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Do tHe cHANGes tHAt HAVe tAkeN PlAce in the structures and methods 
of the production of scientifi c knowledge and in our understanding of science 
over the past fi fty years justify speaking of an epochal break in the development 
of science? Some philosophical and sociological descriptions of these changes 
do indeed assert that such an epochal break is becoming apparent (see Forman 
2007; Funtowicz and Ravetz 1993 and 2001; Gibbons et al. 1994; Nowotny, 
Scott, and Gibbons 2001 and 2003; Ziman 2000; and others). In general, this 
thesis is formulated in such a way as to compare the extent of the changes that 
have occurred or that are to be expected to the early modern scientifi c revolu-
tion. The point of departure for the current epochal break is presented as a 
tradition that persisted from the beginnings of the early modern era until about 
fi fty years ago, and from which recent developments constitute a fundamental 
departure. With the completion of this transformation, science supposedly will 
have freed itself from its early modern origins and undergone a second scien-
tifi c revolution.

I, however, do not concur with this thesis of an epochal break in the devel-
opment of science (hereafter referred to as “the epochal break thesis” for short). 
The critical appraisal that I off er has three parts.

We Are Not
Witnesses to
a New Scientifi c 
Revolution
GREGOR SCHIEMANN

3
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1. The Extent of the Current Process of Transformation

I acknowledge that there is a serious basis to the epochal break thesis. It rests 
upon verifiable and to some extent profound changes in the production of scien-
tific knowledge and in our understanding of science that have been occurring 
globally, but especially in the industrially more developed countries in recent 
years. Some of these transformative processes have been the subject of inten-
sive academic discussion and public debate in the past several years. To name 
just a few focal points of the changes at issue: the scientification of more and 
more areas of society, the accelerated increase in the prominence of technology 
and economics within science, the growth in the complexity of scientific ob-
jects, and the dissolution of disciplinary structures in certain innovative fields 
of research. Although some of these changes are of a gradual nature, others are 
indeed drastic. On the whole, there are enough phenomena to point to for it to 
appear justified to speak of an epochal change in the development of science.

Of course, this viewpoint presupposes that such changes (or breaks, if they 
are discontinuous) are possible in the first place, and also that they are observ-
able at the time when they are occurring. As for the first of these presupposi-
tions, I demonstrate in the following section that the transition from medieval 
to early modern science can be interpreted as an epochal change. However, it is 
questionable whether the participants in such an epochal process of upheaval 
can themselves recognize the significance of this process, since they lack the 
necessary distance to perceive the overall context in which it is occurring. This 
objection cannot be wholly rebutted. Although we can assume fictional stand-
points external to the contemporary world, we always remain involved in the 
events of our own time. Nevertheless, given that we are creatures that must con-
struct our own histories, we have no alternative. We are compelled to compare 
the contemporary world with past eras to gain the historical orientation that is 
indispensable for shaping the present in a reasonable way.

But that is just the beginning of the real difficulties involved in the evalua-
tion of the historical dimension of the present development of science. What are 
the “verifiable” alterations in the production of scientific knowledge? How can 
an “understanding of science” be pinpointed? What role can philosophy of sci-
ence play in this? Is it possible to speak of “science” in the singular? To answer 
questions such as these, it is necessary to set up suitable criteria and to conduct 
the right kind of inquiries, and that is what I work toward in this chapter. Some 
of the criteria refer to historical material, and others to philosophical and socio-
logical analyses of contemporary science.
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2.  Toward a Historical Location of Science’s Departure 
from the Early Modern Era

The second part of my critique deals with the ahistorical character of the ep-
ochal break thesis. It is not plausible to present science as having constituted 
mainly one type (e.g., mode-1, normal science, academic science, modern sci-
ence) from the beginnings of the early modern era until about fifty years ago, 
and then to contrast it with a supposedly new type (e.g., mode-2, postnormal 
science, postacademic science, postmodern science). In describing the period 
from the beginnings of the early modern era until the present, it is more appro-
priate to apply a two-phase model that incorporates criteria according to which 
it is possible to recognize a shift in the history of science during the course of 
the nineteenth century.

I begin by using a variant of the epochal break thesis to demonstrate that 
the postulated break is in fact understood as a departure from the early modern 
era. Then I weigh the merits of the two-phase model as an alternative. Finally, 
I use it to critique the criteria set forth on behalf of the epochal break thesis.

