When Space and Time Dissolve: The Challenge to
Mechanistic Thinking
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1. Introduction

Classical mechanism, based in Newton’s physics and developed during the
Enlightenment, assumes that reality consists of discrete objects moving through
absolute space and time under deterministic principles. This framework treats space
and time as fundamental containers within which physical processes occur—
providing the setting in which material interactions and causal chains take place. For
centuries, this mechanistic picture has guided scientific inquiry, providing the
conceptual foundation for our understanding of nature (Earman, 1992; Maudlin, 2012).

However, recent developments in quantum mechanics, general relativity, and
emerging theories of quantum gravity suggest that space and time might not be
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fundamental features of reality at all (Rovelli, 2004; Smolin, 2001). Instead, they might
be emergent properties arising from deeper, non-spatiotemporal structures. If this
radical possibility proves correct, the mechanistic assumption that all phenomena can
be explained by the spatial rearrangement of matter becomes deeply problematic. The
very stage on which mechanism operates may itself be an illusion.

2. The Conflict Between Quantum Mechanics and General Relativity

The suggestion that space and time might be illusory emerges from attempts to
reconcile two pillars of modern physics that appear fundamentally incompatible
(Maudlin, 2012). Quantum mechanics describes the microscopic world through
probabilistic wave functions and discrete energy levels, but it assumes a fixed,
unchanging spacetime framework; space and time are treated as given, unchanging
structures. Einstein’s General Relativity, by contrast, treats spacetime as a dynamic,
continuous fabric shaped by mass and energy, curving in response to matter and
energy (Earman, 1992).

This tension becomes acute when physicists attempt to develop a theory of
quantum gravity. At scales approaching the Planck length (approximately 1073
meters), the smooth spacetime of general relativity breaks down, and quantum effects
become dominant (Rovelli, 2004). Yet standard approaches to quantizing gravity lead
to mathematical inconsistencies and infinities that cannot be resolved within
conventional frameworks. The fixed background of quantum mechanics clashes with
the dynamic spacetime of general relativity, suggesting that neither theory captures
the deepest level of reality.

3. Emergent Spacetime: Proposals from Quantum Gravity Research

To resolve these tensions, various approaches in quantum gravity research propose
that space and time are not fundamental but emerge from more basic structures. These
proposals represent radical departures from classical thinking about the nature of
reality.

Loop Quantum Gravity says that spacetime itself is quantized —composed of
discrete units rather than being infinitely divisible and forming a smooth continuum
(Rovelli, 2004; Rovelli and Vidotto, 2014; Ashtekar and Lewandowski, 2004).
According to this theory, space consists of interconnected loops forming a network,
with geometry emerging from the relationships between these fundamental quantum
structures. At the Planck scale, continuous spacetime dissolves into a discrete
quantum foam where traditional notions of distance and duration lose meaning.



String Theory and Holographic Principles point toward even stranger possibilities.
The holographic principle, exemplified by the AdS/CFT correspondence, proposes
that spacetime in a higher-dimensional universe emerges from quantum interactions
on a lower-dimensional surface (Susskind, 1995; Maldacena, 1998; Bousso 2002). The
information content of a volume of space is encoded on its surface, suggesting that
interior spacetime is a derived concept rather than fundamental reality. The familiar
three dimensions of space may be holographic projections from more fundamental
two-dimensional quantum processes.

Emergent Spacetime from Entanglement builds on Wheeler's “it from bit”
hypothesis (Wheeler, 1990), entailing that information, not matter in space, constitutes
the fundamental substrate of reality and fabric of existence. In this view, quantum
entanglement—correlations between quantum systems—gives rise to spatial
relationships (Van Raamsdonk, 2010; Swingle, 2012; Lloyd, 2006). Space emerges from
patterns of quantum information rather than existing as a container for matter. This
represents a complete inversion of mechanistic priorities: rather than information
emerging from spatial arrangements of matter, matter and space themselves emerge
from informational processes.

If any of these proposals is correct, then space and time are not absolute
frameworks but effective descriptions of underlying quantum or relational
processes —coarse-grained approximations that work well at macroscopic scales but
break down at fundamental levels.

4. The Quantum Challenge to Classical Causation

Quantum mechanics already challenges mechanistic thinking through phenomena
like entanglement, where particles appear to influence each other instantaneously
across arbitrary distances. Einstein famously called this “spooky action at a distance,”
viewing it as evidence that quantum mechanics must be incomplete. However, if space
itself is emergent rather than fundamental, this apparent non-locality becomes less
mysterious—there may be no fundamental “distance” to begin with (Huggett and
Hoefer, 2019).

