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This article adopts a bottom-up approach to theory interpretation, following the slogan “meaning is use”, and
applies it to quantum mechanics. I argue that it fits very well with the Consistent Histories formulation of
quantum mechanics, interpreted in a particular way that is not the interpretation favoured by original proponents
of the formulation. I examine the difficulties and advantages of this interpretation.

1. A bottom-up approach to theory interpretation

The debate on how to interpret quantum mechanics is ongoing
perhaps since the first formulations of the theory. What is paradoxical
with this situation is that there is a sense in which quantum theory is well
understood and not particularly problematic: scientists know perfectly
well how to handle its formalism and how to apply the theory in various
situations. So, perhaps the problem lies no so much with how to interpret
the theory than with what to expect from an interpretation. Perhaps if we
follow the slogan “meaning is use”, and if we are careful enough, while
climbing up the ladder of abstraction, to maintain the ties to potential
applicative contexts, then the infamous interpretive problems of quan-
tum mechanics would simply vanish.

Such a bottom-up approach to theory interpretation in general has
been developed in my recent work (Ruyant, 2021a ch. 3) in the form of a
theory of scientific representation. This theory first proposes an account
of the application of theoretical models in concrete experimental situa-
tions, and then considers the way more abstract models and theories
relate to their potential applications. The main originality of this account
is that it considers that models are only representational in concrete
contexts. Scientific models outside of a concrete context of application
play a normative role with regards to their potential applications.
Although the notion of a context of application can be understood in a
rather permissive way, the experimental situations implemented in order
to confront theoretical models with experience constitute our main ex-
emplars, and so, they should play a central role in theory intepretation.
This is, in essence, how the slogan “meaning is use” is understood in this
account.
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This account did not originally aim at solving the interpretive prob-
lems of quantum mechanics. The purpose of this article is to examine to
what extent it could be informative in this respect.

I first present the theory of representation itself, and then I apply it to
quantum mechanics. The best formulation of quantum mechanics for this
purpose is the Consistent Histories formulation (Griffiths, 2003, 2013;
Omnes, 1999; Gell-Mann & Hartle, 1993; Hartle, 2011), where the
content of models is relative to a framework. I examine the problematic
interpretations of the framework that are traditionally proposed, and
argue that a pragmatic interpretation along the line of the theory of
representation presented here does not encounter the same difficulties. In
conclusion, I consider what the metaphysical lessons of quantum me-
chanics are if we adopt this perspective.

2. A theory of representation
2.1. Experimental contexts

According to the theory of representation that I will present here, the
interpretation of a theory should be primarily based on the way the
theory is applied in concrete experimental contexts, so we first need an
account of these experimental contexts.

When applying a theory (in order to confirm it or to use it), epistemic
agents are typically interested in particular properties of a concrete target
system. They have empirical access to these properties by means of
measuring instruments with limited precision. These properties are de-
terminables that can take several possible values, and the agents typically
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want to know which values or which complex combinations of values can
actually be realised and which cannot, so as to guide their interaction
with the target system. They use a theoretical model to make their in-
ferences. The notion of a context aims at capturing the conditions of
application of a theoretical model, which correspond to the interests of
such agents with their limited abilities.

A physicist, for example, could be interested in the distribution of the
position, along a particular physical direction, of a population of electron
in a magnetic field. She will set up her apparatus accordingly (the
measuring instrument, the generator of the magnetic field, etc.), and
measure positions with a certain precision. In this context, the property
“position” can take a finite set of conceivable values corresponding to the
intervals that the measuring instrument can discriminate. From this basic
example alone we can observe the following features that our notion of
context should capture:

Theory ladenness: Properties of interest are generally described in a
theoretical vocabulary (needles and computer displays are of interest
only insofar as they inform us about these theoretical properties).

Coarse-graining: Properties of interest are generally coarse-grained,
because the precision of measurements is limited, and they can be
aggregate (or statistical) when measurements are performed on a popu-
lation of individuals.

Finiteness: Properties of interest and their possible values are
described by finite means: experimenters do not have infinite resources.

Taking into account these three features, we shall formalise a context
of application as a finite set of possible experimental outcomes described
in a theoretical vocabulary. An experimental outcome corresponds to a
finite set of co-instantiated coarse-grained properties. In the case of a
dynamical system, this would be a history for the system, that is, a finite
sequence of events, where an event is the instantiation of a coarse-grained
property in a particular time interval, corresponding to a measurement
outcome. The context is therefore a set of possible histories in this case.

Since the agent does not know what to expect from the experiment
beforehand, these possible outcomes must cover the entire space of a
priori possibilities (we know a priori that at least one outcome must be
realised), and since the experimenter has empirical access to the prop-
erties and expects the experiment to be fully informative, each outcome
must be distinguishable from any other (we know a priori that at most one
outcome can be realised). So, in the end, we know that one and exactly
one of the outcomes specified by the context will be obtained, but we do
not know which. In other words, the context is a partition of the space of a
priori possibilities for the target system. There are infinitely many ways
of partitioning this space of possibilities, but the selected partition cor-
responds exactly to the interests of the agent: what she wishes to, and can
discriminate during the experiment.

This formalisation is close to the concept of a model of experiment,
which Suppes (1969) describes as a set of conceivable data models. It is
also related to the notion of a question asked to the world used by Rovelli
(1996), and, as we will see later, to what Griffiths (2003) calls a frame-
work in the Consistent Histories formulation of quantum mechanics.

Framed in this way, the notion of a context could seem purely con-
ceptual, corresponding to something that is entirely “in the mind” of the
agent, a focus on a particular way of coarse-graining the state of the
entire universe maybe. However, there are two more features of the
context that one should consider:

Indexicality: Properties of interest are generally specified relative to
the position of the experimenter rather than in absolute terms. For
example, the direction of position measurements, or the target system
itself, can be identified by ostentation (this direction of the laboratory,
the electrons generated by this apparatus).

Performativity: The context usually prescribes certain manipulations
in order to be realised. Very often, the experimenter must actively create
the situation she is interested in, and not simply observe the world.

