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Preface 

Larger Danish transport projects are routinely subjected to cost-benefit 

analysis. For most infrastructure investments, the time savings evaluated 

by the value of travel time constitute the major part of user benefits. Thus, 

the value of travel time is often decisive for whether a project yields a posi-

tive or a negative economic benefit. It is therefore vital that the value is 

not only sound but also credible as its impact lies in the information that is 

given to policy makers concerning the projects analysed.  

As a consequence, The Ministry of Transport and Energy has asked the 

Danish Transport Research Institute to carry out a study, leading to new 

values for travel time to be incorporated into the Ministry’s guidelines for 

economic appraisal of transport projects. 

Leading up to the present study was first a pre-study that lead to a phase 1 

study in which a dataset was designed and collected. The present phase 2 

study undertakes the econometric analysis of the data, leading to the value 

of travel time estimates to be used in future project evaluation. 

The current note presents the methodology and the results of experiment 

1: a binary within-mode route choice experiment using a sample of more 

than 6,000 respondents covering seven transport modes. Detailed docu-

mentation is available in three other notes covering various parts of the 

study. A report also presents an overview of the methodology and summa-

rises the main findings. These notes and report are available from DTF’s 

home page. 

Kgs. Lyngby, 2007 

Niels Buus Kristensen 

Director 
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1 Introduction 

This note describes the analysis of the data from experiment 1 in the Dan-

ish Value of Time Study: a binary within-mode route choice experiment us-

ing a sample of more than 6,000 respondents covering seven transport 

modes. The purpose of the analysis is to estimate the value of travel time 

(VTT) 1. 

There will follow a similar analysis of experiment 2, which contains a more 

detailed description of various components of travel times and costs. After 

these analyses, the results from the two experiments will be integrated and 

the results will be used to establish VTT estimates that can be used in offi-

cial economic evaluations of projects and policies in the transport sector. 

Thus the primary purpose of the present note is to document the analysis 

of experiment 1 data. In the evaluation of the results at the end of the note 

we will begin the discussion of how to apply the estimates obtained to ob-

tain values that can be used for economic evaluation, but the conclusion to 

that discussion is only needed at a later stage. 

Based on recent work by Fosgerau (2007) we specify models that contain a 

separate parameterisation of the VTT by background variables in addition 

to a random component. The log of the VTT then enters a panel binary 

mixed logit model corresponding to the choice data such that choice spe-

cific errors are multiplicative relative to the VTT. The VTT is determined up 

to the random component by three groups of variables, relating to the ex-

perimental design, trip characteristics and socioeconomics. 

A main issue is the distribution of the VTT. It has been recognised (Fos-

gerau 2006) that distributional assumptions regarding the random compo-

nent are crucial for the resulting estimates of the mean VTT. It may happen 

that the data fail to identify the VTT distribution, in which case practically 

any result may be obtained between a certain minimum and infinity. We 

demonstrate how we check for this cause of error. It may also happen that 

the assumed distribution of the random component of the VTT simply does 

not fit the data. Again heavy bias may result. We apply a test from a recent 

paper by Fosgerau and Bierlaire (2007) to test our assumption regarding 

the distribution of the random component of log VTT. 

                                                     
1 We use this terminology, since the time changes we are evaluating may 

not be savings and since the value concerns travel time. 
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As mentioned, the Danish Value of Time survey covers seven transport 

modes - however we have decided to leave the ferry interviews out of the 

analysis. In our preliminary analysis we have applied the same type of 

model to all transport modes, but we have not been able to produce mean-

ingful results for the ferry segment. Even with very simple models the re-

sults for this segment differs fundamentally from the other modes, and we 

are therefore forced to conclude that a satisfactory analysis of the ferry in-

terviews is not possible within the modelling framework in this note. 
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2 Methodology 

2.1 Overview 

To model the behaviour of travellers we apply a special version of a binary 

logit mixture model. The model is developed in Section 2.2. We assume 

that the VTT is composed of a systematic part depending on characteristics 

of the respondent and the choice situation, and a random part, that varies 

across individuals, but is constant across choices of the same individual.  

