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Introduction
Aim: Infer mode choice from travellers' attitudes andperceptions
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IntroductionMotivation: Mode choice often explained by quantitativeattributes
• Cost
• Time
• etc.Wish to measure impact of qualitative attributes aswell
• Attitudes (against public transports, proenvironment, pro high density, etc.)
• Perceptions (of car, public transports, etc.)
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The survey
• Survey performed together with PostBus (leading buscompany in Switzerland)
• Study in 3 phases� Qualitative survey (GPS data, trip diary, interviews)� Revealed preferences (RP) survey� Stated preferences (SP) survey
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The surveyQualitative survey: Design of quantitative surveysRP survey: Respondants asked to describe
• All trips of particular day
• Opinions
• Habits
• Socio-economic informationSP survey: Respondants asked to choose between currenttransport mode and new service
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The surveyQualitative survey: Design of quantitative surveysRP survey: Respondants asked to describe
• All trips of particular day
• Opinions
• Habits
• Socio-economic informationSP survey: Respondants asked to choose between currenttransport mode and new serviceAnalysis based on RP survey
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Methodology
• Factor analysis
• Integrated choice and latent variable model (Walker, 2001)
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Methodology: Factor analysis
• Identi�cation of latent variables� Attitude against public transports� Environmental concern� Public transport awareness� Status seeking behaviour� Attitude pro high density� Appreciation of a personnalised service
• Purpose: integrate latent variables in discrete choice model
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Methodology: integrated choice and latent variablemodel

Integrated and latent variable model (Walker, 2001) 10 / 54



Methodology: integrated choice and latent variablemodel
• Structural equations:Choice model: Un = V (Xn,X ∗n ;β) + εn εn ∼ D(0,Σε)Latent variable model:X ∗n = h(Xn;λ) + ωn ωn ∼ D(0,Σω)

• Measurement equations:In = m(Xn,X ∗n ;α) + νn νn ∼ D(0,Σν)
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Methodology: integrated choice and latent variablemodel
• Simultaneous estimation of choice and latent variable model
• Maximum likelihood:f4(yn, In|Xn;α, β, λ,Σε,Σν ,Σω) =∫X∗

P(yn|Xn,X ∗;β,Σε) · f3(In|Xn,X ∗;α,Σν) · f1(X ∗|Xn;λ,Σω)dX ∗
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Methodology: integrated choice and latent variablemodelTwo models:Modelling attitudes: Model with 2 latent attributes
• Attitude against public transports
• Environmental concernModelling perception: Model with one latent attribute
• Travellers' image of the car
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Methodology: integrated choice and latent variablemodelModelling attitudes: indicators for measurement equations
• Survey: respondant has to give opinion on sentence.
• Example:� `It's hard to take public transports when I have luggages.'
• Rating scale:� −− total disagreement (coded 1)� − disagreement (coded 2)� 0 neutral (coded 3)� + agreement (coded 4)� ++ total agreement (coded 5)
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Methodology: integrated choice and latent variablemodelModelling attitudes: integrated framework
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Frequency of PT 
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Methodology: integrated choice and latent variablemodelModelling perception: indicators for measurement equations
• Survey: respondant has to give 3 adjectives describing car� comfortable� polluting� useful� expensive� etc.
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Methodology: integrated choice and latent variablemodelModelling perception: indicators for measurement equations
• Adjectives classi�ed into 3 groups� positive connotation� neutral connotation� negative connotation
• Examples� �exible =⇒ + (coded 1)� necessary =⇒ 0 (coded 0)� stressful =⇒ − (coded −1)
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Methodology: integrated choice and latent variablemodelModelling perception: integrated framework
Having Children

French/German part

Work related trips

Travel Time

Travel Cost

Utility

Soft modes

Explanatory 
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Public transports 
(PT)

Car

Choice

Image of car
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Adjectives 
describing car 1 

PT pass
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Number of cars

Explanatory 
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Adjectives 
describing car 2 