2.1. A Variant of the Epochal Break Thesis

The variant I discuss—namely, the shift from mode-1 to mode 2-science de-
scribed by Michael Gibbons and his coauthors—is probably the most well-
known formulation of the thesis (Gibbons et al. 1994; Nowotny, Scott, and 
Gibbons 2001; and 2003). They decisively classify science in the early mod-
ern era as mode-1 (Gibbons et al. 1994, 167). The characterization of mode-1 
science—aka the “Newtonian model of science”—proceeds by means of five 
points of contrast with the currently emerging mode-2 (Gibbons et al. 1994, 
vii, 3, 10).

Mode-2 science, according to the thesis, developed out of mode-1 science 
only after the Second World War as a result of the drastic increase in the num-
ber of trained scientists and in the technical possibilities for knowledge-produc-
tion (Gibbons et al. 1994, 10, 17, and 44). Some of the preconditions, such as 
the development of extra-academic research and the dissolution of traditional 
validity claims, can be traced back to the end of the nineteenth century (e.g., 
Gibbons et al. 1994, 22; Nowotny, Scott, and Gibbons 2001, 197). Today, mode-2 
constitutes a distinct form of knowledge-production that is “different from 
mode 1 . . . in nearly every respect” (Gibbons et al. 1994, vii) and that interacts 
with mode-1 (Gibbons et al. 1994, 14 and 9). In the future, however, mode-1 will 
be “incorporated within the larger system” of mode-2 (Gibbons et al. 1994, 154). 
Not until then will the revolutionary break be completed.
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2.2. A Two-Phase Model of Early Modern and Modern Science

The model that I would like to juxtapose to the epochal break thesis character-
izes its caesura in the nineteenth century as only a partial departure from the 
early modern origins of science. A partial transformation might also have an 
epochal character. To some extent, the model follows along the lines of other 
inquiries (e.g., Bachelard 1938; Diemer 1968; Foucault 1970; Lepenies 1976; 
and Schnädelbach 1983).

2.2.1. The Early Modern Phase

The first (“early modern”) phase is characterized by its distinctness from me-
dieval science. In contrast to medieval science, science in the early modern era 
distinguished between Christian belief and knowledge, introduced the autono-
mous person as subject of science, disposed of the ancient conceptual distinc-
tion between nature and technology, developed experimentation as a method 
for attaining scientific knowledge, and discovered the technical applicability of 
scientific knowledge—to name just a few of the significant accomplishments 
of science in the early modern phase. In sum, the shift from medieval to early 
modern science can be characterized as an epochal change (in my view it was 
not discontinuous). Any assertion of a present or future epochal change must 
be measured against this caesura in the development of science.

The epochal change that initiated early modern science occurred primarily 
within the natural sciences, which subsequently rose to become paradigmatic 
for science in general. But the new conceptions of science arising here came 
to be applied only partially in other disciplines. On the other hand, the natu-
ral sciences continued to be reliant upon traditional and necessary criteria of 
scientificality that were valid for other disciplines. The decisive conception that 
was taken over from medieval science was the “classical conception of science,” 
which can be traced back to the ancient origins of science. On the classical con-
ception, scientific knowledge must be marked by generality (in concepts and 
judgments), necessity (of systematic connectedness), and truth (Schnädelbach 
1983, 106). The concept of truth took on a key role in this conception. It desig-
nated a content on the basis of which the essence of an entity could be deter-
mined exclusively, and aimed at a general and solely valid system of knowledge 
that comprehended the entire world. The classical conception of science was 
and remains effective as an ideal within the sciences and in their public presen-
tation. This can be demonstrated not only historically, but also with reference to 
current debates about the conceptions of science. That the epochal break thesis 
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distances itself from the early modern understanding of science is especially 
clear when one looks at the criticism it makes of the classical conception: cur-
rent and future science supposedly should be marked not by generality but by 
particularity, and not by truth but by uncertainty (Nowotny, Scott, and Gibbons 
2001, 4–5, 33–37). 

Thus, although the modern scientific revolution affected the entire system 
of the sciences, it was in a twofold sense only a partial change: it left some 
central features untouched, and it was initially limited to just one area of sci-
ence. The restricted character of the change corresponds to its only partially 
discontinuous progress. The notion that the transition from medieval to mod-
ern science marked an “epochal threshold” (Blumenberg 1985) is widely con-
tests among historians.