We then turn to model validation, which consists of three main parts: 

• Application of the test from Fosgerau and Bierlaire (2007) to exam-

ine how well the chosen mixing distribution (the distribution of the 

random part of the VTT) fits the data. This is described in section 

2.3. 

• Checking whether we observe enough of the support of the VTT to 

correctly estimate its mean. This is the subject of section 2.4.1. 

• Comparing our estimates of the mean VTT to income data. There is 

strong empirical and theoretical indication that the VTT is in level 

with net wages. 

2.2 Model formulation 

2.2.1 Assumptions on the VTT 

We want the VTT to exhibit the following features: 

• to be positive  

• to depend on observed characteristics x  such as age, income, sex, 

etc.  

• allow for unobserved taste heterogeneity among individuals. 

Hence we assume that 

uxeVTT ++= '0 ββ
    (1) 
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where u  is an individual-specific random variable, independent of x  and 

with mean zero. The independence assumption is rather strict, but greatly 

simplifies the model, and facilitates the identification of the VTT distribu-

tion. This will be discussed in section 2.4. 

The distribution of u  will be referred to as the mixing distribution. Fos-

gerau and Bierlaire (2007) estimate a simple logit mixture model on the 

data from the bus segment, and their findings suggest a lognormal distri-
bution of VTT. This is equivalent in our model formulation to u having a 

normal distribution. Hence we shall initially assume that u ~ ),0( 2σN . 

Later, the distributional assumption will be tested using a test presented in 

Fosgerau and Bierlaire (2007). The test is described in section 2.3.  

2.2.2 Utility function 

We use a simple version of the model formulation from De Borger and Fos-

gerau (2006), which is based on prospect theory rather than conventional 

utility theory. Prospect theory was developed by Tversky and Kahneman 

(1979 and 1991) to explain behavioural deviations from expected utility 

maximisation. The main premises are  

• reference-dependence (people value alternatives relative to a refer-

ence situation) 

• choices are affected by changes in assets compared to the refer-

ence, rather than the absolute level of assets. 

• loss aversion (losses loom larger than gains). 

Prospect theory explains what is commonly known as the WTP-WTA gap – 

the fact that willingness-to-pay (WTP) for a good is often found to be much 

smaller than the monetary compensation needed to accept losing the good 

(called willingness-to-accept or WTA).  

De Borger and Fosgerau (2006) use a model that incorporates the above-

mentioned premises with data from the Danish Value of Time Study, and 

find that this model fits the data extremely well. Van de Kaa (2005) has 

applied prospect theory to data from the Dutch and the British Value of 

Time Studies and also finds significant support of the theory. He argues 

that the experimental design of the questionnaires is likely to promote ref-

erence-dependent choices, as alternatives are based on a reference trip 

made by the respondent, and travel times and costs of the alternatives are 

presented as changes in the reference situation. The latter is not the case 

with our data, as will be described in section 3. However, we do have that 

alternatives are based on a real-life trip, and respondents are explicitly in-
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structed to imagine that they are to make the same trip again, only with 

different travel times and costs. 

According to prospect theory, people make choices based on the perceived 

values of the time and cost attributes, rather than the actual values of the 

attributes. The perceived value depends on a reference, which may be the 

current situation, and on whether the attribute represents a loss or a gain 

relative to the reference. The relation between perceived and actual values 

is described by a so-called value function. Figure 1 below shows a possible 

value function for a good - with the origin as the reference. The main char-

acteristics of the S-shaped value function are diminishing sensitivity and 

loss aversion, plus that the function is strictly increasing. 

 

Figure 1: An example of a value function for a good. 
 

We shall apply linear value functions of time and cost.  

Consider a person receiving an amount m  of some good. The value he as-
signs to m  depends on whether m  is perceived as a gain (m is positive) or 
a loss (m is negative) compared to its reference amount e.g. the initial en-
dowment. The perceived value of m  is given by 

)()( mSemmV η−= ,   (2) 

where )(mS denotes the sign of m .  

We assume that 0>η , which guarantees that the value function in eq. (2) 

exhibits loss aversion.  

In line with De Borger and Fosgerau (2006), we assume that the utility of 
an alternative with travel time t  and travel cost c  is  

))(())((),|,( 0000 ttVTTVccVctctU tc −−+−−=   (3) 

where ,0t  0c  are the reference travel time and cost, ,tV  cV  are the value 

functions for time and cost, and VTT is the monetary value of travel time. 

