


Quantum Cognition

Research field that aims to build cognitive models using the 

mathematical principles of quantum mechanics.

Mainly used to explain paradoxical empirical findings that 

violate classical laws of probability theory and logic.

C. Moreira and A. Wichert, The Relation Between Acausality and Interference in Quantum-Like Bayesian 
Networks, In Proceedings of the 9th International Conference on Quantum Interactions, 2015



Motivation
Quantum physics uses complex numbers to represent 

probabilities.

Quantum principles have been applied in many different domains 

ranging from cognitive psychology, economics, biology, 

information retrieval, etc.

Do we really need quantum theory when the purpose is just to 

apply projections between subspaces to explain paradoxical 

findings?



Order of Effects
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Theory: Order of Effects

Q1: Do you generally think that 
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Violations of Probability 
Theory: Order of Effects

Tx Axis: Donald Trump

Sx Axis: Mr. Spock



Violations to Probability 
Theory: Order of Effects

Using a quantum model, the probability of responses differ 

when asked first vs. when asked second.



Violations to Probability 
Theory: Order of Effects

× Literature suggests to model this problem by assuming a  
rotation of the axis of the second question to 45 degrees.

× One can compute the probabilities of the second question of 
each experiment in the following way:

Trump          Spock:
Pr 𝑇 = 𝐻𝑜𝑛𝑒𝑠𝑡	

		
→	𝑆 = 𝐻𝑜𝑛𝑒𝑠𝑡 = 𝑃/𝑃0|𝑇⟩ 3 = 0.479

Spock         Trump:
	Pr 𝑆 = 𝐻𝑜𝑛𝑒𝑠𝑡	

	
→	𝑇 = 𝐻𝑜𝑛𝑒𝑠𝑡 = 𝑃0𝑃4|𝑇⟩ 3 = 0.479

The probability of the first question is given by:
Pr 𝑇 = 𝐻𝑜𝑛𝑒𝑠𝑡	 = 𝑃0|𝑇⟩ 3 = 𝟎. 𝟕	 Pr 𝑆 = 𝐻𝑜𝑛𝑒𝑠𝑡 = 𝑃/	|𝑇⟩

3
=0.96
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Where are Quantum Interference 

effects coming from?



Question

Where are Quantum Interference 

effects coming from?

Answer: From the Rotation of the Axis!



Violations to Probability 
Theory: Order of Effects

Trump          Spock:
Pr 𝑇 = 𝐻𝑜𝑛𝑒𝑠𝑡	

		
→	𝑆 = 𝐻𝑜𝑛𝑒𝑠𝑡 = 𝑃/𝑃0|𝑇⟩ 3

A general Rotation Matrix is given by:

The Projection Matrix corresponding to Mr. Spock’s question is:

Setting θ to π/4 leads to the previously displayed results.



Question

Do we really need Quantum Theory 

to compute these projections?



Question

Do we really need Quantum Theory 

to compute these projections?

Answer: No!

We can obtain the same results using real projections!



Violations to Probability 
Theory: Order of Effects

Classical probability is based on set theory, not on vectors. 
𝐒𝐜𝐨𝐫𝐞 𝑇 = 𝐻𝑜𝑛𝑒𝑠𝑡	

		
→	𝑆 = 𝐻𝑜𝑛𝑒𝑠𝑡 =	 𝑃/𝑃0|𝑇⟩

The Projection Matrix corresponding to Mr. Spock’s question is:

In the end, the answer to the second question is given by:
Trump          Spock:
𝐏𝐫 𝑇 = 𝐻𝑜𝑛𝑒𝑠𝑡	

		
→	𝑆 = 𝐻𝑜𝑛𝑒𝑠𝑡 =	 𝑃/𝑃0|𝑇⟩ = α 0.50 = 0.50

Spock         Trump:
	𝐏𝐫 𝑆 = 𝐻𝑜𝑛𝑒𝑠𝑡	

	
→	𝑇 = 𝐻𝑜𝑛𝑒𝑠𝑡 = 𝑃0𝑃4|𝑇⟩ 3 = α 0.50 = 0.50



Question

Do we really need Complex 

Numbers to model these scenarios?

Answer: No!



Violations of Probability 
Theory: Order of Effects

Tx Axis: Donald Trump

Sx Axis: Mr. Spock

θ



Question

What does the rotation of the axis 

mean in Cognitive Psychology?