Adjectives 
describing car 3 18 / 54



Results: modelling attitudesName Value Std Error t-test p-valueASCCAR 0.16 0.93 0.17 0.87ASCSM -0.41 0.97 -0.42 0.67
βAttEnv 0.33 0.16 2.00 0.05
βAttPT -0.63 0.19 -3.28 0.00
βchildren 0.49 0.16 3.00 0.00
βcost -0.05 0.01 -6.23 0.00
βdistance -0.22 0.03 -6.99 0.00
βfrequency 0.65 0.20 3.19 0.00
βwork -0.61 0.15 -3.96 0.00
βfrench 1.05 0.18 5.73 0.00
βtimecar -0.02 0.00 -6.53 0.00
βtimePT -0.01 0.00 -4.47 0.00
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Results: modelling attitudesName Value Std Error t-test p-valueASCCAR 0.16 0.93 0.17 0.87ASCSM -0.41 0.97 -0.42 0.67
βAttEnv 0.33 0.16 2.00 0.05
βAttPT -0.63 0.19 -3.28 0.00
βchildren 0.49 0.16 3.00 0.00
βcost -0.05 0.01 -6.23 0.00
βdistance -0.22 0.03 -6.99 0.00
βfrequency 0.65 0.20 3.19 0.00
βwork -0.61 0.15 -3.96 0.00
βfrench 1.05 0.18 5.73 0.00
βtimecar -0.02 0.00 -6.53 0.00
βtimePT -0.01 0.00 -4.47 0.00Environmental concern positively correlated with choice of PT.
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Results: modelling attitudesName Value Std Error t-test p-valueASCCAR 0.16 0.93 0.17 0.87ASCSM -0.41 0.97 -0.42 0.67
βAttEnv 0.33 0.16 2.00 0.05
βAttPT -0.63 0.19 -3.28 0.00
βchildren 0.49 0.16 3.00 0.00
βcost -0.05 0.01 -6.23 0.00
βdistance -0.22 0.03 -6.99 0.00
βfrequency 0.65 0.20 3.19 0.00
βwork -0.61 0.15 -3.96 0.00
βfrench 1.05 0.18 5.73 0.00
βtimecar -0.02 0.00 -6.53 0.00
βtimePT -0.01 0.00 -4.47 0.00Attitude against PT negatively correlated with choice of PT.
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Results: modelling attitudesName Value Std Error t-test p-valueASCCAR 0.16 0.93 0.17 0.87ASCSM -0.41 0.97 -0.42 0.67
βAttEnv 0.33 0.16 2.00 0.05
βAttPT -0.63 0.19 -3.28 0.00
βchildren 0.49 0.16 3.00 0.00
βcost -0.05 0.01 -6.23 0.00
βdistance -0.22 0.03 -6.99 0.00
βfrequency 0.65 0.20 3.19 0.00
βwork -0.61 0.15 -3.96 0.00
βfrench 1.05 0.18 5.73 0.00
βtimecar -0.02 0.00 -6.53 0.00
βtimePT -0.01 0.00 -4.47 0.00Presence of children positively correlated with choice of car.
