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Measurement Alters the System Itself!
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once we observe, the system “collapses” into one of the 
eigenvectors
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• The unit-length state vector captures respondent’s 
attributes/characteristics relevant to answering the survey question

• Different angles represent different mental states relevant to the survey question
• The angel is a function of attributes/characteristics of the observer

• 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. 

• The state vector BECOMES one of the eigenvectors after the measurement
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Transit Users
No Yes Total

Stated 
Preference 

(%)

No 73.13 5.10 78.23

Yes 6.46 15.31 21.77

Total 79.58 20.42

Non-Transit Users
No Yes Total

Stated 
Preference 

(%)

No 82.90 3.62 86.52

Yes 9.84 3.64 13.48

Total 92.74 7.26

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

SP Survey: 
e.g., would you use the upcoming 

rideshare service for transit?

Transit Feeder Phase I 
Implemented

RP
SP Survey: 

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

Transit Feeder Phase II
Implemented

What’s the RP?

Known Unknown



TIME

SP Survey: 
e.g., would you use the upcoming 

rideshare service for transit?

Transit Feeder Phase I 
Implemented

RP
SP Survey: 

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

Transit Feeder Phase II
Implemented

What’s the RP?

Calibrated Discrete Choice Model using Phase I RP data:
• 𝑈𝑈𝑟𝑟𝑛𝑛 = 𝑉𝑉𝑟𝑟𝑛𝑛 + 𝜖𝜖𝑟𝑟𝑛𝑛 = 𝛽𝛽0 + 𝛽𝛽𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝐼𝐼𝑛𝑛 + 𝛽𝛽𝑡𝑡𝑡𝑡𝑇𝑇𝑇𝑇𝑟𝑟𝑛𝑛 + 𝜖𝜖𝑟𝑟𝑛𝑛
• 𝑈𝑈𝑟̅𝑟𝑛𝑛 = 𝑉𝑉𝑟̅𝑟𝑛𝑛 + 𝜖𝜖𝑟̅𝑟𝑛𝑛 = 𝛽𝛽𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝐼𝐼𝑛𝑛 + 𝛽𝛽𝑡𝑡𝑡𝑡𝑇𝑇𝑇𝑇𝑟̅𝑟𝑛𝑛 + 𝛽𝛽𝑐𝑐𝑐𝑐𝑐𝑐𝐶𝐶𝑎𝑎𝑎𝑎𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

𝑛𝑛 + 𝜖𝜖𝑟̅𝑟𝑛𝑛

Individual 𝑛𝑛
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SP Survey: 
e.g., would you use the upcoming 

rideshare service for transit?

Transit Feeder Phase I 
Implemented

RP
SP Survey: 

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

Transit Feeder Phase II
Implemented

What’s the RP?

Evaluated probabilities using SP data before 
Phase I’s implementation:
• 𝑝𝑝𝑟𝑟𝑚𝑚 = 1

1+exp 𝑉𝑉�𝑟𝑟
𝑚𝑚−𝑉𝑉𝑟𝑟𝑚𝑚

• 𝑝𝑝𝑟̅𝑟𝑚𝑚 = 1 − 𝑝𝑝𝑟𝑟𝑚𝑚

Individual 𝑚𝑚



TIME
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rideshare service for transit?

Transit Feeder Phase I 
Implemented

RP
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rideshare service for transit?
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Since 𝑝𝑝�𝑟𝑟
𝑚𝑚

𝑝𝑝𝑟𝑟𝑚𝑚
= exp 𝑉𝑉𝑟̅𝑟𝑚𝑚 − 𝑉𝑉𝑟𝑟𝑚𝑚 , we have

𝑝𝑝�r
𝑚𝑚

𝑝𝑝r𝑚𝑚
= exp 𝑉𝑉𝑟̅𝑟𝑚𝑚 − 𝑉𝑉𝑟𝑟𝑚𝑚 = tan 𝜃𝜃𝑚𝑚

So, 𝜃𝜃𝑚𝑚 = arctan exp 𝑉𝑉𝑟̅𝑟𝑚𝑚 − 𝑉𝑉𝑟𝑟𝑚𝑚 . Or equivalently 𝑉𝑉𝑟̅𝑟𝑚𝑚 − 𝑉𝑉𝑟𝑟𝑚𝑚 = 2 ln tan 𝜃𝜃𝑚𝑚

𝜓𝜓𝑟𝑟
𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄
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TIME

SP Survey: 
e.g., would you use the upcoming 

rideshare service for transit?

