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Side 

Background 

§ A large-scale study was recently conducted to evaluate 
the feasibility of high-speed rail (HSR) in Norway 
(Jernbaneverket, 2012). 

§ The study indicated that building HSR in Norway is far 
from economically feasible. 

§ However, the vast data collected provides exellent 
possibilities for in-depth analyses of heterogeneity of 
travellers. 
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Background 

§ To capture this heterogeneity, we utilize a model family 
called Hybrid choice models (see Walker, 2001; Walker 
and Ben-Akiva, 2002; Abou-Zeid and Ben-Akiva, 2014) 

§ This method focuses on explicitly modelling the decision-
making process behind the modal choice 

§ Personality traits/attitudes influence the utility functions, and are 
modelled as latent variables 

§ Different (unobserved) segments of individuals behave 
differently, which is modelled by means of latent classes 
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Conventional choice model 
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§ The «black box» is filled by the latent construct «utility» 
§ Utility has a deterministic and a stochastic component 

(𝑉(.) and 𝜀, respectively). 

​𝑈↓𝑛 =𝑉(​𝑋↓𝑛 ;𝛽)+ ​𝜀↓𝑛  
 
​𝑦↓𝑛 ={█■1  𝑖𝑓   ​𝑈↓𝑖𝑛 ≥ ​𝑈↓𝑗𝑛 ∀𝑗∈ ​𝐶↓𝑛  ⁠0  𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                      

𝑃​​𝑦↓𝑛  ⁠​𝑋↓𝑛 ;𝛽, ​Σ↓𝜀  =∫𝜀↑▒𝑃​​𝑦↓𝑛  ⁠​𝑋↓𝑛 ;𝛽,𝜀 𝑓​𝜀 ⁠​Σ↓𝜀  𝑑𝜀  

Utility functions 
(𝑈) 

Explanatory 
variables (𝑋) 

Choice 
(𝑦) 
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Hypothesis I 

§ Personality traits (preference for comfort and global 
environmental conciousness) affect the mode utilities, and 
hence the choice probabilities. Therefore, they should be 
included in the utility functions. 

§ This can be achieved by modelling the personality traits 
as latent variables. 
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Latent variables 

6 

§ One more equation is added: 

​𝑋↓𝑛↑∗ = ​𝑋↑∗ (​𝑋↓𝑛 ;𝛼)+𝜔 
 
 
… and the choice probability becomes: 

 
𝑃​​𝑦↓𝑛  ⁠​𝑋↓𝑛 ;𝛽,𝛼, ​Σ↓𝜀 , ​Σ↓𝜔  =∫​𝑋↑∗ ↑▒𝑃​​𝑦↓𝑛  ⁠​𝑋↓𝑛 , ​𝑋↓𝑛↑∗ ;𝛽, ​Σ↓𝜀  𝑓​​
𝑋↓𝑛↑∗  ⁠​𝑋↓𝑛 ;𝛼, ​Σ↓𝜔  𝑑​𝑋↑∗   

Utility functions 
(𝑈) 

Explanatory 
variables (𝑋) 

Latent variables 
( ​𝑋↑∗ ) 

Choice 
(𝑦) 
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Introducing indicators 
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𝑃​​𝑦↓𝑛 , ​𝐼↓𝑛  ⁠​𝑋↓𝑛 ;𝛽,𝛼,𝜆, ​Σ↓𝜀 , ​Σ↓𝜔 , ​Σ↓𝜐  =∫​𝑋↑∗ ↑▒𝑃​​𝑦↓𝑛  ⁠​𝑋↓𝑛 , ​𝑋↓𝑛↑∗ ;𝛽, ​Σ↓𝜀    𝑔​​𝐼↓𝑛  ⁠​
𝑋↓𝑛↑∗ ;𝜆, ​Σ↓𝜐    𝑓​​𝑋↓𝑛↑∗  ⁠​𝑋↓𝑛 ;𝛼, ​Σ↓𝜔  𝑑​𝑋↑∗   

§  Indicators expressed as functions of the latent 
variables: 

​𝐼↓𝑛 =𝐼(​𝑋↓𝑛↑∗ ;𝜆,)+ ​𝜐↓𝑛  
 
 
 