Amount of good 

Value 
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Disregarding errors, alternative 2 is preferred when 

),|,(),|,( 00220011 ctctUctctU <    (4) 

For simplicity, we shall work with this expression and add choice-specific 

error terms at a later stage. We shall formulate our model in terms of the 
log VTT , and add errors to this model. This makes the errors multiplica-

tive relative to the perceived values of time and cost, instead of additive. 

2.2.3 Choices and choice probabilities 

We shall model binary choices in which one alternative is fast and expen-

sive (alternative 1), and the other is cheaper and slower (alternative 2). The 

travel times and costs of the alternatives are referred to as 11,ct  and 22 ,ct . 

Recall that 0t , 0c  denote the reference travel time and cost, which is the 

current situation of the individual.  

In the experiment under consideration, most choices vary around ( 0t , 0c ). 

For these choices, one of the suggested travel times is equal to 0t , and one 

of the costs is equal to 0c . We therefore consider four main types of 

choices: 

Table 1: Main choice types 

WTP (willingness-to-pay) :  201 ttt =<  and 201 ccc =>  

WTA (willingness-to-accept): 201 ttt <=  and 201 ccc >=  

EG (equivalent gain):  201 ttt =<  and 201 ccc >=  

EL (equivalent loss):  201 ttt <=  and 201 ccc =>  

 

In Figure 2 below the four main choice types are displayed in the (time, 

cost)-plane. As the choice types can be equivalently described by a quad-

rant in this plane, we shall use “quadrants” as synonymous with “choice 

types”. 
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Figure 2: The four main choice types in the (time, cost)-plane. 

 
Note: The dots represent the alternatives, and two linked alternatives rep-

resent a choice situation. The origin is the reference trip. 

However, not all choices fall within the four main choice types listed above. 

For respondents with 0t  < 11 minutes the choices do not vary around 

( 0c , 0t ) - instead they vary around ( 0c , 0t +2). The choice types presented to 

these respondents are 

Table 2: Choice types with transformed references 

WTP’ (willingness-to-pay) :  2201 −=< ttt  and 201 ccc =>  

WTA’ (willingness-to-accept): 201 2 ttt <+=  and 201 ccc >=  

EG’ (equivalent gain):  2201 −=< ttt  and 201 ccc >=  

EL’ (equivalent loss):  201 2 ttt <+=  and 201 ccc =>  

 

To rewrite the inequality in eq. (4), we introduce the following notation: 

Define 

021 2tttt −+≡   and  021 2cccc −+≡  

and let tΔ and cΔ denote the differences between 1t and 2t , and 1c and 2c , 

respectively. Note that  

cost 

time 

WTA 

WTP 

EG 

EL 
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⎪
⎩

⎪
⎨

⎧

Δ−=−

Δ=−
=

',,',||

',,',||

02

01

EGEGWTAWTAforccc

ELELWTPWTPforccc
c  (5) 

For the main choice types, we have  

⎪
⎩

⎪
⎨

⎧

Δ=−

Δ−=−
=

ELWTAforttt

EGWTPforttt
t

,||

,||

02

01

  (6) 

While for the choices with transformed references 

⎪
⎩

⎪
⎨

⎧

+Δ=−

+Δ−=−
=−

','2||

','2||
2

02

01

ELWTAforttt

EGWTPforttt
t   (6’) 

Using this notation together with Table 1 and Table 2, we rewrite eq. (4) in 

the following way (see Appendix for details regarding eq. (9)):   

Choice type Eq. (4) is equivalent to 

WTP, WTA, EG, EL )(

)(

||
||

tS

cS

t

c

et
ecVTT η

η

<   (7) 

WTA’ , EL’ )2(

)(

||
||

−Δ
< tS

cS

t

c

et
ecVTT η

η

  (8) 

WTP’ , EG’ 

(approximately) 

)
||

||4(

)(

||

||

t
t

cS

t

c

et

ecVTT
Δ
Δ−

Δ

<
η

η

  (9) 

 

Note that eq. (8) is actually identical to eq. (7) for WTA and EL choices. 

