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Outlook 

• In Part I: if you are a Dealist, it is just 
natural to think of the wave function as 
NOT describing matter 

• Here, in Part II: what is the wave 
function then? 

• Discuss “wave-functionalism”: a hybrid, 
non-epistemic account of the meaning 
of the wave function for those who do 
not want to think of the wave function 
as “material”
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Reminder of what Dealism is
• DEALism – “what’s the real 

DEAL behind the 
phenomena?” 

• The Dealist Methodology: 
– 1) Anti-mystery principle: 

weirdness is a diagnostic of 
failure
• Realism: “QM is strange but true” 
• Dealism: “If it’s that strange, we 

probably haven’t explained it yet” 
– 2) Balance simplicity and 

explanation: start with the 
obvious; escalate only when it 
adds explanatory power

– 3) Priority of explanation over 
accommodation in order to 
understand 
• Realism: saving the phenomena is 

enough to take a theory seriously 
• Dealism: explaining the macroscopic 

dynamics in terms of the 
microscopic dynamics (from past 
empirical success)



Quantum Dealism: what is the wave function?
• Natural Realist  attitude: the wf is (represents) 

some physical object 
• The wave function is the main object of quantum 

theory, the one which the theory describes the 
evolution of

• So, if someone wants to be a realist about 
something in the theory, it should be the wave 
function (analogy with classical mechanics) 

• However, the Dealist would reject this 
because: 

OPTION 1: With the collapse of the wave 
function, the theory is empirically adequate from 
the start… 

Good, but …

– Implementation 1.A of the collapse: the vN rule  

• it is unclear what a measurement is: mysterious 
mechanism/ontology… 
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Quantum Dealism: what is the wave function?  
• Natural Realist attitude: the wf is (represents) some 

physical object 

• However, the Dealist would reject this because: 

OPTION 1: With the collapse of the wave function, 
the theory is empirically adequate from the start

– Implementation 1.B of the collapse: spontaneous 
localization theory 

• Unexplanatory: it is still an unexplained 
postulate that the wave function collapses

• Moreover, even if one were to accept that, the 
wave function couldn’t be seen a field (like EM 
fields) because it does not oscillate in 
spacetime, and since there’s nothing else, 
there would be no matter

• (of course there are uncountable other ways to 
try to fix this. But why should we? First, look at 
other, simpler, possibilities) 5



Quantum Dealism: what is the wave function? 
• Natural Realist attitude: the wf is (represents) 

some physical object 
• However, the Dealist would reject this because: 

OPTION 2: Without collapse, the theory makes false 
predictions (produces unobserved  macro 
superpositions) 

– modification 2.A: “add” an undetectable multiplicity 
of ‘worlds’ (Everett)

• unreasonable metaphysics/insufficient 
explanatory power

• Moreover, even if one were to accept that, the 
wave function couldn’t be seen a field (like EM 
fields) because it does not oscillate in spacetime, 
and since there’s nothing else, there would be no 
matter

• (of course there are uncountable other ways to try 
to fix this. But why should we? First, look at other, 
simpler, possibilities)
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Quantum Dealism: what is the wave function?  
• Natural Realist attitude: the wf is (represents) some physical 

object 

• However, the Dealist would reject this because: 
OPTION 2: Without collapse, the theory makes false predictions 
(produces unobserved  macro superpositions) 

– modification 2.B: “add” a field in space evolving in time (Sm)

• It’s still empirically inadequate because it produces macro 
superpositions

– To fix this, you’d need many-worlds again, so no 
advantage

– modification 2.C: “add” particles in space moving in time 
(dBB)

• Better. But even so: unclear what the wave function is 
supposed to be!
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Next: the status of the wave function withing modification 2.C (dBB)

But at least for my proposal things will generalize to non-linear stochastic wf evolutions  



What the wf could be in dBB: multi-field
• In dBB we have particles in 3d, the wf could be seen as a physical entity in 

space evolving in time: 
• PROPOSAL 1: THE wave function as a multi-field (Forrest, Hubert and 

