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ous that some relatively recent technologies, such as personal com-
the Tnternet, have had a pointed effect on the conduct and values of
fir, s0 good.
Wfage point isn’t necessarily a stopping point. If we’ve gone to the
mbing this high, shouldn’t we see if it’s possible to climb further?
ochal break is said to be a Wmﬂﬂﬂ.s@ over the past three decades,
ei-old partnership of science and Enlightenment-If, however, we
partnership not from a vantage point where we can view the past
ut {rom a vantage point where we can see the past few centuries,
impse? In the next section I describe some of the historical land-
igher vantage point reveals—a landscape littered with epochal
‘aring a family resemblance. The recurrence of such breaks is,
wn to those who argue that the current one not only exists, but
aching and important than its predecessors. Nordmann, for in-
‘that the perpetual proclamation of epochal breaks is a defining
ernity, so it is no surprise that a higher vantage reveals more of
0 argues that the desire to keep climbing to the vantage point at
orical landscape becomes monotonous and the current epochal
trivial is itself a product of the current epochal break.
0-the argument of Paul Forman (2007), another epochal break
inhis monumental lament for the death of science at the handg
tee: For Forman the fact that most historians of technology do not
nt break (if they concede that it exists) as singularly important
ow singularly irportant (and crippling, \msm petvasive} it is. For
seeing the enormity (both in the sense of size and monstrosity)
break amounts to complicity in the overthrow of the Enlighten-
ant to do in this chapter is to take the opposite tack. I will argue
vantage points a deflationary view of the present epochal break
‘oherent and not necessarily equivalent to a complacent view.

Climbing the Hill

Seging (and Not Seging)
Epochal Breaks from
Multiple Vantage Points

CYRUS C. M. MODY

ALFRED NORDMANN, IN THIS EDITED VOLUME, lays out mm<mmmw 8
cated and plausible arguments for seeing today’s science as mbamHmoE.
ochal break. Unlike many epochal break believers, Z.oﬁﬁ_u.mmhu Hmmwmﬁ
near-impossibility of convincing epochal break skeptics simply by inu
them with facts about Diamond v. Chakrabarty or the m.&&-Uowm. Act |
he wants to shows skeptics a path to a “vantage point” from which as
making transition from science to technoscience is S.mHEm. "
The vantage point from which an epochal break is @Hmmmﬁﬁ Sm& ¢
where 1 usually locate myself, but it is not a great stretch .8 nr.s,:u u
Nordmann writes that one reason many historians and sociologists
chnr as myself) are epochal break skeptics is that 5@. are mﬁhw &oﬁﬂ
valley of microstudies, where the details of science are :.~ nonﬁﬁc..oc.m
general trends are invisible, Only by climbing up the hili, E&. viewis
microstudies from a distance, does an epochal break become .SEEm. ]
broader view of conternporary public discourse about science, it does lo
ous that pronouncements of a new way of doing science have _umno. ;
commeonplace. Some technoscientific activities, such as the @mﬁ.ﬁﬂ
demic research, clearly have become more routine than they were in x

tiran faments (and Nordmann urges caution) is that the current
allegedly shifting science away from its “commitiment] to an
or truth” (see Nordmann’s chapter in this edited volume). On
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knowledge it produced worthwhile. The new era, he says, is characterized by
understanding that the ends justify the means-—that so long as socially
technologies result, whatever technoscientists do is acceptable.

Now, announcements that scientists are no longer interested in know]
as an end rather than a means are as old as science itself. And such com
have often been tied to proclarnations that science has entered a new epo
that the generation of new knowledge has become foreshortened by (or era
ded in) the application of that knowledge. Take, for instance, the postwa
entific disciplines in the United States, beginning with physics. From 194
1951 the number of physics PhDs being churned out by American univer,
doubled every 1.7 years (Kaiser 2002}. Graduation rates then leveled off:
while, but after Sputnik they shot up again, doubling every 6.2 years [rom
to 1968. Federal funding for basic physics research went up by at least a4
of twenty from 1938 o 1953. Physics experienced this inflation first, but p
cally all scientific disciplines followed suit. As a result, the leading institutl
of scientific research ballooned almost without bound. Stanford Universi
instance, administered $127,590 in government contracts in 1946; a d
later $4.5 million; a decade after that, $13.5 million (Leslic 1987).