This is no coincidence: What matters to choices are the differences be-

tween the perceived values of the suggested travel times. When the value 

function for time losses is linear, this difference depends only on the dif-

ference in suggested travel times – it is irrelevant whether we compare two 



 9

trips that are both slower than the reference trip, or compare the reference 

travel time to a higher travel time.  

We further rewrite eqs. (7)-(9) by taking logs, and inserting eq. (1) and ob-
servation-specific logistic errors ε  with location 0 and scale μ . The errors 

are assumed to be independent across choices and individuals, as well as 
independent of u . Hence, for the main choice types, alternative 2 is cho-

sen when 

vtScSux tc log)()('0 +−<+++ ηηεββ     , (10) 

with ||/|| tcv ΔΔ= . 

For WTA’ and EL’, alternative 2 is chosen when 

vtScSux tc log)2()('0 +−−<+++ ηηεββ      (11) 

For WTP’ and EG’, alternative 2 is chosen when 

v
t

tcSux tc log
||

||4)('0 +
Δ
Δ−

−<+++ ηηεββ  (12) 

Now let nry be denote the chosen alternative of individual n  in situation r . 

Further, let nrx  be the explanatory variables for individual n  in situation 

r , and let nu  be the random part of VTT for this individual. Note that nu  

is constant across choices of the same individual. 

For the main choice types, the probability that nry =2, given the value of 

nu  is 

( )nnr uyP |2=   =  ( )nnrtcnrnr uxtScSvP −−−−+≤ ')()(log 0 ββηηε
 

 (13) 

 = ( ))')()(log(exp1
1

0 nnrtcnr uxtScSv −−−−+−+ ββηημ
    

The corresponding probability for the transformed choices is obtained 

similarly. 

Assume that we observe R  choices for each individual, but that not all 

choices are to be included in the analysis. Let )( nRnn yyy ˆ,,ˆ,ˆ 21 K be the ob-
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served choices of individual n, and let nrl equal 1 if choice r for individual n 

is to be included, and 0 otherwise. Since the nrε ’s are independent, the 

probability of the choice sequence conditional on nu is 

)(( )nnRnn uyyyP ˆ,,ˆ,ˆ 21 K  =  

( )( ) ( )[ ]
nrlR

r
nnrnrnnrnr uyPyuyPy∏

=

=⋅=+=−⋅=
1

2}2ˆ{121}1ˆ{1  (14) 

If we let f  denote the density of u , the likelihood contribution from indi-

vidual n becomes 

)( nRnn yyyP ˆ,,ˆ,ˆ 21 K  = )(( ) duuyyyPuf nRnn ˆ,,ˆ,ˆ)( 21 K∫ ⋅  (15) 

and the likelihood function is 

)(( )∏∫ ⋅=
n

nRnn duuyyyPufL ˆ,,ˆ,ˆ)( 21 K    (16) 

In the estimation process, the choice probabilities in eq. (15) are approxi-
mated by means of simulation: To simulate the distribution of u , we use 

Halton draws to generate quasi-random numbers from a standard uniform 

distribution and transform these with the inverse cumulative distribution 
1−F  where F  has density f .  

2.3 Approximating the true mixing distribution 

We now focus on the choice of mixing density, f . In the following we use 

the notation from Fosgerau and Bierlaire (2007). 

Let G denote the absolutely continuous cumulative distribution function 
(CDF) of the true mixing distribution with density g . To test a postulated 

distribution with CDF F and density f , Fosgerau and Bierlaire use that 

there exists a transformation Q  , which is itself a CDF on the unit interval, 

such that 

))(()( uFQuG =  

This is differentiated to obtain the density 

)())(()( ufuFqug =     (17) 
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Replacing the true density in the likelihood function in eq. (16), and substi-
tuting )(uFs= , we obtain 

L = )(( )∏∫ ⋅⋅
n

nRnn duuyyyPufuFq ˆ,,ˆ,ˆ)())(( 21 K  

 = )(( )∏∫ −⋅
n

nRnn dssFyyyPsq )(|ˆ,,ˆ,ˆ)( 1
21 K  

Fosgerau and Bierlaire use a semi-nonparametric (SNP) series approxima-

tion of q . Let Nq  be a linear combination of the first N  transformed Leg-

endre polynomials2: 

∑
=

+=
N

k
kkN xLxq

1
)(1)( δ      

Then q  is approximated by 

)(1)( 2 xq
K

xq N≈     (18) 

where K  is a normalising constant such that the density g  integrates to 

one: 

 ∫
∞

∞−
= duufuFqK N )())((2

 

Note that if q is identically equal to 1 (which happens when f equals the 

true density), the model reduces to our model in section 2.2. Hence the 
model with mixing density f  is nested in the more general model where 

the mixing density is given by g  from eq. (17).  