Relativistic Interpretation of 
Quantum Parameters 

× Let’s imagine that we ask two different people whether 
they like Mr. Spock or not.
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Relativistic Interpretation of 
Quantum Parameters

× Let’s imagine that we ask two different people whether 
they like Mr. Spock or not.

× Peter and John choose a point in their 2-dimensional 
psychological space that represents their preferred answer.

× However, this point is chosen according to a personal basis 
state. Neither Adam nor John are conscious of this basis.
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Relativistic Interpretation of 
Quantum Parameters

× Let’s imagine that we ask two different people whether 
they like Mr. Spock or not.

× Peter and John choose a point in their 2-dimensional 
psychological space that represents their preferred answer.

× However, this point is chosen according to a personal basis 
state. Neither Adam nor John are conscious of this basis.

× In the end, the differences between these preferences are 
given by ROTATING the basis states by θ degrees.



Relativistic Interpretation of 
Quantum Parameters
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Interpretation of Quantum 
Parameters

× In the end, we argue that:

× A person represents a preference in an N-dimensional 
psychological space.

× This space is represented by a personal Basis State, however 
the person is not aware of that state.

× The quantum interference arises due to this Lack of 
Knowledge and due to uncertainty towards the world.



Conjunction Errors



Violations of Probability 
Theory: Conjunction Errors

”Linda is 31 years old, single, outspoken and very bright. She

majored in philosophy. As a student, she was deeply

concerned with issues of discrimination and social justice, 

and also participated in anti-nuclear demonstrations.”

Choose what Linda is more likely to be:

(a) Bank Teller;

(b) Active in the Feminist Movement and Bank Teller;



Violations of Probability 
Theory: Conjunction Errors

People tend to judge Linda to be “Active in the feminist

movement and a bank teller” over being just a ”Bank Teller”.

𝐏𝐫 𝑭𝒆𝒎𝒊𝒏𝒊𝒔𝒕 < 𝐏𝐫	(𝑭𝒆𝒎𝒊𝒏𝒊𝒔𝒕	 ∩ 𝑩𝒂𝒏𝒌	𝑻𝒆𝒍𝒍𝒆𝒓	
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Violations of Probability 
Theory: Conjunction Errors

People tend to judge Linda to be “Active in the Feminist

movement and a Bank Teller” over being just a ”Bank Teller”.

𝐏𝐫 𝑭𝒆𝒎𝒊𝒏𝒊𝒔𝒕 < 𝐏𝐫	(𝑭𝒆𝒎𝒊𝒏𝒊𝒔𝒕	 ∩ 𝑩𝒂𝒏𝒌	𝑻𝒆𝒍𝒍𝒆𝒓	

𝑭𝑩
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Violations of Probability 
Theory: Conjunction Errors

We model two sets of basis vectors: one for Feminist and
another for Bank Teller.

The Bank Teller basis vectors correspond to a rotation of 0.4 π
from the Feminist basis vectors.



Violations of Probability 
Theory: Conjunction Errors

We model two sets of basis vectors: one for Feminist and
another for Bank Teller.

The Bank Teller basis vectors correspond to a rotation of 0.4 π
from the Feminist basis vectors.



Violations of Probability 
Theory: Conjunction Errors

We want to compute 

This correponds to a projection from superposition state S to

the Feminist basis vector F and then by making a projection

from the basis vector F to the Bank Teller basis vector B.

Pr( 𝑭𝒆𝒎𝒊𝒏𝒊𝒔𝒕	 ∩ 𝑩𝒂𝒏𝒌	𝑻𝒆𝒍𝒍𝒆𝒓	)



Violations of Probability 
Theory: Conjunction Errors

We also want to compute 

This correponds to a projection from the Bank Teller basis state

B to the superposition vector S.

In the end, we can explain the conjunction

error:

Pr( 𝑩𝒂𝒏𝒌	𝑻𝒆𝒍𝒍𝒆𝒓	)



Question

Do we really need Quantum Theory 

to compute these projections?

Answer: Not on this model representation!

We can obtain the same results using real projections!



Violations to Probability 
Theory: Order of Effects

The Classical probability representing Linda being both 

Feminist and Bank Teller is given by:

𝐏𝐫 𝐹𝑒𝑚𝑖𝑛𝑖𝑠𝑡	
		
→𝐵𝑎𝑛𝑘	𝑇𝑒𝑙𝑙𝑒𝑟 =	 𝛼. 𝑃[|𝑆⟩. 𝑃\ ]𝐹 _

The Projection Matrix corresponding to Bank Teller (θ = 0.4π):

The Classical probability representing Linda being a Bank 

Teller is: 
𝐏𝐫 𝐵𝑎𝑛𝑘	𝑇𝑒𝑙𝑙𝑒𝑟 =	 𝛼. 𝑃\|𝑆⟩



Question

What do Complex Numbers mean in 

this experiment? Are they necessary?

