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Abstract 

 EPR-type cases seem to trigger a persistent urge to infer measurement counterfactuals 

about distant systems. I argue that the urge should be resisted. 
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 Before taking up the topic of the paper, a personal note: my whole interest in the 

problems of quantum mechanics began when I was a student of Bill Demopoulos in the 1970s. I 

met Bill in my first undergraduate philosophy of science class, and followed him from the 

University of New Brunswick to the University of Western Ontario. And so I am particularly 

delighted to be contributing to a volume in his honor.  Bill was not only my Doctorvater, but has 

deeply influenced the way I think about philosophical problems. I consider myself very fortunate 

not only to able to call him my teacher but also my friend.  

 Turning to quantum mechanics, our concern will be with variations on the following 

scenario: Alice and Bob possess a pair of qubits in the singlet state. The following space-time 

diagram prove useful: 

 
 



 

The world-lines represent the qubits with ! as their common origin; ! is in the absolute 

elsewhere of !; ! is in !'s causal future and ! in the causal past. Likewise, ! is in !'s causal past, 

but still in the elsewhere of !. Alice measures σz at ! and gets the result +1. Question: if Bob 

were to measure σz at !, what would be the result? 

 If you answered "We don't know," then you don't suffer from the illusion for which this 

paper is intended as therapy. In my experience, however, most people (my earlier self included) 

answer "–1." This includes seasoned philosophers and physicists who have been thinking about 

the problem for years.  

 

EPR and the Criterion of Reality 

 The locus classicus for the thought that we know what Bob would find is Einstein, 

Podolsky and Rosen's (1935) Criterion of Reality: 

If, without in any way disturbing a system, we can predict with certainty (i.e., with 

probability equal to unity) the value of a physical quantity, then there exists an element of 

reality corresponding to this physical quantity. (p. 777)   

It's clear that such "elements" of reality" are understood as supporting counterfactuals – as telling 

us what would happen if a certain measurement were made on the system at issue. EPR never say 

this in so many words, but it's hard to see how the argument could work otherwise. Note also: the 

Criterion reads "if we can predict with certainty…" but to get the conclusion that non-

commuting quantities both have values, "can" has to be read as "could." Even if Alice chooses to 

measure one spin in direction z, she could have picked another direction and would equally have 

been in a position to make a probability-one prediction. On EPR's view this is why we can infer 

that each quantity on the distant system has a value, whether anyone measures it or not. 

 We know that the EPR argument fails; that's the upshot of Bell's inequality and the 

experiments that followed in its wake. However, there's a problem well before we get to Bell. To 

begin to see the difficulty, suppose Alice has a single qubit, which she knows to have been 

prepared in some non-eigenstate of σz, and which she measures at !  for z-spin, with result +1. 

Suppose Alice knows that Carol may have made a z-spin measurement on the qubit a little earlier 

at !, though she isn’t sure. We ask: "If Carol had measured z-spin at !, what would the result 

have been?" What should Alice say? 



 Here's a perfectly good answer: if Carol did indeed measure z-spin at !, then her result 

was +1.  However, if she didn't, then there is no fact of the matter about what her result would 

have been if she had. If we believe that in general, nothing fixes the outcome of a quantum 

measurement before it's made, then this is exactly what we should say. Notice how close this 

brings us to the Criterion. There's no reason to think Alice's measurement influenced the state of 

affair at !, but Alice can make a straightforward probability-one claim: the probability of result 

+1, conditional on a z-spin measurement at !, is one. 

 The analogy with the Criterion should be clear. To move a step closer to EPR's own case, 

consider a different scenario. Alice and Bob share a pair of qubits in the singlet state, as we'll 

assume from here on. Alice measures z-spin at !, with result +1. We ask her what would have 

happened if Bob had measured z-spin at !. Now what should she say? 

