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Abstract

The hole argument has become one of the main issues in the philosophy of space-
time after the article by Earman and Norton (1987), according to which a certain
version of substantivalism (manifold substantivalism) cannot be defended because it
brings about to a radical indeterminism. In this article, we try to show that, first, the
naming of manifold substantivalism is not appropriate since as some philosophers
have said, manifold points cannot be considered to have an independent identity.
Second, with a commitment to ontic structural realism, it is possible to offer a proper
understanding of manifold substantivalism, which according to the hole argument,
does not lead to the radical indeterminism. As a result, the hole argument does not
arise, simply. Thus, the last point is that the fact that structural realism is able to solve
the problem of the hole argument can itself be seen as considerable evidence in favor
of this philosophical position, and thus, the degree of its confirmation goes up.
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One of the important issues in contemporary space-time philosophy, in particular,
and philosophy of physics, in general, is the hole argument, which is directly related
to the substantivalism-relationalism debate, and have a long history. In general, the
traditional definition of substantivalism and relationalism can be summarized as
follows.

Substantivalism: Space is an entity existing independently of particles and material
fields in the world; in other words, space cannot be reduced to material entities and
the relationships between them.

Relationalism: Space is not an entity existing in the world in addition to material
particles and fields; in other words, space can be reduced to material entities and the
relationships between them. (There are several references in this field and there are
more or less similar definitions in them; see, for example, (Pooley, 2013: 1; Huggett
and Hoefer, 2015; Stachel, 2014))

With the advent of the theory of relativity and four-dimensional formulation of
physical theories, in this context, instead of a theory being formulated in three-
dimensional space and time being considered as a parameter, the theory is formulated
in a four-dimensional space representing space-time; in this way, time also serves as
one of coordinates. To be more precise, space-time is represented by a four-
dimensional manifold with a Lorentzian metric. (See, for example, (Carroll, 2004))

Therefore, the definition of substantivalism and relationalism should be changed
according to the new formulation of physical theories in such a way that in the above
definitions “space” is superseded by “space-time.”

Here, depending on the elements of space-time theories considered as those that
characterize space-time or elements that characterize material fields (entities), we have
different kinds of substantivalism as well as different kinds of relationalism. In the
hole argument, what is actually being attacked is a kind of substantivalism that can be
called "manifold substantivalism."

Accordingly, it can be said that the hole argument is an argument on the basis of
which either manifold substantivalism must be accepted or a kind of radical
indeterminism that leads to a kind of radical underdetermination. It should be noted
that when a theory has extra mathematical structures that all of them represent the
same physical situations or stats of affaires, or when it has multiple and distinct
structures (meaning that from the point of view of foundations of mathematics, for
example, from the point of view of set theory are distinct) that all represent the same
state of affairs or physical situation, we are usually confronted with
underdetermination and sometimes indeterminism, see (Rickles, 2008), in particular
(Rickles, 2008: v).

Regarding to the hole argument it should be noted that, in fact, this argument was
first proposed by Einstein, but Earmen and Norton, in another context, proposed a
new form, which they see as a challenge to the substantivalism about space-time. Ever
since Earmen and Norton proposed the hole argument, it has been one of the few
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important topics in philosophy of space-time in particular and philosophy of physics
in general. (See Roberts and Weatherall (2020) for more details on this, as well as a
brief history of the argument)

The simple exposition of the argument can be given as follows. Consider two maps
that affect manifold points; one is the identity map [ under which each point
transforms into itself (that is, does not change) and the other is a map such as h which
is equal to the identity map in all points of the manifold except the points of the hole
U in such a way that it does not change the points being outside of U. In the hole,
but, it is not equal to the identity map, so it changes the points in the hole. Consider
the effect of these two maps on manifold as two distributions of mass and metric
fields (Norton, 2019). In this case, there are two indistinguishable and the same
distributions around a point such as p outside the hole because the two maps in this
region are equal, but if the points related by a diffeomorphism are regarded as the
distinct points belonging to the hole, the distributions obtained from these two maps
inside the hole are different. Now suppose we know the distribution of material and
metric fields around a point p, outside the hole; according to general relativity, in this
case, we can determine the distribution of material and metric fields around other
points such as p; = I (p) and p, = h (p), which due to the fact that they are outside
the hole we evidently have p; = P, there. But if we consider the inside region of the
hole I (p) and h (p) ate not equal, and since Einstein's equations are invariant under
diffeomorphism transformations, knowing the distribution of material and metric
fields around p, the distribution of material and metric fields in the hole would not be
determined; in other wotds, it will not be clear whether this distribution due to I or
h. Here any distribution resulting from a diffeomorphism of the kind being h will be
acceptable, and if we assume that each distribution due to a diffeomorphism
representing a possible world is distinct, in fact, we should be committed to the verdict
that Einstein's equations predict the possible worlds for us, neither of which are
superior to the other. This, clearly, means that we are confronted with a kind of radical
indeterminism and radical underdetermination.

In this article, we consider the relationship between this argument and structural
realism, specifically, ontic structural realism. To this end, we examine, in the second
part, the relationship between relativity, substantivalism and relationalism. In the third
section, we present some preliminaries needed for stating the hole argument, and in
the fourth section, we present our formulation of the argument; furthermore, ontic
structural realism and manifold substantivalism and our solution to accept manifold
substantivalism, which is committed to ontic structural realism and does not lead to
the radical indeterminism and radical underdetermination of the hole argument, are
presented, and finally, in section six, the conclusions of the discussion will be stated.
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