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Outlook --- A Methodological Claim: you do not find a realist quantum 
theory by solving the measurement problem 

ÅFace quantum phenomena under a realist 
assumption

Å!Ǝŀƛƴǎǘ ǘƘŜ άŘƻƎƳŀέ - Do not άŦƛȄέ ǘƘŜ 
measurement problem

ÅThis is just a distraction, a red 
ƘŜǊǊƛƴƎΣ ŀ ǿƛƭŘ ƎƻƻǎŜ ŎƘŀǎŜΧΦ 

ÅInstead treat it as evidence of an 
inadequate theory 

ÅGoal: 
ÅFind a theory that is empirically 

adequate and explanatory from the 
outset 
ÅExplanation in a specific sense 

ÅResulting focus:
ÅThe real problem is not 

measurement, but nonlocality 2



Realism 
ÅScientific Realism (baseline)

ÅTheories aim to describe reality 

ÅEntities are really out there 

ÅApproximate truth 

ÅFairly permissive - in the quantum domain a 
realist accepts

ÅNonlocality (dBB) 

ÅIndeterminism (GRW) 

ÅUnfamiliar ontology (wavefunctions in 
high-dimensional space) 

Åά²ŜƛǊŘέ ǇǊƛƳƛǘƛǾŜǎ όōǊŀƴŎƘƛƴƎ ǿƻǊƭŘǎύ 

ÅAs long as

Åthe theory is empirically adequate and 
has a coherent interpretation



From Realism to Dealism
ÅDEALism ς άǿƘŀǘΩǎ ǘƘŜ real DEAL behind the 
ǇƘŜƴƻƳŜƴŀΚέ 
ÅMethodology: 
Å1) Anti-mystery principle: weirdness is a 

diagnostic of failure
ÅwŜŀƭƛǎƳΥ άva ƛǎ ǎǘǊŀƴƎŜ ōǳǘ ǘǊǳŜέ 
Å5ŜŀƭƛǎƳΥ άLŦ ƛǘΩǎ ǘƘŀǘ ǎǘǊŀƴƎŜΣ ǿŜ ǇǊƻōŀōƭȅ 
ƘŀǾŜƴΩǘ ŜȄǇƭŀƛƴŜŘ ƛǘ ȅŜǘέ 

Å2) Balance simplicity and explanation: start 
with the obvious; escalate only when it adds 
explanatory power
Å3) Priority of explanation over accommodation 

in order to understand 
ÅRealism: saving the phenomena is enough to 

take a theory seriously 
ÅDealism: explaining the macroscopic dynamics 

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

Past empirical success have led to an ontology of micro entities moving in spacetime, interacting  via ΨŎŀǳǎŜΩ ŀƴŘ ΨŜŦŦŜŎǘΩ  
(local causality: no simultaneous action at arbitrary distance), and composing macroscopic objects whose dynamics is 
derivable from the micro evolution  -- see next



Dealism is what 19th-century realism looks like
Å(when turned into a conscious rulebook )

ÅNot every physicist followed it strictly, but many thought, argued and worked 
this way 

ÅElements of Dealism in the typical 19th-century (and earlier) physicist:
Å1. Primacy of mechanism. They strongly preferred explanations in terms of particles, 
ŎƻƴǘƛƴǳŀΣ ŦƻǊŎŜǎΣ ƳŜŎƘŀƴƛŎŀƭ ƳƻŘŜƭǎΦ LŦ ȅƻǳ ŎŀƴΩǘ ǎŀȅ what is moving and how, you 
ƘŀǾŜƴΩǘ ŜȄǇƭŀƛƴŜŘ ƛǘ
ÅнΦ {ǳǎǇƛŎƛƻƴ ƻŦ άƳŜǊŜƭȅ ŦƻǊƳŀƭέ ǘƘŜƻǊƛŜǎ. They were uneasy with laws without 

underlying models 
ÅоΦ ά{ǘŀǊǘ ǎƛƳǇƭŜΣ ŜǎŎŀƭŀǘŜ ƻƴƭȅ ƛŦ ŦƻǊŎŜŘΦέ They typically tried to reduce new 

phenomena to known mechanisms first, only introduced new entities when added 
explanation
Å4. Confidence that nature is intelligible. A deep working assumption is that the world 

has a coherent, understandable structure, that there is no irreducible mystery
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Realism vs Dealism 
ÅDifference in Scope
ÅRealism says: our theories describe 

reality, however strange it turns 
out to be
ÅDealism says: our theories describe 

reality; but if that reality looks too 
strange, the theory is probably not 
deep enough yet

