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1 | SPECULATIVE METHOD IN THE SCIENCES
1.1 | Introduction: Generative and exploratory speculations

Exponentially rising computing power and the development of advanced mathematical and nu-
merical methods have enabled the modeling of complex phenomena across scientific domains,
including very abstract free-parameter computational analyses. Imaginative and projective
theorizing of this sort and, accordingly, trailblazing in new relevant phenomena recogni-
tion and testing were rudimentary without these essential tools. Entire theoretical domains,
along with domains of their actual and potential applications, opened up in the twentieth and
twenty-first centuries using this approach. This sort of speculative scientific endeavor often
starts from limited available evidence as goal-directed speculation. It has been used to under-
stand and anticipate phenomena based on a limited evidential base or to anticipate plausible
domains of potential evidence. One aspect of this approach is the exploratory development of
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new theoretical frameworks prompted by big data, while another is the generation of elabo-
rate alternatives to existing theoretical work and insights. In both cases, new kinds of phe-
nomena and potential evidential bases are anticipated. These frequently emerge from current
knowledge, often in imaginative ways, and can sometimes be applicable in concrete, practical
endeavors.

In this section we provide a detailed characterization of this scientific approach using
an illustrative example and then briefly discuss some notable examples in contemporary
science. After that we discuss history of the approach in science and philosophy (section 2)
and assess its current state in philosophy of science (section 3)—explaining why it should be
a major strand in it and why such convergence with scientific methodology is not inevitable,
and offering a few broad suggestions for how it could be pursued in various directions more
vigorously.

1.2 | Anillustrative example: Early modern cosmology

A typical example of a speculative stream within a scientific field was the early twentieth-
century development of modern physical cosmology, involving Albert Einstein, Willem de
Sitter, and Alexander Friedmann. It was an exploration based on Einstein's newly developed
and observationally tested General Theory of Relativity (GTR), which was now applied to the
physical world as a whole by these physicists, thus producing a string of ever-bolder theoretical
developments that may have lacked “sufficiently reliable experimental studies of the Universe”
(Friedmann 1923, trans. Tropp, Frenkel, and Chernin 1993, 144) but nonetheless implied rele-
vant evidential options that could be sought out.!

The first cautious step was made by Einstein, who in 1917 applied his theory to the physical
world as a whole, attempting to square the equations of gravitation implied by GTR with then
widely accepted assumptions of a homogenous, isotropic, spatially closed, and static universe.
He concluded that the gravitational equations needed a “slight modification” to be reconciled
with the general assumptions about the physical universe as a whole. This was, in fact, the first
stage of the speculative string, albeit a reluctant one. It is not surprising that Einstein did not
go in the direction of De Sitter and then Friedmann, who challenged the assumptions rather
than modifying the gravitational equations. Einstein drew his Special Theory of Relativity
from a wealth of experimentally firm insights (Norton 2014) that he then generalized as GTR.
He thus felt the need to introduce a baseline check to his endeavor of applying this new and
daring theory at the cosmological scale with the observational fact of “the small velocities of
the stars,” as this did not warrant a bolder theoretical move.

In the second stage, De Sitter (1916 and 1917) developed the application in a very different
direction, showing that the three-dimensional world could be curved even without matter uni-
formly distributed across it. This was a major theoretical insight, as it showed that space itself
has a property of curvature.

In the third stage, in a yet bolder development, Friedmann (1922, 1923, 1965, and 2014)
explored the curvature of the universe. He explicitly defined the goal of his work in the fol-
lowing way in his 1923 paper: “[To indicate] the possibility of obtaining a particular world,
the space curvature in which, being constant in respect to three coordinates taken to be
space ones, changes with time, i.e. depends on the fourth taken as a time coordinate”
(Friedmann 1923, trans. Tropp, Frenkel, and Chernin 1993, 153).2 He pointed out that
Einstein's “modification” was basically just one possibility—where the radius of the

"For a detailed historical account see Tropp, Frenkel, and Chernin 1993.
>Throughout the paper we cite Friedmann's 1923 work as translated in Tropp, Frenkel, and Chernin 1993.
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universe is time independent—and went on to study how the radius of the universe and
density of the matter in it develop with time. He discovered that two possibilities followed
from this: the increasing curvature of the universe and the curvature as a periodic function
in time. Einstein's chagrin concerning these results and his initial incorrect conclusion
(later retracted) that Friedmann made an error in his calculations are understandable—un-
like Einstein, Friedmann was a physicist fully bent on the bold speculative development of
GTR at the cosmological scale.

First, Friedmann aimed at comprehensively exploring a whole set of physical possibili-
ties via general implications of GTR in the cosmological context, since “[t]he variable type
of Universe represents a great variety of cases” (Friedmann 1923, trans. Tropp, Frenkel,
and Chernin 1993, 157). This was a departure from the regular drawing of theoretical impli-
cations from within a given set of essentially unexamined cosmological assumptions. It also
provided a numerical parameter for the behavior of the universe in time. His exploration
went as far as the examination of “creation from nothing”—even though Friedmann was
fully aware that this was not supported in contemporaneous astronomy. And all along he
understood the tentative nature of the methodological approach he was practicing, warning
his readers to be wary.

Second, the exploration of these possibilities resulted in understanding the limits of ap-
plying GTR at different scales. Friedmann's use of Lobachevski's geometry enabled the ex-
amination of the highly speculative negative curvature of the universe with zero or negative
density of matter, leading to the key conclusion that considerations of metrics at a local
surface in GTR must be accompanied by examinations of curvature at the cosmological
scale (Tropp, Frenkel, and Chernin 1993). This speculative exploration occurred at a cos-
mological scale as defined by an additional parameter, thus taking a step beyond the two
previous stages.