2.2.2. The Modern Phase

In its criticism of the classical understanding of science, the epochal break the-
sis refers back to the nineteenth century, at which point the classical concep-
tion began to collapse and thereby to usher in the second (“modern”) phase. 
Modern science began to distinguish itself from its precursor by impugning 
the classical claim upon truth, which did not allow for the possibility of revis-
ing scientific knowledge. Within the sciences the discussion was led by such 
researchers as Carl Gustav Jacob Jacobi, Carl Neumann, Bernhard Riemann, 
and Hermann von Helmholtz. In the case of Helmholtz, a look at the public 
lectures that were already famous during his lifetime reveals an increasing ten-
dency to do without the notion of truth as a system of knowledge to be attained 
at some point in the future. The departure from a classical understanding 
of truth had the consequence of rendering scientific knowledge hypothetical 
(Schiemann 2009; Heidelberger and Schiemann 2009). The transformation of 
scientific knowledge claims was taken up within philosophy most prominently 
by Friedrich Nietzsche. Moreover, the significance of epistemic characteristics 
that had dominated the understanding of science in the early modern phase 
was relativized (Lübbe 1986). At the beginning of the twentieth century, quan-
tum mechanics set an example of how the truth of physical knowledge could be 
irrelevant in a way that had previously not been suspected.

The transformation of science that began in the nineteenth century did 
not restrict itself to relativizing epistemic criteria. As further characteristics, 
I would like to mention the incipient entanglement of scientific and societal 
development, and the crystallization of scientific communities. The technical 
applicability of scientific knowledge having already been among the central in-
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sights of early modern times, the nineteenth century discovered the compre-
hensive societal utility of the scientific method and of scientific knowledge. The 
inverse relevance of applied contexts for scientific development took, among 
other things, the form of increased state sponsorship of the relevant natural-
scientific disciplines (including building up their laboratories) and of applied 
sciences. The production of scientific knowledge thereby came to be tied to its 
technical application (e.g., the first and second laws of thermodynamics). With 
the crystallization of scientific communities, the individual as agent of science 
withdrew to the background.

It is possible to establish connections among the three characteristics of 
the second phase. I assume that the increasing interconnectedness of science 
and other societal areas played a sort of key role. It caused the scientific space 
for pursuing epistemic questions to shrink. At the risk of simplification, one 
could say that the real insight of the nineteenth century was that science could 
be highly useful and applicable even without clearing up epistemological ques-
tions. Such issues were in a sense put off indefinitely and have since been 
threatening to fall into oblivion.

2.2.3. The Early Modern and the Modern Phase

One may ask what the relationship is between the two phases and how science 
at present relates to them. In response, I would say that the second phase takes 
on some characteristics of the first and that it includes the present. The two 
phases differ markedly from each other in their appraisal of epistemic ques-
tions. With the critique of the classical understanding of science, transepochal 
criteria of scientificality come to their limit. But if one focuses on the relation-
ship between science and society, the relationship between the two phases 
appears in a different light. At first glance, then, the second phase may well 
appear to be just a continuation of the first. In the same sense Martin Carrier, 
in his chapter in this collection, understands the modern scientific revolution 
as a technoscientific project. The early modern scientific revolution was already 
to some extent a result of a close connection between science and societally 
anchored technology. It already seemed plausible at the time that the technical 
production and application of scientific knowledge could in the future yield 
a thoroughgoing improvement of the conditions of life (e.g., Francis Bacon’s 
New Atlantis). Science, however, was practiced primarily by an elite group upon 
which other societal forces were not really able to exercise any influence. It was 
not until the nineteenth century, when applications of scientific knowledge 
took on reality-shaping dimensions, that institutionalized societal forces began 
to have a lasting impact on the forms of knowledge of production. Although 
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the establishment of mutual, interactive relations between science and society 
caused the boundary between the two regions to become far more porous, it did 
not eliminate this boundary altogether. I will return to this issue in section 3.1. 

As for the question whether the transformation in the nineteenth century 
constitutes an epochal transformation, I would like to leave that open. The pro-
cess does not appear to have reached its conclusion (see section 3.2). As fun-
damental as some transformations were vis-à-vis the first phase, it is unclear 
whether they lend themselves to a uniform new characterization or whether 
it can persuasively be argued that a uniform account is not possible. Current 
efforts in philosophy and sociology of science to describe the scientific devel-
opments that are presently under way (the epochal break thesis being among 
them) can be regarded as efforts to conceptualize and sum up the second phase 
in a uniform manner. The absence of a uniform account could be taken to 
reveal that the process of transformation that began in the nineteenth century 
has not yet come to a conclusion (see section 3.2). That a process proceeds grad-
ually over a long period of time need not undermine its status as an epochal 
change (see section 2.2.1). But there are also contrary tendencies that point to 
a renaissance of classical conceptions—for example, positivism, which aimed 
to limit scientific knowledge to observable phenomena; pragmatism, which 
derived claims to truth from the success of scientific theories; and realism, ac-
cording to which scientific knowledge gradually approaches truth.