ÅDifferent in Spirit
ÅRealism is epistemic confidence 
όάǘƘŜ ǘƘŜƻǊȅ ƛǎ ǘǊǳŜ-ishέύ 
ÅDealism is methodological 
ŘƛǎŎƛǇƭƛƴŜ όάǘƘŜ ŜȄǇƭŀƴŀǘƛƻƴ Ƴǳǎǘ 
ōŜ ŎƭŜŀƴέύ 

ÅThe Dealist has a clear research 
strategy, ǘƘŜȅ ƴƻǘ ŘŜŦŜƴŘƛƴƎ ŀ άŦƛȄŜŘέ 
ontology

7

Realism keeps doors open
Dealism insists on opening them



Bill Dingblocks

ÅA (fictional) disciple of Lord 
Kelvin  
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Bill Dingblocks

ÅΧ WŜŘƛ ǎǘȅƭŜ 
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Dealism and the Quantum 

11

ÅA 19th-century realist never 
faced nonlocal entanglement, 
collapse, fundamental 
ƛƴŘŜǘŜǊƳƛƴƛǎƳ Χ 

ÅάWhat if Bill (a 19th-
century realist, namely a 
dealist)  were teleported 
into 1932 and refused to 
ƭƻǿŜǊ ǘƘŜƛǊ ǎǘŀƴŘŀǊŘǎΚέ



A Realist Reaction to Quantum Phenomena

ÅStarting Point - Assume scientific realism Ҧ ¢ƘŜ Ǝƻŀƭ ƻŦ 
physics is to describe what really exists and how it works

ÅWe are confronted with quantum phenomena Ҧ 
Interference, entanglement, correlations, nonlocal collapse, 
etc. 

ÅThe Standard Move ƳŀŘŜ ōȅ ǘƘŜ ǊŜŀƭƛǎǘ όάǘƘŜ ŘƻƎƳŀ ƻŦ 
ǉǳŀƴǘǳƳ ǊŜŀƭƛǎƳέύ 

ÅTake standard quantum mechanics

ÅNotice that:

ÅIt predicts superpositions at all scales 

ÅWe do not observe macroscopic superpositions 

ÅFormulate the measurement problemΥ ά²Ƙȅ ŘƻƴΩǘ ǿŜ 
ǎŜŜ ǿƘŀǘ ǘƘŜ ǘƘŜƻǊȅ ǎŀȅǎ ǎƘƻǳƭŘ ƘŀǇǇŜƴΚέ

ÅThen: modify interpretation (collapse postulate, pilot-
wave, spontaneous collapse, many-worlds, 
ŎƻƴǎŎƛƻǳǎƴŜǎǎΧύ 
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A Dealist Reaction to Quantum Phenomena

ÅMethodological Principle (Dealist) 

Å5ƻ ƴƻǘ ōŜƎƛƴ ōȅ άǊŜǇŀƛǊƛƴƎέ ŀ ŦƻǊƳŀƭƛǎƳΣ ōŜƎƛƴ ōȅ ŜȄǇƭŀƛƴƛƴƎ ǘƘŜ ǇƘŜƴƻƳŜƴŀ

ÅDealist Diagnosis: 

ÅThe standard move begins from the wrong starting point

ÅWhy? Because the measurement problem is a problem of empirical adequacy 

ÅIt arises only after accepting a theory that is not empirically adequate at face value 
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A Dealist Reaction to Quantum Phenomena
ÅStep 1 τ Reframe

ÅIf a theory predicts unobserved macroscopic phenomena, then it is not yet 
acceptable

ÅStep 2 τ Reject the Task

ÅThe goal is not ǘƻ άŦƛȄ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ǇǊƻōƭŜƳΥ ǘƘŀǘ ŀǎǎǳƳŜǎ ǘƘŜ ǘƘŜƻǊȅ ƛǎ 
basically right  and only needs patching or reinterpretation 

ÅStep 3 τ New Task

ÅTreat the measurement problem as a symptom, not a target. So instead look 
for a theory that: 

Åis empirically adequate from the start 

Åprovides clear mechanisms 

Åavoids ad hoc fixes (collapse, branching, etc.) 

