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The ‘geometric trinity’ of gravitational theories has three nodes: (a) general
relativity (GR), in which gravitational effects are manifestations of spacetime
curvature, (b) the teleparallel equivalent of GR (TEGR), in which gravitational
effects are manifestations of spacetime torsion, and (c) the symmetric teleparal-
lel equivalent of GR (STEGR), in which gravitational effects are manifestations
of spacetime non-metricity. (For a recent review from the physics literature, see
Jiménez et al. (2019).) These theories are empirically equivalent to each other
(in the sense that their actions differ by a boundary term) and hence prima
facie present a case of underdetermination of theory by evidence.

Here, I’ll try to review, as quickly as possible, all the existing philosophical
literature on the geometric trinity. (My aim is to be exhaustive, so if you spot
something missing, please let me know!)

1 Philosophy of TEGR

Philosophers have discussed TEGR since Lyre and Eynck (2003) and Knox
(2011, 2013). In recent years, there has been quite a significant upturn in
the number of philosophy articles on TEGR, which have covered the following
topics:

1. Underdetermination: Knox (2011) argues that there is no genuine un-
derdetermination between GR and TEGR because the latter is a mere
reformulation of the former. This claim is resisted by Mulder and Read
(2024) (who engage directly with Knox) and Wolf et al. (2024b) (who
consider the issue in the context of tests of GR).

(a) Dürr and Read (2024) and Roberts (2025) consider whether this un-
derdetermination could be overcome by appealing to geometric con-
ventionalism.

(b) March et al. (2024a), Weatherall and Meskhidze (2024), and Wolf et
al. (2024b) all argue that the ‘common core’ of the geometric trinity is
GR, so Occamist reasons militate in favour of preferring this theory.
(So, these authors agree with Knox that GR is to be preferred over
TEGR, albeit not for her reasons.)
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(c) Wolf and Read (2023) consider the equivalence of GR and TEGR in
the context of the question of whether the theories have the same rep-
resentational capacities (especially in the context of boundary condi-
tions).

(d) Fankhauser and Read (2024) discuss upshots of underdetermination
in the geometric trinity in the specific context of explanations of
gravitational redshift.

2. Theoretical equivalence: Is TEGR really equivalent to GR? This question
was taken up by Weatherall and Meskhidze (2024) who issued a negative
answer (because in a technical sense TEGR has more ‘structure’ than
GR); the analysis was then developed further by March et al. (2025), who
considered various different versions of TEGR in the literature (including
those using Cartan geometries and higher gauge theory) and whether or
not they are equivalent.

3. Non-relativistic limits: Read and Teh (2018) and Schwartz (2023) argue
that the non-relativistic limit of the GR–TEGR correspondence is the cor-
respondence between Newton–Cartan theory and potential-based Newto-
nian gravity (formalised in Trautman geometrisation/recovery). Meskhidze
and Weatherall (2024) present a different torsionful non-relativistic theory
and claim it is the ‘teleparallel equivalent’ of Newton–Cartan theory; this
claim is engaged with by March et al. (2024b).

4. Equivalence principles: Read and Teh (2023) consider the ‘equivalence
principle’ in its various forms in the context of both TEGR and non-
relativistic theories.

5. Background structure: Read (2023) asks whether TEGR is ‘background
independent’ in the sense of have any ‘fixed’ background structure in its
models.

6. Status as a gauge theory: From various angles, Dürr and Read (2025),
March et al. (2025), Wallace (2015), and Weatherall (2025) all assess
whether it is correct to understand TEGR as a ‘gauge theory’ (of transla-
tions), as is sometimes claimed in the literature (see e.g. Aldrovandi and
Pereira (2013)).

2 Philosophy of the geometric trinity

The above philosophical work has specifically to do with TEGR; only more re-
cently have philosophers started to discuss the entire geometric trinity of gravity.
In particular, the following work has been accomplished:

1. Underdetermination: Wolf et al. (2024b) consider underdetermination in
the context of the entire geometric trinity of gravity.

2



2. Coincident general relativity: A particular version of STEGR is called
‘coincident general relativity’ (CGR). Various conceptual aspects of this
are assessed by Read and Wolf (2025).

3. Theoretical equivalence: Weatherall (2025) shows that, like TEGR, STEGR
is not equivalent to GR, because it has more ‘structure’. Read and Wolf
(2025) build on this by showing that CGR has more ‘structure’ than
STEGR.

4. Non-relativistic limits: Wolf et al. (2024a) discuss the non-relativistic limit
of the entire geometric trinity, to construct a ‘non-relativistic geometric
trinity’. March et al. (2024a) identify the ‘common core’ of this non-
relativistic trinity.

3 Future prospects

Although (arguably) much of the conceptual structure of the geometric trinity
has been explored (and with any luck clarified) in the above work, there remain
a few threads worthy of further exploration:

1. Gravitational energy: It is sometimes claimed (see e.g. Aldrovandi and
Pereira (2013)) that gravitational energy is less problematic in (S)TEGR
than in GR, because it is tensorial. Are these claims correct?