Romano) 
• The wave function single holistic field defined on N-tuples of points 

in ordinary 3-space
• However: Bill's verdict: "Calling it a field does not make it a field; the 

multi-field keeps the label 'field' while abandoning what makes fields 
explanatory“

• 1. It violates the rationale for introducing fields
• Historically, fields were introduced because they provide a local mediator 

of interactions
• They live on spacetime; they have values at points; they propagate; 

they carry energy and momentum; they mediate interactions 
• The multi-field does none of this. It does not:

• propagate from place to place; transmit influences locally; carry 
energy in the ordinary sense; explain interaction through local 
mechanisms 

• 2. It is not really wave-like
• Ordinary fields support: oscillations; propagation; interference patterns in 

physical space 
• The multi-field is called a wave because it derives from the wavefunction, 

but it is not obviously a wave in the ordinary physical sense



What the wf could be in dBB: TOELB
• PROPOSAL 2- rewrite the theory as to substitute the wf with some 

other local field or sum of fields (Norsen’s Theory of Exclusively Local 
Beables)

• However: 
• 1. Ontological proliferation

• The motivation is to get rid of configuration space. But the cost is 
introducing: conditional wavefunctions,  entanglement fields,  higher-
order auxiliary fields, potentially an infinite hierarchy 

• 2.Explanatory bookkeeping
• The auxiliary fields are introduced because the theory must recover the effects of 

the universal wavefunction. But are these fields independently motivated physical 
structures, or bookkeeping devices for information that was already present in ψ?

• Bill: “The auxiliary fields seem designed to recover the universal 
wavefunction rather than explain it” 

• 3. Loss of theoretical elegance
• In “standard” dBB, one has particles and one universal wf. Here we have: 

particles,  many local fields,  an elaborate hierarchy
• Bill: “What is saved in ontology may be lost in structure” 
• 4. Local beables, nonlocal dynamics

• The theory advertises itself as a theory of local beables
(spatiotemporally localized entities). Yet the auxiliary fields must encode 
entanglement information and reproduce Bell-type nonlocality

• Bill: "The local beables are local; the explanation is not“



What the wf could be in general, 
if not a physical field?  

• TYPE 1 ATTEMPTS: 
• Ontic (BUT non-material) views of the wf

• Weak and strong nomological views

• TYPE 2 ATTEMPTS: 
• Epistemic views of the wf

• Pragmatic, information-theoretic views



Weak nomological views 
• Some varieties: 

• Dispositionalism: the wave function is a dispositional 
property (Monton, Esfeld, Suarez, Gao…)
• Bill's verdict: "You have replaced the mystery of the 

wave function with the mystery of dispositions“
• What exactly is a disposition, and how does it act? 

• Spacetime state realism: the wave function (density 
matrix) is a property of spacetime containing all the 
relevant dynamical information (Wallace and Timpson)
• Bill's verdict: "You have moved the quantum state 

closer to spacetime without making it more 
explanatory“
• Dynamical information attached to spacetime, but properties 

of spacetime remain unexplained theoretical posits 
• Structuralism: the wave function some sort of structure 

(Esfeld, PJ Lewis …)
• Bill's verdict: "You have kept the relations and lost the 

relata“
• Captures what survives theory change, but structure without 

objects it is explanatorily incomplete s: 
• Square better with symmetries

• Bad things: 



Strong nomological views
• The wf is a law of nature (Goldstein and Zanghi; 

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

• Good things: 
• Same as the weak view but no account of 

properties needed
• Bad things: 

• Non-uniqueness: laws of nature are unique, 
the wf is not

• Time-dependence: laws do not evolve in 
time, the wf does

• Bill's verdict: "You call it a law, but it acts like a 
dynamical variable"



Epistemic approaches
• Some varieties: 

• Pragmatist approaches – Healey
• Relational approaches - Rovelli 
• Information-theoretic approaches –

Bub an Pitowsky
• QBism - Fuchs 

• They all share a pragmatic component: 
• The wave function is a tool which 

allows the theory to ‘explain’ the 
phenomena, and make new predictions

• It has to do with our knowledge of the 
system rather than the system itself 

• Objection: 
• No-go theorems (PBR theorem) against epistemic views
• Interference….