ÅStep 4 τ Guiding Constraints

ÅPrefer: 

ÅLocal or intelligible mechanisms 

ÅClear ontology 

ÅExplanatory transparency 

ÅAccept novelty only if provides explanatory advantage
14



Dealist Criteria for Explanation
Å1. Clear Ontology - What exists? The theory must specify what the 

world is made of 
ÅEntities should be: 

Åwell-defined and in spacetime
Ånot purely formal (not just symbols in equations) 

Åparticles, fields, media, structures Ą great! 
ÅάǘƘŜ ǿŀǾŜŦǳƴŎǘƛƻƴ Ƨǳǎǘ ƛǎέ όǿƛǘƘƻǳǘ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴύ Ą no

Åά²Ƙŀǘ ŜȄƛǎǘǎ Ƴǳǎǘ ōŜ ƛŘŜƴǘƛŦƛŀōƭŜΣ ƴƻǘ Ƨǳǎǘ ǎȅƳōƻƭǎέ

Å2. Mechanism - What produces the phenomenon? 

There must be a process: 
Åhow things interact 
Åhow outcomes arise 

Åcollisions, propagation, interactions Ą great! 
Åάƛǘ ƘŀǇǇŜƴǎ ǳǇƻƴ ƳŜŀǎǳǊŜƳŜƴǘέ Ą no

Åά{Ƙƻǿ ƳŜ Ƙƻǿ ǘƘŜ ƻǳǘŎƻƳŜ ƛǎ ǇǊƻŘǳŎŜŘέ

Å3. Locality - How does influence propagate? Prefer: 
Ålocal interactions or at least structured mediation 

ÅNonlocality is: 
Ånot forbidden; but must be explained, not assumed 

Åpropagation through a field or medium Ą great!
Åinstantaneous, unexplained correlations Ą no

ÅάLƴŦƭǳŜƴŎŜ Ƴǳǎǘ ōŜ ƳŜŘƛŀǘŜŘΣ ƴƻǘ ƳŀƎƛŎŀƭέ
15



Dealist Criteria for Explanation
Å4. Empirical Adequacy (from the start) - Does it match what we observe? 

ÅA valid theory must not predict obviously unobserved phenomena (e.g. 
macroscopic superpositions) 

Åbƻ άǿŜΩƭƭ ŦƛȄ ǘƘŀǘ ƭŀǘŜǊέ 
Åagreement with observation at all relevant scales Ą great!
Åpatching with ad hoc rules Ą no

ÅάLŦ ƛǘ ǇǊŜŘƛŎǘǎ ƴƻƴǎŜƴǎŜΣ ǊŜƧŜŎǘ ƛƳƳŜŘƛŀǘŜƭȅέ

Å5. Explanatory Priority over Formal Fit - Does it explain, not just 
calculate? Matching data is necessary but not sufficient 

ÅThe theory must tell you why the equations work 
Åderivation from underlying structure Ą great!
Åtreating equations as final truth Ą no

ÅάaŀǘƘ ŎƻƳŜǎ ŦǊƻƳ ƳŜŎƘŀƴƛǎƳΣ ƴƻǘ ǘƘŜ ƻǘƘŜǊ ǿŀȅ ŀǊƻǳƴŘέ

Å6. Simplicity as a Starting Point - Have we tried the obvious first?

ÅBegin with: 
Åknown physics 
Åminimal assumptions 

Åhƴƭȅ ŜǎŎŀƭŀǘŜ ƛŦ άŦƻǊŎŜŘέ 
ÅάŎŀƴ ŎƭŀǎǎƛŎŀƭ ƻǊ ƴŜŀǊ-classical mechanisms Řƻ ƛǘΚέĄ great!
Åjumping to exotic ontology too early Ą no

Åά5ƻƴΩǘ ŎƻƴƧǳǊŜ ƻƴǘƻƭƻƎȅ ōŜŦƻǊŜ ŜȄƘŀǳǎǘƛƴƎ ǎƛƳǇƭŜ ƳŜŎƘŀƴƛǎƳǎέ16



Dealist Criteria for Explanation
Å7. No Mystery as a Stopping Point - Lǎ άƳȅǎǘŜǊȅέ ōŜƛƴƎ ǘǊŜŀǘŜŘ ŀǎ ŀƴ 

answer?

