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Why Bother Using Quantum Mechanics

* Precedents of using methods from physics
* Gravity Model, Equilibrium, Fluid Mechanics, Maximum Entropy...

* Quantum Mechanics was accepted (only) because it works (and classical
mechanics doesn’t)

* Non-Boolean Quantum Logic. E.g., (A and B) + (B and A)
* An Experiment



What is Quantum Logic?

Intuitive Explanation: Measurement Alters the System Itself! g

Technology
Review

In A and B experiement, the measurement B changes the syste
|T), and B measures |I), not |2).

In B and A experiement, the measurement A changes the syste
|«7), and A measures ), not |T).

AView from Emerging Technology from the arXiv

How Quantum Probability Theory Could
Explain Human Logical Fallacies

A quantum model of reasoning beats its classical counterpart in

S U rvey Q U e st i o n A It e rs A P a rt i c i p a n t ’s M e n t a I St a t e ! explaining why humans make errors in judging probabilities.

September 17,2009

Disclaimer: using quantum principles, not implying quantum nature
of cognition/consciousness

* Quantum Cognition (Quantum-like Mind) vs. Quantum




Challenges in quantifying survey bias

* Important role of stated preference survey when no observation available

* “Framing Effect” and "Mere Measurement Effect”
* Stopher et al. (07)

* “25% more trips were over-reported than trips that were under-reported in terms of actual travel time in 2003/2004
Syndey Household Travel Survey.

* McFadden and Leonard (92)

* “The results the stated preference (SP) survey change noticeably when response format and the wording of the
questions were varied”

* Morwitz et al. (93)
« “...merely measuring intent will increases subsequent purchase behavior.”
 Surgery decision (McNeil, 1982; Tversky & Kahneman, 1986)

* "“There’s a 9o% chance of death without the surgery.”
* "“There's a 10% chance of survival without surgery.”

* Water & Electricity Bills (Richard Thaler, 2008)
* “Please pay $xxx for water and electricity.”
* "“Most of your neighbors have paid the bill, but you still have $xxx deficit.”
* Traveler Information
* “You have 80% chance of arriving on time or early.”
* “You have 20% chance of arriving late.”
* Various Survey Wording, Sequence, Instruments (picture/video/VR), etc.



Simple Survey Example

* Survey Formata
* (4:Would you consider environmental impact when making travel decision?
* (Qg: Do you prefer transit or auto?

e Survey Format 2
* (Qp: Do you prefer transit or auto?
* (4:Would you consider environmental impact when making travel decision?



A Geometric lllustration




Quick Intro to Some Key Concepts

Probability

Sample Space vs. (Unit-Length) Vector Space

J2/3
J1/3
=23~ 082.(PlY)=2+3=1

Probability & Probability Amplitude, [{({p [¥)1? = Wlyp) (Wpl) = 0.67

* Bravector, say (¢| = [1 0]. Ket vector, say ) =

* “Bracket”: (¢|y) =[1 0] [%

*Matrix representation of an observable (e.g., a survey response)
Each “coordinate systems” are the set of eigenvectors of a (Hermitian) matrix

Note that once we observe, the system “collapses” into one of the
eigenvectors

Pp + Pr = Yp¥p + Yrpp =1
[Yr
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N
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Core Ideas of Applying QM to travel survey study

* The “coordinate system” captures information relevant to the survey
question (measurement)

 Different survey instruments, platforms, wordings are represented by different coordinate
systems formed by different sets of bases.

e The state vector BECOMES one of the eigenvectors after the measurement



Presents the survey differently

* Qu: Verbal Description about Route 1 and Route 2

* Q2: Photo/VR Description about Route 1 and Route 2



Intuitive (Geometric) Understanding of Quantum Cognition Model

Vector representation of a person’s probability to choose between Route 1 and Route 2

Route 2

Rolll“ez
(V07)" + (vV03) =1 , ,
N (vV0.4) + (V0.6) =1
b= Route 1
/ ou

V0.7

/‘)Ollte .

Question 1 biased towards Route 1 Question 2 biased towards Route 2
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Asking different participants the same way

* In heterogenous case, 8 € [0,2m] is a function of an individual’s attributes

e Question 1 for Alice and Bob

/\)Oute 2 ROute 2

A)Ou[e 1
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Heterogeneous sample

* In heterogenous case, 8 is a function of their attributes, 8 € [0,27]

* Question 2 for Alice and Bob

Route 2 Route 2
Alice
Bob
V0.5 V0.1
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Example 1: Case study using Fujii & Garling’s data
* Kyoto, Japan, 2003

* 903/20000 respondents before-and-after survey (by mails)

* First wave
* info about the new service and socio-demographic attributes of the participants

* Second wave (6 months later)
* Whether moved since the first wave, and whether “kept their words.”