Third, this work aimed at shaping the kind of evidence the exploration implied and con-
necting it to the existing observational capacities in astronomy. These explorations gener-
ated a new theoretical domain at the limit and also anticipated the future development of
observational cosmology. Friedmann summarized his results as follows: “Thus, the world's
metric alone does not enable us to solve the problem of finiteness of the Universe. To solve
it, we need additional theoretical and experimental investigations” (Friedmann 1923, trans.
Tropp, Frenkel, and Chernin 1993, 166). De Sitter's work referred both to estimates of the
horizon of the visible universe and to the density of the matter in it. This led to Friedmann's
conjectural estimates of the longevity of the universe that combined its dynamics and the
density of matter.

All along, Friedmann reflected on the methodology he was employing, acutely aware he
was taking the trajectory initiated by Einstein's first rather cautious step to its full conclusion,
while often summarizing his endeavor by referring to Dante: “The sea I sail was never crossed
before” (Friedmann 1923, trans. Tropp, Frenkel, and Chernin 1993, 175).

Friedmann challenged widely accepted assumptions without closely relying on specific em-
pirical evidence, instead opening up new theoretical domains and exploring new possibili-
ties and parameters to be taken farther observationally. And discovery of the limits of the
fundamental theory (GTR) was not an end in itself but a springboard for probing its proper
applications on a cosmological scale. We would be hard pressed to point out a clear dividing
line between speculative and nonspeculative work in this streak in early modern cosmology,
but these advances by Friedmann stand in sharp contrast to Einstein's initial working out of
theoretical consequences checked by the existing data and within the confines of the existing
assumptions. Moreover, although GTR was the starting point of the entire speculative stream
of thought, it resulted from the generalization of an existing well-founded theory, not from the
kind of sequence of the endeavor that followed.
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1.3 | Contemporary science

In general, the scientific work on the nonspeculative side draws limited theoretical conclu-
sions within well-known domains and never veers far from the existing evidence.’ It is bent
on refining existing key parameters rather than probing them in unexplored domains,
let alone coming up with new ones. These two modes, however, are complementary in sci-
entific practice, even though quite at odds in terms of goals and methodology—the projec-
tive speculative push has always been part of scientific and philosophical endeavor, not an
antagonist to traditional methodological goals. This complementarity is quite obvious in
the episode we discussed. It has blossomed in recent decades in science because of the expo-
nential rise in computing power and the number of theoreticians pursuing it. Not surpris-
ingly, similar historical episodes abound, and we return to some of them in section 3. Let us
just mention another obvious episode tying into the one we discussed. Development of non-
Euclidean geometry by Riemann, Gauss, and Lobachevski is perhaps the most abstract
speculative work that immediately and smoothly seeped into physics, with Lobachevski
organizing observations to determine whether physical space was indeed non-Euclidean
(curved).
Thus, the speculative work in science is devised in order to:

—_—

explore and generate new general theoretical domains, horizons, and concepts;

2. conduct goal-direct research from limited evidence to potential target phenomena;

3. improve understanding by connecting (often limited) existing evidence by devising arrays of
more comprehensive coherent accounts;

4. apply these newly developed theoretical domains and potential target phenomena to con-

crete problem solving.

Naturally, these goals are often interrelated.* We are also aware that we cannot offer dis-
tinctions that provide necessary and/or sufficient conditions for a demarcation line at this
point (if such a task could and should be attempted at all); we can offer only a rather broad
(operational) characterization.

Cosmology, the biological study of the origin of life, archaeology, paleontology, and other
sciences researching the deep past continuously generate various speculative theories, models,
explanations, and interpretations based on limited evidence. To give one example of this con-
temporary endeavor, scores of theories of the origin of life have aimed at pulling together our
knowledge of physical, molecular, chemical, and geological features to establish realistic con-
ditions of abiogenesis. They often differ vastly in their emphasis on key parameters, and even-
tually new and more elaborate convergent theories emerge. Debates on adequate biosignatures
that humans should seek on other planets are directly tied to these theories, as a prime example
of goal-directing speculative work (e.g., [rwin and Schulze-Makuch 2020). Similarly, various cos-
mological simulations open up new theoretical and potentially observational domains, including
the N-body simulations of galaxy formation, free parameters in the power spectrum of density
fluctuations in the cosmic microwave background (Lopez-Corredoira 2013), the correlation and
autocorrelation functions of various collapsed structures, and theories of the QSO (quasi-stellar
objects, that is, quasars) absorption line systems. Some of these developments shine new light
on traditional philosophical issues, such as the arrow of time and the existence and ontology
of “other universes” (e.g., Carr 2007). Others reveal subtle problems with accepted principles,

3Couching this distinction in terms of deductive and inductive reasoning in science will not be helpful, as the distinction is more
specific, as much as it could be treated within this larger one that philosophers of science have thoroughly debated.

“See Rickles (2008, 2) for a looser characterization of such a method in relation to quantum gravity in physics.
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and still others apparently enjoy posing speculative paradoxes or bizarre counterfactuals (Dyson,
Kleban, and Susskind 2002 and Tegmark 2008).

As mentioned above, speculative work often anticipates and infers entire theoretical do-
mains of potential interest, rather than carefully inducing very specific theoretical points
from available evidence. The exponential increase of computing power since World War I1
has brought speculative scientific works of this sort into mainstream science. In contempo-
rary physics, new theories have been generated, prompted by deficient understandings of
basic phenomena. Explanations of dark matter and dark energy had to be devised in order
to deal with the empirical phenomena of the discrepancy of dynamic and radiation data on
masses of galaxies and the acceleration of universe data. This, in turn, led to theories such
as modified gravity. Similarly, alternatives to the Standard Model of particle physics such
as Super-Symmetry (SUSY) have been devised to provide a unifying, albeit still speculative,
model of the microphysical world.

In a completely different area, issues in philosophy of mathematics concerning decid-
ability, completeness, metamathematics, computer-assisted proofs, and so on may belong in
this category as well. Various developments in computer science admittedly helped us reach
some specific goals, but that philosophy and metamathematics should formulate the goals of
such research is acknowledged by some of the leading authors in the field, notably Gregory
Chaitin (2005), who promotes “digital philosophy,” finding a speculative predecessor in
Leibniz but also invoking Frege and Carnap and Cristian Calude.

