Contextuality in quantum theory
and beyond

Gabor Hofer-Szabd

Research Centre for the Humanities, Budapest




Gallup, 1997:

s A: Do you think Al Gore is honest and trustworthy?
s B: Do you think Bill Clinton is honest and trustworthy?




A — AT
A&KB — A




s EXxplicit contextuality:

A — AT
A&B — A




s EXxplicit contextuality:

A — AT
A&B — A

» Implicit contextuality:

A&\ — AT
A&LKB&N — A




s EXxplicit contextuality:
A oAt
A&B Ty oAt

s Implicit contextuality:

A& 2 oAt
A&B&N Py At




s EXxplicit contextuality:

p(AT|A) # p(AT|A & B)

» Implicit contextuality:

p(AT|A&N) # p(AT|A&B&N)




s How explicit and implicit contextuality are related?
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» Implicit contextuality:

p(AT|A&N) # p(AT|A&B&N)
s Conspiracy:

p(B&A) # p(B)p\)




Implicit contextuality
Explicit contextuality — V

Conspiracy
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Implicit contextuality
Explicit contextuality — V

Conspiracy

No implicit contextuality
No explicit contextuality =4 &

No-conspiracy




» Implicit contextuality can be revealed by the impossibility
to extend local descriptions to a global description




I. Contextuality without probability
Il. Contextuality with probability
lll. Implicit contextuality in cognitive and social science?




Exploring implicit contextuality




Exploring implicit contextuality










s A: Isitbig?

s B: Isitblack?

s A: lIsitround?
s B Isitheavy?




s A: lsitbig?

s B: Isitblack?

s A Isitround? 1 1
s B Isit heavy? | |




s A: Isitbig? 1
s B: Isitblack?
s A: lIsitround?
s B Isitheavy? 0




s A lsitbig? 1 1
s B: Isitblack?
» A’ lsitround?

. 0 0
s B Isitheavy?




s A: Isitbig?

s B: Isitblack?

s A: lIsitround?
s B Isitheavy?




s it big?

A: 1
s B: Isitblack?
s A: lIsitround?
s B Isitheavy? 0




s A: lsitbig?

s B: Isitblack?

s A Isitround? 1 1
s B Isit heavy? | |




s A: Isitbig? 1
s B: Isitblack?
s A: lIsitround?
s B Isitheavy? 0




s A lsitbig? 1 1
s B: Isitblack?
» A’ lsitround?

. 0 0
s B Isitheavy?




s A: Isitbig?

s B: Isitblack?

s A: lIsitround?
s B Isitheavy?




s it big?

A: 1
s B: Isitblack?
s A: lIsitround?
s B Isitheavy? 0




s it big?

A: 1
s B: Isitblack?
s A: lIsitround?
s B Isitheavy? 0
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B is true.

A’ is true.
B’ is true.
A is false.
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s Spin up in direction A?
s Spin up in direction B?
s Spin up in direction A’?
s Spin up in direction B'?




s Spin up in direction A?
s Spin up in direction B?
s Spin up in direction A’?
s Spin up in direction B'?




s Spin up in direction A?
s Spin up in direction B?
s Spin up in direction A’?
s Spin up in direction B'?

A1




s Spin up in direction A?
s Spin up in direction B?
s Spin up in direction A’?
s Spin up in direction B'?




s Spin up in direction A?
s Spin up in direction B?
s Spin up in direction A’?
s Spin up in direction B'?

/ /1
1° O: 1 0
0 0




s Spin up in direction A?
s Spin up in direction B?
s Spin up in direction A’?
s Spin up in direction B'?




s Spin up in direction A?
s Spin up in direction B?
s Spin up in direction A’?
s Spin up in direction B'?




s Spin up in direction A?
s Spin up in direction B?
s Spin up in direction A’?
s Spin up in direction B'?




s Bell's inequality:

—1 < pyp(A=up, B=up)+p,, (A=up, B =up)
+pA/B(A/ — up, B = up) _pA/B/ (A/ — up, B/ — Up)
+p (A =up)+py(B=up) <0

s ltis violated = No impl. noncontextual (local) hidden
variables!
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|¥) can be any non-product state in Hy ® Ha,
except the singlet state. | |




No implicit contextuality
& —> No explicit contextuality

No-conspiracy

p(AT & A&B) Y, p(At & A &B& )
p(A&B) p(A & B)
S, p(AF|A & B &) p(A & B & \)
p(A & B)
no impl. cont. Yy \P(AT|A &A)p(A & B & \)
p(A & B)
no—consp. 2 A P(AT|A &) p(A & B)p(A)
p(A & B)
= > p(ATIA & N)p(A) = p(AT|A)
A e

p(AT|A & B) =
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