If anything counts as an epochal break, surely this demographic and &
shock should. The spike in money and enrollments changed the metho
American physics by incentivizing use of fast calculation techniques, su
Feynman diagrams, in which students could be quickly trained, rather
discussion of fundamentals requiring prolonged student-teacher intera
The money bubble also influenced the conient of American physics. Such
as solid-state and nuclear physics, in which students could be trained q
and would have jobs waiting for them, grew rapidly. David Kaiser (200
argued that phenomena such as gravitation, which were conceptually thor
and yielded few applications, drew proportionally much less study than be
World War I1.

Many older physicists complained that the pedagogical style require:
the rapid expansion of their discipline produced a new generation who ha
individual creativity, who had “skills” but little “wisdom” or physical int
who were judged solely for their abilities as “tearn players” rather than as t

seekers (Kaiser 2004). They also complained about the students’ values—
they were “clock-punchers” who saw research as a job rather than a cal
who merely wanted a comfortable life rather than the pleasure of seeking t
Students, meanwhile, identified the same trends but saw them in an ent
different moral light. Many embraced the notion that physics was a track

s comfort and security. A few senior physicists who oversaw the
emark large research organizations—such as Tuis Alvarez or
nce—were likewise happy that the new pedagogical regime could
with teamn players able to submerge their egos and live within a bu-
& ..w.m.m researcher-managers expressly saw Cold War security needs as
1 éxperimental style (and a new pedagogy) that mixed up ends and
tly the way Forman sees as characteristic of today’s epochal break.
lar, they saw nuclear weapons as experiments at least as much as
11 as bombs. The great fiscal and demographic shock was, after all,
i1t a view that science should (and could) contribute to the nuclear
e Emﬁmﬁﬁmm were reorganized to make this possible: geodesists
igure of the Earth to make missiles fly straight; seismologists
toverify test-ban treaties; biclogists examined the effects of radia-
s:and anthropologists devised ways to tell our descendants to stay
clear waste, Technoscience in the Cold War mode was not limited
:precocious individuals, such as Alvarez or Lawrence; it was the
that redefined practically all science and engineering disciplines in
d States—and in much of the rest of the world.

aradigmatic Cold War technoscientists were the chernical engineers,
sis, physicists, mathematicians, and others who researched new
vices.” Those devices weren't just envisioned as the eventual appli-

ostwar science—they were seen as the draw, and the means, to do
John Wheeler said of Princeton University’s physics graduate stu-

51, “It will be hard for them to do better than [to work] on the thermo-

toject for afl-around range of ideas” {quotéd in Galison and Bernstein

‘Many physicists were entranced by the prospect of creating a phe-

afi earth—for the first time-—that before then had only existed in the

ic chain fusion reaction” (Galison and Bernstein 1989, 276). Norris

..mﬁ first postwar director of Los Alamos, declared in 1945 that testing

apon would “provide some intellectual stimulus [and] might even be

lison and Bernstein 1989, 277-78). The whole infrastructure of nu-

ris development was designed to coproduce truth and bombs—from

toducts of plutonium breeder reactors that became an indispensable

logical and ecological research to the giant nuclear craters in Nevada

ded data for geologists and climatologists.