The rise of multiverse theories in both fundamental physics and cosmology, such as M-
theory multiple vacua and the widespread acceptance of Hugh Everett's many worlds theory
in the quantum computing community and cosmology (such as the hypothesis of bubble-
universes created by chaotic inflation), to name just a few, flies in the face of conventional
methodological goals of testing and verification and has already fostered a new wave of very
speculative theoretical work, the goals of which are forward-looking projective development of
theoretical domains based on current knowledge with an eye on applications (for example, in
quantum computing), on early discernment of novel testing possibilities, or on development of
novel abstract theoretical concepts.

In an applied physics attempt, Max Tegmark (Udresku and Tegmark 2020) leads a group of
physicists who are attempting to understand the “black box” of machine and deep learning by
means of known physical theories and the tools of physics. His groups, as well as other groups,
have also tried to train computers to perform the role of physicists. David Deutsch (1985a
and 1985b) is an acknowledged pioneer of quantum computing—especially in his prescient
two 1985 papers. Arguably—and Deutsch does not shy away from such a description himself,
including in his popular books, notably The Fabric of Reality—a large part of his work is phi-
losophy of physics. This is clear from the title of his paper “Quantum Theory as a Universal
Physical Theory.” And he does intend philosophy to play an explanatory role in quantum
information theory and quantum computation.

The work in this vein in the social sciences has been done within the fields themselves or
sometimes with collaborators from other fields (other than philosophy). In a very recent ex-
ample, collaboration between David Graeber, an anthropologist, and David Wengrow, an ar-
chaeologist (Graeber and Wengrow 2022), led to exploration of possible general conclusions
on the nature of human settlements and social structures from paleolithic to current times
based on the evidence that has accumulated over a few decades. They pulled together various
strings of specialized archaeological studies to draw a vast picture suggesting that, as a rule,
human societies do not stick to a fixed social hierarchy but rather interchangeably harbor
very different ones. Meanwhile, philosophers of archaeology have focused almost exclusively
on the standard methodological and epistemological analysis of archaeology, a pursuit only
occasionally gesturing toward an endeavor of the kind undertaken by Graeber and Wengrow
(see, e.g., Salmon [2014]).
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2 | A HISTORICAL SYMBIOSIS OF PHILOSOPHICAL
AND SCIENTIFIC SPECULATIONS

Viewing the speculative approach as prima facie methodologically suspicious and as a likely
derailment of philosophy or even of scientific method is ill informed historically. In fact, it was
present in philosophy, perhaps as much as it was present in the sciences, up to the twentieth
century, because science lacked the computing power that is crucial for boosting it. And it is
often impossible to detach the two, as the following examples show.

Ancient Greek atomists are an early template of how speculative philosophy should be
done. They used the available and rather prosaic evidence to come up with the most general
imaginable account at the time of basic elements of the world and the ensuing epistemology
(distinction between primary and secondary qualities). Needless to say, their account has not
only survived the test of time in its own terms, as a speculative understanding of the world,
it has flourished as an operational model in modern science. In other words, building an ex-
tremely elaborate speculative model or a theory with projective goals in mind may pay divi-
dends over relatively long periods of time.

Much later, Descartes's physics and the Cosmotheoros of Christiaan Huygens went in this
speculative direction as well. Kant's speculative model of the origin of the solar system and
his characterization of potential life and alien intelligence on other solar planets were directly
related to Huygens's work.

Giambattista Vico drew new general conclusions by summarizing the existing knowledge
of history in order to reflect on the methodology of history by including global social history
as part of historical analysis. His rather crude speculations on the development of social struc-
tures throughout history pointed the way to understanding the development of societies. In ad-
dition, a number of utopian, elaborate thought experiments, starting with those of Tommaso
Campanella, Thomas More, and Francis Bacon, probed the role of science in future societies.
This was a standard approach to philosophical considerations of politics in a changing society
that grappled with scientific advances.

In his exploratory philosophical work, Giordano Bruno speculated on the limits of the
universe using Copernican and Galilean theoretical insights, as well as regular astronomical
observational insights, as the foundation for speculation. His speculations on stars as other
worlds like the Copernican solar system (rather mind-boggling even for Galileo) pointed to
future research goals and suggested what sort of potentially testable hypotheses one should
devise based on the existing foundation.

Alexander von Humboldt's (1859) book entitled Cosmos and in fact his entire empirical and
theoretical work were an elaborate attempt to establish the notion of nature as a unifying
interrelated system. His essentially philosophically motivated guiding idea was subsequently
thoroughly tested across the globe.

We mentioned development of non-Euclidian geometry and its applications in cosmology,
but in a more recent example the famous cosmological model of Kurt Godel (1949) presents
another prototype for productive interaction between speculative philosophy and “hard sci-
ences.” Godel's acknowledged motivation was the use of general relativity to formalize his
explicit and quite strong (see Wang 1990) philosophical intuition that time is an illusion (or at
least that the flow of time and chronology are products of the human mind and not something
out there in the world). Of course, we evaluate the outcome quite differently today: Godel's uni-
verse tells us something deep and rather disturbing about the role of time in our best physical
theories without making any pretense to describe the cosmological reality of “our” universe.

Ludwig Boltzmann's work on thermodynamics is perhaps the most developed work of the
theoretical-speculative strand in physics. This also includes the contributions of his critics, Mach,
Zermelo, Culverwell, and Burbury. Arguably, the origin of the Second Law of Thermodynamics
belongs to this sort of scientific research that developed and blossomed with the increase in
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computational power in the twentieth and twenty-first centuries. The twentieth- century debates
on the origin of the Second Law of Thermodynamics by Reichenbach, Hoyle, Davies, Hawking,
and others, including inflationary theory in cosmology, are an extension of this work.

