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MIJNHEER DE RECTOR MAGNIFICUS, HOOGGELEERDE COLLEGA’S,
FAMILIE EN VRIENDEN,
One of my earliest memories is of touring the USS Nautilus, the world’s
first nuclear powered submarine, with my grandfather when it briefly
docked in my home town of Seattle many years ago, before it headed
north to make history by cruising under the North Pole. My memory

1] U.S.S.  Nautilus sails into harbour

is, in fact, composed of two parts. First the wonder sensed by a small
girl making her way through the hatch doors and the – even for me –
narrow passageways of this aquatic spaceship. The feeling of incipient
claustrophobia hung in the air, which only heightened my sense of the
adventurous urgency that awaited the Nautilus’ crew; I was too young
to have read Jules Verne, but could still share humankind’s imaginative
fear and fascination with the deeply unknown. The other part of my
memory is borrowed, built on having shared the experience with my
grandfather, a man born in a small fishing village on the southwest
coast of Turkey in1888. Though he had lived in the United States for
most of his life, my grandfather spoke with a heavy accent, which
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strangers often took as a sign of ignorance. For those willing to listen,
though, it reflected the richness of his perspective on life, embroidered
by his travels across the globe and through the decades which had
brought him to stand on the Nautilus’ deck, hand in tiny hand with
his granddaughter. He had already taught me about the Colossus
of Rhodes and the Lighthouse
of Alexandria, which had guided
navigators in ancient times. But he
also knew about simple fishing boats
plying the Bosporus, as well as the
perils and indignations of crossing
the Atlantic as an impoverished
immigrant before the outbreak of
World War One, all of which provided
a context for his appreciation of this
new technology which could power
speed, knowledge and danger.
Reaching up to look through his eyes
intensified my sense of romance,
but also gave me my first important
2] The Lighthouse in Alexandria harbour
lesson about technology. From early
on I understood that the meaning
of technology is always context-bound. Technology, that is to say, is
never out of context.
It was only later that I came to grasp the iron-clad nature of this
principle, which undergirds all my research and teaching. For while
my childhood grasp extended only to our understanding of technology
as observers and users, I have since learned that the contextbound ascription of direction and meaning begins with the very first
glimmers of conception, design and production. Technology is never
out of context; to suppose or act otherwise is to misunderstand both
its power and challenges. And yet we live in a world which continues
to be dominated by visions of technology that do just that – a world
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in which too many students are trained in the ‘nuts and bolts’ (pardon
the anachronism) of design, of techno-scientific theory and productive
efficiency, without due attention to either the responsibilities entailed
in design, production and consumption, or the consequences of
the choices they will be asked to make. Ironically, though – and
this is ultimately the fundamental point I’d like to make with this
lecture – the quality, character and effectiveness of both science
and technology can be improved by replacing C.P. Snow’s tired old
myth of two cultures with a recognition that science and technology
are never out of context. On this point, I laud my colleagues at
the University of Twente for taking this seriously enough to adopt
“Technology in context” as our university’s motto. Our challenge is
thus to investigate and teach just what this means as an integrated
part of our efforts to plumb the secrets of nature and design more
powerful or efficient machines. Understanding science and technology,
not only in terms of theories, formulae and effectiveness, but as
involving long term processes which are grounded in the changing
specificities of time and space, is an important first step. For science and
technology, according to our motto, are essentially historical in nature,
simultaneously products of and contributing factors to the environments
in which their elements are conceived, constructed and used. Learning
about the past is thus a crucial component of preparing for the future.
I’d like to illustrate my claim by dividing this text into three
sections. In the first, I examine the contextualized nature of scientific and
technological production by turning to what many would see as the
hardest case: the development of Newtonian physics. If I can provide a
convincing presentation of Newton’s objectively mathematical laws of
nature as products of the environment in which Newton lived and which
he, in turn, helped to create, the lessons should be admitted as generally
applicable to all cases of scientific and technological production.
In the second section, I turn to the global pathways along which
people and goods travelled during the long eighteenth century and the
globally distributed points of encounter where the knowledge, skills
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and opportunities they embodied were exchanged. More specifically,
I focus on commercial exchanges between Europe and Asia, especially
the movement of goods via the VOC to Japan, on one hand, and from
China and India to Great Britain on the eve of the Industrial Revolution,
on the other. Here I am interested in issues that are usually discussed
under rubrics such as ‘consumption’, ‘technology transfer’ and ‘import
substitution’. My purpose is to indicate what happens when we lift
the lid off such terms and investigate them in a context-sensitive way.
What happens to goods when they get taken up in a context other than
that in which they were produced? How can such processes of local
appropriation be managed to stimulate domestic productivity? In the third
section, I move from a focus on global circulation and interconnections
to local differences. By describing the different meanings and
trajectories of use attached to the history of steam engines in Great
Britain and The Netherlands, I further emphasize the importance of
considering both the past and future of technological development in
context. From here I turn to an even more local orientation and offer a
tentative exploration of how sensitivity to the interactive history
of technology and context can aid our appreciation for regional
development in Twente.
Isaac Newton and the world

