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Abstract: Debates about underdetermination and interpretation—familiar
from the philosophy of quantum mechanics—may also offer valuable insights
for evaluating alternative cosmological frameworks. Bohm (1952) argued that
the usual ‘Copenhagen’ interpretation of quantum theory is unfalsifiable not
because it is empirically empty, but because its assumptions leave the mathe-
matical formalism free to absorb any anomaly through ad hoc modifications.
His response was not to argue that Copenhagen was false but to construct
a hidden-variables alternative reproducing its predictions—showing, by ex-
istence rather than argument, that Copenhagen’s commitments were never
forced by the data. We ask whether an analogous situation might be emerging
in cosmology. The Dynamic Universe (DU) model of Suntola (2026) offers a
candidate: from two postulates it reproduces several ACDM (standard model
of Big Bang cosmology’s) predictions without dark energy or inflation, and
with fewer parameters, while predicting a monotonic angular-size-redshift re-
lation that recent JWST (James Webb Space Telescope) data appear to favour
over ACDM’s non-monotonic one. We argue the Bohmian parallel is instruc-
tive but partial: DU’s equivalence with ACDM remains undemonstrated in
domains—the CMB (Cosmic Microwave Background) spectrum, nucleosynthe-
sis, gravitational waves—where ACDM’s evidence is strongest. Nonetheless,
we suggest such rivals warrant continued attention precisely for what their
partial success reveals about the mainstream view’s contingency.

Keywords: underdetermination of theory by evidence, falsifiability, hidden-
variables, alternative cosmological models, Dynamic Universe vs. ACDM
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1. Introduction

It is fairly common in science that an alternative theory (or a new interpretation
of an existing theory) is proposed to account for given phenomena. This raises
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the question of how the scientific community should respond. If rival theories are
empirically equivalent, subjective criteria such as beauty, elegance, or simplicity are
often invoked, but these hardly permit objective evaluation (cf. Styrman 2026).
Might it be more reasonable, in such cases, to try to understand the main coherent
options and establish a dialogue between them, rather than dismissing all but one
on subjective grounds (Bohm and Hiley 1993)?7 And what should we do when a new
proposal has been shown to be empirically adequate in some domains, but not yet
in others?

Such questions arise when considering the work of Tuomo Suntola, who has re-
cently published a developed version of his ‘Dynamic Universe’ (DU) model, proposed
as an alternative to the standard ACDM model of cosmology (Suntola 2026). DU
has not yet demonstrated empirical equivalence with ACDM in three key domains—
the CMB power spectrum, Big Bang nucleosynthesis, and gravitational waveforms—
leaving some of ACDM’s strongest quantitative successes unaddressed. Yet the model
has features worthy of attention: it matches the Pantheon+ supernova Hubble dia-
gram with no adjustable cosmological parameters, reproduces GR’s local tests (red-
shift, light deflection, perihelion advance) to current precision, and predicts a mono-
tonic angular-size decrease with redshift that JWST data appear to confirm where
ACDM’s non-monotonic prediction does not. Notably, it also offers a parameter-
free explanation for the JWST “too early, too massive” galaxy problem, a novel
testable prediction (the Capotauro double image), and independent convergence on
the present-epoch Hubble constant (Hy) from non-cosmological geological and lunar-
ranging data. These successes appear truly significant, achieved with markedly fewer
free parameters than ACDM (no dark energy or inflation needed). However, they
are unreplicated outside Suntola’s own work and untested in precisely the domains,
like the CMB power spectrum, where ACDM’s evidence is currently strongest.

Suntola (2026) acknowledges these open questions but argues optimistically that
they are subjects for future work rather than fundamental obstacles:

ACDM itself required decades of development from its foundational equa-
tions ... to the detailed predictions that are now tested—a process that
is still ongoing, as evidenced by the persistent Hubble tension and con-
tinuing debates over the nature of dark energy and dark matter.

This raises a further question: when evaluating rival theories, how much weight
should we give to the time and resources a theory has had to realize its potential—
should a new attempt be given similar leash to the prevailing one?

To better understand the potential value of alternative theories, we turn to quan-
tum theory and its interpretation. As a special case, we examine David Bohm’s 1952
attempt to challenge the ‘Copenhagen’ interpretation by proposing, in two papers,
“a suggested interpretation of quantum theory in terms of ‘hidden’ variables.” As we
will see, Bohm justifies his approach through subtle arguments about falsifiability—
engaging not only in physics but in philosophy of science.
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2. The Self-Closing Chain: Bohm on the Unfalsifiability of Copenhagen

Bohm begins his paper by admitting that the usual interpretation of quantum the-
ory is self-consistent but points out that it involves assumptions that cannot be
tested experimentally. He claims that the only way to investigate whether these as-
sumptions are true is by trying to find some other interpretation of quantum theory
which contradicts them. And this is exactly what he suggests in his two papers: an
interpretation of quantum theory in terms of hidden variables.