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Results: modelling attitudesName Value Std Error t-test p-valueASCCAR 0.16 0.93 0.17 0.87ASCSM -0.41 0.97 -0.42 0.67
βAttEnv 0.33 0.16 2.00 0.05
βAttPT -0.63 0.19 -3.28 0.00
βchildren 0.49 0.16 3.00 0.00
βcost -0.05 0.01 -6.23 0.00
βdistance -0.22 0.03 -6.99 0.00
βfrequency 0.65 0.20 3.19 0.00
βwork -0.61 0.15 -3.96 0.00
βfrench 1.05 0.18 5.73 0.00
βtimecar -0.02 0.00 -6.53 0.00
βtimePT -0.01 0.00 -4.47 0.00Cost negatively correlated with choice of car and public transports.
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Results: modelling attitudesName Value Std Error t-test p-valueASCCAR 0.16 0.93 0.17 0.87ASCSM -0.41 0.97 -0.42 0.67
βAttEnv 0.33 0.16 2.00 0.05
βAttPT -0.63 0.19 -3.28 0.00
βchildren 0.49 0.16 3.00 0.00
βcost -0.05 0.01 -6.23 0.00
βdistance -0.22 0.03 -6.99 0.00
βfrequency 0.65 0.20 3.19 0.00
βwork -0.61 0.15 -3.96 0.00
βfrench 1.05 0.18 5.73 0.00
βtimecar -0.02 0.00 -6.53 0.00
βtimePT -0.01 0.00 -4.47 0.00Distance negatively correlated with choice of soft modes.
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Results: modelling attitudesName Value Std Error t-test p-valueASCCAR 0.16 0.93 0.17 0.87ASCSM -0.41 0.97 -0.42 0.67
βAttEnv 0.33 0.16 2.00 0.05
βAttPT -0.63 0.19 -3.28 0.00
βchildren 0.49 0.16 3.00 0.00
βcost -0.05 0.01 -6.23 0.00
βdistance -0.22 0.03 -6.99 0.00
βfrequency 0.65 0.20 3.19 0.00
βwork -0.61 0.15 -3.96 0.00
βfrench 1.05 0.18 5.73 0.00
βtimecar -0.02 0.00 -6.53 0.00
βtimePT -0.01 0.00 -4.47 0.00Frequency positively correlated with choice of public transports.
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Results: modelling attitudesName Value Std Error t-test p-valueASCCAR 0.16 0.93 0.17 0.87ASCSM -0.41 0.97 -0.42 0.67
βAttEnv 0.33 0.16 2.00 0.05
βAttPT -0.63 0.19 -3.28 0.00
βchildren 0.49 0.16 3.00 0.00
βcost -0.05 0.01 -6.23 0.00
βdistance -0.22 0.03 -6.99 0.00
βfrequency 0.65 0.20 3.19 0.00
βwork -0.61 0.15 -3.96 0.00
βfrench 1.05 0.18 5.73 0.00
βtimecar -0.02 0.00 -6.53 0.00
βtimePT -0.01 0.00 -4.47 0.00Work related trips negatively correlated with choice of car.