“Nature and Nature’s laws lay hid in night:
God said, Let Newton be! and all was light.”
Despite Newton’s own pseudo-modest admission of ‘having seen
farther’ because he ‘stood on the shoulders of giants’, Alexander
Pope’s poetic fancy reflects a popular tendency to consider the man
and his work as created ex nihilo. What followed from Newton’s
brilliant appearance is quite clear, on this count, but the actual history of
his arrival on the scene is nothing short of trivial. I would take exception
to both halves of this view. First, the history surrounding Newton’s
life is enormously important, not only for understanding the context in
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which he composed his justly famous works, but also for appreciating
their content. Second, the adjective ‘Newtonian’ – as in Newtonian
physics or Newtonian mechanics – which many so effortlessly link
directly back to the great man himself, in fact covers a complex
and often controversial set of historical actors and developments.
Who, then, was Isaac Newton and where did he come from?
Newton began his professional career as an obscure professor of
mathematics; it was only in retrospect and largely because of Newton’s
own growing reputation that the Lucasian Chair of Mathematics he
occupied since 1669 gained the sheen of cultural significance. What
brought him first to the attention of the world beyond Cambridge were
the innovative telescope he designed and built in 1668 and the published
account of a series of prism experiments he performed around the
same time. While it became increasingly clear that Newton possessed
an enormous – if enormously prickly – intellect, what first impressed
members of the Royal Society and their foreign correspondents was his
experimental and technological ingenuity – his capacity to manipulate
natural and artefactual phenomena in productively revealing ways.
Even the metal alloy Newton used for making his telescope’s mirrors
came from his own hands, while the deft moves involved in his socalled experimentum crucis proved too delicate for many of the
period’s most renowned specialists in the field of optics to repeat.1
If these details help provide a first warning against viewing
Newton as a sort of disembodied mind – an image that he and others
actively sought to propagate – and the history of science as properly
concerned exclusively with theory development and knowledge, there
is more to consider as we make our way from the context of what
he wrote to its content. For if Newton was indeed a scientific genius,
blessed with the ability to ‘see farther’, he was also a man of his place
and time. As Boris Hessen contentiously argued many years ago and
Simon Schaffer more recently and elegantly reminds us, Newton built
his Principia – certainly its third book, tellingly titled De systemate mundi
– on a foundation of information gathered from the four corners of the
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world by an enterprising network of merchants, priests, navigators and
sailors.2 Newton’s subjugation of the world of nature to the rule of law
as laid out in his physics thus relied on some of the same intelligencing
efforts that fuelled the equally ambitious imperial projects of early
modern European governments and trading companies. It is certainly
worth noting here that this was more than a case of simple coincidence;
Newton made double profit from his connections to these sources of
knowledge, reaping not only the rewards of international fame for his
contributions to science, but also a healthy income from his exceptionally
large holdings of East Indies Company stock and other investments.3