These features have to do with how the context relates to experience,
and more precisely, with the way the theoretical vocabulary is translated
into concrete observations and manipulations. We can assume that this
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translation follows experimental norms that tell the agent how particular
physical quantities should be operationalized in a given context.!
Indexicality implies that experimental norms are indexical: they are a
function of the broad context in which the agent is situated. Perform-
ativity implies that experimental norms can prescribe actions, and not
only observations. These actions are not always on the target system
directly (observing a distant star only requires manipulating instruments
here on Earth), but sometimes they are. This entails that, as a matter of
generality, the context is not merely “in the head” of the agent: it is
actually instantiated by the agent. Moreover, this instantiation is inten-
tional, so experimental contexts are at least apparently teleological.

2.2. Models and theories

It is commonplace, in metaphysics, to interpret the relation between
abstract theoretical models and reality in terms of a direct correspon-
dence between the two: the model literally describes some part of reality.
The theory of representation presented here claims that a finer analysis is
required. In particular, we should distinguish two levels of representa-
tion: (1) the way models are used to represent and make inferences in
applicative contexts, and (2) the way standard theoretical models pre-
scribe appropriate representational uses within a scientific community.

The first level is considered primary, in the sense that the second level
can only be understood with reference to the first level.> Among the
motivations for this approach is the fact that modelling practices are
sensitive to the intentions of model users and to contextual aspects
(Giere, 2010; Morgan and Morrison 1999) while still following
communal norms (Boesch, 2017).

Without going into too much details, we can understand an inter-
preted model (our first level) as a vehicle (for example, equations on
paper) endowed with demonstration and interpretation rules (Hughes,
1997). These rules are followed by the user of the model in order to make
inferences about the target system. The demonstration rules, together
with the structure of the vehicle, constrain the inferences that can be
made, and the interpretation rules map elements of the vehicle and
context, for example, a symbol on paper and a property that would be
measured, so that the inferences can be about the target system. The main
idea is that the interpreted model, assuming that it is reliable, tells its user
which, among the conceivable outcomes specified by the context, are
really possible and which are not (perhaps with a probability weight). For
example, when using a mechanical model in order to anticipate the po-
sition of a pendulum that will be measured, an agent can infer which
among the outcomes that are a priori conceivable given the instrument
that is used are in fact possible given the nature of the pendulum.

So, an experimental context defines a set of a priori possibilities for a
system of interest, and the inferential content of an interpreted model can
ultimately be reduced to a weighting of these possibilities (which can be
all-or-nothing in the case of deterministic models). We can interpret this
weighting as corresponding to objective (e.g. natural or physical) possi-
bilities, because they are independent of the contextual knoweldge state
of the user. Assuming a counterfactual theory of causation, such as

1 Norms of experimentation are presumably geared towards the stability and
reproductibility of experimental results and the convergence of various oper-
ationalisations. They can be relatively independent from the theory and survive
theory changes. They do not necessarily imply that the theoretical terms of the
context refer to real properties in the world, although they do not imply the
contrary. For the sake of exposition, it will be convenient to use a (entity) realist
way of talking, and to state that a context directly refers to real properties
(determinables) of a concrete target system.

2 This approach is actually a transposition of Grice's distinction, in philosophy
of language, between speaker-meaning (the beliefs that a speaker overtly in-
tends to transmit to the audience by uttering a sentence in context) and
expression-meaning (the appropriate use of words and sentences in order to
transmit beliefs within a community). It roughly follows the same slogan:
“meaning is use”.
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Woodward (2004)'s, such modal content can often be interpreted as a
causal or dispositional structure assigned to the target system.’

As for the second level, a theoretical model such as the quantum
model of the hydrogen atom is not a concrete vehicle, but an abstract
entity, a mathematical structure. It is not destined to be applied to only
one type of context, because there are many ways of measuring a
hydrogen atom or a population of such atoms. However, it is defined on a
range of potential contexts, its domain of application, and given any
particular context in this range, it should prescribe appropriate interpre-
tation rules, for example, that some element of its structure should be
interpreted as the energy of the electron in a context where energy would
be measured, and not as anything else. According to this theory of rep-
resentation, prescribing contextual interpretations (including for mererly
hypothetical contexts) is the main function of a theoretical model. A
theoretical model can therefore be analysed as a function from context to
interpreted model. If we restrict ourselves to the inferential content of
interpreted models, this is a function from context to weighting of the
context.

Does this interpretation match the structure of actual scientific
models? In order to be such a function, the model should incorporate an
abstract representation of the range of contexts to which it potentially
applies. The state-space on which a model is typically defined in physics
should be considered such a representation. A region of state-space
corresponds to a coarse-grained property for the target system of a
context, and a finite partition of state-space (or a sequence of partitions at
various times for dynamical systems) therefore corresponds to a context
of application, assuming reference to a concrete system. The complete
state-space encodes all possible types of contexts of application, which
are its possible partitions.

We have seen that contexts are finite and discrete structures. On the
contrary, state-spaces are often defined on a continuum. The reason is
that the range of potential contexts of application is a priori infinite. A
theoretical model in physics will typically specify a continuous trajectory
on state-space, or a set of trajectories if initial conditions are left un-
specified, or a probabilistic distribution on state-space. This structure can
be projected onto a context (a finite partition of state-space) in order to
retrieve a weighting of the elements of this context. If, for example, the
model specifies a trajectory and the context a set of possible histories
defined on a set of discrete instants, we have an all-or-nothing weighting:
only the history constituted of all the regions through which the trajec-
tory passes at these instants is selected as possible. In the case of a
probabilistic distribution over state-space, a probability weight will be
applied to each contextual property or history by integrating the distri-
bution over the corresponding regions. So, in essence, a mechanical
model of this kind is indeed a function from context to weighting of
context.*

3 Arguments to that effect can be found in the literature on causal modelling.
In particular, Pearl (1988, ch. 3) has shown that a causal graph can be uniquely
identified from a probability distribution over variables assuming that (i) the
variables are time-indexed, (ii) a probability is assigned to every possible values
of the variables, (iii) there are no latent variables in the graph and (iv) the
probability measure satisfies a Markov and minimality condition with respect to
the graph. Conditions (i) and (ii) concern the probabilistic structure itself, and
arguably, they are fullfiled in many contexts of application. Conditions (iii) and
(iv) roughly amount to assuming that the variables of the context are causally
relevant, with appropriate fine-graining, and that there is no latent common
cause (so as to eliminate spurious correlations when identifying the relevant
causal graph). We could assume that this is ensured by the stability sought by
experimental practice.