Let us consider Bohm’s argument in more detail. He notes that the usual inter-
pretation of quantum theory is based on two mutually consistent assumptions:

(1) The most complete possible specification of an individual system is in
terms of a wave function that determines only probable results of actual
measurement processes.

(2) The process of transfer of a single quantum from observed system
to measuring apparatus is inherently unpredictable, uncontrollable, and
unanalyzable.

He then moves on to ask whether these two assumptions could ever be experimen-
tally tested and argues they cannot—mnot because they’re untestable in principle in
some mystical sense, but because of a specific structural fact about how quantum
theory is built. If assumptions (1) and (2) forced a single, unique mathematical
formulation, then any experimental disagreement with that formulation would au-
tomatically count as evidence against the assumptions themselves. But they don’t
force uniqueness. The assumptions constrain the interpretive framework (proba-
bilistic completeness, unanalyzable measurement) while leaving the mathematical
content—the Hamiltonian, the fields, the operators—essentially open-ended. So,
whenever an experiment disagrees with the current mathematical formulation, physi-
cists can (and, Bohm says, routinely do) simply patch the mathematics—add a new
field, a new particle, a nonlocal operator, a nonlinear term—while leaving assump-
tions (1) and (2) completely untouched. The interpretation absorbs no risk from any
experimental failure, because failure always gets blamed on the (endlessly adjustable)
formalism rather than on the (fixed) interpretation. That’s why Bohm claims that
the usual ‘Copenhagen’ interpretation of quantum theory is a “self-closing chain of
circular hypotheses. . . in principle unverifiable if true”: the assumptions can never be
shown false, not because they’re correct, but because the theory built around them
has enough free play to dodge every possible falsification. The only escape, Bohm
argues, is to build a rival theory from assumptions that directly contradict (1) and
(2) and see whether it can be experimentally distinguished—which is exactly the
hidden-variables program he then proposes.

But why exactly does Bohm claim that assumptions (1) and (2) do not limit the
forms sufficiently? Note that he is making a point about underdetermination, not
about vagueness. Assumptions (1) and (2) are claims about interpretation—about
what the mathematics means—mnot claims about what the mathematics is. (1) says:
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whatever the correct wave function turns out to be, it is the most complete possible
description. (2) says: whatever the correct measurement dynamics turn out to be,
they are inherently unanalyzable. Neither assumption specifies the Hamiltonian, the
number or kind of fields, the particle content, or the equations governing them. So,
an enormous space of different, mutually incompatible physical theories—different
particle spectra, different force laws, different field equations, even fundamentally dif-
ferent mathematical structures like nonlocal operators or S-matrices—are all equally
compatible with (1) and (2). Bohm’s example is concrete: you could add “an un-
limited range of new kinds of meson fields each having almost any conceivable rest
mass, charge, spin, magnetic moment”, and none of that touches the interpretive
claims at all (Bohm 1952, 169).

The consequence is a mismatch in falsifiability between the two levels. The
mathematical formulation is highly falsifiable—any given specific Hamiltonian makes
precise predictions that experiment can contradict. But because the interpretation
doesn’t dictate any particular formulation, a failure at the mathematical level never
propagates upward to threaten the interpretation. Physicists simply revise the math
and keep the interpretation fixed—which is, Bohm points out, “usually quite nat-
ural” to do, since nothing about (1) and (2) is being violated by the patch. So,
the interpretation rides safely above every possible experimental result: it’s com-
patible with the old (falsified) Hamiltonian, and it will be equally compatible with
whatever replaces it, and with whatever replaces that. It has, in effect, no observa-
tional content of its own—only the successive mathematical formulations do—and
yet it gets treated as if the success of those formulations is evidence for the inter-
pretation specifically. That’s the “trap”: consistency with all evidence is guaranteed
by construction, not earned by risk-taking prediction, which is exactly the failure
mode Bohm (echoing Popper) says disqualifies a claim from being a testable scien-
tific hypothesis at all. And this is why he says the only way out is to build a theory
whose interpretation itself generates distinguishing predictions, which is what hidden
variables are supposed to do.