3] Sources of information for Newton’s Principia Mathematica and early modern European trade networks
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If Newton’s “System of the world” (book three of the Principia)
shows the mundane provenance of his physics by drawing its substance
from countless observations of pendulums, tides and comets, recorded
in far-flung places by a spectrum of characters ranging from devout
missionaries to profligate skippers, it is equally telling to see how Newton
sought to construct a rather different interpretive context for this material
in his publication. The third book begins with this version of its history:
It remains for me to expound, upon these same principles
[that is, the laws of motion and force] the disposition of
the system of the world. I had composed a third book
dealing with this subject on a popular plan, so that it
might be read by the multitude; but since those who
have not sufficiently grasped the principles laid down can
scarcely perceive the force of their consequences nor lay
aside the prejudices familiar to them over many years,
and furthermore in order not to involve the business
in arguments, I transmuted the gist of that book into
propositions, in the mathematical way, so that it might be
read only by those who had first examined the principles.4
Newton had come to agree with his first editor Edmund Halley
that both the proof of his mathematical pudding and the ability to
increase book sales rested on marrying his otherwise forbidding
mathematics to a host of evidence born of travel and adventure.5
But what Newton gave, he quickly took away by presenting his
system of the world in a way intended to guard his claims from the
uninitiated and unsympathetic.6 Ever interested in recovering the
detailed historical truth in other matters (recall that Newton wrote
reams on biblical chronology and Church history), Newton opted for a
different approach here that subsequent interpreters have reinforced.
The result over time has been the development of a view that stripped
the Principia’s mathematical ‘core’ from the locally generated evidence
that originally gave it body, leaving behind a picture of the universe
made possible, it would seem, by Newton’s independent genius.
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This is indeed the way in which Newton’s work is usually read
today, especially by non- historians of science. For the treasures left
behind by ignoring discussions of the tides of Tonkin or the behaviour
of pendulums in Cayenne are priceless: the universally applicable,
because mathematically expressed, inverse square law of gravity
and, from the Principia’s second edition onward, Newton’s rules of
reasoning. It would seem that it is precisely those things for which
Newton was criticized by his contemporaries that he has come to be
praised for since. Consider this excerpt from a review of the Principia’s
first edition in the influential Journal des sçavants: “In order to make an
opus as perfect as possible, M. Newton has only to give us a Physics
as exact as his Mechanics. He will give it when he substitutes true
motions for those that he has supposed.”7 Mathematics, the reviewer
averred, provides only descriptive models of motion – something quite
different from grappling with matter and motion themselves. This, in
traditional terms, was the work of physics, which explained why it was
ranked above the efforts of lowly mechanics. If Newton aspired to a
higher status for himself and his work, according to this view, he would
have to go beyond a ‘simple’ statement of mathematical relations.
Newton responded in two very different ways, the first of which
(a defence of mathematization) came to overshadow the second (a
discussion of what really lurked behind his numbers) as the context
and nature of science developed in ways that reinforced his claimed
perspective. As I just mentioned, Newton revised the Principia for a
second edition, published in 1713, introducing the third book with
a methodological statement which he considered just as worthy of
universalization as the content of what he claimed his method had
guided him to reveal. Indeed, Newton’s famous rules of reason – which
replaced a number of hypotheses featured in his first edition – have been
taken by many since as a statement of the scientific method. His third
rule is of particular interest here. It states: “The qualities of bodies, which
admit neither intensification nor remission of degrees, and which are
found to belong to all bodies within the reach of our experiments, are to
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be esteemed the universal qualities of all bodies whatsoever.” While this
sounds totally uncontroversial to our ears, the explanatory text which
follows was anything but free of controversy when it was first published.
Lastly, if it universally appears, by experiments and
astronomical observations, that all bodies about the
earth gravitate towards the earth, and that in proportion
to the quantity of matter which they severally contain;
that the moon likewise, according to the quantity of its
matter, gravitates towards the earth; that, on the other
hand, our sea gravitates towards the moon; and, all the
planets one towards another; and the comets in like
manner towards the sun; we must, in consequence of
this rule, universally allow that all bodies whatsoever
are endowed with a principle of mutual gravitation.
On one hand, then, what guaranteed the universality of mutual
gravitation were the countless observations made by a motley crew
of local and global travellers. On the other hand, their continued
presence was made redundant by Newton’s introduction of a
mathematically expressed generalization that, by being divorced
from any single context, could be applied to all – even in advance
of actual observation and in the face of locally observed deviations.
Newton closed the deal in his commentary on the third rule by
arguing that evidence for the universality of bodies’ mutual gravitation
was more firm than for the universality of their impenetrability.8
And if he abstained from discussing the ultimate nature of what his
mathematical expression described (“hypothesis non fingo”, as he
so quotably put it in the General Scholium with which he concluded
the second edition), who could fail to accede to his work? Returning
to the critique of Newton’s mechanics as merely mathematical,
we find him responding in an absolutely unapologetic tone: its
mathematical character, he insisted, was precisely its greatest virtue.
The careful reader, however, cannot rest content with this selffashioned image of Newton and his work. For by turning our attention
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directly to what Newton wrote – even in his most famous published
works and exoteric correspondence – we are confronted with a number
of clear cases in which he eagerly explained the (meta-) physical causes
behind his mathematical expressions. As many other historians have
treated this issue, I limit myself to one example. Newton placed his
General Scholium at the end of the Principia’s second edition to explain
and defend the updated version of the arguments found there. Alongside
the well known distinction he drew between mathematical description
as a path to progress and reactionary recourse to occult qualities,
Newton returned to the ultimate meaning of his system of the world.
And here he sought to distinguish himself from Descartes and other
so-called mechanical philosophers by pointing to the insufficiency of
mechanical laws for explaining the creation and course of nature. While
others connected the universe to a divine creator by virtue of what they
considered its self-regulating perfection, Newton offered an argument
from design of a rather different sort. He began conventionally enough:
…[T]hough these bodies [planets, moon and, especially,
comets] may indeed persevere in their orbits by the mere
laws of gravity; yet they could by no means have at first
deriv’d the regular position of the orbits themselves from
those laws… This most beautiful system of the sun,
planets and comets, could only proceed from the counsel
and dominion of an intelligent and powerful being.9
But if we look elsewhere, we find that he went farther, seeking to use
his work to demonstrate god’s continued and active presence in the
universe.10
Despite Newton’s positivistic protestations regarding how his
treatment of gravity ought to be understood, he repeatedly returned to
the issue of active principles, of which gravity was one manifestation.