26 / 54



Results: modelling attitudesName Value Std Error t-test p-valueASCCAR 0.16 0.93 0.17 0.87ASCSM -0.41 0.97 -0.42 0.67
βAttEnv 0.33 0.16 2.00 0.05
βAttPT -0.63 0.19 -3.28 0.00
βchildren 0.49 0.16 3.00 0.00
βcost -0.05 0.01 -6.23 0.00
βdistance -0.22 0.03 -6.99 0.00
βfrequency 0.65 0.20 3.19 0.00
βwork -0.61 0.15 -3.96 0.00
βfrench 1.05 0.18 5.73 0.00
βtimecar -0.02 0.00 -6.53 0.00
βtimePT -0.01 0.00 -4.47 0.00French-speaking part positively correlated with choice of car.
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Results: modelling attitudesName Value Std Error t-test p-valueASCCAR 0.16 0.93 0.17 0.87ASCSM -0.41 0.97 -0.42 0.67
βAttEnv 0.33 0.16 2.00 0.05
βAttPT -0.63 0.19 -3.28 0.00
βchildren 0.49 0.16 3.00 0.00
βcost -0.05 0.01 -6.23 0.00
βdistance -0.22 0.03 -6.99 0.00
βfrequency 0.65 0.20 3.19 0.00
βwork -0.61 0.15 -3.96 0.00
βfrench 1.05 0.18 5.73 0.00
βtimecar -0.02 0.00 -6.53 0.00
βtimePT -0.01 0.00 -4.47 0.00Time negatively correlated with choice of PT and car.E�ect greater for choice of car.
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Results: modelling attitudesName Value Std Error t-test p-value
α2 1.24 0.26 4.81 0.00
α3 0.85 0.32 2.66 0.01bcars 0.13 0.03 3.70 0.00bHighEducation 0.26 0.04 6.85 0.00
λ2 0.73 0.09 8.40 0.00
λ3 0.97 0.11 9.12 0.00bmeanAttPT 3.04 0.08 38.60 0.00bBasel -0.31 0.07 -4.17 0.00bGraubuenden -0.23 0.12 -1.87 0.06bEastCH -0.32 0.09 -3.33 0.00bValais -0.19 0.08 -2.47 0.01bBern -0.47 0.14 -3.24 0.00
σ1 -0.47 0.07 -6.89 0.00
σ11 -0.26 0.04 -5.71 0.00
σ12 0.02 0.03 0.67 0.51
σ13 -0.13 0.04 -3.53 0.00
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Results: modelling attitudesName Value Std Error t-test p-value
α2 1.24 0.26 4.81 0.00
α3 0.85 0.32 2.66 0.01bcars 0.13 0.03 3.70 0.00bHighEducation 0.26 0.04 6.85 0.00
λ2 0.73 0.09 8.40 0.00
λ3 0.97 0.11 9.12 0.00bmeanAttPT 3.04 0.08 38.60 0.00bBasel -0.31 0.07 -4.17 0.00bGraubuenden -0.23 0.12 -1.87 0.06bEastCH -0.32 0.09 -3.33 0.00bValais -0.19 0.08 -2.47 0.01bBern -0.47 0.14 -3.24 0.00
σ1 -0.47 0.07 -6.89 0.00
σ11 -0.26 0.04 -5.71 0.00
σ12 0.02 0.03 0.67 0.51
σ13 -0.13 0.04 -3.53 0.00Number of cars positively correlated with attitude against PT.
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Results: modelling attitudesName Value Std Error t-test p-value
α2 1.24 0.26 4.81 0.00
α3 0.85 0.32 2.66 0.01bcars 0.13 0.03 3.70 0.00bHighEducation 0.26 0.04 6.85 0.00
λ2 0.73 0.09 8.40 0.00
λ3 0.97 0.11 9.12 0.00bmeanAttPT 3.04 0.08 38.60 0.00bBasel -0.31 0.07 -4.17 0.00bGraubuenden -0.23 0.12 -1.87 0.06bEastCH -0.32 0.09 -3.33 0.00bValais -0.19 0.08 -2.47 0.01bBern -0.47 0.14 -3.24 0.00
σ1 -0.47 0.07 -6.89 0.00
σ11 -0.26 0.04 -5.71 0.00
σ12 0.02 0.03 0.67 0.51
σ13 -0.13 0.04 -3.53 0.00High education negatively correlated with attitude against PT(negative sign in the regression equation). 31 / 54



Results: modelling attitudesName Value Std Error t-test p-value
α2 1.24 0.26 4.81 0.00
α3 0.85 0.32 2.66 0.01bcars 0.13 0.03 3.70 0.00bHighEducation 0.26 0.04 6.85 0.00
λ2 0.73 0.09 8.40 0.00
λ3 0.97 0.11 9.12 0.00bmeanAttPT 3.04 0.08 38.60 0.00bBasel -0.31 0.07 -4.17 0.00bGraubuenden -0.23 0.12 -1.87 0.06bEastCH -0.32 0.09 -3.33 0.00bValais -0.19 0.08 -2.47 0.01bBern -0.47 0.14 -3.24 0.00
σ1 -0.47 0.07 -6.89 0.00
σ11 -0.26 0.04 -5.71 0.00
σ12 0.02 0.03 0.67 0.51
σ13 -0.13 0.04 -3.53 0.00German-speaking regions negatively correlated with attitude againstPT. 32 / 54



