most experience at do-
ing experiments.

Sociologists of science have in a number of studies followed Witt-
genstein’s analysis of ‘language games' to demonstrate different ways that
teachers’ instructions could logically be interpreted by students.®” Studies
in sociology and anthropology have examined complications involved in
getting students to follow instructions the way that instructors intended.
For example, two anthropol ogists observing ways children follow instruc-
tions in their chemistry lessons noted the difficulties teachers had in guid-
ing students' actions in order to yield prescribed results. ‘The result,” they
conclude, ‘is not that the children fail to learn, but that they learn some-
thing different from what the experiment was intended to teach them.
What they learn are ... the practical and creative skills needed to success-
fully turn a set of instructions into an accountable course of action ...."*®
The point is that it is often the unwritten rules--the implicit assumptions
that readers know how to follow certain conventions, know the ‘rules of
how to follow rules--which are important to the success of the analysis and
the proper identification of elements. Textbook instructions for perform-
ing experiments are usually written with the assumption that the reader
will also have practical knowledge in such matters.

Lissa Raoberts has recently reminded us that chemists' experimen-
tal activities are usually associated with the use of their own bodies as a
means for providing ‘sensual’ data about the experiment, such as tempera-
tures, smells, tastes, etc.”® Such tacit knowledge was often taken for
granted by writers of chemical textbooks. Accum’s instructions in his
Manual frequently provided loosely-defined quantities and qualities of
substances which required the reader to use ‘rule of thumb’ when deter-
mining certain measures. Books about chemical experiments do not often
have a ‘language of experiment’ because experimental life involved prac-
tical, sensual data that often did not easily trandate into a text. ‘I have
seldom entered into explanatory discussions,” wrote Accum in his Manual,
‘“taking for granted that he who applies his hand to the practical examina-
tion of minerals, has previously acquired some slight share of chemical
knowledge’ ®  Acquiring that knowledge involved practising analysis
with pre-packaged mineral kits and following books with more detailed,
descriptive accounts of experiments.

A ‘language of experiment’ in the books, however, could not
guarantee the success of the analysis. Some books were even prefaced
with explicit warnings about probable failure due to experimental contin-
gencies which cannot fully be accounted for in textbooks. With these sorts
of concerns in mind, Accum decided when preparing his Practical Essay
to discuss the ‘ effects and phenomena’ of certain experiments ‘ as are easy
to be performed.” Even so, he felt it was also necessary to point out ‘the
precautions necessary to be observed, to guard against deceitful appear-
ances, that may occur under certain circumstances, and without which pre-
cautions, chemical tests are of little utility.”® A similar concern for
guarding against deceitful appearances while conducting blowpipe ex-
periments was expressed by Mawe:

The following very dlight outline of the principle effects of the
blow-pipe on different minerals, may be of use to the learner;
who, however, should be aware that many circumstances conspire
to modify the appearances, it sometimes happening that the same
description of mineral, but from different localities, will produce
effects varying in many parts, owing to the accidental presence of
some foreign bodies.*



Textbooks which described scientific practices in terms of standardised
techniques governed by inscribed rules offered the appearance that miner-
as anywhere in the world could ideally be assimilated into arational clas-
sification system. However, as the comments by Accum and Mawe
indicate, mineralogical tourists were continually at risk of encountering
‘foreign bodies' which might contaminate the textbook prescription. Uni-
versalist conceptions of scientific knowledge based on textbook accounts
could remain persuasive so long as experimental practices remained un-
problematic. The difficulty is that successful experiments usually rely on
conditions which are inescapably local; hence the aim, but likely failure,
of portable kits to standardize and mobilize ‘local environments. *

The textbooks, portable kits, and pre-packaged chemicals and
specimens sold by Accum, Aikin, Mawe and others were designed to fulfil
particular pedagogic aims. One predominate aim for which the merchan-
dise was deployed was to reinforce the representation of science as a ‘uni-
versal system.” Universality in part meant geographical distribution--with
the use of the merchandise and the portable instruction books, the minera-
logical tourist should appear able to extend the classification system any-
where in the world. On the other hand, reducing experimental practices to
textual rules worked to make science look a rationally governed system fit
for polite consumer society. Even the ‘amusement chests' or ‘ exploratory’
textbooks such as Marcet’ s Conversations, which introduced chemistry to
complete beginners, held more than mere entertainment value for the con-
sumers, but worked to persuade people to view scientific knowledge as
reliable and val uable enough for polite education.®