If we read Newton’s laws of motion as he actually described them
mathematically, we find that they in fact entail a disavowal of the
adequacy of matter and motion to maintain the universe. A principle
of conservation of momentum (quantity of motion) was only built
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into Newtonian mechanics by the end of the eighteenth century with
Laplace’s introduction of directional vectors, which fundamentally
altered the consequences of Newton’s three laws of motion by
cancelling out the possibility of loss. But without some form of
intervention, either historically, through Laplace’s after-the-fact revision
of Newton’s mathematics, or physically, within the universe Newton
described, the quantity of motion was bound to dissipate, according
to Newton’s calculations, if only matter and motion were allowed.
Newton’s solution, most explicitly enunciated for his
reading audience in his other great book, the Opticks, is telling.
Some other principle was necessary for putting bodies
into motion; and now they are in motion, some other
principle is necessary for conserving the motion. For
from the various compositions of two motions, ‘tis very
certain that there is not always the same quantity of
motion in the world… Seeing therefore the variety of
motion which we find in the world is always decreasing,
there is a necessity of conserving and recruiting it by
active principles, such as are the cause of gravity… For
we meet very little motion in the world, besides what
is owing to these active principles. And if it were not
for these principles, the bodies of the earth, planets,
comets, sun, and all things in them, would grow cold and
freeze, and become inactive masses; and all putrefaction,
generation, vegetation and life would cease, and the
planets and comets would not remain in their orbs.11
And if gravity is caused by active principles in Newton’s universe,
they are themselves emanations of the divine’s own active presence,
which also constitutes both absolute time and space as the grid
upon which the measured exertion of force can be calculated.12
This is a very different sort of argument than that which has
come to be embodied in subsequent references to Newtonian
physics. Attending to the history of how a particular image of
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Newton and meaning of Newtonianism have come to dominate can
tell us much about the more general changes that have occurred in
the co-evolutionary history of science and its context during the
past two centuries. As the labour of both minds and hands were
increasingly harnessed to power the processes of industrialization
in the nineteenth century, the claimed distinction between them
came to loom ever larger in representations of how that power
was achieved and put to work. The careful construction of heroic
figures such as Newton and James Watt, was part of this effort.13
Newton and subsequent commentators took great pains to
separate his mathematical calculations from the world of work,
collective observations and speculative reflection in which they were
originally nestled. It is thus a fitting irony that Newton should these days
be critiqued for conforming to the image he projected. Physicists such
as Erik Verlinde of the University of Amsterdam are currently searching
for a deeper understanding of what gravity is. Rather than rest content
with ‘superficial’ mathematical descriptions, Verlinde is working to show
that gravity is, in fact, an emergent phenomenon – the effect, that is, of
“a deeper microscopic reality” in which the movement of information
and temperature differences in the environment of a particle manifest
themselves as gravity.14 While it is true that such considerations rest
on thought constructs (involving a view of a particle’s environment
as bounded by a holographic spherical screen) rather than on any
unequivocal statement of what physical reality actually is, we are left
wondering what it might possibly mean to speak of gravity in terms of
the movement of information in space. How far are we from Newton’s
own discussions of space as God’s “sensorium”?15 How much
greater might our appreciation for the cultural character of science be
if we didn’t act as though it exists and evolves outside of context?
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Placing the global circulation of technology, knowledge and skills in
context
Newton is often presented as the pinnacle of ‘the scientific revolution’.
According to some historians and much popular opinion, Newton also
provided the conceptual tools and mindset that powered the industrial
revolution. But, if, as we have seen, Newton achieved his successes
in the context of being integrated in a global economy of material and
knowledge exchange, so should we expect that the modes of production
and consumption associated with the modern world had their roots in
an equally widespread context. And just as we have seen that Newton’s
story is simultaneously a global and quite local one, implicating as it does
observations made in far-away places and developments much closer
to his homes in London and Cambridge, so must we attend to both
the global movements and specific, location-bound exchanges which
together provided the context and content of developments that fed
technological innovation and helped create the modern industrial world.
I will elaborate on this point here and in the following section
in three ways. First, I want briefly to follow a couple of examples
involving what is often spoken of in terms of ‘technology transfer’.
I’m interested here to see what happened when material objects
– instruments and other products of manufacture – made their way
from their culture of origin to a new cultural context. My point here
is to make explicit how the meaning of technology and its products is
context-bound. To say that technology is taken out of context, then,
is actually and always to say that it has moved from one meaning-giving
context to another. Second, I want to reflect on what this historical
process of cultural transplantation might have to tell us about the
more local, European context and content of industrialization – often
spoken of in terms of the industrial revolution. Finally, in the following,
third section, I want to get even more local in my comments about
contextualizing the history of technology and draw some lessons from
a comparison between the British and Dutch cultures of steam engines.
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One of the rewards for
having sought to transcend my
original training in European
and Euro-centric history of
science and technology is
that I can use the iconography
of other cultures to illustrate
my story. In this vein, I turn
now to an eighteenth-century
woodblock image of two
Japanese geishas clothed in
recognizably traditional garb.
But what we so immediately
recognize as quintessentially
Japanese was, in fact, made
possible by global trade.
If you look closely, you notice
that the obi (traditional sash)
4] Two Japanese geishas in traditional clothing,
of one of the figures in this
made partially with imported fabrics
double portrait is made of
East Indies batik while that
of her companion is made of European velvet. Tradition and cultural
identity in this case, then, were fed by a marriage between technological
innovations in both ‘western’ and ‘eastern’ textile production and
ongoing developments in global navigation and trade.
In some cases, we can pinpoint precisely when and how
foreign fabrics made their way into Japan during an age that is all too
popularly characterized by government regulations intended to guard
the country from unwanted foreign intrusions. For one consequence
of the Tokugawa shogunate’s policies, semi-retrospectively labelled
sakoku (seclusion), was that for some 200 years only the Dutch East
Indies Company (VOC), followed by post-Napoleonic Dutch successors,
and a carefully regulated community of Chinese traders were allowed
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to enter Japan for commercial purposes. Both these groups, which
were largely confined to specially designated and walled quarters in
Nagasaki, carried on trade with the Japanese in a carefully restricted
manner, as can be at least partially reconstructed from the records kept
serially by the heads of the VOC’s factory, who resided with a small
contingent of VOC employees, servants and slaves on the man-made
island of Dejima (in Nagasaki harbour) and made regularly scheduled
diplomatic pilgrimages to the shogun’s court in Edo (modern-day Tokyo).