4 This is an example from physics, and the reader could wonder if the
approach is applicable in other fields, for example in biology. I believe that it is.
The recipe is roughly the following: (1) extract the propositional content of the
model, (2) apply a standard possible world (intensional) analysis to these
propositions and (3) interpret a context as a partition of the sub-set of possible
worlds where some relevant experimental conditions are present.
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In sum, according to the theory of representation presented here, a
theoretical model defined on a continuum is not directly representa-
tional, in so far as it abstracts away from contexts (or generalises over
contexts). It has a normative and indexical status, which can be for-
malised as a function from context to content. Only its interpretations in
finite, bounded contexts, actual or hypothetical, are directly represen-
tational, and they usually represent modal relations between the prop-
erties of the system that are accessible in this context. But it is a mistake
to reify the content of an abstract theoretical model.

We can make one final step up the ladder of abstraction by under-
standing theories as families of abstract models related by a common
vocabulary and common rules of construction. The theory typically tells
us how a model should be constructed, how models should be combined
or separated into sub-models, etc. This guides the extension of the
theoretical framework to new domains of application. In physics, we
could see the theory and its symmetry principles as encoding interesting
relations between various possible contexts of application.

2.3. Realism and explanations

This theory of representation is deflationary in spirit. It has instru-
mentalist flavours. This could raise suspicion. A scientific realist, in
particular, could have hoped for a more “pictorial” account of repre-
sentation, where models do not merely account for possible measure-
ment results in a range of possible contexts, but somehow describe
“what there is” independently of these contexts, and explain contextual
measurement results. Nothing prevents the realist from completing this
theory of representation with such aspects, and maybe justify this move
by inference to the best explanation. However, I believe that the
widespread use of idealisations in science, as well as problems of theory
change, plead in favour of attributing a mere psychological role to the
pictorial content of models. At most, they facilitate their manipulation,
but we should not take this content too seriously when it has no prac-
tical implication. Other reasons to be sceptical are the difficulties that
plague realist interpretations of quantum mechanics, and the muti-
plicity of practically equivalent formulations of the theory: it is far from
clear that any theory provides us with a unique, straightforward picture
of reality. Having said that, it should be noted that this theory of rep-
resentation is a priori compatible with the kind of entity realism
defended by Cartwright (1983) and Hacking (1983). Theoretical
models do not represent directly, but their contextual interpretations do
represent modal relations between the instantiated coarse-grained
properties of particular physical systems with which experimenters
interact.

A worry could be that this deflationary stance makes us unable to
account for the explanatory power of models and theories. But
remember that the representational content of interpreted models is
modal (it tells us about objective possibilities in context), which fits
with counterfactual and causal theories of explanation (Woodward,
2004), and that theoretical models are unifying (they synthetise an
infinite range of possible applications), which fits with unificationist
theories of explanation (Kitcher, 1989). It is also noteworthy that the
relevance of explanations often depends on a certain focus on properties
of interest (van Fraassen, 1980 ch. 5), which comes out naturally with
this theory of representation. So, even if deflationary, this theory of
representation can account for the fact that models and theories offer us
a certain grasp or understanding of the phenomena they represent,
because they inform us about what to expect in a large range of possible
contexts.

Another worry could be that this theory of representation implies
reinterpreting scientific discourse rather than taking it “at face value”.
However, the notion of “face-value interpretation” is far from clear, and
nothing indicates that it implies a direct, metaphysical correspondance
between the content of abstract models and reality. On the contrary, as I
argued in (Ruyant, 2021a ch. 8), the way scientists talk about their
models and theories in abstract contexts (and notably when they consider
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different theories to be equivalent) favours a more pragmatic interpre-
tation of their discourse, identifying the truth of theoretical statements
with their ability to withstand any possible situation, given some general
rules of contextual interpretation. This is exactly the approach adopted
here.

The problem could be that many models in science do not have any
direct interpretation in terms of experiment or observations, and yet,
they do not seem devoid of content. What are the potential experimental
contexts associated with a model of the core of a neutron star, or with a
model of the early universe, for instance? Such models have indirect
implications for direct observations that we could make here and now,
but they also speculate far beyond them. If they are interpreted exclu-
sively in terms of their indirect observable consequences for us now, they
are not really interpreted “at face value”.

Whether this is a serious problem for the present theory of repre-
sentation depends on how permissive we are with respect to our un-
derstanding of potential contexts of application. If we accept as
legitimate hypothetical contexts corresponding to direct observations of
some characteristics of the early universe or of the core of a neutron star,
this is less a problem: the model still says something about what would be
the case if these experimental contexts were instantiated. Now, the
counterfactual “if we were to measure such characteristics of the early
universe directly” might seem problematic in several respects, since it
would be impossible for us to do so. Furthermore, we might think that
scientific models of neutron stars purport to be informative about what is
actually the case even when no experiment is carried out, and not only
about counterfactual states of affairs.

My suggestion is that we replace the formulation in terms of coun-
terfactual experiments with ampliative reasoning, so as to incorporate
more, in our range of hypothetical contexts, than what could effectively
be experimented upon given our situation here on Earth, and more, in our
range of actually instantiated contexts, than what we, human, experi-
ment on. This idea will be made more precise towards the end of this
article. The important point is that all potential contexts are still con-
ceptualised and hypothesised in reference to the actual ones that we do
implement, so that experimental practice remains our ultimate basis for
interpreting models and theories.

Even if we are permissive in our identification of potential contexts of
application, this way of thinking is still markedly distinct from the
approach towards theory interpretation that is usually adopted in
contemporary metaphysics. This will appear clearly when exploring its
implications for quantum mechanics, which is the main objective of this
paper.