ard for me to see much difference, then, between the nuclear bomb

ts such as the OncoMouse that are continually cited as evidence of a

ttechnoscience. What to make, for instance, of Project Plowshare, the
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at:sound very similar to the way the current epochal break is often
/Nﬁ‘wﬁwmu they viewed the new epoch as a good thing or not, man
! .R..,Bmmwm believed their peers were becoming more msﬁmamﬂmw EOH.M
..mﬁumibwmﬁm that were simultaneously applications, and Hmmmu inter-
nowledge for knowledge’s sake.
ould even 1945 be the epochal break, though? Certainly, somethin
appened then—something at least as epoch-making qmm any EHM
ot 2000—but at second glance we find all the same tropes floatin
.wo or 1830. Take the case, for instance, of Irving Langmuir, the Zom.
.ﬂWmemH who spent most of his career in General Flectric’s Mmmmmanr
nen Langmuir arrived at GE in 1909, he was tasked with preventin
atty’s lightbulbs from blackening too quickly (a common problem mm
most the only restriction on his work was that any patentable dis-
ild w&.osm to GE. But Langmuir was free to choose any method of
hose discoveries—even if that meant he drifted well away from the
applied problem with lightbulbs.
1e era of big corporate research, such a problem would have been
argely through trial and error. Various parameters of lightbulb
.o.ﬁ_ would have been tinkered with until blackening became less of
ind empirical observations of which variations worked best would
cEwm.HEo paths for further trial and error. Langmuir’s insight
.d...mEEm as a physical chemist, was to treat the lightbulb not m&m&w
:in need of {ixing, but as an experimental apparatus capable of
.«H.mEm conditions and thereby revealing new data on the nature of
e .wbm he used GE’s lightbulbs to develop a theory of adsorption and
oftons that won him the Nobel Prize. But, as George Wise (198
E.gmgﬁwm descriptions of these matters were not just oﬁ.ﬁmﬂz&dm .
y .&.mo taught GE how to build more efficient lightbulbs, and mqmm
‘company into the new business of electronics.”
e Langmuir’s Nobel Prize was awarded not for his improvement
i d.,_m_um.n but for the generalized theory of matter derived from them
: muir was ambitious to be taken seriously by his academic n&“
.oﬁ.pmﬁEsm other than lightbulbs. Yet it is worth pointing out that
philosophical moments Langmuir was rather enamored of Perc
operationalism-—in which, presumably, attempts to take mmrzézw
m,n. the lightbulb would be treated with caution. Admittedly, Lang-
5 journal articles (where he advanced more generalized ﬁr“moimmv
nally satisfying than his patents, but he saw patenting as indis-
cu.wo%ﬁ both he and GE’s lawyers clearly saw journal articles not

Atomic Energy Commission’s attempt to use nucleay explosions to carve o
tificial harbors and canals (Kirsch 2005)? Edward Teller and other propons
consistently described Plowshare as an “experiment”-—not just in the sens
something untried, but in the sense of a means for generating knowledg
soil science, climatology, geology, and physics. Yet, not Jeast because of sect
concerns, there was virtually no attempt 10 generalize that knowledge to
thing other than the experimental system (bormb + soil + air) itself.
Similarly, what about the physicists and mathematicians who develop
game theory in the 19505, parily through simulations of political crisis and
clear warfare? No one at that point (or fortunately since) had ever fought an.
tended muclear war, so these physicists and mathematicians were able to a
that their technical expertise trumped the combat experience of milita,
ficers (Ghamari-Tabrizi 2000). The outcome of that expertise was the poli
war garne——a ?oﬁmng multiperson, embodied, sometimes highly emotio:
method for betier understanding group dynamics during crisis. Almost al
participants in these games felt they were learning something about group
namics; yet there was precious little attempt to generalize that knowledge
a sociological theory of groups, or to divorce that knowledge from the nat
security infrastructure, Nor did most participants even believe that what
had learned was “true” in any objective sense. Rathex, what they learned fr
the simulation was the exciternent and emotion and chaos of crisis, a subje
truth that might or might not have any bearing on behavior in a real” cris

“«

I
So here we have matheraticians and physicists in the 1950s, eagerly deve
ing a new research tool, yet not particularly worried that that tool can't, ev
principle, generate objective, enduring truth. | can’t see the difference be
Cold War tools, such as nuclear earthmoving or political war games, and
noscientific, postepochal break tools, such as the OncoMouse. Nordma
Forman may mear that there 13 no difference, except for the gestalt swi
seeing a difference. Nothing can prove a difference between the OncoM
and the atom borb, but sitting in 2008 rather than 1958, we have acce
yantage point that lets us announce a difference between them.

But why should the current moment be the epochal break, the on€¢
separates modern technoscience from the scientific enterprise that aro:
conjunciion with modernity and the Enlightenment? Why should this bre
any more epochal than the one around 1945—which many people at the
viewed as epoch-making in terms of the conduct, content, values, and p
scientific research? Indeed, many saw the consequences of that m@o&ﬁ&
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in 1910 or Edward Teller in 1955 or Craig Venter in 2000. Take,
William Thomson, Lord Kelvin. As Norton Wise (1988, 92) has
elvin’s dispute with the Maxwellians over electromagnetism, Kel-
argument was exactly that Maxwell’s ideas were not technoscientific
mson employed the practical reality of the telegraph as at once a
‘epistemological weapon against what he regarded as the meta-
lity of Maxwellian theory.” For Thomson the telegraph mediated
0 sets of beliefs about progress: industrial progress based on con-
and scientific progress based on explanation of matter.” Science
est for truth, but it could only get there via practical technologies.