5] Map of Dejima

Though the Chinese carried on a much higher volume of trade
and had more extensive social and cultural interactions with their
Japanese hosts – including those which provided a conduit for the
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passage of ‘western’ goods and knowledge to Japan – the daily registers
kept by VOC factors provide a detailed account of what resources and
commodities passed through Nagasaki and in which amounts.16 They
also reveal much about the desires of both the Dutch and Japanese
– why they continued to engage in trade despite mutual frustrations
and periods of scarcity, what sorts of goods, knowledge and skills
they hoped to acquire, and what kinds of technologies they employed
to maintain and manage trade. By attending to these recordings of
mundane routines and preoccupations, we come to appreciate how
dependent long-term developments
can be on the micro-physics of daily
survival. Answers had to be found to
the challenges of extreme weather
conditions and, in a country wracked
by earthquakes, the ongoing threat of
environmental catastrophe. Further,
given that highly urbanized Japan
depended on wood as its primary
building material, the devastating
threat of fire was omnipresent.
While most historians have chosen
to focus on intellectual exchanges
between the Dutch and Japanese
between the establishment of the
VOC’s monopoly and the arrival of
Commodore Perry in the 1850s,
discussing this in terms of the
transfer of western science to Japan,
we might do well to follow those
few who have instead attended to
the appearance of technological
innovations such as the Dutch fire
6] Shiba Kokan, A meeting of Japan, China and the
West, late eighteenth century
engine, illustrated but generally
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ignored in the well-known hanging illustrated by Shiba Kokan.
The VOC diaries also teach us to appreciate how even the
most basic elements of daily experience such as the passage of time
had to be negotiated, translated
and managed in order for intercultural trade to be successfully
accomplished. European clocks and
western habits, for example, which
divided the day into equal periods
of sixty minutes, had somehow to
be adapted to fit within a culture
that tied the measurement of its
days to the changing rhythm of the
seasons. Other units and modes of
measurement had also to be agreed
upon and monitored in order for
exchanges to take place. Even in
the increasingly globalized world
we inhabit today, such lessons
7] Calibrating European clockworks for the Japanese
should not be lost. Science and
system of time
technology transfer never occur in
a contextual vacuum. Moving from one context to another inevitably
involves complex negotiations and acts of re-calibration that can have a
profound impact on design, construction, application and interpretation.
With this in mind we can return to the eighteenth century
and ask what happened to goods once they were traded? Were they
changed by their passage into a new cultural context? Did they spur
domestic imitation? Or did they, perhaps, stimulate local creativity
and give rise to new productive processes and products? We’ve
already seen how the structure of technology and the meaning of
material goods are context dependent from the examples of Japanese
adaptations of European clocks and use of foreign fabrics in traditional
dress. A few more illustrations will make the case even more
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sharply. I begin with an instrument whose history is partially rooted
in the Netherlands, the static electric generator. Static electricity
was one of the most intriguing and popular topics of eighteenthcentury science, widely studied and demonstrated both because of
its remarkable properties and because of the portability of electrical
machines by which these properties could be demonstrated. It is far
from surprising, then, to note that electrical machines accompanied
Europeans traders and diplomats as they travelled around the world.

8] Hiraga Gennai’s erekiteru

But the conditions of travel and foreign weather were not always
kind, leading to damage and disrepair. This was the case with one
such machine which the Dutch brought to Japan to woo the shogun’s
favour. Discarded as undesirable and unworkable, it was finally
acquired by the entrepreneurial polymath Hiraga Gennai, who famously
re-invented it as his own erekiteru, the name by which static electric
generators became known in Japan.17 In some ways, the instrument
was unchanged by its passage into Japanese culture. Just as was
the case throughout contemporary Europe, it could be found in polite
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9] Japanese shop with erekiteru

surroundings where it demonstrated nature’s power to elite audiences
as well as in public market places where science was being commodified
alongside any number of other manufactured goods. But just as the
decorative design which encased the erekiteru was uniquely Japanese,
so was the context which lent it cultural significance. And so we find
the electrical machine making its appearance, not only in Japanese
markets and gardens, but also in contemporary Japanese literature.
In one especially exemplary tale, published at the beginning
of the nineteenth century, a Dutch professor – modelled partially on
Carl Peter Thunberg, a student of Linnaeus who served as physician
on Dejima in 1775-1776 and became famous in the West for the
botanical information he brought back from Japan and elsewhere –
does battle with a Chinese sage for the love of a Japanese geisha.18
This story has a bit of the air of Voltaire’s Candide to it in the sense
that the two protagonists are so preoccupied with their culture-laden
contest that they miss what is obvious to anyone whose vision is not
so clouded: the object of their ardour is, in fact, so repulsive that no
other customers want her services. Even the geisha’s name – Buta,
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which means pig in Japanese – is an unmistakable clue. At one point,
the Dutch professor seeks to harness the wonder and power of nature
in his quest to win Buta’s heart. But as he cranks his electrical machine
and seeks to draw sparks from her traditionally coiffed head, her only
response is to state in a blasé tone that the erekiteru has become
so commonplace that it is hardly worthy of notice. Undaunted, he
turns to another recently introduced western contraption and seeks
to seduce her in a hot air balloon with even more negative results as
Buta becomes air-sick.19 Lucky for him, his Chinese adversary proves
just as inept, leaving Japanese readers content with the stereotyped
vision of foreigners as too wise or too clever for their own good.
As the art historian Tim Screech has shown, the theme of
foreign myopia was a common one in Japanese popular literature
and illustrations during the
later Edo period. Strikingly,
European optical instruments
were often used as literary
vehicles for pointing to the
superficiality of empirical
– scientific, if you will –
observation. Western and
western style spectacles,
highly popular commodities
in Japan, might sharpen
one’s view of the surface
of things, while telescopes
brought distant worlds near
and microscopes revealed
worlds so tiny as to escape
10] Geishas looking through a telescope
the naked eye, but none of
these contraptions could gaze
into the human heart.20 We might ask ourselves how many science
and technology transfer projects and commercial ventures, no matter
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how well intentioned, have been dashed by a lack of understanding
for local culture and values? And how many exports have taken
on surprising lives of their own, once transplanted to foreign soil?
These points are hardly new and history is filled with cases in
which producers sought to overcome such challenges by carefully
designing their goods with specific markets in mind. Porcelain,
a featured element of both intra-Asian and Eurasian trade during the
period I have been discussing, is a well-known case in point. We’ve
all seen examples of Japanese and Chinese porcelain that were
specially designed with the European market in mind – products
that matched customers’ expectations of quality and domesticated
exoticism with depictions of European themes. And who doesn’t know
the story of Delftware, whose producers imitated oriental designs
and gained ground for their goods in the European market when the
death of the Wanli emperor in China disrupted international trade?
Economists often speak of such targeted enterprises in terms
of ‘import substitution’. The question is whether this is always the
best way to describe and understand the process through which
exports are supplanted by domestically produced goods. From an
economic standpoint, this might seem a non-issue, as the process
is meant to be reflected in a correlated rise in domestic production
and decrease in exports. But if we examine the local context in
which this so-called ‘substitution’ takes place, we might be led to
prefer more suggestive terminology. This point has recently been
made in a stimulating essay by the historian Maxine Berg in which
she seeks to trace the productive impact of Asian imports on Great
Britain during the eighteenth century.21 Briefly, she argues that the
global interconnections entailed in luxury and semi-luxury trade
at the time enabled divergent development paths, which led to the
industrial revolution in Great Britain (and Europe more generally).
The process whereby this took place was a complex one, but
can be glossed in basic terms. As increasing numbers of European
consumers were willing and able to purchase (semi-)luxury goods such