3. Consistent histories
3.1. The formulation

I mentioned above that the notion of a context is formally similar to
the notion of a framework introduced in the Consistent Histories
formulation of quantum mechanics (Griffiths, 2003, 2013; Omnes, 1999;
Gell-Mann & Hartle, 1993; Hartle, 2011). Indeed, this formulation (but
not its usual interpretation) is particularly adapted for the approach
advocated here.

As explained in the previous section, a coarse-grained property for a
system can be associated with a region of state-space in classical me-
chanics. The analog, in quantum mechanics, is a sub-space of Hilbert
space, or, equivalently, a projection operator on a sub-space. If the pro-
jector is indexed to a particular time, it corresponds to an event, that is, an
instantiation of the property at this time. A history for a dynamical system
is a sequence of events. A framework is a family of mutually exclusive
histories that sum to identity, which means that they constitute a parti-
tion of the space of possibilities. The framework is consistent if it respects
a consistency condition (related to the notion of decoherence) which
guarantees that the events and histories of the framework consitute an
event space. Roughly speaking, this means that we will be able to apply
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standard probability calculus without running into contradictions. This
consistency condition depends on the Hamiltonian of the system.”

Different frameworks can be related by relations of refinement or
coarse-graining. A refinement is just a finer partition of the Hilbert space
that discriminates more possible states. Two frameworks are compatible if
they have a common refinement. In the classical analog, this is always the
case, since it is always possible to find a common refinement for any two
partitions of state-space by intersecting them. So, one can dispense with
the notion of a framework and work directly on state-space, which is the
common refinement of all possible frameworks. The main peculiarity of
quantum mechanics is that some frameworks are incompatible (when
their respective sub-spaces are not orthogonal). There is no common
refinement to all possible frameworks, and so, a choice has to be made.

Once a consistent framework is selected, it is possible, given an
Hamiltonian, to use a generalisation of the Born rule in order to assign
probabilities to the events and histories of this framework (or conditional
probabilities if inital conditions are left unspecified). One can then make
inferences about the properties of the system that are included in the
framework and their possible values, including counterfactual in-
ferences. So, the standard quantum theoretical model is precisely used as
a function from context (framework) to weighting of the context, in
accord with the theory of representation presented in the previous
section.

According to Griffiths, we should only make inferences, including
counterfactual inferences, within a framework, and refrain from chang-
ing the framework in the middle of our reasonning, so as to avoid the
paradoxes normally associated with quantum mechanics. This is what he
calls the single framework rule. However, if two frameworks are compat-
ible, they have a common refinement, and then it is possible to make
inferences using this common refinement.

Note that the single framework rule does not necessarily bring strong
limitations on the kind of counterfactual inferences that it is possible to
make and on the possibility to recover ordinary counterfactual talk. So,
for instance, the single framework rule prevents us from considering
alternative possibilities where a given photon would be polarised either
in the x direction or in the y direction at the same time, because these
possibilities belong to incompatible frameworks. However, it is possible
to consider as our object a larger system composed of the photon and an
apparatus measuring its polarisation either in the x or in the y direction,
depending on the orientation of the apparatus. With an appropriate
framework, one can consider in the same piece of reasoning alternative
possibilities corresponding to “what would happen if the polarisation
were measured in the x/y direction”, yielding definite polarisation values
for the photon in each case: these possibilities no more belong to
incompatible frameworks, because of their association with different
possible orientations for the apparatus (these orientations can be
considered orthogonal projectors, since they are the eigenstate of a
macroscopic observable). This is how Griffiths (2003, ch. 24) represents
Bell-type experiments (connecting the two apparatus to “quantum dice”
that affect their x/y orientation randomly — see also ch. 19 for his analysis
of counterfactuals).

The upshot is that which properties (determinable) of an object are
compatible or not depends on the boundaries of the system considered. It
is generally possible to broaden our scope in order to access the alter-
native states of affairs that we are interested in within a single consistent
framework. In particular, when considering ordinary macroscopic sys-
tems with many components, we are almost guaranteed to find a coarsed-
grained framework that is both consistent and arbitrarily close to a
representation of the classical determinables that we are interested in:

S Alternatively, a histories Hilbert space can be defined for the dynamical sys-
tem as the tensor product of copies of the Hilbert space of the system indexed to
different times, and a history then corresponds to a complex projector on this
space, which is a tensor product of instantaneous projectors. The consistency
condition is then an orthogonality condition on the histories Hilbert space.
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what Griffiths (2003, ch. 26) calls a quasi-classical framework. Therefore,
the single framework rule does not rule out ordinary counterfactual talk
about classical properties.

The interpreted models that are obtained once the framework has
been selected are very well behaved: they do not feature any. of the
problematic aspects of quantum mechanics. In particular,

The measurement problem: Wave-function models do not predict
the unicity of measurement outcomes without additional structure. The
interpreted models of Consistent Histories predict this unicity by
assigning well-behaved probabilities to possible outcomes.

The ontological interpretation: There is no straightforward onto-
logical interpretation of a wave-function model, but several options that
require additional structure (Belot, 2012). The ontological interpretation
of an interpreted model of Consistent Histories is straightforward: it is a
modal structure of events.®

The relation to classicality: Because of the two previous points, the
relation between quantum mechanics and classical mechanics remains
unclear with wave-function models. With Consistent Histories, choosing
a coarse-grained quasi-classical framework allows one to recover the
predictions of classical mechanics in approximation. Assuming a coun-
terfactual theory of causation, it might be possible to interpret the
probabilistic structure of events described by Consistent Histories as a
causal structure (although this would require further analysis that would
not fit here”). This would provide an ontological continuity with higher-
level disciplines such as chemistry and biology, where causation is
central.

Locality: An interpreted model of Consistent Histories is dynamically
local. According to Griffiths (2003, ch. 24), although the framework can
incorporate non-local properties, there are no non-local influences: any
correlation at a distance can be explained by a common cause within a
choosen framework. Incidentally, the interpretation can be extended to
relativistic spacetime (Griffiths, 2002) (it actually comes close to Feyn-
man's path integral formulation).

There is of course a price to pay for all these advantages, which is the
relativity to the framework. The Consistent Histories formulation has
received various criticisms in this respect. Let us examine them.