Other perhaps less obvious examples are Karl Popper's (1967) idea on testing the Copenhagen
“Interpretation” of quantum mechanics, Wilfrid Sellars's (1979) work and that of others on causal-
ity in the language of theory, Roger Penrose's work on the role of cosmological initial conditions,
and Stephen Hawking's work on the chronology protection conjecture. Nick Bostrom's very re-
cent project on existential risks and Al risks and similar ongoing projects belong to this projective
speculative work and as such are clearly distinguishable from standard ethical analysis.

Finally, any current, elaborate system-level thinking will inevitably be speculative, as it will
be based on big data, and, in various contexts, we can only hope to have a complete overview of
the system parameters. The complexity of realistic systems is impossible or at least exceedingly
difficult to accommodate in any consistent scientific treatment, formal or informal. And even
in the classical thermodynamics of Boltzmann and Gibbs multiple paradoxes, thought experi-
ments, and emergent—often unexpected and surprising—topics (Maxwell's demon, Zermelo's
paradox, Loschmidt's objection, Ehrenfest's work on phase transitions, and so on) have histor-
ically shown that the limits and boundaries of the relevant systems are poorly mapped. Thus,
whenever we perceive the rise of “systems thinking” science, explicitly or tacitly (to avoid var-
ious bureaucratic, jurisdictional, and funding obstacles), we may infer the rise in speculative
thinking by various means. Obviously, this is a topic in and of itself for philosophy of science.
Surprisingly, however, there has been little philosophical interest in this theme, although the
rise in systems thinking has been prominent in many fields of the physical sciences, the life
sciences, economics, futures studies, and engineering over the past half century.

3 | CONTEMPORARY PHILOSOPHY OF SCIENCE AND
THE SPECULATIVE APPROACH

3.1 | Contemporary neglect of speculative philosophy of science

Before we move on to discuss the speculative strand in contemporary philosophy of science,
we should ask whether and why should we expect current developments in philosophy of
science to converge with those in science itself. While acknowledging that this is a large and
involved topic in its own right, one could make normative arguments in favor of such con-
vergence parallel to the classical arguments of Michael Friedman (1974) and Philip
Kitcher (1981) for the explanatory unification in science. Suppose we wish to treat those
explanations specific to philosophy of science on the Friedman-Kitcher model: if they are
to be successful, these explanations would have to imply unified treatment of ever-widening
sectors of philosophy of science. Even if some of them were entirely independent of the ac-
tual developments in science, successful explanatory projects would be predominantly
likely to include those sectors closely following such developments. Moreover, Kitcher in
particular emphasized that the unificationist program is likely to “provide insight into
major episodes in the history of science” (Kitcher 1981, 507). One could go even further and
ask why one would invoke the “Galilean strategy” (Kitcher 2001)—if not for the historical
fact that philosophy of (physical) science has converged with the development of Copernican-
Galilean science.’ Only such convergence enabled us to properly assess philosophical as-
pects of new physical science emerging from the Copernican revolution. Similarly, we
should not avoid assimilating the speculative strategy as the major approach in philosophy

3See as well Friedman's (2001) analysis of different conceptual layers of philosophical analysis also reflected within the history of
scientific inquiry.
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of science. Yet, given the historical contingencies shaping history of both science and phi-
losophy, there is no reason to expect that more recent revolutions in science, including the
ongoing ones, have or will have an impact in the domain of philosophy of science similar to
that of the “Galilean strategy.” Such convergence is not inevitable and requires a concerted
broad effort we advocate.

The academic discipline of philosophy of science as we know it today began to be shaped
institutionally in the second half of the nineteenth century. Its origins and goals can be
traced to epistemological and methodological reflections on well-established scientific
theories and facts and also to attempts to fix and polish central concepts in such theories,
sometimes with the help of traditional and analytic metaphysics. These attempts include
various conceptual criticisms leveled at established theories and their central assumptions
and posits. The original goals of philosophy of science have solidified over a century and
a half, and, generally speaking, faculty and doctoral students in all four flagship depart-
ments of history and philosophy of science in the United States (Pittsburgh, Minnesota,
Boston, Irvine), in a few institutions in Europe, and in countless other institutions have
worked within, very broadly speaking, the logical-positivist paradigm in philosophy of
science and those of its derivatives that espouse similar goals or critiques. Even when the
projects pursued by philosophers of science veer from this paradigm in the direction of
philosophically motivated analysis of the actual practice or history of science, their phil-
osophical analysis is supposed to be an after-the-fact analysis of actual and historical
scientific developments.®

Thus, professional and institutional philosophy of science has concentrated on the slow-
moving inductive and theoretical process that produced fundamental theories across the sci-
ences, assessing scientific approaches and their respective results. The process is often
described as the owl of Minerva flying only at dusk (that is, wisdom comes only with hindsight)
or as the work of an under-laborer—to use two well-worn phrases. If measured on its own
terms, however, we could say this approach has been immensely productive and has contrib-
uted to the sciences.”

The trend of experimental philosophy (X-phil) stands somewhat apart, as it took a differ-
ent turn about two decades ago, by applying experimental methods of psychology to philo-
sophical issues and concerns related to the nature of cognition and ethics.® Experimental
philosophers aim to produce relevant experimental data to address long-standing philosoph-
ical concerns by following standard experimental methodology in the relevant social sci-
ences. In this stream, philosophers essentially collaborate with social scientists, adding novel
research questions and reflections on them via standard experimental methodology. It is
curious—and related to the focus of philosophy of science we just outlined and to the central
point of our paper—that this approach has not been extended to those special sciences that
have traditionally produced and often provoked some of the central philosophical reflec-
tions, such as physics and evolutionary biology.

Oddly enough, the speculative approach inquiry in philosophy of science appears only hap-
hazardly and in a very rudimentary form, even though it is essential to the development of many
scientific fields. An analysis of titles and abstracts of research papers in two staple journals

®Naturally, assessments of the development of modern philosophy of science differ and often contradict each other. We are aware
of this, but we ask the reader to set it aside, as it is not essential to get a detailed picture of the development of modern philosophy
of science as a discipline in order to convey the main point we are making. The detailed picture is a side issue here, and it is
essential to focus on the forest, not the trees.

