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Outline
• The de Broglie Bohm theory is usually 

understood in terms of a dual ontology:
• Particles ‘pushed around’ by a wave, the 

wave function ψ
• Main Question: How is ψ to be understood?(a 

general problem for all quantum theories)
• 1-As a material field 
• 2-Not as a material field  I will focus on 

these approaches 
• My View: the wave function should be 

understood functionally 
• “the wave function is as the wave function 

does” 
• Argue that it is better than the 

alternatives



Wave function realism: the wave 
function represents a material field

• The wave function appears in the 
fundamental equation of the theory 
analogy with the classical case  it is a 
material field



Wave function realism: the wave 
function represents a material field

• Problem: ψ is a field in a high dimensional 
space (~1023 dimensions)

• How are we supposed to recover 3d space 
and the objects in it from this? 



Wave function realism: the wave 
function represents a material field

• Possible answer: 3d space and the 3d 
objects in it are not fundamental but still 
real

• Albert: functionally extract 3d micro 
objects from the wavefunction (the 
‘shadows’)

• Ney: symmetries privilege a 3d 
decomposition of configuration space  

• North: 3d space is grounded in 
configuration space



Wave function realism: the wave 
function represents a material field

• However:
• Controversial whether it works: Grounding is 

mysterious
• Extremely revisionary: All things being equal, 

other less radical explanations should be 
preferred 

• No symmetries: If the wf is a field in 
configuration space, then there is no reason it 
should transform in such a way as to preserve 
relevant symmetries (Galilei, time reversal, 
Lorentz…)

• Empirical incoherence: a theory is empirically 
incoherent if its truth undermines our empirical 
justification for believing it



Wave function realism: the wave 
function represents a material field

• Other wave function realist proposals: 
• Maudlin: the wf (in configuration space) is part of the 

ontology of the world, primitively so
• Hubert and Romano: the wf is a multi-field which 

assigns properties to a plurality of points  (rather than 
a single point) in 3d-space

• Better than wfr
• No configuration space problem

• However: 
• loss of symmetries
• Unclear why they’re better than the simpler alternatives

• Norsen: rewrite the theory as to substitute the wf
with some other local field 

• However:
• Infinitely many fields
• No symmetries



Alternatives: the wave 
function DOES NOT 
represent a material field

• 1) The Primitive Ontology 
approach: the wave function 
represents a nomological fact 

• 2) Epistemic Interpretations: 
the wave function represents 
our knowledge

• 3) Pragmatist Quantum 
Realism: the wave function 
prescribes expectations

• 4) Wave-functionalism (my 
view): the wave function is as 
the wave function does



Nomological view
• The primitive ontology specifies what 

matter is, the wave function tells matter 
how to move

• The wave function is a law (nomological 
approach)

• Motivation: keep the dynamical and 
compositional explanatory schema from 
classical physics 

• Compositional schema: macro stuff built 
up from micro stuff

• Dynamical schema: the micro dynamics 
accounts for the macro properties 



Different types of nomology
• (not necessarily connected with the PO 

approach)
• 1) Weak nomological view

• Dispositionalism: the wave function is a 
dispositional property (Monton, Esfeld, 
Suarez, Gao…)

• Spacetime state realism: the wave 
function (density matrix) is a property of 
spacetime containing all the relevant 
dynamical information (Wallace and 
Timpson)

• Structuralism: the wave function some 
sort of structure (Esfeld, Lewis …)



Different types of nomology
• Good things: 

• Square better with symmetries

• Bad things: 
• Properties/density matrices/structure/… 

are mysterious…



Different types of nomology

• 2) Strong nomological view 
• The wf is a law of nature (DGTTZ; 

Humean versions: Callender, 
Miller, Esfeld, Bhogal and Perry,…)



Different types of nomology
• Good things: 

• Same as the weak view but no account of 
properties needed

• Bad things: 
• The wave function does not look like a 

law at all
• 1) the wave function evolves in time, laws 

do not
• 2) the wave function is not unique, laws 

are 

• Can we do better? 