2.3. A Critique of the Criteria Offered by the Epochal Break Thesis

In my view the criteria introduced by advocates of the epochal break thesis are 
insufficient to establish their overall interpretation. They tend either to go back 
to the early modern scientific revolution or to subsequent developments before 
the past half-century, or else not be typical of contemporary science as a whole. 
I confine my criticism here to discussing two examples of criteria that are cited 
in defense of the epochal break thesis: one that has been proposed by Gibbons 
et al. (1994), Nowotny, Scott, and Gibbons (2001 and 2003), and another pro-
posed by Alfred Nordmann (2007).

2.3.1. Context of Application

This context comprises “problem-solving and the generation of knowledge 
organized around a particular application[, and not] merely applied research 
or development. [It i]ncludes the milieu of interests, institutions and practices 
which impinge upon a problem to be solved” (Gibbons et al. 1994, 167). I would 
like to distinguish two primary meanings that are both compatible with these 
stipulations:
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1. The practical-technical context, which is determined by society’s expecta-
tions and is predicated on the development of specific scientific knowledge 
and its application. This context was already present in the nineteenth cen-
tury, when the dynamics of the natural and technical sciences began to 
become entangled with the transformation of society (see section 2.2.2). 
In their explication of the concept of a context of application, the authors 
themselves refer to the establishment of the technical disciplines in the 
nineteenth century (Gibbons et al. 1994, 4). But these disciplines were sup-
posedly either denied scientific status, or else they completed a transition 
into nonapplied mode-1 academic sciences (Gibbons et al. 1994, 4). I have 
two objections to this. The technical disciplines were only temporarily de-
nied scientific status, and only formally—namely, in the refusal to allow 
doctoral titles to be granted in technical sciences. It is true that there were 
efforts within the traditional academic disciplines to formulate a concep-
tion of science that was divorced from applications, and to use this con-
ception also for the developing technical disciplines. But this phenomenon 
appeared only as a reaction to the more significant and undeniable increase 
in the relevance of application also for the traditional academic production 
of knowledge.

2. The context was already shaped by scientific applications (in the first sense), 
as discussed by Silvio Funtowicz and Jerry Ravetz (1993 and 2001). In this 
context problems arise that are characterized by a high degree of complex-
ity, by our only partial theoretical grasp of them, and by controversy about 
knowledge-related evaluations. Their solution is of urgent necessity for so-
ciety and is connected with high stakes (Funtowicz and Ravetz 1993, 86; 
and Funtowicz and Ravetz 2001, 19). Funtowicz and Ravetz mention the 
problem of the environment as a paradigmatic example, to which Nowotny, 
Scott, and Gibbons also attribute a key role with respect to the societal con-
ditions under which mode-2 science is developing (Nowotny, Scott, and 
Gibbons 2001, 6–8). 

I assume that the context of application in this second sense is limited to 
specific problems that are decidedly atypical of the majority of objects of scien-
tific inquiry. Nowotny, Scott, and Gibbons assert that the specific problems in 
this context of application can only be adequately treated with the elements of 
knowledge production present in mode-2 (e.g., the “strong contextualization”). 
It is revealing, though, that the authors themselves concede that they do not 
think that these elements have or will take on a decisive function for the entire 
system of the sciences (see Nowotny, Scott, and Gibbons 2001, 131–42).
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2.3.2. The Indistinguishability of Nature and Technology

One of the features that Nordmann (2007, 11) points out in characterizing the 
new type of science that is currently developing, and which is turning away 
from the modern “project of science,” is the “impossibility to separate out the 
theoretical representation of nature and the technical intervention into nature.” 
That would, according to Nordmann, be the end of the distinguishability be-
tween nature, which is the object of theoretical inquiry, and technology, which 
is mediated by practice. In order to grasp the scope of this claim, I believe it is 
necessary to make a distinction between two concepts of technology and two 
corresponding concepts of nature. The early modern scientific revolution de-
valued the Aristotelian opposition of nature and technology. Instead of having 
to disregard human actions, science has since then been able to avail itself of 
technical constructs. But that does not so much eliminate the distinction be-
tween nature and technology as invest it with a new meaning. Technology can, 
for example, be identified as that which can be traced back to human agency. 
As I have shown in the case of nanotechnology (Schiemann 2005a), it is often 
possible to pick out parts of technoscientific objects that are not produced by the 
actions of technicians. It is true that there are an increasing number of objects 
for which it is impossible or problematic to distinguish between nature and 
technology. But we are a long way off from a situation where we would only be 
able to make such a distinction in exceptional cases.