 I suggest that she can say essentially the same thing. She can say: If Bob did measure z-

spin at !, then the result was –1. But supposing he didn't, there 's no fact of the matter about what 

would have happened if he had. This is what any sensible indeterminist would say, but the case is 

parlously close to the one EPR had in mind. If what Alice does in the standard EPR case has no 

influence on Bob's system, then it's even more clear in this case. Once again, Alice is in a 

position to make a probability-one statement: the probability of result –1, conditional on Bob's 

making a z-spin measurement at !, is one. But there's no justification for inferring a 

measurement counterfactual for !, let alone an "element of reality." Even though Alice got +1 as 

the result of her σz measurement, she shouldn't infer that if Bob had measured σz at !, he would 

have gotten –1. On the contrary, if she is an indeterminist, she should say that he might have 

gotten +1. However, Alice can quite reasonably add: had that happened, her own σz-

measurement would have turned out differently; she would have gotten –1. Since ! is in the 

causal past of !, there's no anomaly here; what happens at ! could straightforwardly influence 

what happens at !. Unless we give up our usual views about causation and relativity, we can't 

say this about the !-! case. Notice also: this view of the two-particle case is a natural extension 

of what we would say for the single-particle example above: if Carol had measured z-spin 

(assuming that in fact she didn't), the outcome of Alice's own z-spin measurement might have 

been different. 



  This suggests a strategy for rescuing EPR. Alice can agree: in the !-! case, we can't infer 

an "element of reality". The correlation can be explained by straightforward causal transmission 

from ! to !. In the spacelike !-! case, that option isn't available.  

 What, then, if we modify the Criterion to read this way? 

If we could predict with certainty the value of a physical quantity on one of two mutually 

non-disturbing systems by a measurement on the other, then there exists an element of 

reality corresponding to this physical quantity. 

The revised Criterion licenses the inference to the counterfactual in the !-! case but not in the !-

! case. The trouble, of course, is that the argument, revised though it may be,  proves too much. 

Since Alice could have measured spin in any other direction, gotten a result and made a similar 

prediction, she knows, or so the EPR story goes, that some such counterfactual holds for each 

direction. This is where Bell enters the story: no possible set of values jibes with the quantum 

predictions.  

 Because of Bell, we no longer believe in pre-existing values. Nonetheless, many people 

will say that from the result of the measurement she actually does make, Alice is entitled to infer 

what would happen if Bob were to make a parallel measurement at !. If that's right, it seems hard 

to deny that Bob's qubit has acquired a property that it didn't have before: a value for z-spin. If 

so, quantum mechanics is non-local in a strong sense: measurements in one region brings about 

real changes in another, space-like distant region. True: we would be unable to control the 

change – we can't select the outcome. But an uncontrollable change is still a real change. Are we 

really forced to any such conclusion? 

 Return to Alice. She has measured her qubit at ! for z-spin and found +1. She concludes 

that the probability of Bob finding –1, conditional on measuring z-spin at !, is one. She does not 

conclude that this reveals a pre-existing value. Even less does she conclude that there are pre-

existing values for Bob's qubit corresponding to other spin components. She also agrees: if 

measurement at ! rather than at ! were at issue, she shouldn't infer a measurement 

counterfactual. Should she nonetheless infer a counterfactual for !? Should she infer that if Bob 

were to measure z-spin at !, he would find –1?  

 If what Alice does at ! has no influence at !, then the best answer is surely that she 

shouldn't. It's hard to see why anyone would say that events at ! and ! are mutually non-

influencing, that measurements at ! don't allow us to infer pre-existing values at ! (and vice-



versa), but nonetheless measurement results at ! do allow us to infer measurement 

counterfactuals about !. 

 This is what we should say if there's no influence between wings. What if there is?  

Someone might say that Alice's measurement does something to Bob's qubit and vice-versa, and 

that this is how the correlations arise. Suppose, then, that there is some sort of cross-wing 

causation. This still wouldn't provide a good reason for inferring that Bob would get –1 if he 

were to measure z-spin. To see why, return to the !-! case.  We noted that there could 

straightforwardly be an influence from ! to !, and if there were, it could account for the 

correlation. But we added: had Bob measured z-spin, he might have gotten +1, and if he had, 

Alice's z-spin measurement would have given result –1 rather than the +1 that it actually gave. 

The difficulty should now be clear. If there's mutual influence between ! and !, then the 

measurement results arise irreducibly out of what happens at both sites. If Alice measures z-spin 

at ! and gets +1, she should say: "depending on what Bob did with his qubit, my result might 

have been different." In particular, suppose Bob did something other than measure z-spin. If 

there is cross-wing influence, then for all Alice can say, had he measured z-spin, he might have 

gotten +1 rather than –1, and she herself might have gotten –1. Alice's own local situation would 

have been subject to influences that it wasn't in fact subject to.  