for Thomson, “applied science” was redundant—the order and dis-
led to make science useful was a requirement for making science at
heory, nor instruments, nor measurements, nor even standard
urement existed prior to the ocean telegraph venture” (Wise 1988,
telegraph was in place, though, physical understandings based

itnply as contributions to chernists’ quest for truth, but as ways to bui

such as the thermionic valve. To return to Forman’s formulation, it’s not¢
that this was in fact a period when the means justified the ends. To all app
ances, it was a period when the means and the ends were mutually justif
each other and bootstrapping each other into existence.
Nordmann would respond, I think, that we can always find examples.
to any epochal break of people who exhibit the characteristics of the postl
era, yet that the nature of the break lies in the seeing of a difference in
entire scientific enterprise before and after the break. Maybe so, but in
muir’s time the scientific enterprise was undergoing wholesale changes.
look strikingly similar to descriptions of today’s epoch. Langmuir may
been exceptionally brilliant, but he was not an exception in his attitudes
science “in the context of application.” Indeed, as Philip Mirowski and E
Mirjam Sent (2007) have shown, the whole academic infrastructure th
derwrites a conception of pure science conducted without view to m@ﬁﬁnﬂ  making the telegraph a working technology would necessarily
was co-constructed at the end of the nineteenth ceniury with the infrastri over armchair theories. Moreover, Thomson believed any s00d
of corporate research. The high-tech companies of the day (Siemens, GE; .”.oﬁmw be derived from embodied familiarity with commonplace,
inghouse, and so on) needed the academic world to train people like Lan : ts. For instance, “since experiment required light to consist of
who could move beyond trial and error. And to attract those people, com ves, and since the only media known to transmit transverse waves
were perfectly willing to pay for Nobel-winning research that could olids, the ether ought to be regarded as like other everyday solids,
purified into basic and applied portions. emaker’s wax, " pitch, or ‘calf’s foot jelly™ (Wise 1998, g7). Maxwell’s
Indeed, in the early part of the twentieth century, scientists workin vmwﬂmm like no known substance (and certainly no commercial
vate, for-profit institutions easily outnumbered those working in Univer s unimaginable and therefore unintelligible.
Corporate researchers routinely won Nobel Prizes throughout the past ce n Wise (1998, 97) put it: “The analogy thus carried a criterion
before and after the putative epochal break. In such disciplines as conc success into electromagnetism as a criterion of a valid theory.”
matter physics, it was very difficult between, say, 1950 and 1990 10 ﬂ#mmos was not that an electromagnetic theory be applicable in a
leading researcher in the United States {and to some extent in Europe chnology. Rather, a robust electromagnetic theory had to be rooted
pan) who had not spent formative years working for a for-profit lab. Co ucture and operation of a preexisting commercially successful
research wasn’t all applied research, but it also wasm’t paid for out of an alt elvin was perhaps an even more hard-core technoscientist than to-
search for truth. Long before the putative epochal break, the entangle m ic entrepreneurs. Twenty-first-century biotechnologists only imply
corporate and academic research was generating much that looks “tec ories are right because they might someday lead to a profit; Kelvin
entific’—for example, the laser. Epochal break diagnosticians therefor u-had to have a profit already in hand before you had the right to
to more compellingly explain just what distinguishes today’s scientis ntific theory.
these forebears. it our current epochal break merely takes us back to 1884, or was
So should the epochal break be pushed back to 19107 Or can we o years ahead of his time? Certainly, he was more commer-
little higher up the hilt to yet another vantage point from which that bre ny of his colleagues. Yet Thomson was also the most influential
no more epoch-making than the ones at 1945 and 1980? Well, if we keep British scientific establishment of his day, a man who exerted

M . "« 3 : LN = » -
ing, we can certainly find people who had the same technoscientific® wer in directing resources and creating institutions. His vision
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of their work prevented it {rom being objectively true. Even in
o's description of the universe couldn’t be anything more than
lving practical problems for pay. Thus Galileo convinced the
int him as the court philosopher, not mathematician—thereby
lage to lift his discoveries out of the commercial mud and into

of conducting research in large, skill-differentiated, multiproject acadg
groups created the template for British (and, more generally, Anglopho
versities right up to the present.
From these higher vantage points, then, we can see how common tho,

| ments are when historical actors saw things changing rapidly fo accorni
something very much like “technoscience.” We can also see just ho

continuities there are across those moments. There might be breaks,: ¢ cademic natural philosophers opposed that transformation. So,

don't seem very epochal, unless an epoch only lasts a generation or 4 nning of the scientific enterprise, we see the same rhetoric that

however, doesn’t seem to be the meaning of “epoch” that most beli ; ay’s talk (from both supporters and critics) about an epochal

the epochal break use. Rather, they see the epoch that is putatively enl nce.On the one hand, the academic natural philosophers (much

having begun with the Scientific Revolution, and as having reached its orried that commercially minded expertise was unjustifiably

form in the Enlightenment. e status of objective knowledge. And on the other hand, scien-

