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introduction Methodology and Primary A Assumptions

* It is often claimed that classical _ _ - |
orobability theory is unable to describe Apply the Contextuality-by-Default theory to show Classical probability theory is:
P o Prenom e, that these statements are mistakenly made due to . G?\?:;?:;I_) uggilzlz?grliet;e any probabilistic features
* This general claim is exemplified by the = - g - - y — .
threegwidespread Statemerﬁts belov)\//. misidentification of random variables. - Complementable by special purpose computations.

The Contextuality-by-Default Theory: Key Features
Double labeling of random variables

Contextuality analysis

» A system of random variables is noncontextual if it
Shared probability has a coupling in which any two content-sharing

Empirically-defined joint distributions

Context: properties of the experiment, Jointly
e.g., left slit open and right slit closed. distributed.

@q_Content: what is being measured,
e.g., the particle hit the detector after

passing through right slit.

space. random variables are equal with maximal probability.
For example, for the system 1, R;,, Ry , R/, there is a
joint distribution (S¢, S¢,, S¢', S¢) such that

(S7,5:) ~ (R, R.,),i=c,c, and

Stochastically ¢

unrelated. S5 = Sj-’ with maximal probability, j = ¢, ¢'.

+ A system is contextual otherwise.

The Three Statements and Analysis

“Classical probability requires that specific (e.g., Bell- “In classical probability the joint occurrence of two events “Classical probability is additive (equivalently, obeys the
type) inequalities hold for particular sets of random Is commutative, but we know from quantum mechanics law of total probability), but we know from quantum
variables, but we know from quantum mechanics and and from behavioral experiments that the order of two mechanics and from behavioral experiments that this
from behavioral experiments that they may be violated.” events generally matters for their joint probability.” additivity (the law of total probability) can be violated.”
Example of Each Statement
- Classical probability theory requires that the CHSH/ - Classical probability theory requires that - Classical probability theory requires that additivity,
Fine inequality, I.e., commutativity, e.g., .e.,
4
Prag(Ay N By) = Prga(By AN A 2 Pr[Re AUB|=Pr|[Re A|+Pr([Re B], (3
max |} (RiRig1) = 2(R;Rje1)| <2, (1) Ay A By) By A Ay) @) | | =brifedl+Prike B, @)
A P holds for events A, (Qquestion A is answered ‘Yes’) holds for two disjoint events A and B in the
holds for a set of four random variables with known and B, (question B is answered ‘Yes’). codomain space of random variable R.
distributions (R1, R2), (R2, R3), (R3,Rs), and (R4, Ry). . . L . . o . L .
( ) ) ( ) - However, it is claimed that (2) is violated in question - However, it is claimed that (3) is violated in the
- However, it is claimed that (1) is violated in the EPR- order effects, e.qg., double slit experiment, e.q.,
Bohm experiment, I.€., B s Clinton  ShkaaettEs s Gore Context cxo: left slit
detector set detector set ~ 2 honest? ( Yes. JSIbZ Yes. Jhonest? 4K * closed, right open. |
at orientation at orientation i o -~y ax.: left slit closed.
_‘. S ! @M"_ N 7' G Question AT - @
- _ _» S Jore s Clinton " d.0: right slit open. ‘.
A|IC€ ~ o P _ _ BOb L honest? Yes. 7% Yes. honest? U
~€lectrons with spin o detector
and momentum i Prag(A, & By) = 49% || Prga(A, & By) = 56%
Results from Applying the Contextuality-by-Default Theory
The system of random variables is The system of random variables is The system of random variables is
R!|R! ‘ R4" | R5" | caB Condition where R%°| R% Coo Condition with
S A possible pair of RBA | RBA | . question A'is Rxo| pXo Cos both slits open.
uo Rg - 2 measurements 4 B bA asked before B. R v et
R3| Ry |c3 that Alice and Bob dA 4B R R | Oxx Condition with
R} Ri|cy can make f X Condition where Ry R’ | cox left slit open and
simultaneously. | question B is Gor L Qo | Gx. <l right slit closed.
d1 142 |43 | 44 Response Response -
-~ asked before A.
to A. to B. Left slit open.> G_eft slit closed.>
Axis along which Axis along which . . .
Alice can make a Bob can make a - There are four random variables in play here, because of * There are three different random variables in three
measurement. measurement. which (2) is not applicable without first imposing identity probabilities of (3), because of which (3) is inapplicable
| . | couplings column-wise. A “violation” of (2) means that such without additional (wrong) assumptions.
| Tf;?éi ?1r)e':I22I ;?)npﬁl%r;b\(: rla}fr:(e)s;r;.fslf ymhsgi_,nk;e%aeunii of couplings are inconsistent with the row-wise distributions. * This system has probabilities:
wni | | Wi utTi | | | Ity - - Cox RO; =Yes Cx x R_XXX =Yes Cyo  |R%:° =Yes Coo  |R2) =Yes
couplings column-wise. A “violation” of (1) means that these The SyStem Is noncontextual iff RX=Yes| 0 [p|, R¥=Yes] 0 [0}, R®=Yes] 0 0], R°=Yes| + [+,
couplings are inconsistent with the row-wise distributions. AB pAB BA pBA N,
Thei‘. gs.tem is noncontextual iff (A ) = (AT H") O- O e
y u (5) Assuming the detector is sufficiently
4 i i ' ' - -
maxj—1,...4 | Yy (RiRig:) — 2 (R Rq, )| < [(RAP) — (R34 + |(R5") — (RB4))|. small, the system is noncontextual iff [3,4]
) | . (4) which is always satisfied if the Busemeyer-Wang QQ (1=2p)+ (1) + (1 —2q) + (1 —2p' — 2¢"))
o | = 2_+ 2i=1 ‘<R@1> —(Rig1)| equality holds (the left-hand side is zero) [2]. —2min ((1-2p),(1),(1—-2q),(1—2p" —2¢")) (6)
which is a generalization of equation (1) [1]. » For the Clinton/Gore case, equation (5) holds. <2+2pp—p =+ -1+ +2g—¢ —r[+][-1+1];
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