2. Connections with metric-affine gauge theory: How do (S)TEGR (partic-
ularly when understood in terms of e.g. Cartan geometries) fit into the
framework of metric-affine gauge theory pioneered by Hehl et al. (1995)?

3. Underdetermination reprise: Recently, some physicists (e.g., Iosifidis and
Hehl (2024) and Zhou (2024)) have raised novel arguments to the effect
that there is no genuine underdetermination in the case of the geometric
trinity of gravity; these deserve to be assessed.

4. Gomesification: Do (S)TEGR, understood as gauge theories (in whatever
form), admit of the kinds of geometrical reformulations (from principal
fibre bundles to vector bundles) recently undertaken by Gomes (2024)?

5. Ultra-relativistic gravity: The ultra-relativistic (c → 0) limit of GR has
only recently been explored by philosophers (see March and Read (2025)).
Mirroring Wolf et al. (2024a), would it be possible to construct an ultra-
relatistic geometric trinity of gravitational theories, and what interesting
conceptual features would that trinity manifest?
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Jiménez, Jose Beltrán, Heisenberg, Lavinia, and Koivisto, Tomi S. (2019). “The
Geometrical Trinity of Gravity”. Universe 5.7. issn: 2218-1997. doi: 10.
3390/universe5070173. url: https://www.mdpi.com/2218-1997/5/7/
173.

Knox, Eleanor (2011). “Newton-Cartan Theory and Teleparallel Gravity: The
Force of a Formulation”. Studies in History and Philosophy of Science Part
B: Studies in History and Philosophy of Modern Physics 42.4, pp. 264–275.
doi: 10.1016/j.shpsb.2011.09.003.

— (2013). “Effective Spacetime Geometry”. Studies in History and Philosophy
of Science Part B: Studies in History and Philosophy of Modern Physics
44.3, pp. 346–356. doi: 10.1016/j.shpsb.2013.04.002.

Lyre, Holger and Eynck, Tim Oliver (2003). “Curve It, Gauge It, or Leave
It? Practical Underdetermination in Gravitational Theories”. Journal for
General Philosophy of Science 34.2. Available here, pp. 277–303. doi: 10.
1023/B:JGPS.0000005161.79937.ab. url: https://doi.org/10.1023/B:
JGPS.0000005161.79937.ab.

March, Eleanor and Read, James (2025). “A primer on Carroll gravity”. Class.
Quant. Grav. 42.5, p. 055004. doi: 10.1088/1361-6382/adaf03. arXiv:
2409.12200 [physics.hist-ph].

March, Eleanor, Read, James, and Chen, Lu (2025). “Equivalence, reduction,
and sophistication in teleparallel gravity”. European Journal for Philosophy
of Science.

4

https://doi.org/10.1007/s11229-024-04605-z
https://doi.org/10.1007/s11229-024-04605-z
https://doi.org/https://doi.org/10.1016/j.shpsa.2024.09.001
https://doi.org/https://doi.org/10.1016/j.shpsa.2024.09.001
https://www.sciencedirect.com/science/article/pii/S003936812400133X
https://www.sciencedirect.com/science/article/pii/S003936812400133X
https://doi.org/DOI: 10.1017/psa.2024.49
https://www.cambridge.org/core/product/248F68985B0DD811F5AF03F477937347
https://doi.org/https://doi.org/10.1016/0370-1573(94)00111-F
https://doi.org/https://doi.org/10.1016/0370-1573(94)00111-F
https://www.sciencedirect.com/science/article/pii/037015739400111F
https://www.sciencedirect.com/science/article/pii/037015739400111F
https://doi.org/https://doi.org/10.1016/j.physletb.2024.138498
https://www.sciencedirect.com/science/article/pii/S037026932400056X
https://www.sciencedirect.com/science/article/pii/S037026932400056X
https://doi.org/10.3390/universe5070173
https://doi.org/10.3390/universe5070173
https://www.mdpi.com/2218-1997/5/7/173
https://www.mdpi.com/2218-1997/5/7/173
https://doi.org/10.1016/j.shpsb.2011.09.003
https://doi.org/10.1016/j.shpsb.2013.04.002
http://philsci-archive.pitt.edu/514/
https://doi.org/10.1023/B:JGPS.0000005161.79937.ab
https://doi.org/10.1023/B:JGPS.0000005161.79937.ab
https://doi.org/10.1023/B:JGPS.0000005161.79937.ab
https://doi.org/10.1023/B:JGPS.0000005161.79937.ab
https://doi.org/10.1088/1361-6382/adaf03
https://arxiv.org/abs/2409.12200


March, Eleanor, Wolf, William J., and Read, James (2024a). “On the geometric
trinity of gravity, non-relativistic limits, and Maxwell gravitation”. Philoso-
phy of Physics 2.

March, Eleanor et al. (2024b). “Some Remarks on Recent Approaches to Tor-
sionful Non-relativistic Gravity”. Foundations of Physics 54.6, p. 75. doi:
10.1007/s10701-024-00801-6. url: https://doi.org/10.1007/s10701-
024-00801-6.