3.2. The problem of the framework

We expect from a good theory that it correctly account for the phe-
nomena that we observed in the past, and that it correctly predict the
future. Quantum mechanics can be considered very successful in this
respect. But according to some critics, the Consistent Histories interpre-
tation proposed by Griffiths (2003), and elaborated by Omnes (1995) and
Gell-Mann and Hartle (1993), cannot fulfill this aim (Dowker & Kent,
1996; Okon & Sudarsky, 2014a; 2014b).

In order to understand the criticisms, it is important to first un-
derstand how Griffiths interprets frameworks (the interpretations from
other authors are similar and encounter similar problems). We must
select a consistent framework, that is, an event space, in order to
represent and make inferences on a system, but according to him, the
framework need not correspond to what is measured on the repre-
sented system: this would mean introducing an unexplicated notion of
measurement, which is illegitimate for a realist interpretation of the
theory. So, he takes the choice of framework to be arbitrary: it is
merely a perspective adopted by the modeler, which depends on the

© Note that there are no collapses in this view. Since the wave-function is not
representational, nothing collapses. However, the dynamics is stochastic.

7 See footnote 3: the probabilistic structure of a Consistent Histories model
respects conditions (i) and (ii) by construction. Remember that conditions (iii)
and (iv) concern the causal relevance or appropriate fine-graining of the vari-
ables that figure in the framework. Arguably, this could depend on the selected
framework, and the question is whether and why this should be assumed of
quasi-classical frameworks.
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properties she is interested in. Strictly speaking, all consistent frame-
works are on a par.

The problem with this approach is that it leaves us unable to account
for past measurement outcomes. We know, from experience, that out-
comes corresponding to one specific framework (the one associated with
measurements) have occurred. So, our experience seems to tell us that
one particular framework was actually instantiated, but the Consistent
Histories approach, in Griffiths's interpretation, is unable to account for
this. Unfortunately, incorporating the full experimental setup in the
model, including measuring instruments, does not help, because the
theory still does not tell us that we should adopt a framework that cor-
responds to the pointers of these instruments. Okon and Sudarsky
(2014b) argue that something extra-theoretical is required to identify
measurement situations in order to connect the theory and our experi-
ence, so that the aim of providing a self-sufficient realist theory ulti-
mately fails.

This problem concerns the account of our past experiences, but an
analogous problem occurs with respect to our future experiences. We
seem to know that the world behaves in a classical manner at macro-
scopic scales, at least in very good approximation. Objects generally have
well-defined positions and velocities. This classicality does not depend on
an arbitrary choice from us, and we expect it to persist in the future.
However, Griffiths's Consistent Histories interpretation fails to explain or
to predict the quasi-classicality of the universe. As explained before,
quasi-classical frameworks can be used to recover the predictions of
classical mechanics. However, these frameworks are not the only
consistent ones, far from it. What is missing is an account of why quasi-
classical frameworks in particular are selected by nature. Furthermore,
most consistent frameworks that are quasi-classical in the past cease
abruptly to be quasi-classical in the future, so adding constraints from the
past does not resolve the issue.

In the end, all these problems originate in the interpretation of the
framework as an arbitrary perspective choosen by model users. This
interpretation entails that the content of representation is relative to an
arbitrary choice, which is somehow puzzling. This leaves unclear what,
in our representation, does correspond to a reality that is independent
from the user of the model. On the one hand, the single framework rule
precludes the content of all framework-relative representations to
correspond to the same reality, because this would lead to contradictions.
On the other hand, no framework-relative representation should be
considered more veridical than any other. The remaining options are not
very satisfying: either none of these representations is veridical, but then
the theory is not a realist picture after all, or what these representations
describe cohabit in “parallel universes”, but then the interpretation is
much more metaphysically revisionary than it looks at first sight.®

Now if, as I propose, we associate the framework not with an arbitrary
representational choice, but with an experimental context that is inten-
tionally instantiated by model users, that is, if we reify the framework, we
lose one of the main motivations of Griffiths's interpretation, which is to
get rid of the anthropocentric notion of measurement. However, we solve
at least some of these problems. In particular, there should not be any
problems in accounting for past experimental results, assuming that we
know which framework was instantiated by the agents during these ex-
periments. Frameworks correspond to the properties (determinables) of a
physical system that are made accessible to its environment, including us:
what I have called the context. The context that is instantiated can be

8 This last option is briefly discussed in Dowker and Kent (1996). It is similar
in spirit to the Many-Worlds Interpretation, but quite different, since it is not
different histories, but different frameworks or perspectives that constitute
alternative worlds. However, since the same measurements are compatible with
many different frameworks, it is still true that incompatible outcomes of a given
measurement are sometimes instantiated in parallel universes, as in the standard
Many-Worlds approach (the contrary assumption would violate the probabilistic
predictions of quantum mechanics (Kent, 1997)).
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inferred from an experimental configuration, presumably by means of
connections between theoretical properties and their standard oper-
ationalisations that are given by norms of experimentation. The veridical
representations are simply the ones that are obtained by choosing
frameworks that correspond to contexts that are actually instantiated in
the world.

In one sense, it should not be a surprise that we need some extra-
theoretical inputs (an actual experimental configuration) and some
rules connecting them to theoretical properties in order to interpret the
theory and to know how to apply it. The point of a theory is to explain the
phenomena we experience, and so, the theory must assume a pre-
theoretical grasp of these phenomena, otherwise it is of no import. The
fact that these extra-theoretical inputs can be local, associated with
particular contexts, is not surprising either. In order to make predictions,
we must translate our experience into theoretical descriptions of an
initial configuration, and even in classical or relativistic physics, a local
coordination is required in order to interpret a model: one must associate,
for example, the X axis of a mathematical space with a direction in
physical space that is referred to from one's perspective, for example by
pointing at a measuring instrument. The framework is similar to a co-
ordinate system in this respect: providing a framework is just describing
some aspect of an experimental configuration from our own perspective,
in ways that are relevant for making predictions.