Results: modelling attitudesName Value Std Error t-test p-valuebage>45 0.01 0.00 2.52 0.01
α5 -1.77 0.42 -4.23 0.00
α6 1.06 0.22 4.83 0.00
α7 0.03 0.33 0.10 0.92bbikes 0.06 0.01 4.55 0.00bHighEducation 0.26 0.04 6.85 0.00
λ5 1.17 0.11 10.53 0.00
λ6 0.87 0.06 15.02 0.00
λ7 0.90 0.09 10.35 0.00bmeanAttEnv 3.45 0.06 59.19 0.00
σ2 -0.49 0.06 -7.96 0.00
σ21 -0.17 0.03 -5.76 0.00
σ22 0.09 0.03 2.98 0.00
σ23 -0.58 0.04 -15.13 0.00
σ24 -0.01 0.03 -0.28 0.78
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Results: modelling attitudesName Value Std Error t-test p-valuebage>45 0.01 0.00 2.52 0.01
α5 -1.77 0.42 -4.23 0.00
α6 1.06 0.22 4.83 0.00
α7 0.03 0.33 0.10 0.92bbikes 0.06 0.01 4.55 0.00bHighEducation 0.26 0.04 6.85 0.00
λ5 1.17 0.11 10.53 0.00
λ6 0.87 0.06 15.02 0.00
λ7 0.90 0.09 10.35 0.00bmeanAttEnv 3.45 0.06 59.19 0.00
σ2 -0.49 0.06 -7.96 0.00
σ21 -0.17 0.03 -5.76 0.00
σ22 0.09 0.03 2.98 0.00
σ23 -0.58 0.04 -15.13 0.00
σ24 -0.01 0.03 -0.28 0.78People aged more than 45 are concerned by environment.
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Results: modelling attitudesName Value Std Error t-test p-valuebage>45 0.01 0.00 2.52 0.01
α5 -1.77 0.42 -4.23 0.00
α6 1.06 0.22 4.83 0.00
α7 0.03 0.33 0.10 0.92bbikes 0.06 0.01 4.55 0.00bHighEducation 0.26 0.04 6.85 0.00
λ5 1.17 0.11 10.53 0.00
λ6 0.87 0.06 15.02 0.00
λ7 0.90 0.09 10.35 0.00bmeanAttEnv 3.45 0.06 59.19 0.00
σ2 -0.49 0.06 -7.96 0.00
σ21 -0.17 0.03 -5.76 0.00
σ22 0.09 0.03 2.98 0.00
σ23 -0.58 0.04 -15.13 0.00
σ24 -0.01 0.03 -0.28 0.78Number of bikes in the household positively correlated withenvironmental concern.
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Results: modelling attitudesName Value Std Error t-test p-valuebage>45 0.01 0.00 2.52 0.01
α5 -1.77 0.42 -4.23 0.00
α6 1.06 0.22 4.83 0.00
α7 0.03 0.33 0.10 0.92bbikes 0.06 0.01 4.55 0.00bHighEducation 0.26 0.04 6.85 0.00
λ5 1.17 0.11 10.53 0.00
λ6 0.87 0.06 15.02 0.00
λ7 0.90 0.09 10.35 0.00bmeanAttEnv 3.45 0.06 59.19 0.00
σ2 -0.49 0.06 -7.96 0.00
σ21 -0.17 0.03 -5.76 0.00
σ22 0.09 0.03 2.98 0.00
σ23 -0.58 0.04 -15.13 0.00
σ24 -0.01 0.03 -0.28 0.78High level of education positively correlated with environmentalconcern.
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Results: modelling attitudesValidation of the data: histograms of choice probabilities for 20%of the respondants
Integrated model

Choice probability
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Simultaneous estimation of parameters by maximum likelihood
• 66% of choice probabilities > 0.5
• 19% of choice probabilities > 0.9 37 / 54