Transit Feeder Phase I 
Implemented

RP
SP Survey: 

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

Transit Feeder Phase II
Implemented

What’s the RP?

max∑𝑚𝑚 𝑦𝑦𝑟𝑟𝑚𝑚𝑙𝑙𝑙𝑙𝑙𝑙𝑝𝑝𝑟𝑟𝑚𝑚 + 𝑦𝑦𝑟̅𝑟𝑚𝑚𝑙𝑙𝑙𝑙𝑙𝑙𝑝𝑝𝑟̅𝑟𝑚𝑚 , where 𝑝𝑝𝑟𝑟𝑚𝑚 = 1
1+exp 2 ln tan 𝜃𝜃𝑚𝑚+Δ𝜃𝜃𝑚𝑚

,   𝑝𝑝𝑟̅𝑟𝑚𝑚 = 1 − 𝑝𝑝𝑟𝑟𝑚𝑚

Note: the only unknown is Δ𝜃𝜃𝑚𝑚, which might be a function of 𝑚𝑚’s attributes and question’s 
wording type dummy. The optimal Δ𝜃𝜃𝑚𝑚 function specification maximizes the likelihood 
function. 

E.g., four wording types suggested by Schriesheim (1995):
• Regular: 

Would you use the upcoming rideshare service for transit?
• Polar Opposite:

Would you keep using the current mode after the 
implementation of the rideshare service for transit?

• Negated Polar Opposite:
Would you not keep using the current after the implementation 
of the rideshare service for transit? 

• Negated Regular:
Would you not use the upcoming rideshare service for transit?



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

max�
𝑛𝑛

𝑦𝑦𝑟𝑟𝑛𝑛𝑙𝑙𝑙𝑙𝑙𝑙𝑝𝑝𝑟𝑟𝑛𝑛 + 𝑦𝑦𝑟̅𝑟𝑛𝑛𝑙𝑙𝑙𝑙𝑙𝑙𝑝𝑝𝑟̅𝑟𝑛𝑛 +� 𝑦𝑦𝑟𝑟𝑘𝑘𝑙𝑙𝑙𝑙𝑙𝑙𝑝𝑝𝑟𝑟𝑘𝑘 + 𝑦𝑦𝑟̅𝑟𝑘𝑘𝑙𝑙𝑙𝑙𝑙𝑙𝑝𝑝𝑟̅𝑟𝑘𝑘 ,

where 𝑝𝑝𝑟𝑟𝑘𝑘 = 1
1+exp 2 ln tan 𝜃𝜃𝑘𝑘−Δ𝜃𝜃

,   𝑝𝑝𝑟̅𝑟𝑘𝑘 = 1 − 𝑝𝑝𝑟𝑟𝑘𝑘

TIME
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Transit Feeder Phase I 
Implemented

RP
SP Survey: 
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Transit Feeder Phase II
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What’s the RP?

Individual 𝑘𝑘



Note that, since the ratio 𝑝𝑝�r
𝑝𝑝r

= 𝜓𝜓�r 𝜓𝜓�r
2

𝜓𝜓r 𝜓𝜓r
2 determines the revealed 

probabilities, any 𝜓𝜓�r = 𝑝𝑝𝑟̅𝑟𝑒𝑒−𝑖𝑖𝛿𝛿�𝑟𝑟 and 𝜓𝜓𝑟𝑟 = 𝑝𝑝𝑟𝑟𝑒𝑒−𝑖𝑖𝛿𝛿𝑟𝑟 would produce the 
same ratio. 

E.g., 
𝜓𝜓�r∗ � 𝜓𝜓�r = 𝑝𝑝𝑟̅𝑟𝑒𝑒𝑖𝑖𝛿𝛿�𝑟𝑟 � 𝑝𝑝𝑟̅𝑟𝑒𝑒−𝑖𝑖𝛿𝛿�𝑟𝑟 = 𝑝𝑝�r

In other words, the same 𝑝𝑝�r
𝑝𝑝r

could come from different combinations of 

framing effects. 

𝑒𝑒−𝑖𝑖𝛿𝛿�𝑟𝑟 is also related to the time evolution of the system.

𝜓𝜓𝑟𝑟
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• Identifying factors that affect 𝜃𝜃 and Δ𝜃𝜃
• Sequencing Effect of Information Provision (e.g., traveler information, stakeholder investment 

decisions, etc.)
• Considering dynamics – time evolution of mental state vectors
• 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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