An important difference between frameworks and coordinate systems
is the single framework rule. In classical mechanics, we are free to switch
from one coordinate system to another in our reasonning. Here, as in
Griffiths's interpretation, counterfactual reasoning should be restricted to
a context associated with a framework that specifies the determinables
involved. Then the counterfactuals concern the possible values of these
determinables only.® So, if our experimental context concerns the mea-
surement of the spin of an electron in direction x, we are only allowed to
reason about the possible spin values in this precise direction (the
measuring environment is held fixed “in all possible worlds”, so to
speak). This allows us to avoid the paradoxes usually associated with
quantum mechanics. As explained before, this limitation is not very
strong: it is still possible to consider what would have happened if
something else had been measured on the electron by stepping back and
considering a more comprehensive context that includes the measuring
apparatus and its orientation. Then the orientation of the apparatus is no
more held fixed, and spin values for the electron in different directions
can appear in a single consistent framework if they are combined with
different orientations for the apparatus.' But the single framework rule
could still seem puzzling. What shall we make of it?

It has been argued that this rule is ad-hoc in Griffiths's interpretation
(Kent, 1997). However, assuming, as we did in the previous section, that
only interpreted models are truly representational, I think that it makes
perfect sense: changing the framework means switching to a model that
applies to a different concrete context, and we cannot assume a priori
that we are still talking about the same objects and properties or that the
two contexts can co-exist (remember that contexts can be performative).
Unless we are able to provide a more comprehensive context (a common
refinement), that is. For example, we cannot assume a priori that it is
possible to measure the spin of an electron in two different directions at

° In a first approach, we could consider a simple analysis of “If A had been the
case, then B would have been the case” as equivalent to “for all the histories of
the framework, if A then B”. The fact that counterfactuals are relative to a
context by stipulation could be enough to solve some of the traditional issues
with counterfactuals (see for example Williamson, 2020, pt. II).

10 Note that in this more comprehensive context, the norms of interpretation
that are used in order to determine the framework from our experience are
different. It is our direct observation of the apparatus that determines the
relevant framework for the electron + apparatus system, instead of the appa-
ratus itself determining the framework for the electron alone (but the existence
of this broader context does not imply that the narrow context, restricted to one
particular measurement being performed on the electron, is nonexistent).
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the same time. What we took for granted concerning coordinate trans-
formations in classical mechanics appears not be an innocuous assump-
tion after all (see (Ruyant 2021b) for a pragmatist analysis of coordinate
transformations). But again, this should not bring strong limitations to
ordinary discourse, since a consistent quasi-classical framework will
normally be available to represent the classical determinables we could
be interested in and their possible values.

However, not all problems are resolved by this approach, so, more
should be said. Firstly, it does not seem that the theory can really account
for or predict the classicality of the world under this interpretation. The
question is why quasi-classical frameworks are apparently selected by
nature, but if frameworks are actually selected by experimenters, the
classicality of the world remains mysterious. Secondly, the idea that
experimenters instantiate contexts, and thereby choose which properties
objects have or not, is problematic. We are able to represent galaxies that
are remote both in space and in the past, and the idea that they would
only have their properties in virtue of us instantiating an experimental
context to observe them seems far too unreasonable. More generally, the
approach seems too instrumentalist. Common sense tells us that objects
continue to exist even when nobody is looking, and that the universe
existed before cognitive agents were able to experience it. If what exists
only exists relative to an experimental context, these common-sense in-
tuitions are lost, and that seems too high a price to pay to make sense of
quantum mechanics (this echoes the objections against our theory of
representation discussed in the previous section).

3.3. The problem of classicality

Let us address the last concern first, and remark that the claim that
framework-relative representations are veridical when the corresponding
context is instantiated does not imply that objects and properties cease to
exist when no context is implemented by any cognitive agent. The point
is epistemological rather than ontological: the theory tells us something
about the world only if we provide as input a viewpoint associated with a
real context. This does not entail that there is nothing outside of a
viewpoint, only that what there is lies beyond the reach of the theory.

Now we could follow a radical neo-Kantian line and assume that
what lies outside of a viewpoint is simply not representable. Or we
could follow a more common-sensical approach, and accept that there
are objects with well-defined properties out there, even when no one
experiments on them. If these objects are describable, this must be
relative to a framework choice, so we should accept that nature does
select frameworks outside of our activities, that is, that contexts can
exist in the world without any cognitive agent instantiating them. If this
is so, such contexts should be associated not with experimenters, but
rather with natural objects and the way they relate to their environ-
ment. We could call these “natural contexts” and associated objects
situations (Ruyant, 2021a ch. 4). For any identified situation (where the
identification includes an event space), the theory can tell us what
properties it is disposed to instantiate. What the theory does not say is
which contexts and situations are instantiated: for this, we need direct
experience and intentionality.

In this view, an experimental context is just the special case of a
context that is intentionally created by cognitive agents. Agents place a
particular object in a controled environment, which allow them to know
the context that is instantiated for this object. If intentional contexts are
necessary for representation, this is simply because experimenters must
take part in the relevant environment of an object in order to know
anything about it, and the experimental context then represents their
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partial perspective.11

A consequence of this proposal is that it is not entirely up to agents
what context to implement: there are constraints on what can and cannot
be done, because agents are themselves part of and related to natural
situations beyond their control. We know by experience that some con-
texts are easily implemented and that others are not. For example,
measuring microscopic properties with very high precision requires very
big and finely tuned experimental setups, such as particle colliders,
whereas measuring macroscopic distances is much more straightforward
from our situation. And we know for sure that measuring a property that
would formally correspond to a macroscopic superposition of positions
for a distant galaxy is practically impossible. “Practical” here means: as a
consequence of our situation in the universe. This responds to one of the
worries mentioned previously: if it is not entirely up to experimenters to
choose which context to implement, then is it not necessarily up to them
to decide which kind of properties remote galaxies must have and which
they cannot have.