"For a citation analysis of the influence of philosophy of science on scientific fields, see: https:/dailynous.com/2021/05/05/which
-scientific-disciplines-cite-philosophy-of-science-guest-post/

8See: https://plato.stanford.edu/entries/experimental-philosophy/
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in the field over the past decade indicates very little work pursuing the speculative method-
ological lines and goals we discussed, and even comparatively few papers dealing with that
sort of scientific work. Somewhat paradoxically, the conservative mainstream of philoso-
phy of science continues in the present period (roughly from the turn of the century) whereby
many scientists firmly rooted in special sciences strive to extend some of the standard meth-
odological strictures of previous eras to achieve a variety of new goals. With a few excep-
tions (e.g., Draper, Draper, and Pust 2007 and Tavakol and Gironi 2017) somewhat outside
the philosophical mainstream, these developments have not provoked what we might have
expected in earlier epochs. By and large, such work is either ignored by philosophy of phys-
ics (the majority) or downplayed and severely criticized (the minority) on the basis of old
precepts and views of how real science needs to, has to, or used to be done. One exception is
recent work in philosophy of quantum gravity (Wiitrich, Le Bihan, and Huggett 2021). Yet,
as Rickles (2008, 2) acknowledges, this area is “rather curious from the point of view of
philosophy of physics,” precisely because of all the properties that characterize the specu-
lative approach. The situation has not changed much in the past decade or so. In the emerg-
ing field of philosophy of cosmology, such approach remains at the programmatic level
(Ellis 2014 and 2006). Richard Dawid (2013) has taken up a methodological challenge in the
area of string theory but still justifies the work within the framework of traditional meth-
odological goals. In other fields, counterfactual analysis of history of science has remained
a fledgling attempt for the past two decades (Soler, Trizio, and Pickering 2016), while dis-
cussion of human enhancement has migrated into other fields. In philosophy of biology an
astrobiological project of Peter Vickers shies away from speculating on the notion of life
and biosignatures and stays on the sidelines as a social-epistemological afterthought of as-
trobiological research.’

When this general pause on speculative work in philosophy of science is coupled with a
preexisting penchant for some extravagant philosophical positions, such as various forms of
antirealism and increasingly bizarre ontologies (criticized in Ladyman and Ross 2007), the
mixture becomes a cause for alarm. While such tendencies in philosophy of science will not
derail the progress of special disciplines (such as physics, cosmology, biology, archaeology,
and so forth), they may deepen the rift between philosophy and special sciences. That rift has
already been widening for quite some time, although for largely different reasons, but there
is no need to condone such tendencies, especially when an alternative, speculative kind of
philosophy of science arguably has much to contribute to our understanding and may help to
resolve many trans-scientific (Weinberg 1972) issues in today's world that manifestly require
both philosophical and scientific stricto sensu input.

3.2 | The causes of the neglect and new opportunities

There is certainly some work in contemporary philosophy of science that shares the goals of the
kind of scientific speculative work we have described. There are also borderline cases some of
which we have just mentioned. But trying to pinpoint exactly whether certain work belongs to
this category would not be very useful. Instead, we will give two more examples where the goals
of research gesture toward speculative goals but do not press in that direction. Our aim is simply to
identify a neglected but legitimate and potentially fruitful philosophical practice. It complements

’See: https:/www.durham.ac.uk/research/institutes-and-centres/humanities-engaging-science-society/research/eurica-proje
ct-leverhulme/. Similarly, recent philosophical work on modified gravity by Martens and Lemkuhl (2020) is a bit bolder; they try
to explicate the epistemological assumptions of modified gravity as a lesson for traditional philosophical notions of space and
time and space-time, rather than working along the development of new concepts within the theoretical framework of modified
gravity per se.
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and improves the understanding of how science is practiced and ought to be practiced, what the
physical world is like and the way it could be, in the same way it does in science—by bold explora-
tory challenging of widespread assumptions, by probing the limits of existing theories through
extending theoretical domains, and by exploring possibilities and new parameters. We can only
offer hints—the task of imaginatively and fruitfully developing the field in that direction can be
done only by the community itself.

The first example is the use of simulations in social epistemology of sciences (Zollman 2010
and Frey and Seselja 2020) that aims at understanding how various parameters defining scien-
tific communities influence scientific pursuit and desired outcomes. The general goals of such
studies are not always fully explicated, but they are fairly clearly targeted at understanding
various existing and historical scientific communities. Only secondarily and only very occa-
sionally are parameters manipulated in an exploratory fashion. The chosen methodologies
often explicitly avoid the underlying complexity or subsume it beneath imposed top-down
properties or boundary conditions; agent-based modeling exercises are an excellent example
of this trend. The central goal of such studies is never a full-scale exploration of possible, even
utopian, and very differently organized scientific communities. There is a clear domain for
elaborate explorations of that sort.

The second example belongs to philosophy of biology. Several authors have developed phil-
osophical accounts of intricate causal relations and the organization of complex biological sys-
tems (Varela, Maturana, and Uribe [1991], Thompson [2010], and Nicholson and Dupré [2018]),
by developing elaborate alternatives to metaphysical and epistemic notions with a strong re-
ductionist slant often favored by analytic metaphysics and philosophy of science. They and
others have also explored the kinds of explanations appropriate for such systems. We cannot
enter into these complicated debates, but we do suggest this exploratory work on the nature of
life that is explicitly or reticently focused on the limited evidence provided by current biology
could be extended, for example, into the domain of astrobiological concerns and concerns of
artificial life. Such very general philosophical insights into the nature of life would constitute
a bold continuation of current work, opening new theoretical domains and ideally helped by
bold experimental-philosophical methods.