Everything involved in the chemical analysis of minerals was sold
in the shops. The merchandise was produced through collaboration and a
division of labour and was designed to make analytical practices appear
simple. Providing step-by-step instructions on how to analyse pre-
packaged specimens made experimental competency seem self-evident.
The languages of experiment were thus fashioned as languages of instruc-
tion: the prescribed directions ostensibly guided readers actions--to
shops around London, to the field, to the techniques of analysis. But, as
Accum and Aikin's textbooks suggest to us, an attempt to read between
the lines is necessary for seeing a more accurate picture of experimental

practice. For more proofs of the incompleteness of the text, the gap that
exists between descriptive accounts of experiments and performative ex-
perimental trials, it would be worth questioning further how reliable the
field manual was when carried by atraveller to unknown territories, where
minerals not already decomposed or pre-packaged in portable kits might
be found for experimental analysis. The place of experimentation liesin
the fringes of predetermined systems of classification, outside existing rep-
resentations of scientific knowledge. Here the languages of experiment
would not be found in any textual or pedagogical context, but in tacit skills
in the use of instrumentation, face-to-face discussions between experi-
enced practitioners, and in the performative powers of scientific practice.

Those invalved in writing textbooks and producing associated ap-
paratus relating to the chemical analysis of minerals invoked their skills,
craftsmanship, and expertise as qualifications for providing practical in-
struction. Their intended aim was to make the practices involved in an
experiment rule-bound, so that the results prescribed in handbooks could
appear to be easily replicated. To novices who purchased a training pack-
age at a London philosophical shop, performing an experiment involved
following step-by-step instructions which supported a conception that na-
ture itself existed in an undeviating order. Making replication appear easy
worked to give credibility to the methods and instruments used by self-
styled ‘scientific’ chemists and mineralogists, those who wrote the text-
books. Because al who purchased into the training package were intended
to support the claims of these analysts, consumers were encouraged to
think of themselves as participants in the production of scientific knowl-
edge.

CONCLUSION

Chemistry is most often thought of as an experimental science.
Today, children’s chemistry sets equipped with mini-Bunsen burners and
test-tubes meant to be filled with pre-packaged chemical solutions reaffirm
this conception. But as sociological studies have recently shown, chemis-
try students required to conduct experiments often follow the instructions



in ways far removed from the intentions of the authors of the textbook.®
Given the historical association between chemistry and experimental prac-
tices, and the complications in our ‘textbook culture’ to inscribe chemistry
lessons into books. it seems worthwhile to explore the extent to which an
early nineteenth-century pedagogical culture which produced its own
‘textbooks’ thought it could make experimentalists.

When people learned about science, they were expected to learn
that it was unerring and regular--it revealed consistent truths about the
natural world. While claims by natural philosophers about the natural
world were largely legitimated by the apparent ease and repeated success
of their experimental demonstrations in public, the textbook representa-
tions of scientific practices as rule bound work to accomplish the same
legitimacy for science pedagogy. Places that various members of the pub-
lic could observe the spectacle of scientific performance included institutes
for fee-paying mechanics and ticket-bearing bluestockings to makeshift
podiums for entrepreneurial travelling lecturers. These places did not all
share a common pedagogical philosophy; not al who attended these lec-
tures were striving to pursue their own experimental enquiries. Likewise,
not al who read the literature describing scientific practices were reading
for practical training.

As this chapter has suggested, taken in isolation, textbooks did not
have a ‘language of experiment’ written with the intention of training one
to be an experimentalist. Each book and its author should be situated
within the pedagogical culture which included the market for philosophi-
cal apparatus and the different levels of public instruction. Further, amore
general point needs to be underscored that the very genre of books which
may be identified as textbooks itself needs more definition. Some books
were field books, some laboratory manuals, some nothing more than cata
logues of minerals for sale. In an effort to reconcile our interests in sci-
ence education with a science based largely on the tria and errors of
experiment, we need to link as many dimensions of the pedagogical cul-
ture together as possible, and attempt to come to terms with that which
cannot always appear to usin print.
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