 The point bears repetition. If mutual influence brings about the joint measurement results, 

what happens to Bob's qubit depends on what happens to Alice's and what happens to Alice's 

qubit depends on what happens to Bob's. If Alice measures z-spin and Bob doesn't, then Bob's 

qubit and Alice's would be in a causally different situation if Bob had measured z-spin. If we 

accept cross-wing influences, there's no reason to think Alice's result would have been the same, 

and so no reason to think that Bob's counterfactual result would match Alice's actual result.  

 The !-! case presents us with a trilemma, though we've only stressed two horns: either 

there is no cross-wing influence, or there is one-way influence (say from ! to ! or from ! to ! 

but not both) or there is two-way influence. (For simplicity's sake, we will ignore cases of 

stochastic influence.) In the first case, inferring measurement counterfactuals runs us up against 

Bell's result. In the second case, the counterfactual inference holds in one direction and fails in 

the other. It holds if the person inferring is the one whose wing wields the influence; otherwise it 

fails. But neither Alice nor Bob would have any basis for guessing who influences and who is 

influenced. Even though Alice might be right if she infers a counterfactual, she has no reason to 



believe she's right. In the third case, what happens in each wing depends on the measurements in 

both wings. Even if Alice's z-spin measurement  yielded +1 when Bob wasn't measuring z-spin, 

this is consistent with saying that had both of them measured z-spin, she might have gotten –1 

and Bob might have gotten +1. 

 Are there any non-trivial measurement counterfactuals about ! in EPR-style cases? The 

best answer for the indeterminist is no. Of course, there could be, and if a deterministic non-local 

hidden variable theory is true, there will be. But in that case, local results will depend on the 

global context; the naïve EPR-style inference will not hold. 

 We have reached our main conclusion: whether or not there is an influence from one 

wing to the other, Alice has no good reason to infer measurement counterfactuals about ! based 

on her results at !. In particular, her +1 result for her z-spin measurement at ! doesn't give her 

any good reason to conclude that if Bob were to measure z-spin at !, he would get –1. The 

temptation to think otherwise is the EPR illusion – a widespread and persistent one if my 

experience is typical. But there are nearby issues worth exploring, and we turn to them. 

 

Whence the Temptation? 

 If what we've said is correct, measurement results in one location don't justify inferences 

to measurement counterfactuals about space-like distant locations. This is true whether or not 

one believes in non-local causal influences.  Why is it so tempting to think otherwise? 

 One possible reason: there are nearby counterfactuals that pass muster. In making their 

argument, EPR use the phrase "predict with certainty". One might insist that strictly speaking, 

"predictions" refer to the future. That reading wouldn't suit EPR's purposes; the space-like 

separated case is arguably the very paradigm of what they had in mind. Nonetheless, if we read 

"predict" as referring to the causal future, then arguably, we get a counterfactual. Suppose, as we 

have all along, that Alice measures z-spin at ! and gets +1. It would be perfectly reasonable for 

her to send a message to Bob – a message that arrives at ! – telling him that if he has need of a 

qubit with z-spin –1, the qubit he has will do quite nicely. Both Alice and Bob would be willing 

to say that if Bob were to measure z-spin at !, he would find +1. Bob has something at hand that 

he would feel comfortable putting to any practical use that presuppose the measurement 

counterfactual.  If Alice infers from her measurement that a z-spin measurement at ! would yield 

–1, it's hard to see why we would object.  



 That said, this won't help EPR make their case for incompleteness. Alice will not infer 

that she has discovered a pre-existing value, and she won't infer that the measurement 

counterfactual would still have been true if she hadn't made her measurement.  

 

Does What Alice Does at ! Influence Bob's Qubit at !? 