These fairly rudimentary steps and possibilities aside, why philosophers of science, in par-
ticular philosophers of physics and biology, have shied away from such an approach is an
important and difficult question in its own right. Part of the reason may be that at first sight
it seems at odds, methodologically speaking, with the abovementioned dominant approaches.
This, however, is not necessarily so. As we have pointed out, the speculative work has always
converged with testing-focused scientific work and also with the elaboration of theoretical
details of well-tested theories, but it has been sidelined simply because the required computa-
tional and theoretical (including mathematical and numerical) tools have not been available
for it to flourish.

Other factors may contribute to this shying away from speculative endeavors. One factor
may be the dominant deflationary views of such traditional tools as thought experiments,
which are typically contrasted with experiments, but not used in a projective sense. They are
also almost exclusively invoked to illustrate certain assumptions and probe conclusions that
follow, rather than examine these assumptions, or are used projectively as elaborate plausibil-
ity tests. A prime example is the famous brain in a vat experiment that simply assumes such a
possibility, rather than examining the real, plausible, and possible relationship between mind,
brain, and body (such discussions emerged only fairly recently). Sometimes thought experi-
ments are used in a projective way, as “intuition pumps,” for example, by the so-called zombie
experiments in philosophy of mind. Although debates around them result in refined concep-
tual analysis, they rarely truly connect to relevant scientific work that can provide grounds for
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elaborate and plausible versions of such speculations.'” An example of the same sort is a much
discussed “Boltzmann brains” thought experiment. Yet thought experiments could be elabo-
rated in various directions if developed as (scientifically informed) plausibility tests and pro-
jections boosted by the use of suitable computer simulations and be fruitful in the same sense
in which speculative scientific endeavors we discussed are fruitful. We return to this issue
shortly.

On the one hand, the rise of antirealism, regarded by some (e.g., Christopher Norris,
Richard Rorty, Bruno Latour in his later work) as a way of reconciling mainstream philos-
ophy of science with continental/postmodernist philosophy, seems to imply the arbitrariness
of speculative philosophical endeavor, given that, according to this view (despite all the dif-
ferences between its various versions), scientific theories do not really grasp reality anyway.
On the other hand, obsession with reductionism and/or determinism in many circles is an
impediment as well. To give an example, this obsession leads to the otherwise inexplicable
level of popularity of Bohmian mechanics in philosophical circles, completely at odds with the
situation in quantum physics itself. And a kind of “antihistoricism” leads many authors to be-
lieve it is possible to discuss every scientific field and theory as path independent, for example,
cosmological or evolutionary-biological theoretical arguments, without understanding the his-
torical trajectory of relevant theories. This attitude reinforces the assumption that speculative
projections are not critical or even very useful, as adequate theories are bound to emerge from
evidence one way or another. It is not clear that this claim is universally correct in the historical
context to start with, but certainly with dramatic changes in the projective powers of current
science, based on the existing evidential base, elaborate speculative work often plays a pivotal
role in providing various options, choices, and anticipations for research. The anticipatory
speculative work has become a very powerful tool that traces domains and directions in which
observations and experiments are eventually employed.

Another issue is the delay of philosophy of science in addressing the integrative and mul-
tidisciplinary movements noticeable in contemporary scientific practice. There are many
instances of such movements. Perhaps the most obvious one is the rise of astrobiology as a
substantially multidisciplinary field that has transformed, in a comparatively short period of
about twenty years, even the patterns of generally conservative scientific publishing (Brazelton
and Sullivan 2009 and Taskin and Aydinoglu 2015). Similar tendencies have been observed
in the life sciences, especially ecology, geosciences—today often entitled “Earth-system sci-
ence”—or branches of physics, such as quantum information theory, quantum computing, and
nanotechnology. While philosophers of science often experience external administrative and
other pressures to entrench themselves within a narrowly understood discipline, science seems
to be moving in the opposite, more synthetic direction.

Downplaying the importance of scientific intuition and imagination in teaching science
(especially the life sciences and social sciences) is an educational factor that kicks in early on.

Finally, political and financial considerations are relevant. Obtaining funding and grants
for philosophical research has faced steep obstacles for quite some time. In such an atmo-
sphere, many aspects of siege mentality come into play, with people adhering to old-fashioned,
time-tested approaches and tending to avoid controversies, charges of recklessness, and so on.
Risk aversion plays an important role in both education and funding decisions—and the so-
cietal and cultural trend toward risk aversion (and the corresponding rise of “safetyism”) has
become increasingly pronounced since the end of the Cold War.

In overcoming these impediments, along with the two examples we discussed, obvious
candidates for the speculative work that philosophers of science could undertake are scien-
tific fields and topics on which they have focused their attention only very recently, albeit

Opopper's thought experiment on the deterministic universe may be closer to that goal than the zombie thought experiments.
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in the traditional methodological manner we have described. These include various scien-
tific research projects on the origin of life and its definition, cosmological models, origin
of languages, including artificial and alien languages, and, related to all these, the study of
possible AT worlds. The society-science interface via the development of elaborate political
utopian and dystopian scenarios is also largely unexplored. It has been exploited by science
fiction and other writers, however, and their work has increasingly been used as inspiration
by scientists in the past half century (e.g., Johnson 2011, Miller 2012, Swirski 2013, and
Cirkovié 2021). The elaborate imaginative speculative work of this sort in philosophy could
perform all the tasks that the usual conceptual analysis achieves only to an extent; it could
explore seemingly implausible possibilities of social and political organization and rela-
tions, generate new societal features, and hence probe the limits of current social-political
theories. This has been done haphazardly throughout the literature and has never devel-
oped into major disciplinary effort.