The mechanistic requirement for local causation through direct contact loses
meaning when locality itself becomes questionable. In a universe where spatial
separation emerges from more fundamental quantum correlations, the distinction
between “local” and “non-local” interactions may be an artifact of our emergent,
favored spacetime description rather than a fundamental feature of reality. What
appears as mysterious action at a distance in our emergent framework might simply
reflect the underlying quantum network that gives rise to space.



Moreover, if time itself is emergent, then the temporal ordering central to
mechanistic causation faces fundamental challenges (Price, 1996; Albert, 2003).
Mechanism assumes that causes precede effects in time—the mechanistic chain of
cause and effect requires temporal succession, with causes occurring before their
consequences. But if time emerges from potentially timeless quantum processes,
causality might arise from correlations or constraint satisfaction in an atemporal
substrate rather than from temporal sequences. If the temporal order is a by-product
of deeper, timeless quantum dynamics, then what we call “causality” could stem from
patters of correlation, or from constraints within that temporal foundation. Events
might be defined by relational networks rather than fixed temporal orderings,
requiring a complete reconceptualization of what causation means.

5. Undermining the Mechanistic Framework

The potential illusory nature of space and time challenges mechanism in several
fundamental ways, threatening the coherence of the mechanistic worldview.

The Spatiotemporal Foundation

Mechanism relies on space and time as the fixed, static stage for mechanical
processes—the arena within which interactions occur. If they are not fundamental, the
“machine” metaphor is profoundly weakened. Instead of particles moving in fixed
spacetime, the universe might be a network of relations or information exchanges in
which spacetime is a derived concept (Rovelli, 2004; Lloyd, 2006). The mechanistic
picture of discrete objects interacting through spatial contact gives way to something
more abstract: relationships, correlations, or informational exchanges that have no
inherent spatial or temporal character.

This undermines the visualizable quality that makes mechanistic explanations
compelling. We can picture gears meshing, balls colliding, or waves propagating
through space. But how do we visualize processes occurring in a non-spatiotemporal
substrate? The intuitive clarity of mechanistic explanation depends on our ability to
imagine spatial rearrangements over time. If these categories are not fundamental,
mechanistic explanation loses its conceptual anchor. This point is emphasized in
discussions of relational and process ontologies (Rovelli and Vidotto, 2014).

Redefining Causality

Mechanistic causation, as we previously noted, requires temporal succession—
causes must temporally precede effects. This ordering provides the directionality that
distinguishes causes from effects and allows mechanistic explanations to trace causal
chains backward through time. However, if time is emergent, this temporal ordering



might arise from correlations in a timeless quantum substrate rather than being
fundamental (Price, 1996; Smolin, 2001).

In some quantum gravity models, events are defined by relational networks
rather than fixed temporal sequences. Causality might emerge from constraint
satisfaction—configurations that are mutually compatible—rather than from one
event producing another through temporal succession. This challenges the linear,
chain-like picture of causation that mechanism assumes, replacing it with something
more like mutual determination within a timeless web of relations.

The Failure of Reductionism

Mechanism is rooted in reductionism: complex phenomena are explained by
simpler, fundamental parts operating according to basic laws. If spacetime emerges
from something non-spatiotemporal, the "fundamental parts" may not be mechanical
entities like particles or fields but abstract entities like qubits, quantum correlations,
or informational relationships.

This creates a critical problem for mechanistic reduction. How can we reduce
phenomena to the motion of parts in space when space itself requires explanation in
terms of something more fundamental? The reductionist program typically explains
higher-level phenomena by reference to lower-level spatial arrangements. But this
strategy fails when space itself is not fundamental. We cannot reduce everything to
mechanical interactions if the framework for mechanical interaction is itself emergent.
Moreover, if space emerges from more fundamental networks of relationships,
reductive analysis may be systematically misleading. The behavior of parts cannot be
understood independently of the whole that gives rise to space and time. This suggests
a deeply holistic universe where the whole is indeed more than the sum of its parts—
a direct challenge to mechanistic reductionism.

Non-Locality and Holism

The non-locality of quantum mechanics already strains mechanism's reliance
on local, separable interactions. If spacetime itself emerges from non-local quantum
correlations, mechanism's reductionist approach —breaking systems into independent
parts that interact locally —fundamentally fails (Susskind, 1995; Bousso, 2002).

The holographic principle dramatically illustrates this holism. In holographic
duality, the information content of a volume of space is encoded on its boundary. The
interior and boundary are not separate mechanical components but complementary
descriptions of a single, more fundamental reality (Maldacena, 1998; Van Raamsdonk,
2010). Volume and boundary mutually determine each other in ways that resist
mechanistic analysis into independent parts.