Epistemic/Pragmatist Interpretations 

• Pragmatist approaches – Healey, Rovelli 
• Information-theoretic approaches – Bub an Pitowsky
• QBism - Fuchs 
• Rainforest Realism – Ladyman and Ross 
• … 
• They all share a pragmatic component: 

• The wave function is a tool which allows the theory to 
explain the phenomena, and make new predictions



Epistemic/Pragmatist Interpretations 

• Epistemic pragmatist view of the wave function (Healey): 
• The wf prescribes how our epistemic attitudes towards claims about physical 

situations should be: the wf gives probabilities, which prescribe what the 
experimenter should believe

• Pragmatic view: concerns about explanation are prior to representational ones: 
the wf is not some entity to ‘reify’ or materialize, rather it is something that 
allows the theory to be explanatory 

• Information-theoretic approach (Bub and Pitowsky): 
• Quantum mechanics is fundamentally about measurement outcomes, whose 

statistics are recovered by the constraints that Hilbert space structure imposes 
on the quantum dynamics

• the wf has the role of describing an agent’s preferences (or expectations or 
degrees of belief) about measurement outcomes



Pragmatist Quantum Realism

• The wave function is a pragmatic tool 
• It provides a measure of the experimenters’ 

expectations
• Type of explanation -- Principles constrain the 

phenomena (like in the epistemic approaches): 
no dynamical, microscopic compositional, 
explanation (like in the PO approach)

• Pragmatist approaches (like epistemic ones) 
explain whether we should expect a 
phenomenon to happen

• In contrast with the PO approach, which explains why a 
phenomenon happens



Epistemic/Pragmatist Interpretations - challenges 

• 1) unable to account for interference
• 2) no-go theorems: if the wave function were 
epistemic, then some mathematically 
impossible relations should exist

• Can we do better?



• Suppose we want to be realist without 
being materialist about the wf (i.e. ontic, 
non-material view)

• What are our options? 
• Ontic (non-material nomic) accounts have 

problems
• Epistemic approaches are rarely considered ‘realist’ 

(however, see Bub and Pitowsky) 

• However: maybe we can use something in these 
approaches that might help construct a better 
account of the wf if we do not want to consider 
the wf as material BUT we want to be realist 
about it….  

Pragmatism to the rescue?



• The nomological view and the 
pragmatic view agree on: 

• The lack of a representational role 
of the wf (the wf does not
represent something material)

• The explanatory role of the wf
• The dispensability of the wf to the 

(material) ontology of quantum 
mechanics 

Pragmatism to the rescue?



Wave- functionalism 

• The wave function is non-
representational, non-epistemic, but also 
constructively explanatory

• The wave function is whatever functions 
it plays in the theory



Functionalism

• Certain entities can be defined in terms of their functional roles
• Ex: 

• (Functionalism is the philosophy of mind)
• Functionalism of space-time: space-time is defined in terms of its role in 

(classical/quantum) gravity
• Functionalism of 3d objects in quantum theory: 3d objects are defined in 

terms of their (causal) role from the high-dimensional wave function   
• Wave-functionalism: the wave function is as the wave function does 

• The wave function is defined in terms of its roles in the theory  



The functions of the wave 
function 
• Empirical role: it is an ingredient which allows to 

make predictions and to provide explanations
• Pragmatic role: it generates the probability 

outcomes (but one could choose another object 
for this role)

• Nomological role: it is in either the dynamical 
laws or in the principles

• Explanatory role: it accounts for the phenomena 
either dynamically or by constraining the 
phenomena  

• The wave function is whatever plays these roles
• Better: The wave function realizes whatever 

plays these roles



• The ingredient of the law the wavefunction 
realizes is functionalized

• The wave function partially realizes the 
law: It is part of the law, rather than a 
law itself 

• But there may other realizers
• Analogy: a law is like a birthday cake 

• Each ingredient of the cake plays a 
distinctive function, and it may be 
differently realized

• E.g.: sugar / artificial sweetener –
same function (make the cake sweet)  

• Not reductionist: 
• The realizers (the wave function and the 

other ingredients in the law) needs to be 
specified over and above the distribution 
of matter



Advantages

• Over the nomological approach
• Being only part of the law, the 

wave function does not need to be 
unique or time independent, like 
potentials

• as a potential is an equivalence 
class of objects which differ by a 
constant, the wave function is 
an equivalence class of objects 
which differ by a phase



Advantages

• Over the epistemic approaches: 
• The wave function is non-

representational without being 
epistemic, so there is no 
problem of objectivity of the 
wave function 



Advantages

• Over the pragmatist approach: 
• The wave function provides a 

dynamical rather than a principle 
explanation



Conclusion
• The wave function is whatever functions it plays in the 

theory: empirical, pragmatic, nomological, explanatory
• In this view the wave function is: 

• 1) Non-epistemic without being material or a law 
• 2) Non-material without being epistemic
• 3) Nomological without being a law 
• 4) Constructively explanatory 

• Wave-functionalism can avoid the major objections of 
the competing approaches: 

• 1) By having a nomological role without being a law (that 
is, given that the wave function is only one possible 
realizer), it does not matter whether the wave function is 
time-evolving, or unique 

• 2) By having an explanatory role tied to laws of nature, 
the wave function does not have to be wedded to the 
explanation provided by principle theories 

• 3) By being non-representational but also non-epistemic, 
no-go theorems are bypassed 



Thank you!
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