Yet even if we look back at the founding of the scientific enterprise cvolui onaries such as Galileo celebrated (much like Mike Roco or Craig

many of the same features that supposedly define the new epoch com ir breaking down of barriers raised by the traditional disci-

being today. Take, for instance, Galileo’s workshop—surely a central si _mowmmwm of a new philosophy that would work hand-in-hand

building of the scientific enterprise. Once again, we find the same tech

tific attitude to the means of generating knowledge as we have in othe

As Mario Biagioli (1993} tells it, the reason Galileo’s discoveries could]

miilitary and diplomatic corps.
as objectively true was not because they could be purified from the :
that made them possible or from the applications both Galileo and hig
expected from them. Rather, Galileo’s discoveries could be taken as ob
true precisely because he successfully obtained patronage from powe:
ple (the Medicis) who appreciated the political and technological mﬁﬁr
the ideas that he offered them. :

Tronically, Galileo desperately needed Medici patronage just so tha
remove the appearance that his discoveries depended on patronage;
contradiction with the epochal break picture of the scientific enterprige
Galileo at least wanted to appear to be creating durable, objective W..
Except we have to ask—why was Medici patronage necessary {o conxe

ges his chapter by saying that “the very diagnosis of this epochal
bre a reaction againstit, . . . [and also] against those historians
s of science who have unwittingly embraced a technoscientific
g nothing unusual ” Forman comes to much the same conclu-
logy hag blinded historians of ﬁmnwﬁoﬂom% to the primacy of sci-
1plogy before r980. In Forman's eyes, historians of technology
115y trying to perceive the primacy of technology over science in
iod that they were unable to notice, much less be shocked by,
al of primacy after 1980. If you can’t see the epochal break, you
mental activities (e.g., looking at the heavens through a telescope} to
for truth? Biagioli explains that Galileo’s training and disciplinary 4
precluded his work from being seen as objective betore Medici patror pochal break, but celebrate, rather than mourn, it. When, for
mathermatician and astronomer, Galileo was seen by academic natural unders of the U.S. National Nanotechnology Initiative labeled
phers as thoroughly embroiled in the workaday world of surveying, o : v “the next Industrial Revolution,” they clearly had some kind
and astrology. : in mind, but only in the most positive sense. And when The
All those were commercial activities, ways of making a living by ovation’s Golden Goose” zo0z) praised the Bayh-Dole Act as

ed piece of legislation to be enacted in America” in the second

pertise to a customer. Because it is difficult to maintain a lasting rel
with a customer if you don't tell them what they want to hear, the aca ntieth century (neglecting, as Steve Shapin [2003] has pointed
ghts Act of 1964 and the Voting Rights Act of 1965, among

ural philosophers believed that no mere mathematician could be tru

Hﬁ.ﬁww this view is that there are plenty of people who are able
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others), they clearly meant it had opened a new epoch. After all, Bayh-Dole s gather resources or convert foes into friends. As analysts, our inter-
posedly ushered in “a flowering of innovation unlike anything seen before. : om those of historical actors, ag does the knowledge space that we
David Edgerton (2007, ix) puts it in his critique of this way of talking: “We: 0. We blind ourselves if we accept the claims for an epochal break
told that change is taking place at an ever-accelerating pace, and that then eing the interests to which those claims are connected. We lame our-
is increasingly powerful. The world, the gurus insist, is entering a new hi: eat the putative present epochal break as so special or disruptive

t learn from its resemblance to all of the other epoch-making
L of the technoscience, that has come before.

cal epoch as a result of technology. In the new economly, in. new times, in
post-industrial and post-modern condition, knowledge of the present and
is supposedly ever less relevant.”

The gurus’ gushing doesn’t indicate to me that diagnosis of the epo NECES
break is sufficient to oppose it. In fact, it looks a lot like diagnosis is mi
necessary to tout it. Announcements of epochal breals have real consequenc
they channel funding, they persuade people to join collaborations, they,

mmo GEqum:% of Qﬁnmmo Press.
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