Answer: No!

We can obtain the same results using real projections!



Violations of Probability 
Theory: Conjunction Errors

Occam’s Razor: “When faced with two possible explanations for 

the same problem, the simpler of the two is the most likely to 

be true.”

QUANTUM MODEL 

vs. 

CLASSICAL MODEL



Violations of Probability 
Theory: Conjunction Errors

One representation of Linda’s Problem that makes sense to 

apply Complex Numbers is in Bayesian Networks:

The network propagates information.

Unobserved nodes can enter in a 

superpostition state, producing

Quantum Interference Effects. 



Violations of Probability 
Theory: Conjunction Errors

One representation of Linda’s Problem that makes sense to 

apply Complex Numbers is in Bayesian Networks:

FB

𝝍𝑩a𝑻 = 𝟎. 𝟑𝟎
𝝍𝑩a𝑭 = 𝟎. 𝟕𝟎 T

F

𝐏𝐫 𝐹𝑒𝑚𝑖𝑛𝑖𝑠𝑡 = 𝑇|𝐵𝑎𝑛𝑘	𝑇𝑒𝑙𝑙𝑒𝑟 =	

𝝍𝑭a𝑭|𝑩𝝍𝑭a𝑻|𝑩B

𝟎.𝟗𝟓 𝟎.𝟎𝟓
𝟎.𝟑𝟎 𝟎.𝟕𝟎

𝛼 𝝍𝑩a𝑻.𝝍𝑭a𝑻|𝑩a𝑻
3
+ 𝝍𝑩a𝑭.𝝍𝑭a𝑻|𝑩a𝑭

3
+	 2. 𝝍𝑩a𝑻.𝝍𝑭a𝑻|𝑩a𝑻.𝝍𝑩a𝑻. 𝝍𝑭a𝑻|𝑩a𝑻𝐶𝑜𝑠(𝜃)

𝐏𝐫 𝑭𝒆𝒎𝒊𝒏𝒊𝒔𝒕 = 𝑻|𝑩𝒂𝒏𝒌	𝑻𝒆𝒍𝒍𝒆𝒓 =	 𝟎. 𝟔𝟑𝟔𝟕 > 𝐏𝐫 	𝑩𝒂𝒏𝒌	𝑻𝒆𝒍𝒍𝒆𝒓= 𝑻	 = 𝟎.𝟑𝟎

Setting θ to 0.4 . π. Any θ ∈	 0; m 3⁄ also explains the conjunction error



(Quantum) Information 
Retrieval



Information Retrieval
Research field that aims to find models that search for relevant

information from a collection of documents, given an

information need (query).

Recent literature has proposed to use Quantum models in 

Information Retrieval, but does it make sense to apply it?



Information Retrieval

θ1

θ2 Document2

Query
Document1



Information Retrieval
Many works in the literature use the projection approach as a 
Quantum Model for Information Retrieval.

These models focus on User Relevance Judgments. They try to 
understand a user’s preference order when presented with a set 
of returned documents given na information need.

In this scope, many works try to incorporate Order of Effects in 
Information Retrieval.



Question

Does it make sense to represent a 

Document as a Complex Number? 

How? What does it mean?



Information Retrieval
In IR, Documents are N-Dimensional vectors containing

descriptors of textual information.
Frequency of Terms

Inverse Document 
Frequency

N-Grams

…

T F I D F N-Gr.. … . . .D = 



Information Retrieval
Do we really need to represent a Document with Complex

Numbers?

D = + i

What does the imaginary part mean?



Information Retrieval
The projection approach is used to model Order of Effects.

We already saw that we do not need a Quantum Model to 

model these effects.

Matrix multiplication is Non-Commutative, so Order of Effects

can be explained easily with Rotation Operators and

Projections.



There is no need to apply 
Quantum Theory in a 
Projection Approach!



Summary
We showed how Quantum Theory has been applied in fields
outside of Physics.

Many approaches proposed in the literature do not need a 
Quantum Approach to model Order of Effects / Conjunction or
Disjunction Errors

We propose a Relativistic interpretation of Quantum 
interference parameters in Cognition that explains why people
tend to violate the laws of probability and logic.