These remarks can help us solve the problem of classicality as well.
True, quantum theory, thus interpreted, does not tell us why the world is
quasi-classical, nor does it predict that the world will remain quasi-
classical. But we know by direct experience that quasi-classical situa-
tions are accessible to us with no particular effort, while purely quantum
contexts are hard to implement. It has always been this way, and we can
be confident, by induction on situations, that it will remain so. This
knowledge is knowledge of our own contingent situation in the universe,
and of the state of the universe, and this factual knowledge can be used as
input for model building, but it is not something that quantum theory
tells us about or explains. The demand that quantum theory, suitably
interpreted, predict the classicality of the universe is a realist demand
that we have no reason to fulfill (but of course, after having noticed that
quasi-classical frameworks are more commonly instantiated in the uni-
verse, we are free to use them when building cosmological models).

If quantum mechanics does not predict the quasi-classicality of the
universe, then classical mechanics does not strictly reduce to quantum
mechanics. It gives us information that quantum mechanics does not,
namely that some situations, the quasi-classical ones, are much more
common and easy to access from our epistemic vantage point than others.
We can live with this non-reducibility. Another way to say this is that
quantum mechanics (just like relativity theory) is applicable to a wider
range of potential contexts than classical mechanics, and so, in retro-
spective, classical mechanics appears to be informative about which
kinds of contexts are more relevant or accessible to us: the ones involving
classical properties in flat space-time regions.

4. What can be known about “worldly” contexts?

In sum, the metaphysical interpretation I propose is the following
one: the world is populated by situations, each characterised by a
coarse-grained event space (its context) and a modal structure of
events. Situations presumably have mereological as well as coarse-
graining relations. Experimental situations are only a special case of
situations: the ones to which we have direct empirical access. Our
understanding of what situations are and what kinds of properties they
instantiate ultimately rests on our knowledge of experimental situa-
tions, so they are epistemically privileged, but ontologically on a par
with other situations. Once a situation is identified, hypothetised or
intentionally created, quantum theory can be used to know its modal
structure. But the theory does not tell us what situations there are in
the world. Only direct experience does.

11 If this is correct, the more general representation of the perspective of an
agent should involve weak measurements, because experimenters do not
constitute the full environment of their objects, but only part of it. We can
postulate the existence of situations associated with strong measurements on our
objects, but in general, we do not have full epistemic access to these situations.
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Quantum theory is not entirely silent on this, though. The consistency
condition and the single framework rule imply that some situations are
impossible, and that if one context is instantiated, incompatible contexts
on the same object cannot be instantiated as well, otherwise we would
run into contradictions in probability calculus (this is where quantum
theories departs from classical theories, where we could simply assume
an ideally refined context). This is informative.

The single framework rule and the consistency condition have a
counterpart in experience, which is the impossibility of implementing an
experiment that would measure non-commuting observables on the same
object at the same time, for example the position and velocity of the same
particle with unlimited precision.'? It is quite standard to analyse im-
possibilities of this kind by providing a model that incorporates the
measuring apparatus: then we can explain, from the theory, why these
measurements are incompatible.

Following this approach, one could hope to provide a reductionist
analysis of our notion of context from standard quantum-theoretical
models. Contexts would no more be extra-theoretical inputs required
for representation, but rather represented objects, or an aspect of
object-environment or object-instrument relations when considering
more encompassing models. Typically, the bi-orthonormal decomposi-
tion of a wave-function can be used to tell us “what is measured” on each
part of a system by the other parts (Bene & Dieks, 2002), and the theory
of decoherence can tell us what context is induced by an environment on
an object. The problem with this approach is that decoherence or bio-
rthonormal decomposition assume an object-environment cut or a
particular decomposition of the represented system into sub-parts, which
only a larger context can provide.'® So, our more encompassing model
must also have a framework, or something equivalent, and if we want this
larger context to be determined by an even larger target system, we run
into an infinite regress (see Wallace, 2010 for an exposition of this
problem in the case of decoherence). Therefore, it does not seem that a
reductionist approach towards situations, based on standard abstract
(context-free) quantum mechanical models, is viable. The alternative
adopted here, which follows from a “meaning is use” approach, is simply
to assume that situations are primitive objects that are directly known by
experience.

A more subtle proposal is to refuse to reduce situations and contexts,
but to consider it possible, assuming a situation to which we have direct
access, to make ampliative inferences about which contexts and situa-
tions are instantiated outside of it. The kind of analysis that we get by
considering composite systems constituted of a measuring apparatus and
a measured object seems informative after all, and there is no reason that
it could not be carried out using the interpreted models of Consistent
Histories instead of the standard wave-function models, in order to infer
that a particular situation is instantiated for an object by the instrument
that measures it.

Assume, for example, an instrument that can measure the spin of an
electron in two direction, X and Y, depending on its state, Sx or Sy. The
outcome of the measurement can be either x* or x~ if the spin is
measured in direction X, and it can be either y" or y~ if the spin is
measured in direction Y. Our context is given by the following consistent
histories: [Sx@x™, Sx@x~, Sy®y", Sy@y 1. I presume that we could infer
from this representation that (1) all coarse-grainings of this context are

12 This impossibility is also there when considering more than one agent, each
wanting to measure a different property: they are in conflict and at least one
agent must fail (assuming they experiment on the object only, which excludes
the idea that one agent would experiment on the composite system composed of
the object and of the other agent, as in Wigner's friend thought experiment).
This is one reason why frameworks should ultimately be associated with objects
or situations, and not with particular cognitive agents. Another reason is that
experimental contexts are usually implemented by teams of agents.

'3 This unless we fix a preferred context or object decomposition at the theory
level, which is what Bohmian mechanics does by considering particle positions
to be the only fundamental properties.
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also instantiated, for example, [Sx®I, Sy®I], with I the identity projector,
(2) a context associated with the instrument only is instantiated, namely
[Sx, Syl and (3) a context associated with the electron only is instanti-
ated, it can be either [x™, x™] or [y*, y 1, but we do not know which (or
only probabilistically), since it depends on the state of the instrument.
These inferences follow merely intuitive rules as they stand, but the point
is that they are carried out from our contextual representation alone,
without considering wave-functions, biorthonormal decomposition and
the like (although a form of decoherence and object decomposition is
implicit in the consistency condition of the original framework).