This holistic character extends throughout theories of emergent spacetime. In
causal set theory, events form networks where the relationships between events are
primary, and spatial and temporal distances emerge from the network structure
(Rovelli 2004). One cannot understand individual events in isolation, because their
very properties depend on their relationships to all other events in the network, and
they cannot be analyzed apart from it.

Limits of Mechanism and Emergence

The recognition that space and time might be emergent creates a layered view
of reality where mechanism may apply at different levels with different degrees of
validity.

Pragmatic Mechanism in Emergent Spacetime

At macroscopic scales where spacetime appears continuous, mechanistic laws
hold remarkably well. Newtonian mechanics describes planetary orbits with
extraordinary precision. Engineering applications based on mechanistic principles
build bridges and aircraft that reliably function. Medicine treats bodies as mechanical
systems—pumps, levers, chemical reactions—with therapeutic success (Maudlin
2012).

This practical success suggests that mechanism might still describe some
phenomena within emergent spacetime even if it fails at fundamental levels. Just as
classical mechanics remains useful despite being superseded by quantum mechanics
and relativity, mechanistic thinking may persist as an effective theory —a special case
that works within certain domains even though it does not capture ultimate reality
(Rovelli, 2004).

Mechanism as an effective theory would mean that mechanistic explanations
are approximately correct for some emergent macroscopic phenomena, but break
down at the fundamental level where spacetime dissolves, and also as regards human
consciousness. This preserves the practical utility of mechanistic thinking while
acknowledging its ultimate inadequacy.

The Problem of Scientific Explanation

However, this layered view creates profound problems for scientific
explanation. If our most fundamental theories describe a reality where space and time
are illusions, what is the relationship between these fundamental descriptions and the
mechanistic explanations that work at macroscopic scales?



Our experimental apparatus operates within apparent space and time,
measuring spatial positions and temporal sequences. If these are emergent rather than
fundamental, what are we actually measuring? How do we design experiments to
probe a substrate that is not spatiotemporal? The crisis extends to scientific
explanation itself. Mechanistic explanation relies on visualizable models of objects
interacting in space and time. If these categories are emergent, scientific explanation
may need to embrace more abstract, mathematical descriptions that resist intuitive
visualization —much as quantum mechanics already demands (Smolin, 2001).

This threatens a core methodological principle: that scientific theories should
be empirically testable through observations made in space and time. If space and time
themselves are emergent, the relationship between fundamental theory and empirical
test becomes obscure. We seem to be forced to use emergent categories (spatial
measurements, temporal sequences) in order to test theories about non-emergent
reality —a potentially problematic circularity (Price, 1996; Huggett and Hoefer, 2019).

Toward Post-Mechanistic Frameworks

The most pressing challenge facing contemporary physics is developing new
conceptual frameworks that can accommodate both the apparent reality of space and
time at macroscopic scales and their potentially illusory nature at fundamental levels.
However, this requires abandoning or radically revising the mechanistic assumption
that reality consists of discrete objects interacting through direct spatial contact.
Information-Theoretic Approaches

One promising direction treats information as fundamental, with space, time,
and matter derivatively emerging from informational processes. Wheeler’s "it from
bit" slogan captures this approach: every physical quantity derives its ultimate
significance from bits of information (Wheeler, 1990; Lloyd, 2006). Rather than asking
how information is stored and processed in physical systems, we ask how physical
systems emerge from information.

This inverts mechanistic priorities completely. Information is not a property of
matter arranged in space; matter and space are patterns in more fundamental
informational substrates. The universe becomes less and less like a machine, and more
and more like a vast computational or information-processing network.

Relational and Process Ontologies

Another approach emphasizes relations and processes over objects and states.
Rather than treating objects as fundamental with relations between them, these
frameworks treat relations as primary, with objects emerging as stable patterns in
networks of relations (Rovelli and Vidotto, 2014). Space and time emerge from the
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structure of these relational networks rather than existing as fundamental containers
for relations.

Process ontologies similarly prioritize becoming over being, treating reality as
fundamentally dynamic rather than consisting of static objects that happen to change.
Space and time might emerge from the organization of these processes rather than
being the framework within which processes occur.

Constraint Satisfaction and Mutual Determination

Some approaches replace linear causation with constraint satisfaction or
mutual determination. Rather than one event causing another through temporal
succession, compatible configurations emerge together through mutual constraint
(Smolin, 2001; Rovelli, 2004). The entire history of the universe—or particular regions
of the fundamental quantum network —might be best understood as satisfying global
constraints rather than evolving through local causal interactions.

This replaces the mechanistic chain of cause and effect with something more
like a web of mutual determination, where everything that exists or occurs is
constrained by everything else through relationships that have no inherent temporal
ordering.