Meskhidze, Helen and Weatherall, James Owen (2024). “Torsion in the Classical
Spacetime Context”. Philosophy of Science 91.5, pp. 1262–1273. doi: DOI:
10.1017/psa.2023.136. url: https://www.cambridge.org/core/
product/0AC21F88F934E0654AF565A64C6C8D97.

Mulder, Ruward and Read, James (2024). “Is spacetime curved? Assessing the
underdetermination of general relativity and teleparallel gravity”. Synthese
204.4, p. 126. doi: 10.1007/s11229-024-04773-y. url: https://doi.
org/10.1007/s11229-024-04773-y.

Read, James (2023). Background Independence in Classical and Quantum Grav-
ity. Oxford University Press.

Read, James and Teh, Nicholas J (2018). “The teleparallel equivalent of Newton–
Cartan gravity”. Classical and Quantum Gravity 35.18, 18LT01. doi: 10.
1088/1361-6382/aad70d. url: https://dx.doi.org/10.1088/1361-
6382/aad70d.

— (2023). “Newtonian Equivalence Principles”. Erkenntnis 88.8, pp. 3479–
3503. doi: 10.1007/s10670- 021- 00513- 7. url: https://doi.org/
10.1007/s10670-021-00513-7.

Read, James and Wolf, William J. (2025). “Clarifying coincident general rela-
tivity”.

Roberts, Bryan W. (Apr. 2025). The conventionality of geometry is merely in-
complete. url: https://philsci-archive.pitt.edu/24987/.

Schwartz, Philip K (2023). “Teleparallel Newton–Cartan gravity”. Classical and
Quantum Gravity 40.10, p. 105008. doi: 10.1088/1361-6382/accc02. url:
https://dx.doi.org/10.1088/1361-6382/accc02.

Wallace, David (2015). “Fields as Bodies: A Unified Presentation of Spacetime
and Internal Gauge Symmetry”.

Weatherall, James Owen (2025). “On (Some) Gauge Theories of Gravity”.
Weatherall, James Owen and Meskhidze, Helen (2024). Are General Relativ-

ity and Teleparallel Gravity Theoretically Equivalent? arXiv: 2406.15932
[physics.hist-ph]. url: https://arxiv.org/abs/2406.15932.

Wolf, William J. and Read, James (2023). “Respecting Boundaries: Theoretical
Equivalence and Structure Beyond Dynamics”. Eur. J. Phil. Sci. 13, p. 47.
doi: 10.1007/s13194-023-00545-6. arXiv: 2302.07180 [physics.hist-ph].

Wolf, William J., Read, James, and Vigneron, Quentin (2024a). “The non-
relativistic geometric trinity of gravity”. General Relativity and Gravita-
tion 56.10, p. 126. doi: 10.1007/s10714- 024- 03308- 7. url: https:
//doi.org/10.1007/s10714-024-03308-7.

Wolf, William J., Sanchioni, Marco, and Read, James (2024b). “Underdetermi-
nation in Classic and Modern Tests of General Relativity”. European Journal

5

https://doi.org/10.1007/s10701-024-00801-6
https://doi.org/10.1007/s10701-024-00801-6
https://doi.org/10.1007/s10701-024-00801-6
https://doi.org/DOI: 10.1017/psa.2023.136
https://doi.org/DOI: 10.1017/psa.2023.136
https://www.cambridge.org/core/product/0AC21F88F934E0654AF565A64C6C8D97
https://www.cambridge.org/core/product/0AC21F88F934E0654AF565A64C6C8D97
https://doi.org/10.1007/s11229-024-04773-y
https://doi.org/10.1007/s11229-024-04773-y
https://doi.org/10.1007/s11229-024-04773-y
https://doi.org/10.1088/1361-6382/aad70d
https://doi.org/10.1088/1361-6382/aad70d
https://dx.doi.org/10.1088/1361-6382/aad70d
https://dx.doi.org/10.1088/1361-6382/aad70d
https://doi.org/10.1007/s10670-021-00513-7
https://doi.org/10.1007/s10670-021-00513-7
https://doi.org/10.1007/s10670-021-00513-7
https://philsci-archive.pitt.edu/24987/
https://doi.org/10.1088/1361-6382/accc02
https://dx.doi.org/10.1088/1361-6382/accc02
https://arxiv.org/abs/2406.15932
https://arxiv.org/abs/2406.15932
https://arxiv.org/abs/2406.15932
https://doi.org/10.1007/s13194-023-00545-6
https://arxiv.org/abs/2302.07180
https://doi.org/10.1007/s10714-024-03308-7
https://doi.org/10.1007/s10714-024-03308-7
https://doi.org/10.1007/s10714-024-03308-7


for Philosophy of Science 14.4, pp. 1–41. doi: 10.1007/s13194-024-00617-
1.

Zhou, Yitong (2024). “Are Geometrical Trinity of Gravity Underdetermined?”

6

https://doi.org/10.1007/s13194-024-00617-1
https://doi.org/10.1007/s13194-024-00617-1

	Philosophy of TEGR
	Philosophy of the geometric trinity
	Future prospects