Results: modelling perceptionName Value Std Error t-test p-valueASCCAR -7.85 2.88 -2.73 0.01ASCMD -0.08 0.30 -0.28 0.78
βchildren 0.27 0.20 1.32 0.19
βcost -0.04 0.01 -3.66 0.00
βdistance -0.23 0.03 -6.76 0.00
βwork -0.79 0.20 -4.00 0.00
βImageCar 1.79 0.32 5.51 0.00
βfrench 3.02 0.40 7.49 0.00
βtimecar -0.02 0.00 -6.02 0.00
βtimePT -0.01 0.00 -4.49 0.00
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Results: modelling perceptionName Value Std Error t-test p-valueASCCAR -7.85 2.88 -2.73 0.01ASCMD -0.08 0.30 -0.28 0.78
βchildren 0.27 0.20 1.32 0.19
βcost -0.04 0.01 -3.66 0.00
βdistance -0.23 0.03 -6.76 0.00
βwork -0.79 0.20 -4.00 0.00
βImageCar 1.79 0.32 5.51 0.00
βfrench 3.02 0.40 7.49 0.00
βtimecar -0.02 0.00 -6.02 0.00
βtimePT -0.01 0.00 -4.49 0.00Positive image of car increases choice of car.
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Results: modelling perceptionName Value Std Error t-test p-valuebpass -1.00 0.16 -6.08 0.00bactif 0.20 0.10 2.07 0.04bstudent -1.05 0.22 -4.75 0.00bmeanImageCar 3.85 1.19 3.23 0.00bgerman 0.94 0.18 5.30 0.00
σ -0.57 0.23 -2.49 0.01bcars 0.44 0.08 5.27 0.00
δ1 0.28 0.03 10.92 0.00
λ2 0.78 0.07 11.05 0.00
λ3 0.53 0.13 4.11 0.00
τ1 1.86 1.16 1.60 0.11
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Results: modelling perceptionName Value Std Error t-test p-valuebpass -1.00 0.16 -6.08 0.00bactif 0.20 0.10 2.07 0.04bstudent -1.05 0.22 -4.75 0.00bmeanImageCar 3.85 1.19 3.23 0.00bgerman 0.94 0.18 5.30 0.00
σ -0.57 0.23 -2.49 0.01bcars 0.44 0.08 5.27 0.00
δ1 0.28 0.03 10.92 0.00
λ2 0.78 0.07 11.05 0.00
λ3 0.53 0.13 4.11 0.00
τ1 1.86 1.16 1.60 0.11Possession of a pass negatively correlated with good image of car.
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Results: modelling perceptionName Value Std Error t-test p-valuebpass -1.00 0.16 -6.08 0.00bactif 0.20 0.10 2.07 0.04bstudent -1.05 0.22 -4.75 0.00bmeanImageCar 3.85 1.19 3.23 0.00bgerman 0.94 0.18 5.30 0.00
σ -0.57 0.23 -2.49 0.01bcars 0.44 0.08 5.27 0.00
δ1 0.28 0.03 10.92 0.00
λ2 0.78 0.07 11.05 0.00
λ3 0.53 0.13 4.11 0.00
τ1 1.86 1.16 1.60 0.11Job at 100% positively correlated with good image of car.
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Results: modelling perceptionName Value Std Error t-test p-valuebpass -1.00 0.16 -6.08 0.00bactif 0.20 0.10 2.07 0.04bstudent -1.05 0.22 -4.75 0.00bmeanImageCar 3.85 1.19 3.23 0.00bgerman 0.94 0.18 5.30 0.00
σ -0.57 0.23 -2.49 0.01bcars 0.44 0.08 5.27 0.00
δ1 0.28 0.03 10.92 0.00
λ2 0.78 0.07 11.05 0.00
λ3 0.53 0.13 4.11 0.00
τ1 1.86 1.16 1.60 0.11Students have a negative image of the car.