 This is a question with no straightforward answer. If influence is propagated by moving 

matter or fields in space-time, then there is no reason to believe that what happens at ! has this 

sort of influence on events at !. More cautiously, while there might be such influences (a 

measurement at ! might trigger some sort of conventional signal, for example), there's no reason 

to think there must be or routinely is. However, if we understand causation as a matter of certain 

patterns of counterfactuals, then the appropriate view may be that Alice's measurement at ! does 

contribute causally to the state of affairs at !. Perhaps this kind of case lies in the penumbra of 

the concept of causation – call it "causiness," if you will. A clean answer would call for an 

analysis of causation, and that is beyond both my competence and beyond the bounds of this 

essay.  

 

What is the State of Bob's Qubit at !? 

 This question likewise has no tidy answer, partly because it seems to presuppose that 

there is such a thing as "the" state of a quantum system. Whatever we think of the state, it seems 

clear that state ascriptions to separated pairs of qubits will be frame-dependent. Fleming (1988, 

2003), and Myrvold (202) each present schemes for frame-dependent collapse. Myrvold argues 

in detail that such a frame-dependent account of state ascriptions is compatible with realism 

about collapse. In any case, frame-dependent accounts of collapse and the position taken here 

dovetail nicely. If Alice measures z-spin at ! with result +1, frame-dependent accounts say that 

the state of the pair becomes unambiguously factorizable precisely at the point where the 

trajectory of Bob's qubit enters the future light cone of !. This is also the point where the 

measurement counterfactual plausibly takes hold.  

 

States, State Preparations and Counterfactuals 

 The view of the state presupposed here is that it  is a compendium of information. This 

makes for a complex relationship between states and counterfactuals. Attributing a state to a 



quantum system need not call for positing a counterfactual. Thus, we have said that when Alice 

measures z-spin at ! and finds +1, she shouldn't draw conclusions about what would happen 

were Bob to make a measurement at !. However, depending on her purposes, it would be 

perfectly reasonable for her to attribute the state |z–> to Bob's qubit. This is the state that would 

yield the appropriate statistics for whatever experiment Bob actually performs.  For example: if 

Alice and Bob made measurements on many qubits, Alice would expect that, among cases where 

she measured z-spin with outcome +1 and Bob measured spin in a direction at 30° to z, Bob's 

result would be –1 about 75% of the time. This is exactly what attributing |z–> to Bob's qubit 

calls for. However, the question of whether |z–> is "really" the state of Bob's qubit is idle. The 

state attribution is a bookkeeping tool that allows Alice to predict the statistics of actual 

measurements.  

 One way to put the point is to say that the eigenvalue-eigenstate link fails in the state-to-

value direction. Alice quite reasonably ascribes the state |z–> to Bob's qubit for bookkeeping 

purposes; by doing that, she does not commit herself to counterfactuals about Bob's qubit, let 

along to saying that Bob's qubit "really" has spin-down in direction z. 

 On the other hand, the eigenvalue-eigenstate link, or something close to it, holds in the 

value-to-state direction. Whatever the best analysis of quantum states, there is something 

sensibly called "state preparation" that supports counterfactuals. Suppose, for example, that we 

select a qubit from the upper channel of a Stern-Gerlach apparatus oriented in the z direction. 

Not only have we prepared the state |z+>; we can also say that were Bob to measure the z-spin of 

this qubit, the result would be +1. State preparation is not just state attribution. When we prepare 

a state, we typically render a counterfactual true and in effect endow a system with a value for a 

quantity. But if the result of a z-spin measurement would be +1, then the probability of finding 

+1, conditional on measuring z-spin is 1. That, in turn, fixes the (spin portion of ) the state. 

 The point here is kin to Lewis's Principal Principal, (Lewis 1980, 1994 ) which says, 

more or less, that our subjective probabilities should cleave to the objective chances, if such 

there be. We needn't say that all true counterfactuals yield objective chances; not all 

counterfactuals express relations between events. However, a counterfactual such as "If 

experiment ! were performed , the result would be !" plausibly does amount to the existence of 

an objective chance of one. Accepting the truth of such counterfactuals normally amounts to 



conclusive reason to accept the corresponding unit conditional probability. Thus, the 

counterfactual constitute the objective chance, which grounds the subjective probability.  