6010 Oratieboekje Roberts.indd 24

23-03-10 12:41

25

as imported Indian calicoes, Chinese porcelain and Japanese lacquer
ware, domestic producers sought to meet this demand with locally
produced goods. In some cases, such as state sponsored attempts
to match the quality and look of Chinese porcelain in Germany and
France, this involved a marriage of intercontinental espionage and
programs of experimentation to match the paste and glazes used
by the Chinese. In other cases, individual entrepreneurs – most
famously Josiah Wedgwood – harnessed locally available knowledge
and skills to produce domestic alternatives. The important point for
Berg is that, while their products might have substituted for imported
wares, they were not content to imitate the processes by which
these good were manufactured. Rather, they drew on a growing
pool – which their own efforts did much to expand – of experimental
prowess and knowledge in the fields of chemistry and mechanics in
ways that ultimately helped transform Europe’s industrial landscape.
The economic historian Joel Mokyr and others have come to speak of
this period of transformation in Europe as the industrial enlightenment.22
One of Berg’s contributions to the discussion is to remind us that
the context of this movement was simultaneously local and global.
The term ‘import substitution’ thus seems a superficial way to
describe this historical case in that it does not highlight the locallyrooted resources and processes by which local producers responded
– sometimes quite innovatively – to market conditions. In fact, the
term has a history of its own, coined initially in the 1950s to describe
and theorize economic programs that were developed by Latin
American governments between the 1930s and 1980s to combat
dependence on foreign goods and powers, and stimulate domestic
economic growth. Designed and analyzed largely by economists and
politicians, these import substitution schemes relied on a model that
called for building tariff walls behind which a closed cycle of domestic
manufacture and consumption could be nurtured.23 But while it has
been argued that the British government during the eighteenth century
sought to increase tax revenues and, to a certain extent, manage the
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economy by raising tariffs, the British economy was far from closed
as many of its manufacturers and merchants assertively sought out
international trade. To call Great Britain a ‘developing country’ and
speak of ‘import substitution’ in this context clearly means something
very different from the way the terms were used in the 1950s.
There is more at stake here, however, than simply pointing
out an anachronism. We can begin to see this, in fact, by examining
more closely the impact which British tariffs and excise taxes
had on domestic productivity. As Will Ashworth so convincingly
shows, measures taken to regulate and ensure compliance, as well
as reactions aimed at dealing with or evading these government
levies sometimes proved an important source of discovery and
innovation.24 Fee assessment depended on the invention of new
gauging instruments and chemical tests, which were then also
adapted in various industries to increase precision and develop new
products. Brewers and distillers, for example, responded further by
seeking out new techniques, processes and products that helped them
evade the criteria by which their goods might otherwise be taxed.
Just as examining the impact of a government’s fiscal policy
can thus lead us to uncover sources of innovation, so does lifting the
lid from what is usually spoken of as import substitution. The most
emblematic example of this is probably the history of British textile
production in the eighteenth and nineteenth centuries. Without
wanting to make a mono-causal argument, it is clearly and famously
the case that domestic attempts to overcome the international
dominance of Indian calicoes, for example, included the adoption
and adaptation of a number of technological innovations. The rise of
factories that housed power-looms and relied on chemically produced
dyes helped set British productivity apart from its Indian (and other)
competitors – aided, undeniably, by policies and practices which
were aimed at India’s more general subjugation to British control.
Whether directed toward historical analysis or policy prescription,
economic models and explanations that include reference to science
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and technology as ‘black boxes’ which do not themselves require
analysis are thus bound to miss the boat. What we encounter inside
the box, should we choose to examine the situation more deeply, is the
inextricably interactive link between science and technology and the
contexts in which they develop and operate. To say that science and
technology are never out of context, then, is more than a clever intellectual
stance; it marks an important path toward the effective promotion and
governance of socio-economic development throughout the world –
a point very much in keeping with projects being carried out within
the University of Twente’s School of Management and Governance.
This is equally true whether the context we are talking about is
that of developing regions in the South or the so-called ‘knowledge
economy’ here at home. In both cases, as in the historical examples
I’ve been mentioning, we find the local and the global coming
together. On one hand, global movements of people, resources and
goods provide embodied vehicles for the circulation of knowledge,
skills, creativity and challenges. On the other hand, their movements
are continually punctuated by local encounters in settings that house
resident resources, interests, knowledge, skills, values and beliefs.
Historically we find that these local phenomena provided a productive
filter through which incoming goods, ideas and practices were taken
up – leading not to passive imitation but providing opportunities for
creative appropriation on the material and/or cultural level. Looking
to the future, it is clear that both sides of this equation thus have to
be nurtured and governed in order to achieve the goals to which our
policy recommendations are directed. Promoting isolated centres
of excellence, for example, is not enough. Such projects have to be
situated in contexts that build educational opportunities from the
bottom up and stimulate inter-cultural exchange and understanding
along with more narrowly construed economic relations worldwide.
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Powering change at the local level: The importance of taking a
long-term perspective
From what has been said, we can conclude that local attitudes and
learning (whether formal or informal) were crucial for translating the
meeting of domestic and incoming foreign resources into what has
come to be known as the industrial revolution. Much ink has been spilled
