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Outline
• How to interpret quantum theory from a 

scientific realist perspective? 

• The wave function ψ is the main 
mathematical object of the theory 

• How is it to be understood?

• As a material field 

• Not as a material field � I will focus on 
these approaches 

• View: the wave function should be 
understood functionally 

• “the wave function is as the wave function 
does” 

• 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

• Problem 1: empirically inadequate

• Such a field creates unobserved 
macroscopic superpositions 

• Solutions: 

• Pilot-wave theory; many worlds; 
spontaneous collapse 

Wave function realism: the wave 

function represents a material field

• Problem 2: 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 realists have proposals, but 
they have been criticized as 

• Unnecessary

• Revisionary

• Confusing 

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

Primitive Ontology

• 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 
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Primitive Ontology -

Challenges

• 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 Interpretations 

• The wave function represents our incomplete knowledge and 
determines our expectations about measurement outcomes

• Type of explanation -- Principles constrain the phenomena: no 
dynamical, microscopic compositional, explanation like in the 
PO approach

• Epistemic approaches explain whether we should expect a 
phenomenon to happen

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

Epistemic 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?

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

• Q: can we do better? 

• That is, is it possible to reconcile 
the desire of having a non-material, 
non-representational, non-
epistemic wave function as 
pragmatist quantum realism 
maintains, with the constructive 
explanation provided by the PO’s 
nomological approach? 

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
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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
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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!Thank you!
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