• 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

Epistemic approaches 



Epistemic approaches
• Good things: 

• They avoid reifying the wave function
• They naturally explain probability assignments

• Bad things: 
• 1- Experimental outcomes (e.g. interference) 

nonetheless happen, regardless whether anybody 
possesses knowledge about them 
• Bill's verdict: "You have turned quantum 

mechanics into a theory about us rather than a 
theory about the world"

• 2-Information is always information about 
something 
• Bill's verdict: "Knowledge presupposes a world 

to be known"



Beyond Epistemicism: The Participatory Turn
• Epistemic approaches may be too weak because 

they make ψ a tool of knowledge 
• Yet they draw attention to an important fact: 

quantum mechanics seems to place observers and 
measurement at center stage
• quantum theory is deeply connected to observation 
• measurement matters
• knowledge is constrained by experimental contexts 

• But what should one conclude from that? What 
exactly does quantum mechanics force us to revise?
• Reality?  Knowledge?  Both? Neither?

• The idea of the centrality of measurement has 
recently re-emerged under the label of 
participatory realism

• Participatory Realism (Wheeler, Qbism, Dieks… )
• Reality is not fully independent of agents
• Observers participate in the production of facts



Participatory Realism and Dealism

• Classical physics assumed: 
• Reality  Knowledge

• Quantum mechanics suggests: 
• (Reality Participation)  Knowledge

• Participatory Realism is attractive because it 
straightforwardly embraces the centrality of 
measurement in QM: 
• Observers are part of reality's constitution

• But is this the lesson?
• Bill: “What if QM is not telling us that reality 

depends on participation? What if it is telling us 
that knowledge does?” 



Quantum Limits on Knowledge
• Bohmian Example

• Particles have positions, trajectories exist, yet we cannot generally know them
• What happens if you try to ‘measure’ the trajectory?

• Suppose you repeatedly ‘measure’ the position of a Bohmian particle at times 𝑡ଵ, 𝑡ଶ, 𝑡ଷ, ….
• Each ‘measurement’ entangles the particle with the apparatus, changes the effective wave function, alters 

the guidance equation
• So, the trajectory after the first ‘measurement’ is generally not the same trajectory that would have 

occurred had you not measured
• Thus, the sequence of ‘measured’ positions does not reveal the "unperturbed" Bohmian path because the 

observation itself perturbs the motion
• Quantum Mechanics and Epistemic Humility: 

• The world may be determinate, but our access to it is not
• Reality exceeds accessibility; what exists and what can be measured (known) are different 
• Bill: “There are intrinsic limits to what we can actually know”



Contextuality and Participation 
• Measurement outcomes depend on: 

• System, apparatus, interaction  
 knowledge is inherently relational
• However, reality need not be!
• Participation Reinterpreted

• Participation enters at the level of inquiry, not 
necessarily at the level of ontology

• Epistemological Participation
• To know is to interact, to interact is to affect what 

can be known 
• And this is unavoidable

• A Quantum Kantian Moment? (Not endorsing Kant!)
• Reality exists independently
• But access to it is constrained by the conditions of 

observation



What About ψ?
• If knowledge is participatory, how does ψ fit?
• A possible question: “what familiar category 

does ψ belong to?” 
• Reality itself 
• Information 
• Law 

• Wave-Functionalism (the view I wish to 
discuss) instead asks: “what explanatory work 
does ψ perform?”

• The Dealist Picture
• ONTOLOGY— Matter as a spatiotemporal 

entity & Wave function as a nomic functional 
structure

• EPISTEMOLOGY — Participation, contextuality, 
limits on knowledge



The Dealist Moral 

• Bill: ”Do not infer ontology 
from epistemology”

• A limit on knowledge is not 
automatically a limit on reality

• Final Thesis 
• Quantum mechanics does 

not show that reality
depends on observers

• Quantum mechanics shows 
that knowledge depends 
on participation



Towards a better account what the wf is
• Suppose we want to be dealist

about the wf : 
• the wf is objective (ontic) but 

it’s not representing a material 
entity

• What are our options? 
• Ontic [non-material nomic]

accounts have problems
• Epistemic approaches are also 

problematic (and not objective)
• 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 
dealist about it….  