over the question of whether the British possessed the only winning
combination in this regard, including subsidiary enquiries into claims of
Dutch ‘retardation’ in the field of industrialization.25 This final section
shifts our attention away from this somewhat tired preoccupation with
temporal and geographical priority toward an examination of how the
historical trajectories and meanings of very similar technologies were
affected by their situation in different local contexts. Not surprisingly,
to those who know my work, I take the industrial revolution’s most
iconic invention – the steam engine – as my opening example.
Whether or not England was the birthplace of the steam engine,
it is certainly the case that steam engines increasingly came to be
seen as part of the English landscape during the eighteenth century.
Their billowing, bellowing presence was not only apparent in the coal
mines of areas such as Coalbrookdale. They were also introduced to
urban environs as early as the 1710s when the York Buildings Dragon
(as it was popularly called) was installed along the Thames River to
supply Londoners with water. By 1786 Matthew Boulton turned his
entrepreneurial genius to the establishment of London’s first steam
driven mill, bringing together the engines that he and Watt designed
and built with components supplied by John Wilkinson, to power
the Albion Flour Mill. Also situated along the Thames, with direct
access to transported grain, its size and efficiency posed a major
threat to the city’s traditional millers. A mysterious fire gutted the
building only five years after it was built, leaving behind a burnt-out
shell and temporary relief for those unable otherwise to compete.
Among those who regularly passed the charred remains of
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Albion was the poet William Blake, who wondered “…was Jerusalem
builded there, Among these dark Satanic Mills?”26 And while scholars
have since debated whether Blake was making explicit reference to this
particular harbinger of grinding urban industry with his now famous
phrase or whether he intended it as a more broadly or differently
directed metaphor, similar depictions of steam’s sinister power became
increasingly commonplace in British literature and art.27 In 1840, for
example, the romantic social critic and historian Thomas Carlyle wrote:
The huge demon of Mechanism smokes and thunders,
panting at his great task, in all sections of English land;
changing his shape like a very Proteus; and infallibly at
every change of shape, oversetting whole multitudes
of workmen, as if with the waving of his shadow
from afar, hurling them asunder, this way and that, in
their crowded march and curse of work or traffic.28
By the end of the century, Arnold Toynbee advanced this view
in a series of lectures that first popularized the term ‘industrial
revolution’ in the English language, indelibly linking it to the
degradation of Britain’s environment as well as its working class.29
How striking is it, then, that the literary and pictorial
iconography of steam had such a different history in the Netherlands?
First introduced (a Dutch patent was granted as early as 1716) and
advocated for the purpose of water management, steam technology
not only found sympathetic support among culturally prominent
members of societies such as Rotterdam’s Bataafsch Genootschap,
it was also integrated into some of the Netherlands’ most selfrepresentative landscapes, both literally and figuratively. I developed
this theme in an article for which I was honoured to receive the Society
for the History of Technology’s Abbott Payson Usher Prize in 2006.30
The article, entitled “An Arcadian apparatus,” begins with a discussion
of the first Dutch designed and constructed, full-scale steam engine,
which was erected in 1781 to manage and improve the flow of water
through the idyllic landscape of John Hope’s Kennemerland estate,
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Groenendaal. Based on eye-witness reports, which were encouraged
by contemporary tourist literature that presented the machine as one
of the area’s attractions, we can conclude that this steam engine was
popularly viewed, not only as integrated in its local environment, but as
actively responsible for augmenting its surroundings’ Arcadian nature.
This vision of steam technology as supportive rather than
disruptive of the environment was lyrically enunciated by the Patriot
author Adrian Loosjes in his Hollands Arkadia of wandelingen in de
omstreken van Haarlem of 1804. Loosjes modelled his work of fiction
on the then popular genre of travel literature and used the conversations
of an imagined group of travellers as a vehicle for expressing his own
concerns about the future of his fatherland, buffeted as it had been
by years of revolutionary turmoil. While British contemporaries were
beginning to worry about the consequences of unbridled technology,
Loosjes voiced a longstanding Dutch fear for the devastating potential
of unbridled nature. It was with pride that he situated Groendendaal’s
Arcadian apparatus in the
Dutch tradition of engineering
the national landscape, of
domesticating nature through
technological prowess to create
an earthly paradise. This was a
struggle that required communal
action rather than the heroic
deeds of individuals.
Small
wonder, then, that the ideals of
moral citizenship – of a sense of
duty to one’s community – lay at
the core of Dutch political culture.
In order to make the most of
the Dutch national garden, all
its resources – whether natural,
11] Johannes Prey, The Blijdorp Polder, with steam engine
socio-economic or technological
in background
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would have to be productively integrated to create a peaceful landscape
which yielded its bounty without strife.
This pastoral ideal, the echoes of which can still be heard in Dutch
political discourse today, remained a standard trope for representing
steam technology in the Netherlands until at least the mid-nineteenth
century. Such representations might actually be quite distant from
historical reality, though, as was the case with Johannes Prey’s depiction
of the first Watt engine built in the Netherlands, in 1787, to manage
water in the Blijdorp Polder. While the engine in Prey’s illustration shared
the background of a peaceful rural scene with a typically open sky, the
polder’s actual residents fought to rid themselves of a contraption that
noisily polluted their lands and – so they thought – threatened to sterilize
their livestock. Unimpressed by calls for communal solidarity and
progress, these peasants divisively labelled it a keezending, as foreign
to their land and lifestyles as any other urban-based, Patriot proposal.31
My article ends with an image of the Cruquius steam engine,
installed in 1849 to tame the periodically raging waters of the