The tool that philosophers of sciences bring to the speculative science toolkit is the versa-
tility of thought experiments. These, in symbiosis with computer simulations, have been used
only fairly recently to address philosophical problems (they have been discussed and analyzed
conceptually since the early 2000s) and can be extremely useful. The technical proficiency of
philosophers of physics, biology, and other special sciences who dedicate their time to tra-
ditional topics and approaches is already sufficient for speculative work and collaborations.
To give one example, in the study of the origin and definition of life, the pertinent questions
extend far into the past but also into the future—how life could have originated, what forms it
could have taken, and what sort of life can be produced by humans or be discovered on other
planets. A crucial aspect of this quest is the imaginative exploration that ought to probe the
limits and generate answers that are wide enough in terms of both formal and concrete (bio-
chemical and molecular) models. Philosophers could devise elaborate thought experiments,
helped by adequate simulation, to do this crucial speculative generative work. A similar en-
deavor can be undertaken in philosophy of cosmology following the ideas of Ellis (2014 and
2006) and similar work.

Finally, a host of old historical ideas can be recycled and refurbished to serve the goals of
speculative work. All this, along with the collaboration of scientists who actually do specu-
lative work, could provide a critical edge and add new, imaginative aspects to the endeavor.
The latter will, in turn, enormously broaden the intellectual appeal of philosophy of science
throughout the entire space of human culture and heighten its visibility in the eyes of many,
including prospective students and fundraisers.

ACKNOWLEDGMENTS

The authors acknowledge no conflict of interest. This work has been supported by the pro-
jects of the Ministry of Science, Technology and Technological Innovation of the Republic of
Serbia realized at the Faculty of Philosophy, University of Belgrade, and at the Astronomical
Observatory of Belgrade, as well as by a project financed by the Ministry of Education, Science
and Innovation of Montenegro. We are grateful to Nora Boyd and Mark Walker for their ex-
tremely helpful suggestions on the initial draft of the paper.

REFERENCES

Brazelton, W. J., and W. T. Sullivan. 2009. “Understanding the Nineteenth Century Origins of Disciplines: Lessons
for Astrobiology Today?” International Journal of Astrobiology 8, no. 4: 257-66.

Carr, B., ed. 2007. Universe or Multiverse? Cambridge: Cambridge University Press.

Chaitin, G. J. 2005. “Epistemology as Information Theory: From Leibniz to Omega.” arXiv preprint math/0506552.

Cirkovié, M. M. 2021, “Lem, Popper and the Enriching of Historicism.” Foundation 50, no. 140: 32—-44.

Dawid, R. 2013. String Theory and the Scientific Method. Cambridge: Cambridge University Press.

De Sitter, W. 1916. “Einstein's Theory of Gravitation and Its Astronomical Consequences.” Monthly Notices of the
Royal Astronomical Society 76: 699-728.



A SPECULATIVE TURN IN SCIENCE AND PHILOSOPHY OF SCIENCE | 363

De Sitter, W. 1917. “Einstein's Theory of Gravitation and Its Astronomical Consequences: Third Paper.” Monthly
Notices of the Royal Astronomical Society 78: 3-28.

Deutsch, D. 1985a. “Quantum Theory, the Church-Turing Principle and the Universal Quantum
Computer.” Proceedings of the Royal Society of London A: Mathematical and Physical Sciences 400, no. 1818:
97-117.

Deutsch, D. 1985b. “Quantum Theory as a Universal Physical Theory.” International Journal of Theoretical
Physics24, no. 1: 1-41.

Draper, K., P. Draper, and J. Pust. 2007. “Probabilistic Arguments for Multiple Universes.” Pacific Philosophical
Quarterly 88: 288-307.

Dyson, L., M. Kleban, and L. Susskind. 2002. “Disturbing Implications of a Cosmological Constant.” Journal of
High Energy Physics 10, no. 011 (20 pp.).

Ellis, G. F. 2006. “Issues in the Philosophy of Cosmology.” arXiv preprint astro-ph/0602280.

Ellis, G. F. R. 2014. “On the Philosophy of Cosmology.” Studies in History and Philosophy of Science Part B: Studies
in History and Philosophy of Modern Physics 46: 5-23.

Frey, D., and D. Seselja. 2020. “Robustness and Idealizations in Agent-Based Models of Scientific Interaction.” British
Journal for the Philosophy of Science 71, no. 4: 1411-37.

Friedman, M. 1974. “Explanation and Scientific Understanding.” Journal of Philosophy 71: 5-19.

Friedman, M. 2001. Dynamics of Reason. Stanford: CSLI Publications.

Friedmann, A. 1922. “Uber die Kriimmung des Raumes.” Zeitschrift fiir Physik 10, no. 1: 377-86.

Friedmann A. 1923. Mup rxax npocmpancmeo u spems. Leningrad: Academia.

Friedmann A. 1965. Mup xkax npocmpancmeo u épems. Moscow: Hayka.

Friedmann, A. 2014. The World as Space and Time. Montreal: Minkowski Institute Press. Translated from Friedmann
1965.

Godel, K. 1949. “An Example of a New Type of Cosmological Solutions of Einstein's Field Equations of Gravitation.”
Reviews of Modern Physics 21: 447-50.

Graeber, D., and D. Wengrow. 2022. The Dawn of Everything: A New History of Humanity. London: Penguin.

Irwin, L. N., and D. Schulze-Makuch. 2020. “The Astrobiology of Alien Worlds: Known and Unknown Forms of
Life. Universe 6, no. 9: 130 (32 pp.).

Johnson, B. D. 2011. “Science Fiction Prototyping: Designing the Future with Science Fiction.” Synthesis Lectures
on Computer Science 3: 1-190.

Kitcher, P, 1981. “Explanatory Unification.” Philosophy of Science 48, no. 4: 507-31.

Kitcher, P. 2001. “Real Realism: The Galilean Strategy.” Philosophical Review 110, no. 2: 151-97.

Ladyman, J., and D. Ross. 2007. Every Thing Must Go: Metaphysics Naturalized. Oxford: Oxford University
Press.

Lopez-Corredoira, M. 2013. “Peaks in the CMBR Power Spectrum II: Physical Interpretation for Any Cosmological
Scenario.” International Journal of Modern Physics D 22, no. 07: 1350032.