As an example to illustrate the indistinguishability of nature and technol-
ogy, Nordmann refers to the so-called OncoMouse, a mouse that is genetically 
modified such that its susceptibility to breast cancer is significantly increased 
(Haraway 1997). He describes the “technical production of the mouse” as a 
“stage on which a purely natural phenomenon shows [not] itself” (Nordmann 
2007, 13). Even if the process that does not go back to human agency could be 
identified, it could no longer be characterized as a phenomenon. If this ex-
ample really did illustrate a general state of affairs, we would be confronted 
with a world that is ever more technically reshaped—or, as Werner Heisenberg 
(1953, 412) put it, “confronted only with ourselves.” But I do not think that Nor-
dmann’s characterization applies even to the OncoMouse example. Even non-
professional observers can recognize this mouse as an organism that has been 
seriously damaged by humans, but that does not owe its existence to human 
agency. One can assume that the damages have consequences for the entire 
organism and affect all the vital processes of the animal. But this is simply an 
expression of the animal’s natural holistic constitution, which would be also 
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modified by natural injuries. In short, nature remains present even in high-
tech laboratories. Indeed, it arises in the form of this mouse’s suffering in such 
a way that it provokes our pity and is thereby part of the motivation to protest 
against this case of genetic modification.

3. Two Limits on the Current Process of Transformation

The last part my critical appraisal concerns two limits on the current process 
of transformation of science and also on the descriptions of this process. These 
remarks are of a more general and more speculative character.

3.1. Science and Society

The epochal break thesis attributes to science’s successes an inordinate societal 
and cultural significance. It is indeed correct to say that science’s increasing 
ubiquity is extending into ever more societal sectors, and also that society is 
in possession of better means to influence science since scientific knowledge 
is more widely available (Nowotny, Scott, and Gibbons 2001, 215–29). But the 
authors who emphasize this point overlook the more astounding phenomenon 
in this context: despite the scientific permeation of society, societal domains 
retain their obstinacy, and science is thus still confronted with nonscientific 
knowledge. 

There are various reasons for the resulting preservation of the boundary be-
tween science and society. On the one hand, science is far from having lost its 
specificity. Scientific education and research take place predominately within 
special institutions. It generally involves concentrating for years on a specific 
area of inquiry, whereby one attains a competency that cannot even be matched 
by members of other disciplines, let alone by outsiders who do not have an 
academic education. On the other hand, I would also like to refer to the loss of 
cultural significance that, as I mentioned earlier, scientific claims to knowledge 
have suffered since the nineteenth century. The everyday habits and patterns to 
which people look for orientation are well able to retain their identity, because 
they are hardly about to be overthrown by innovative scientific knowledge (as 
they were by Darwin’s theory in the nineteenth century or by modern physics 
at the beginning of the twentieth century). 

Moreover, the black-box character of objects produced by scientific technol-
ogy plays an important role in maintaining the distant character of science in 
everyday life (in German, Lebenswelt; for more on this concept, see Schiemann 
2005b, 89–125). Nowadays, such devices are almost exclusively constructed in 
a way that one can use them without knowing anything about the way in which 
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they function. Besides, they are designed such that their internal functioning 
can hardly be damaged even by misusing them. In everyday life we are usually 
confronted only with the surfaces of modern technological objects. Although 
ever more aspects of life are directly dependent on the use of scientific technol-
ogy, and this dependency is increasingly changing our understanding of our-
selves, the black-box character of this technology constrains its influence within 
certain boundaries. There is as little need to take an interest in the scientific 
knowledge at the basis of a technical device as there is to understand the techni-
cal workings of the device.

3.2. The Future of Science

The transformations of science subsequent to the early modern phase need not 
reflect an irreversible departure from tradition in every respect. They could also 
constitute a development that takes place within an already existing framework 
and that even might reveal elements typical of earlier phases of science. So, 
although science ceased to be primarily epistemically oriented, it might in the 
future once again become so—especially if we do not regard the transforma-
tion in the nineteenth century as an epochal change.

Since society discovered the usefulness of science, science has learned to 
deploy its world-shaping potential. Nevertheless, there has been increasing 
pressure on science to develop new methods and new knowledge that do justice 
to societal needs and demands. Science could still possess an epistemic interest 
divorced from applications, but may not yet incorporate the requisite measure 
of routine to satisfy societal requests without suppressing this interest. In the 
future it could be possible for science to avoid being limited to its utility if its 
role in applied contexts were to take on a more self-evident character. Further-
more, it is imaginable that societal needs and demands upon applications of 
science could reach a saturation point. Society, then, could again begin to place 
a greater value on epistemic issues.
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