43 / 54



Results: modelling perceptionName Value Std Error t-test p-valuebpass -1.00 0.16 -6.08 0.00bactif 0.20 0.10 2.07 0.04bstudent -1.05 0.22 -4.75 0.00bmeanImageCar 3.85 1.19 3.23 0.00bgerman 0.94 0.18 5.30 0.00
σ -0.57 0.23 -2.49 0.01bcars 0.44 0.08 5.27 0.00
δ1 0.28 0.03 10.92 0.00
λ2 0.78 0.07 11.05 0.00
λ3 0.53 0.13 4.11 0.00
τ1 1.86 1.16 1.60 0.11German part is positively correlated with good image of car.
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Results: modelling perceptionName Value Std Error t-test p-valuebpass -1.00 0.16 -6.08 0.00bactif 0.20 0.10 2.07 0.04bstudent -1.05 0.22 -4.75 0.00bmeanImageCar 3.85 1.19 3.23 0.00bgerman 0.94 0.18 5.30 0.00
σ -0.57 0.23 -2.49 0.01bcars 0.44 0.08 5.27 0.00
δ1 0.28 0.03 10.92 0.00
λ2 0.78 0.07 11.05 0.00
λ3 0.53 0.13 4.11 0.00
τ1 1.86 1.16 1.60 0.11Number of cars positively correlated with good image of car.
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Results: modelling perceptionValidation of the data: histograms of choice probabilities for 20%of the respondants
Integrated model

Choice probability
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• 76% of choice probabilities > 0.5
• 30% of choice probabilities > 0.9 46 / 54



Further research
• Types of model enables determine population segments.� Further developement =⇒ latent class model.
• Include more than 2 latent variables.
• Combine both models.
• Model with perception of car� Classi�ed adjectives into positive, neutral and negativeconnotation.� Capture other types of perceptions using adjectives.
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Appendix
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AppendixModelling attitudes: speci�cation of the choice modelUcar = ASCcar + βcost · costcar + βwork · work + βchildren · children + βfrench · french
+ βtimecar · timecar + εcar with εcar ∼ Gumbel(0, 1)UPT = βcost · costPT + βtimePT · timePT + βfrequency · frequency + βAttPT · AttPT

+ βAttEnv · AttEnv + εPT with εPT ∼ Gumbel(0, 1)USM = ASCSM + βdistance · distance + εSM with εSM ∼ Gumbel(0, 1)
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AppendixModelling attitudes: speci�cation of the structural equationsAttPT = bmeanAttPT + bBasel · Basel + bGraubuenden · Graubuenden + bEastCH · EastCH
+ bValais · Valais + bBern · Bern + bcars · cars
+ bHighEducation · HighEducation + σ1 · ωAttPT with ωAttPT ∼ N(0, 1)AttEnv = bmeanAttEnv + bage>45 · age> 45 + bbikes · bikes + bHighEducation · HighEducation
+ σ2 · ωAttEnv with ωAttEnv ∼ N(0, 1)
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Appendix
Modelling attitudes: speci�cation of the measurement equationsIchildren = AttPT + σ11 · ωchildren with ωchildren ∼ N(0, 1)Ichange = AttPT + σ12 · ωchange with ωchange ∼ N(0, 1)Iluggage = AttPT + σ13 · ωluggage with ωluggage ∼ N(0, 1)
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AppendixModelling perception: speci�cation of the choice modelUcar = ASCcar + βcost · costcar + βwork · work + βchildren · children + βfrench · french
+ βtimecar · timecar + βImageCar · ImageCar + εcar with εcar ∼ Gumbel(0, 1)UPT = βcost · costPT + βtimePT · timePT

+ εPT with εPT ∼ Gumbel(0, 1)USM = ASCSM + βdistance · distance + εSM with εSM ∼ Gumbel(0, 1)
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Appendix
Modelling perception: speci�cation of the structural equationImageCar = bmeanImageCar + bgerman · german + bpass · pass + bcars · cars + bactif · actif

+ bstudent · student + σ · ω with ω ∼ N(0, 1)
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Appendix
Modelling perception: speci�cation of the measurement equationsI1 = ImageCar + ν1 with ν1 ∼ Logistic(0, 1)I2 = λ2 · ImageCar + ν2 with ν2 ∼ Logistic(0, 1)I3 = λ3 · ImageCar + ν3 with ν3 ∼ Logistic(0, 1)
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