Martens, N. C., and D. Lehmkuhl. 2020. “Dark Matter = Modified Gravity? Scrutinising the Spacetime-Matter
Distinction Through the Modified Gravity/Dark Matter Lens.” Studies in History and Philosophy of Science
Part B: Studies in History and Philosophy of Modern Physics 72: 237-50.

Miller Jr., G. A. 2012. Exploring the Limits of the Human Through Science Fiction. New York: Palgrave Macmillan.

Nicholson, D. J., and J. Dupré. 2018. Everything Flows: Towards a Processual Philosophy of Biology. Oxford: Oxford
University Press.

Norton, J. 2014. “Einstein's Special Theory of Relativity and the Problems in the Electrodynamics of Moving Bodies
That Led Him to It.” In The Cambridge Companion to Einstein, edited by M. Janssen and C. Lehner, 72-102.
New York: Cambridge University Press.

Popper, K. R. 1967. “Quantum Mechanics Without ‘the Observer’” In Quantum Theory and Reality, edited by M.
Bunge, 7-44. Berlin: Springer.

Rickles, D. 2008. “Quantum Gravity: A Primer for Philosophers.” Accessed at http:/philsci-archive.pitt.edu/5387/1/
Rickles_QG.pdf

Salmon, M. H. 2014. Philosophy and Archaeology. Amsterdam: Elsevier.

Sellars, W. 1979. Naturalism and Ontology. Reseda: Ridgeview.

Soler, L., E. Trizio, and A. Pickering, eds. 2016. Science as It Could Have Been: Discussing the Contingencyl!
Inevitability Problem. Pittsburgh: University of Pittsburgh Press.

Swirski, P. 2013. From Literature to Biterature: Lem, Turing, Darwin, and Explorations in Computer Literature,
Philosophy of Mind, and Cultural Evolution. Montreal: McGill-Queen's University Press.

Taskin, Z., and A. U. Aydinoglu. 2015. “Collaborative Interdisciplinary Astrobiology Research: A Bibliometric
Study of the NASA Astrobiology Institute.” Scientometrics 103, no. 3: 1003-22.

Tavakol, R., and F. Gironi. 2017. “The Infinite Turn and Speculative Explanations in Cosmology.” Foundations of
Science 22: 785-98.

Tegmark, M. 2008. “The Mathematical Universe.” Foundations of Physics 38: 101-50.


http://philsci-archive.pitt.edu/5387/1/Rickles_QG.pdf
http://philsci-archive.pitt.edu/5387/1/Rickles_QG.pdf

364 PEROVIC and CIRKOVIC

Thompson, E. 2010. Mind in Life: Biology, Phenomenology, and the Sciences of Mind. Cambridge, Mass.: Harvard
University Press.

Tropp, E. A., V. Ya. Frenkel, and A. Chernin. 1993. Alexander A. Friedmann: The Man Who Made the Universe
Expand. Cambridge: Cambridge University Press.

Udrescu, S. M., and M. Tegmark. 2020. “Al Feynman: A Physics-Inspired Method for Symbolic Regression.” Science
Advances 6, no. 16: eaay2631.

Varela, F. G., H. R. Maturana, and R. Uribe. 1991. “Autopoiesis: The Organization of Living Systems, Its
Characterization and a Model.” In Facets of Systems Science, edited by G. Klir, 559-69. Boston: Springer.

von Humboldt, A. 1859. Cosmos: A Sketch of a Physical Description of the Universe. New York: Harper and Brothers.

Wang, H. 1990. Reflections on Kurt Gédel. Cambridge, Mass.: MIT Press.

Weinberg, A. M. 1972. “Science and Trans-Science.” Minerva 10, no. 2: 209-22.

Wiithrich, C., B. Le Bihan, and N. Huggett, eds. 2021. Philosophy Beyond Spacetime: Implications from Quantum
Gravity. Oxford: Oxford University Press.

Zollman, K. J. 2010. “The Epistemic Benefit of Transient Diversity.” Erkenntnis 72, no. 1: 17-35.

AUTHOR BIOGRAPHIES

Slobodan Perovi¢ is a professor of philosophy of science at the University of Belgrade. His
research interests encompass experimental foundations of early quantum mechanics, epis-
temology of experiments in modern physics, and the philosophy of biology. He is the author
of From Data to Quanta: Niels Bohr's Vision of Physics (Chicago) and The Cosmic Microwave
Background: Historical and Philosophical Lessons, with Milan M. Cirkovi¢ (Cambridge).

Milan Cirkovi¢ is a research professor at the Astronomical Observatory of Belgrade and an
adjunct of the Future of Humanity Institute at the University of Oxford. A current focus
of his work is theoretical and numerical astrobiology, the Fermi Paradox, and philosoph-
ical issues in contemporary cosmology. He is the author of The Great Silence: Science and
Philosophy of Fermi's Paradox (Oxford).

How to cite this article: Perovi¢, Slobodan and Milan Cirkovié. 2024. “A Speculative Turn
in Science and Philosophy of Science.” Metaphilosophy 55 (3): 351-364. https://doi.

org/10.1111/meta.12697.


https://doi.org/10.1111/meta.12697
https://doi.org/10.1111/meta.12697

	A speculative turn in science and philosophy of science
	Abstract
	1|SPECULATIVE METHOD IN THE SCIENCES
	1.1|Introduction: Generative and exploratory speculations
	1.2|An illustrative example: Early modern cosmology
	1.3|Contemporary science

	2|A HISTORICAL SYMBIOSIS OF PHILOSOPHICAL AND SCIENTIFIC SPECULATIONS
	3|CONTEMPORARY PHILOSOPHY OF SCIENCE AND THE SPECULATIVE APPROACH
	3.1|Contemporary neglect of speculative philosophy of science
	3.2|The causes of the neglect and new opportunities

	ACKNOWLEDGMENTS
	REFERENCES