3. A Self-Closing Chain in ACDM?

Now, let us go back and ask whether there might be anything analogous in Bohm'’s ar-
gumentation to the issue of ACDM vs. DU which we mentioned in the introduction.
Bohm’s argument here isn’t really only about quantum mechanics. It’s a general
structural claim about when an interpretive/ontological commitment becomes prac-
tically unfalsifiable, and that structure maps onto the ACDM dark-sector debate
almost element for element.

Bohm’s move rests on a two-level distinction: an interpretive commitment (as-
sumptions (1) and (2)—the wave function is complete, measurement is unanalyzable)
sitting above a mathematical formulation (the specific Hamiltonian, field content,
particle spectrum) that can be revised freely without ever touching the commitment
above it.
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ACDM has the same two-level structure. The interpretive/ontological commit-
ment is something like: cosmic acceleration and structure formation require real new
physical constituents—dark energy and dark matter—rather than being artifacts of
an assumed background geometry. Sitting below that is the specific mathematical
formulation: the value of w (the dark energy equation-of-state parameter), whether
w is constant or evolves with redshift, which dark matter particle candidate is posited
(WIMPs, axions, sterile neutrinos. .. ), whether an early dark energy component is
added to relieve the Hubble tension, and so on. (WIMPs stands for Weakly Inter-
acting Massive Particles — one of the leading hypothetical candidates for what dark
matter is actually made of).

When a specific fit runs into trouble—a Hubble tension, an og tension, JWST
galaxies that formed suspiciously early—the standard response is exactly Bohm’s
“practically arbitrary changes in the Hamiltonian operator...new kinds of meson
fields.” You adjust w(z), add an early dark energy injection, swap dark matter
candidates, tweak the inflaton potential. What almost never happens is abandoning
the core commitment that dark energy and dark matter are real physical components
in the first place. So, the ontological claim absorbs no risk from any of these episodes:
failure is always routed to the parametrization, never to the posit. That is Bohm’s
trap, restated: “we cannot be led by any conceivable experiment to give up this
interpretation, even if it should happen to be wrong.”

Bohm'’s diagnosis is that the only way to expose this kind of unfalsifiability is
to build a rival theory that denies the interpretive commitment outright and see
whether it can match the data anyway. DU is doing precisely that move against the
dark-energy half of the dark sector: it denies that A is a real physical component
at all, attributes the Hubble-diagram curvature entirely to 3-sphere geometry, and—
per Suntola’s own framing—establishes that “the standard parametrization. . .is not
required by the observational data.” Structurally, this is Bohm’s argument again,
with the disputed pair (¢, the nature of measurement) replaced by (€,,, Q4, the
density parameters underwriting dark matter and dark energy).

However, we must be careful not to overemphasize the similarity of Bohm’s and
Suntola’s attempts. So let us consider the differences in the patch space of the
two situations. (Patch space here refers to the range, or space, of possible small
modifications (“patches”) available to a theory’s mathematical formulation when a
specific prediction fails, without having to give up the theory’s core interpretive or
ontological commitments.)

First, Bohm’s patch-space really was close to unconstrained. In 1951 particle
physics, you genuinely could posit “almost any conceivable rest mass, charge, spin”
for a new field with little else to answer to. ACDM’s patch-space is not that free. Any
revision to the dark sector has to simultaneously satisfy BBN light-element ratios,
the CMB acoustic peak structure, large-scale structure statistics, and the supernova
Hubble diagram all at once. These act as cross-consistency constraints that meson-
field-style ad hoc patching in 1951 didn’t have to survive. So, the ACDM version of
Bohm'’s trap is real but less total; it’s harder to patch invisibly than Bohm’s example
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suggests.

Second, and more important for accuracy: DU’s rival demonstration, as it stands
in the Suntola paper, is aimed almost entirely at the dark energy half of the ontolog-
ical commitment (the Q5 term, via the Hubble diagram and angular-size relation).
It doesn’t yet offer a comparable rival account of dark matter’s role. Galaxy rotation
curves, gravitational lensing by non-luminous mass, large-scale structure formation
without a WIMP-like component are not addressed. So, the Bohm-style “existence of
an alternative breaks the trap” argument currently applies cleanly to A, but not yet
to €,,’s dark-matter content—that would need its own rival demonstration, which
DU hasn’t made.

So, we have a genuine and quite exact structural parallel on the dark-energy
side, but weaker constraint-freedom than Bohm’s 1951 example. But there is also an
important scope limit, since DU’s “alternative interpretation” move currently defeats
only one of the two dark-sector unfalsifiability claims, not both.
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