 Were we to develop this point further, we would flesh out a distinction between 

something like "objective" or "ontic" states and "subjective" or "epistemic" states. One reason for 

the distinction is that it bears on a familiar question: Does every quantum system always have a 

state? Certainly there's not always a uniquely correct state epistemic state. Different observers, 

with different information, may be justified in attributing different states to the same quantum 

system. This includes different pure states. Returning to Bob and Alice, if Bob has measured y-

spin at ! and gotten result +1, he will assign the state |y+> to his qubit. If Alice, at !, has 

measured z-spin with result +1, she will attribute |z–> to Bob's qubit. There is no conflict here. 

Alice's state attribution doesn't carry counterfactual implications for regions in the elsewhere of 

!. As noted, it's a bookkeeping device for predicting measurement statistics. Bob will attribute 

|y–> to Alice's qubit for precisely the same bookkeeping reasons. Assuming quantum mechanics 

is correct, they won't find any conflict when they work through the data together later on. The 

state attributions that Alice and Bob make to their own qubits on the basis of their local 

measurement results, however, go hand in hand with counterfactuals. They do serve 

bookkeeping purposes, but the associated counterfactuals do more.  

 Is there always a true, non-trivial measurement counterfactual (hence ontic" state) 

associated with a quantum system? Perhaps, but nothing said here presupposes that there is. The 

point is simply that when one knows a measurement counterfactual to hold, one should adjust 

one's books accordingly. 

 

Entanglement and Counterfactuals 

 State preparation – whether for single systems or larger collections – yields 

counterfactuals. In the case of entangled pairs (and larger systems) an indeterminist account of 

these counterfactuals will exhibit a kind of "non-factorizability." We'll use our singlet case as an 

illustration; some notation will help. Use expressions like Ad and Bd' for Alice's and Bob's spin 

measurements. If the indices match, the directions are the same. And use a+, a-, b+ and b- to 

specify outcomes for Alice and Bob respectively, with a and b as outcome variables. In what 

should be an obvious notation, we have 

 (Ad & Bd) ⇒ (a ≠ b) 



where the conditional is counterfactual. We could also write 

 (Ad & Bd) ⇒ [(a+ & b-) or (a- & b+)] 

If indeterminism is true, however, what we don't have is either of 

 (Ad & Bd) ⇒ (a+ & b-) 

or  

  (Ad & Bd) ⇒ (a- & b+) 

let alone any of 

 Ad ⇒ a+ ,   Ad ⇒ a-,   Bd ⇒ b+,   Bd ⇒ b-.1 

 Does this amount to holism? On the one hand, the counterfactual  

 (Ad & Bd) ⇒ [(a+ & b-) or (a- & b+)] 

is irreducibly about the pair. Its truth doesn't rest on facts about the individual systems. On the 

other hand, this fact by itself doesn't have any explanatory force. Whether it can be understood in 

a way that does real explanatory work raises issues about which I have prejudices, but no 

convincing arguments. 

 

Concluding Thoughts 

 Our central issue was whether certain familiar and tempting counterfactual inferences 

about entangled systems really are sound, and the claim was that they aren't. In one way, this is a 

small matter. In another way, however, I believe it may be bigger. Thinking carefully about 

counterfactuals has two worthy pay-offs. One is to undermine arguments from Bell's result to a 

strongly non-local interpretation of quantum mechanics. I believe that the temptation to read 

quantum mechanics as embodying non-local causation is closely tied to what I call the EPR 

illusion: the temptation to think that measurements on one member of an entangled pair allow us 

to infer measurement counterfactuals about the other, even across space-like separation. The 

other, related, pay-off is that it leads to some serviceable distinctions for thinking about quantum 

states. I believe that developing these distinctions properly will allow for a sensible 

reconciliation between epistemic and objective aspects of quantum states, but that, as they say, is 

another story.  
                                                        
1 All this is related to the status of so-called "Conditional Excluded Middle". For our purposes, it matters not 
whether we say that "(X ⇒ Y) ∨ (X ⇒ Z)" can be true even when it's indeterminate which disjunct is true [This is 
what I understand Stalnaker (1980) to claim – see Williams (forthcoming) for further discussion]  or whether we 
say, following Lewis, that "(X ⇒ Y) ∨ (X ⇒ Z)" can be false even when "X ⇒ (Y ∨ Z)" is true. What matters is that 
there is no fact about what would happen were Bob to make the measurement. 
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