Pragmatism to the rescue?

• The nomological views and the 
pragmatic view might be seen as 
agreeing on: 
• The lack of emphasis in 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 



Functionalism to the rescue?
• Functionalism: certain entities can be 

defined in terms of their functional role
• Functionalism in philosophy of physics

• Knox: space-time can be functionalized in 
classical theories of gravity - an entity is 
spatiotemporal as determined by its functional 
role 

• Lam and Wüthrich: space-time can be 
functionalized in quantum gravity - space-time 
can emerge if one recovers those features which 
are functionally relevant in producing 
observations

• Albert: 3-d objects can be functionalized in 
quantum mechanics - 3-d objects are 
determined by their causal roles, and then the 
wf dynamically gives rise to the empirical 
evidence 



Empirical Incoherence
• Functional approaches (and in 

general emergentist 
approaches from a non-
spatiotemporal background) 
are all threatened by the 
problem of empirical 
incoherence:
• A theory is empirically 

incoherent if its truth 
undermines our empirical 
justification for believing it



Wave-functionalism: general idea
• “Cherry-pick” ingredients from the 

various approaches, so as to capture the 
intuitions that the wf has:
• a nomological component: it is part of the 

laws of nature as a ‘guiding’ entity
• a pragmatic component:  it is explanatory 

rather than representational, and 
• a functionalist component: the wf can be 

dispensed with by reducing it to its 
functional role in the theory

In taking from all these approaches in part but not in their totality, one can 
(perhaps!) avoid the objections to each and every one of the single views taken 
separately



Nomological Aspect
• The wf is not a law of nature, strictly 

speaking
• Rather it is part of the law: 

• it is one of the ingredients that allows the 
dynamics of matter to be written

• Being merely an ingredient in the law:
• the wf does not have to be unique, like 

potentials are not unique 
• It can be dispensed with: 

• other entities, such as the density matrix, can 
play its role

• It does not have to be time-independent



Pragmatic Utility
• The wf is a useful object to adequately recover the 

empirical predictions (the Born rule)
• The wf does not represent matter but it is 

explanatory: 
• Pragmatically, one uses the wf to generate the 

probability outcomes given by the Born rule, but 
one could have chosen another object, evolving 
according to another evolution equation 

• The fact that quantum mechanics is formulated 
in terms of the wf is contingent to other super-
empirical considerations (e.g. simplicity and 
explanatory power)

• Contra epistemic approaches, here the wf has not to 
do with our incomplete knowledge of the system 



Functional Multiple Realizability

• A function is not identical to any particular realization
• Different physical structures can realize the same 

function -- the wf is like that
• Es: functions of the wf: 

• Generate Born-rule probabilities
• Contribute to the dynamics
• Connect theory and evidence

• They can be realized in different ways: wf, density 
matrix, etc…. 

• The wave function is one possible realization of the 
functions needed to recover the empirical predictions

• What matters is not the physical nature of the realize, 
but the role it plays in the theory

• Bill's slogan: “The wave function is as the wave 
function does”



Summary so far

• The wf has three important, 
distinctive but connected roles:
• It is part of the law of nature and as 

such contributes in determining the 
behaviot of matter

• As such, it has an explanatory role in 
accounting of the experimental 
results, but it is not (necessarily) 
representational 

• Because of this, the wf can be 
described in terms of its functional 
role



A useful distinction 



Matter vs Interaction



Different Explanatory Strategies





Why prefer wave-functionalism?

If you are a Dealist, 
Wave-functionalism is 
the natural option: 
• Objective
• Non-material
• Non-representational
• Constructively 

explanatory





Conclusion 

•Wave-functionalism:
• a view in which the wf is best seen 

as non-representational but as an 
explanatory entity that can be 
functionalized in virtue of its 
nomological role

• Perhaps Bill will like it: 
• It fares a little better than the main 

alternative view in this camp (= the 
nomological view; weak or strong)

• And that it is the natural choice for 
the Dealist



Thank you for your attention!