12] Willem Hakking Jr, The Haarlemmer Lake
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Haarlemmer Lake. But Holland was not the only region in which the
pastoral ideals of Dutch moral citizenship and naturalised technology
were expressed. These same urges formed an essential part of the
cultural and industrial landscape in Twente during at least the first
half of the nineteenth century. Strikingly, pictorial evidence for this
exists in the form of a painting of Enschede’s first steam-driven cotton
mill, the “Grooten Stoom” of the Enschedesche Katoenspinnerij, in
the 1830s. The history of this endeavour and of the textile industry

13] The ‘Grooten Stoom’, Enschede’s first steam-powered cotton mill

in Twente more generally has often been told, but a number of
questions still remain, including those whose answers would help
integrate the various aspects of this history into an understanding
of how local and global contexts met to give direction and meaning
to Twente’s technological and industrial development. Especially
because of growing current interest to professionalise the writing and
teaching of Twente’s fascinatingly complex history, including efforts to
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establish an academic program in regional history at the University of
Twente, I offer a brief description of the elements that need to come
together to build this total history. As J.L. van Zanden briefly explains,
the modernization of textile production in Twente in the 1830s was
stimulated by larger interests, at least partially orchestrated at the state
level. While textiles were produced in Twente before that time, Belgium
was the kingdom of the Netherlands’ major and most profitable cotton
production centre between 1815 and 1830. Following Belgium’s
secession from the Netherlands, however, cotton exports to Java
– an important source of balancing trade and defraying the costs of
sailing to the East Indies – were rapidly falling into British hands. With
financial support from the Nederlandsche Handel Maatschappij, an
organization established by King William I and his advisors in 1824 to
spur Dutch economic development, a select number of entrepreneurs
began taking Twente cotton production in a new direction.32
To make sense of local developments in Twente, then, we need
to begin with the global context in which people, goods, knowledge,
skills and (often conflicting) interests circulated. We also need to
recall the go-betweens and local interactions through which new
technologies and methods made their way to Twente. As a variety of
historians have recorded, the first steam-powered cotton mills in the
region were given shape and direction by the collaborations of local
and relocated Belgian entrepreneurs (especially Charles de Maere
and the Hofkes family) with a small group of British engineers –
John Dixon and Thomas Ainsworth were the most prominent – and
the director of the Nederlandsche Handel Maatschappij, William de
Clercq. What we know is that their interactions gave socio-cultural
and well as technological and industrious content to the pastoral
image invoked by the Arcadian representation of the Enschedesche
Katoenspinnerij.33 The results included a blending of new technology
with innovations in the context of established modes of production,
rather than a radical move to large, English-style factory production
prior to 1850, and the establishment of a number of schools that
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were directed toward training productive workers and moral citizens.
But three important aspects of this story are not yet fully clear.
First, precisely how did local culture and interests come together with
innovative technology and (what seems to have been) the shared
moral visions of De Clercq and the British entrepreneurial engineers
Dixon and Ainsworth? Strikingly, these major figures seem to have
agreed on the undesirability of industrialization’s social consequences
as experienced by Great Britain’s working class at that time.34
Large factories were thus to be avoided as scourges against public
health and wellbeing. These good intentions and moral standards
notwithstanding, however, Twente’s textile industry did not foster a
worker’s paradise, partly because of the pressure to increase profits,
but also because elite visions of building an enlightened and productive
workforce did not always match the preferred rhythms and desires
of those who were targeted for ‘enlightenment’. What also needs
to be clarified, then, is how textile workers and their communities
experienced the forces of ‘progress’ which sought to carry them along.
Finally, we need to develop a long-term view of how these
various interests, values, innovations and lived experiences interacted
with each other and the intersecting contexts of which they were
a part. For while it is surely of historical interest to consider why
Twente, and the Netherlands more generally, didn’t follow the same
course of industrialization as Great Britain or Belgium, it is much more
relevant to understand the course that was taken, to examine the
processes that fed and continue to shape the region’s evolving identity.
This, then, like the other examples presented here, is not just a story
about the past, but an ongoing saga of which we and our technologies
are also a part. Another way of putting this is to say that we all stand
with one leg in the past and one in the future. Like our technologies,
we are never out of context. By understanding what those contexts
entail, we can direct their dynamics toward a richly sustainable future.
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Ik heb gezegd.
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of 1704, in which he wrote, “… since space is divisible in infinitum, and matter is
not necessarily in all places, it may be also allow’d that god is able to create
particles of matter of several sizes and figures, and in several proportions to space,
and perhaps of different densities and forces, and thereby to vary the laws of
nature, and make worlds of several sorts in several parts of the universe.”
(pp. 379-380).

10

Regarding Newton’s reasons for pursuing natural philosophy, see his letter to
Richard Bentley: “I had an eye upon such Principles as might work with considering men for the belief of a Deity.” Newton to Richard Bentley 10 December 1692,
in Turnbull et al. (1959–77), vol. 3, p. 233. Newton considered divine omnipresence
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the fundamental points of disagreement between Newton and Leibniz, as argued
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