 
 
 
§ Then the joint probability of observing both 

the choice and the indicator values becomes: 

Indicators 
(𝐼) 

Explanatory 
variables (𝑋) 

Latent variables 
( ​𝑋↑∗ ) 

Utility functions 
(𝑈) 

Choice 
(𝑦) 
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Hypothesis II 

§ The conventional separation between business trips and 
leisure trips is too rigid. By identifying latent segments 
(classes) of the population, one is better able to capture 
the underlying behavior and hence increase the predictive 
power of the model. 
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Latent classes 
§ Unobserved latent constructs affect class membership (analogous to 

utility): 
​𝐻↓𝑛↑𝑠 =𝐻(​𝑋↓𝑛 ;​𝛾↑𝑠 )+ ​𝜏↓𝑛↑𝑠  
§ Assuming the class membership model can be estimated, the class 

membership probabilities can be written as: 
𝑃( ​𝑠↓𝑛 | ​𝑋↓𝑛 ;𝛾, ​Σ↓𝜏 ) 
 
§ The choice probability can be written as: 

𝑃​​𝑦↓𝑛 , ​𝐼↓𝑛  ⁠​𝑋↓𝑛 ;𝛽,𝛼,𝜆,𝛾, ​Σ↓𝜀 , ​Σ↓𝜔 , ​Σ↓𝜐 , ​Σ↓𝜏  =∑𝑠=1↑𝑆▒𝑃(𝑠| ​𝑋↓𝑛 ;𝛾, ​Σ↓𝜏 )   ∫​𝑋↑∗ 
↑▒𝑃​​𝑦↓𝑛  ⁠​𝑋↓𝑛 , ​𝑋↓𝑛↑∗ ;​𝛽↑𝑠 , ​Σ↓𝜀↑𝑠    𝑔​​𝐼↓𝑛  ⁠​𝑋↓𝑛↑∗ ;𝜆, ​Σ↓𝜐    𝑓​​𝑋↓𝑛↑∗  ⁠​𝑋↓𝑛 ;𝛼, ​Σ↓𝜔  𝑑​𝑋↑∗   
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Class membership model 
Choice model Distribution of latent variables 

Distribution of indicators 
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The hybrid choice model 
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The latent class model 
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The latent variable model 
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The choice model 
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Weaknesses 

§ Large data requirements 
§ Latent variables explained by socio-economic 

characteristics 
§ It is difficult to find strong predictors of latent variables 
§ High degree of collinearity between latent variables 
§ Local optima 
§ Endogeneity of indicators 
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Strengths (from Abou-Zeid and Ben-
Akiva, 2014) 
§ Accounting for unobserved taste heterogeneity 
§ Increased efficiency 
§ Increased behavioral realism 
§ Policy relevance 
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Data (Halse, 2012) 
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Attribute values: 
•  Time 
•  Cost 
•  Share of time in tunnel 
•  Departures per day 
•  Access time 
•  Egress time 
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Data (Johansson et al., 2006) 
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Data (Johansson et al., 2006) 
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§ Class 2 is more sensitive to 
time and cost 

§ Class 2 have a larger share of 
males 

§ An increase in comfort of one 
standard error increases the 
probability of choosing rail by 
6.3% and the probability of 
choosing HSR by 19.6% 

§  The predicted value of comfort 
is higher for females and 
decreases with age 

§ All indicators are influenced 
positively (and significantly) by 
comfort 
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Conclusions 

§ Hypothesis I: 
§ Both personality traits (comfort and environmental 

consciousness) are significant. Moreover, they affect the choice 
probability for HSR positively, and to a larger extent than 
available individual-specific characteristics 

§ Hypothesis II: 
§ The identified latent classes differ from the conventional 

separation between business and leisure trips. Moreover, the 
latent class model have higher explanatory power than a model 
in which leisure trips and business trips are separated 
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Further work 

§ Take into account the panel structure 
§ Estimate the model with three classes to (try to) capture 

the business segment 
§ Include both personality traits in the same regression (by 

simulation?) 
§ How to be more confident that the solution is the global 

maximum? 

§ Other suggestions/comments? 
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