I suspect that such inferences from one's own situation to external
contexts is implicit in scientific practice. Strictly speaking, what an
experimenter observes is the pointer of a measuring instrument, and yet,
the inference that is made is that the measured object has a particular
microscopic property. So, inferences from a broad, macroscopic situation
that a certain microscopic context is instantiated seem to be routine, even
if not always strictly formalised in the theory.

As said before, such inferences seem to rest primarily on experimental
practice and its norms. However, the compatibility of these norms with
theoretical reconstructions of measurement situations is, arguably, a
desirable feature. The theory of decoherence often plays a central role in
these reconstructions in quantum mechanics. In the present interpreta-
tion, this is because decoherence, which takes the form of a consistency
condition built in the definition of a framework, tells us about which
contexts are possible in the world and which are not.'® This puts con-
straints on our inferences regarding which microscopic situation can be
instantiated given a macroscopic situation that we experience more
directly. This can help us make sense of the informal inferences found in
experimental practice, but this is not a complete reduction, because a
macroscopic situation, including an event space, must first be given and
translated in theoretical terms for the theoretical reconstruction to have
any import.16

These inferences from context to context concern concrete experi-
mental situations. What can we say about the cases where scientists
model systems on which we cannot experiment directly, such as the core
of neutron stars or the early universe?

If these models are formulated in quantum theory without any
framework specification, they cannot inform us about real situations. At
most they support conditional claims, such as: if such context is instan-
tiated in the neutron star, then such modal structure is present (which is
still somehow informative). However, if these models implicitly incor-
porate object-environment cuts or decompositions into parts, and if they
make use of the theory of decoherence, then they might be interpreted as
incorporating claims about the kind of contexts and situations that are
instantiated in these remote parts of the universe. These claims could be
supported by inferences from our observations of these objects that

14 The rules involved in (2) and (3) are different: in (2), we merely factorise
and shrink the context obtained in (1), which would give us [I] if applied to the
electron, whereas in (3), we infer possible fine-grainings of [I] given the original
situation. This seems warranted if we want to say that the instrument induces a
local context on the electron (and we certainly want to say this if quantum
mechanics is to be applicable). Also note that neither the context [Iox", Iox™]
nor the context [IOy", Ioy ] can be instantiated, because they are incompatible
with the original context, so they should not be conflated with the contexts
restricted to the electron: a context only makes sense once a bounded system has
been specified, considering the environment to be fixed (to say it differently, the
parthood relation between situations is not a mere coarse-graining).

15 This view is similar to Healey (2012)'s, according to whom decoherence
warrants the ascription of magnitudes to physical quantities.

16 More generally, according to the present theory of representation, any
theoretical reconstruction of an experimental practice must also be interpreted
in terms of potential contexts of application (since it is a function from context to
concrete representation), so attempting to reduce all experimental practice to
theory is a non-starter. This is a direct consequence of the “meaning is use”
approach.
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follow the schema just described in the case of experimental situations.
We could also wonder if an induction on the worldly situations
encountered so far is implicitly involved here or in model building in
general, in cosmology or elsewhere. This is the kind of inference that
supports our previous reasoning about the classicality of the universe,
and we could wonder to what extent, and in which conditions, it is
warranted.'”

All this to say that this approach is not purely instrumentalist:
experimental contexts have a privileged epistemological and interpretive
role, but quantum mechanics is potentially informative with respect to
inferences that go beyond the experimental contexts to which we are
directly acquainted.

5. Conclusion

In this article, I have proposed to interpret quantum mechanics in
terms of situations, which are modal structures of events relativised to a
context. This interpretation comes with an epistemic limitation: we can
only identify the relevant situations by direct experience, and then the
theory informs us about their modal structures. However, this limitation
can be partly overcome if we assume the validity of probabilistic in-
ferences from context to context under the constraints of quantum the-
ory. I am convinced that analysing the imports of quantum theory with
regards to this kind of ampliative inference, taking into account scientific
practice (both experimental inferences and model building practices)
rather than pure theoretical reasoning, is a research program worse
pursuing.

The situations and contexts that we are postulating here are indis-
pensable in order to apply quantum mechanics. They are required in
order to make sense of our experience and of the common-sense intuition
that objects have well-defined properties outside of our experience. So, in
a sense, they should be acceptable by almost anyone and constitute a
neutral ground from which interpretive questions can be asked. In this
respect, standard realist interpretations of quantum mechanics, such as
Bohmian Mechanics or the Many-Worlds Interpretation, merely assume
that these contexts and situations are grounded in something more
fundamental and acontextual. The proposal of this article, which is
motivated by a “meaning is use” approach to theory interpretation, is to
take them to be primitive entities instead. This allows to take all the
benefits of the Consistent Histories formulation without facing the same
limitations.

Although there is no space for a full analysis, it should be noted that
there are similarities between the present approach and the relational
interpretation (Rovelli, 1996; Smerlak & Rovelli, 2007), modal in-
terpretations (van Fraassen, 1991), including perspectival ones (Bene &
Dieks, 2002; Dieks, 2022) and QBism (Fuchs et al., 2014). There are also
important differences. For example, although similar, QBism does not
interpret quantum probabilities as objective, and it does not consider
cross-contextual ampliative inferences. Modal interpretations postulate
continuous states instead of discrete events. The relational interpretation
takes events to be relative to other systems in interaction. The most
closely related program might be Healey's pragmatist interpretation
(Healey, 2012; 2022). As far as I am aware, this program does not make
an explicit link to representation, direct experience, epistemology and
ampliative cross-contextual inferences, although this proves fruitful.

The proposal of this article is originally motivated by considerations
that have to do with scientific representation in general (notably with the

7 We could assume the existence of a cosmic situation from which all local
situations and the classicality of the world could be inferred. However, this
cosmic situation is radically underdetermined by our experience, and local
contexts can only be determined probabilistically from it (in the best case), so it
is not a very useful concept. But perhaps we can determine coarse-grainings of
this cosmological situation from our observations, which seems to correspond
more closely to what cosmological models do.
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idea that acontextual models are not representational), and not by the
interpretive problems of quantum mechanics. But applying this theory of
representation to quantum mechanics apparently resolves many of the
difficulties associated with its interpretation, which constitutes a further
motivation for it.
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