Revealed Choice (%) for Non Transit Users Revealed Choice (%) for Transit Users

73.13 5.10 78.23

6.46 15.31 21.77
79.58 20.42
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Example 1: Case study using Fujii & Garling’s data

* They selected responses only when the participants experienced little changes (e.g., no home/work relocation and
no major income change)

* Revealed preference is considered as a “self-imposing question”

* New transit service (e.g., frequency, fare) was verified to be consistent with what was provided in the survey

 Original transit users tend to predict their behavior better; OR, transit users are less likely to be framed by the question

|

Originally Non-Transit Users Originally Transit Users 14



Example 2 (A mixed approach)

* Suppose we estimated parameters based on RP data of a new transit feeder system with rideshare
service

* We can evaluate the SP data using the calibrated model and a "quantum corrector”

* Now, we can then use it to predict new actual behavior based on what we give in SP

SP Survey: SP Survey:
e.g., would you use the upcoming RP e.g., would you use the upcoming
rideshare service for transit? rideshare service for transit?

| | !
|

Transit Feeder Phase |
Implemented

\ 4

TIME

|

Transit Feeder Phase |l
Implemented

|
Known Unknown

e T —
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Example 2
Step 1: Calibrate Discrete Choice Model
Using RP Data after Phase |

Individual n. ——_

\@tarated Discrete Choice Model using Phase | RP data:
o Ur=V"+er =Po+ Bincomel™ + Be:TTH + €7
. U}l = an + 6;} = ,Bincomeln + ,BttTT;L + ﬁcarcar;ummy T 6;}

SP Survey: SP Survey:
e.g., would you use the upcoming RP e.g., would you use the upcoming
rideshare service for transit? rideshare service for transit?

! | |
i

Transit Feeder Phase |
Implemented

TIME

\ 4

|

Transit Feeder Phase |l
Implemented
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Example 2

Step 2a: Evaluate Discrete Choice Model
Using SP data obtain probabilities

Individual m

e

Evaluated probabilities using SP data before
Phase I's implementation:

L] m — L
P = 1+exp(V-VM)
© pr=1-p"
SP Survey:
e.g., would you use the upcoming RP

rideshare service for transit?

|

Transit Feeder Phase |
Implemented

SP Survey:
e.g., would you use the upcoming
rideshare service for transit?

|

Transit Feeder Phase |l
Implemented

TIME
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estion
[T

A

Example 2
Step 2b: Obtain the angel, 0, between the two ™)
coordinate systems ;

> |¢Qestion)

r

Sincesim = exp(V"* — V™), we have /zim = Jexp(V* — V™) = tan(6™) T
So, ™ = arctan(y/exp(V;* — ;™)) . Or equivalently VI — ;™ = 2In(tan(6™))

/

SP Survey: SP Survey:
e.g., would you use the upcoming RP e.g., would you use the upcoming
rideshare service for transit? rideshare service for transit?

! | |
i

Transit Feeder Phase |
Implemented

TIME

\ 4

|

Transit Feeder Phase |l
Implemented
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Example 2
Step 3: Obtain AfG between the two coordinate systems

| E.g., four wording types suggested by Schriesheim (1995):
* Regular:
Would you use the upcoming rideshare service for transit?

1 " m * Polar Opposite:
max Y., (y7" logpy™ + y7'logpf") , where pr* = o s Pr =1—pr Would you keep using the current mode after the
pE R e ) implementation of the rideshare service for transit?
* Negated Polar Opposite:
Would you not keep using the current after the implementation

Note: the only unknown is AG™, which might be a function of m's attributes and question’s
wording type dummy. The optimal A@™ function specification maximizes the likelihood

function. of the rideshare service for transit?
T * Negated Regular:
Would you not use the upcoming rideshare service for transit?
SP Survey: SP Survey:
e.g., would you use the upcoming RP e.g., would you use the upcoming
rideshare service for transit? rideshare service for transit?
TIME
Transit Feeder Phase | Transit Feeder Phase Il
Implemented Implemented
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Example 2

Step 4: Predict based on new SP data using the joint model

SP Survey:

e.g., would you use the upcoming RP
rideshare service for transit?

|

Transit Feeder Phase |
Implemented

Update Discrete Choice Model using the RP and “corrected”
SR data (or Bayesian):

» maXZ(yﬁlogp? + yPlogp?) + z(yl‘logpf + yl—‘m
n

_ 1 k _ 1 _ .k
where pr- = 1+exp(2 In(tan(6k-46))) ' pr=1-pr

Individual k

SP Survey:
e.g., would you use the upcoming
rideshare service for transit?

|

Transit Feeder Phase |l
Implemented

TIME
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Greater Flexibility (Through Hilbert Space) g

[¥)
) i
Note that, since the ratio\/E = |(1/Jr|1/1r>|2 determines the revealed
Pr |<l/)r|1/)r)| )
probabilities, any ¥z = /pre~'97 and ¢, = /p,e %" would produce the (1)
same ratio.
E.g.,

Wi - Pr = Dre'T - \pre T = pr
In other words, the same \/? could come from different combinations of
r

framing effects.

e~'97 is also related to the time evolution of the system.
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Interference Effect of Survey Question
\ \T)

o) /
o)

A)

i

\T

|A)

\TY
* Pr(4) = [{(AlYo)l* = (WPolAXAlpo)

* Pr(4|N or C) = [(AINXN o) + (A|C)C|1ho)|?

= [{AINXN o)l + KAICKC o) |*+{AIN YN o) (AIC)Clipo)
+ (A|CHCPo XAINXN o)
= [rplapXaplodl* + rplar){ar|Yo)l? + 2 - 8p - Int(AB)



Summary

* SP-RP relationship could potentially benefit from the quantum cognition approach.

* Travel behavior studies can provide an application field and contribute to the
development of this new method

* Just a Beginning!
* Identifying factors that affect 8 and A8

» Sequencing Effect of Information Provision (e.qg., traveler information, stakeholder investment
decisions, etc.)

» Considering dynamics — time evolution of mental state vectors
e Modeling impact of format/instrument of traveler information on system performance
* Modeling impact of various information provision scheme to decision makers
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