Åά¢ƘŀǘΩǎ Ƨǳǎǘ Ƙƻǿ ƴŀǘǳǊŜ ƛǎέ ƛǎ not acceptable

ÅStrangeness = signal of incomplete explanation 
Åmystery leads to research program Ą great!
Åmystery is accepted as a conclusion Ą no

ÅάaȅǎǘŜǊȅ ƛǎ ŀ ǎǘŀǊǘƛƴƎ ǇƻƛƴǘΣ ƴƻǘ ŜƴŘǇƻƛƴǘέ

Å8. Unity (optional but powerful) - Does it connect with the rest of 
physics?

ÅPrefer explanations that: 
Åintegrate with existing theories 
Åreuse known principles 

ÅάDƻƻŘ ǘƘŜƻǊƛŜǎ ŎƻƴƴŜŎǘΤ ōŀŘ ƻƴŜǎ ƛǎƻƭŀǘŜέ

Åά5Ŝŀƭƛǎǘ ¢Ŝǎǘέ  - An explanation is satisfactory if:
ÅYou say what exists, how it moves/interacts, and how that 

produces the observed phenomenon, without invoking 
unexplained or ad hoc elements

ÅάbŀƳŜ ǘƘŜ ǘƘƛƴƎǎΣ ǎƘƻǿ ǘƘŜ ƳŜŎƘŀƴƛǎƳΣ ŀƴŘ ŘƻƴΩǘ ǎƳǳƎƎƭŜ ƛƴ ƳŀƎƛŎέ17
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More on Dealist Explanation

ÅA phenomenon is explained when you can trace it back (=reduce) to the time evolution 
of a well-defined microstate under clear dynamical laws

ÅExample (dealist-approved): Heat
ÅEntities: molecules 
ÅState: positions and velocities 
ÅDynamics: collisions 
ÅResult: temperature = average kinetic activity 
ÅMacroscopic behavior = reduced to micro-dynamics

ÅA theory fails the dealist standard if it:
Ågives only input-output rules (operators as observables)
Ålacks a clear microstate  (wavefunction)
ÅƛƴǘǊƻŘǳŎŜǎ ŀŘ ƘƻŎ ǇǊƻŎŜǎǎŜǎ ό άŎƻƭƭŀǇǎŜ ƘŀǇǇŜƴǎέύ 
Åor leaves interactions unexplained (measurement)

ÅMechanism = a mapping from microstate to macrostate over time, grounded in explicit 
entities and interactions, from which observed phenomena can be derived

Åά¢Ŝƭƭ ƳŜ ǿƘŀǘ ŜȄƛǎǘǎ ŀǘ ŀ ƎƛǾŜƴ ƳƻƳŜƴǘΣ ǘŜƭƭ ƳŜ Ƙƻǿ ƛǘ ŎƘŀƴƎŜǎΣ ŀƴŘ ǎƘƻǿ ƳŜ Ƙƻǿ ǘƘŀǘ 
ǇǊƻŘǳŎŜǎ ǿƘŀǘ L ǎŜŜέ
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¢ƘŜ 5ŜŀƭƛǎǘΩǎ tǊƻƎǊŀƳ ŦƻǊ vǳŀƴǘǳƳ tƘŜƴƻƳŜƴŀ

ÅGuiding question: ά²Ƙŀǘ ƳƛŎǊƻ-dynamics could produce these 
ǇƘŜƴƻƳŜƴŀΚέ
Å General Strategy
ÅFor each phenomenon:
ÅSpecify ontology (what exists) 
ÅPostulate microstate όǿƘŀǘΩǎ ǘƘŜǊŜ ŀǘ ŀ ǘƛƳŜύ 
ÅGive dynamics (how it evolves) 
ÅDerive the phenomenon (what you observe)

ÅDo not start from the Schrödinger equation as fundamental truth; treat 
it as a clue
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¢ƘŜ 5ŜŀƭƛǎǘΩǎ tǊƻƎǊŀƳ ŦƻǊ vǳŀƴǘǳƳ tƘŜƴƻƳŜƴŀ

ÅGuiding question: ά²Ƙŀǘ micro-dynamics ŎƻǳƭŘ ǇǊƻŘǳŎŜ ǘƘŜǎŜ ǇƘŜƴƻƳŜƴŀΚέ
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