Philosophical and Scientific Implications

The real possibility that space and time are illusory represents more than a
technical development in physics. It signals a possible paradigm shift comparable to
the Copernican revolution, challenging our most basic assumptions about the nature
of reality and requiring fundamental reconceptualization of scientific explanation.

Epistemological Challenges

If space and time are emergent, our epistemic situation becomes peculiar.
Human cognition evolved to navigate apparent spacetime, and our conceptual
frameworks are deeply structured by spatial and temporal categories. Kant argued
that space and time are necessary preconditions for human experience—we cannot
perceptually represent objects except as existing in space and time. Yet contemporary
physics strongly suggests that ultimate reality might not be spatiotemporal at all
(Maudlin, 2012).

This creates a profound tension between our cognitive capacities and the
structure of fundamental reality. We might be cognitively equipped to understand
only emergent phenomena, while also remaining systematically unable to grasp
intuitively the non-spatiotemporal substrate from which spacetime emerges. Scientific
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understanding might require mathematical formalism that cannot be visualized or
made intuitively accessible (Price, 1996).

Metaphysical Implications

The illusory nature of spacetime raises deep metaphysical questions. What
does it mean for something to “exist,” or to be “real,” if it is not to occupy space and
to persist through time? Our ordinary concepts of existence and reality are thoroughly
spatialized and temporalized. Objects exist at different locations in space and endure
through intervals of time. If existence or reality is no longer the same as being located
in space and enduring across time, the very notion of what it means for something to
be existent or real requires rethinking. If these categories are not fundamental, we
need new ontological concepts that are appropriate to non-spatiotemporal existence
or reality (Earman, 1992; Maudlin, 2012).

Similarly, our concepts of identity and persistence depend on spatiotemporal
continuity. An object maintains its identity by occupying a continuous trajectory
through spacetime. If spacetime is emergent, how do we understand identity and
persistence at fundamental levels? These questions challenge not just physics but our
basic ontological categories.

The Persistence of Mechanism

Despite these profound challenges, mechanistic thinking will likely retain
enormous practical value. Even if space and time are ultimately illusory, they provide
effective descriptions at the scales where human experience operates. Engineering,
medicine, and technology continue to rely on mechanistic models with remarkable
success (Smolin, 2001; Rovelli, 2004).

This suggests a pragmatic resolution: mechanism might not describe
fundamental reality, but it captures some reliable patterns in emergent phenomena.
The question becomes not whether mechanism is ultimately true, but when and where
mechanistic explanations provide adequate understanding for practical purposes.
Mechanism might persist as a useful fiction—a systematically reliable approximation,
or pragmatic tool that works within certain domains even though it mischaracterizes
fundamental reality.

6. Conclusion: Beyond the Mechanistic Worldview
The recognition that space and time might be illusions represents one of the most

profound challenges to mechanistic thinking in the history of science (Rovelli 2004;
Susskind, 1995; Smolin, 2001). If spacetime is emergent rather than fundamental, the



mechanistic framework that has guided scientific inquiry for centuries faces
fundamental limitations.

Mechanism assumes discrete objects interacting through spatial contact
according to deterministic laws within absolute space and time. Each element of this
picture becomes problematic if spacetime emerges from more fundamental, non-
spatiotemporal structures. Objects, space, time, and deterministic laws may all be
features of an effective description rather than ultimate reality.

This does not mean that the concept of mechanism is useless—it remains
remarkably successful at describing emergent macroscopic phenomena. But it does
mean that mechanism cannot be the final story. Ultimate reality may require
frameworks that embrace information, relations, processes, or constraint satisfaction
rather than objects, space, time, and mechanical causation (Wheeler, 1990; Lloyd, 2006).

The challenge ahead is developing conceptual frameworks adequate to this
strange new picture of reality —frameworks that can bridge the gap between our
spatiotemporal experience and a potentially non-spatiotemporal fundamental reality.
This may require cognitive tools as revolutionary as those that enabled the transition
from Aristotelian physics to Newtonian mechanics, or from classical to relativity
physics or quantum physics.

Whether science can successfully make this transition remains an open
question. But the mere possibility that space and time are illusions reveals the depths
of our ignorance about reality's ultimate nature and the potential inadequacy of the
mechanistic worldview that has seemed so successful for so long. We stand at a
threshold where the machine universe of classical physics gives way to something
stranger, more abstract, and perhaps fundamentally incomprehensible to minds
evolved to navigate emergent spacetime (Maudlin, 2012). The death of mechanism is
not just physical—it is cognitive. We may be constitutionally unable to visualize
ultimate reality, thereby forcing epistemic humility upon us.
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