Thus testing whether f is an adequate mixing density is equivalent to test-

ing a model with mixing density f  against the model with mixing density 

g .  

Equality between f  and g  occurs exactly when all the kδ  are zero, which 

can be tested with a likelihood ratio test. We label the terms with parame-

ters kδ  SNP terms. As the number of SNP terms increases, Nq  can ap-

                                                     
2 The k’th transformed Legendre polynomial is )12(ˆ12)( −+= xLkxL kk , 

where kL̂  is the k’th Legendre polynomial.   
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proximate any density and Nq  is very flexible even with a low number of 

SNP terms.  

Based on this, our initial assumption that ),0(~ 2σNu can be tested 

against generalised models, where the density of u is given by eq. (17), 

with F and f being the CDF and density of ),0( 2σN , respectively, and q  

being approximated by Nq . Regarding the choice of N , the number of SNP 

terms in the approximation of q , Fosgerau and Bierlaire recommend using 

N =2 or N =3. Hence we estimate three generalised models: using 1, 2 

and 3 SNP terms. For each of the three models we use a likelihood ratio 

test to test the reduction to the model with ),0(~ 2σNu . If the reduction 

is not accepted, we adopt the generalised density instead. 

2.4 Estimating the mean VTT 

This section treats the derivation of the mean VTT. The main issue is 

whether the VTT distribution can be identified from the data, which is a 

necessary condition for estimating the mean. After discussing this, we 

show how to compute the mean estimate based on the estimated model.  

2.4.1 Identification issues 

Calculation of the mean VTT requires that we know the VTT distribution. 

Even though we are able to check the distributional assumptions as de-

scribed above, this only informs us about the VTT distribution over the 

range where we have data. The question is whether we observe enough of 

the VTT distribution from the data to estimate its mean. 

Say we have estimated a cumulative distribution function F over some in-

terval [a ; b]. Can we then determine the mean of some random variable 

with this distribution? If F(b)<1, then no: There is a positive probability 

mass to the right of b, and we don’t know anything about F outside [a ; b]. 

This means that we may assume anything for F outside [a ; b]. Hence the 

mean can be arbitrarily large, depending on the shape of the assumed dis-

tribution to the right of b.  

However, if F(a)=0 and F(b)=1 we observe F over its entire support, and all 

assumptions regarding F can be verified by the data. Hence a sufficient 

condition for identifying the mean VTT is that we observe its distribution 

over the entire support.  

Because u  is assumed to be independent of x  and the quadrants, identify-

ing the VTT distribution is equivalent to identifying u ’s distribution. Hence 

our concern is whether the distribution of u  is identified from the data. 
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Note that what we observe from data is not the distribution of VTT, but of 

the VTT with error. From a given choice, what we observe is whether (by 
eqs. (10)-(12)) ε+u  is greater than or smaller than 

xtScSv tc ')(~)(log 0 ββηη −−−+ , where ||/|| tcv ΔΔ= , and )(~ tS  is the 

common time sign term, i.e. 

)''(
||

||4)'')(2(}11{1)()(~
0 EGWTP

t
tELWTAtSttStS +

Δ
Δ−

++−+≥⋅= . Thus, u  is 

not observed separately and naturally we cannot check if it is observed 

over its entire support.  

Note that the expression xtScSv tc ')(~)(log 0 ββηη −−−+  contributes by ex-

tending the range over which we observe the distribution of ε+u . Had we 

not included covariates, then only the variation in vlog  would have been 

able to give us identification of the distribution of ε+u , which is not suf-

ficient with present data (Fosgerau 2006). Since the range of vlog  is not 

sufficiently large, it is necessary to introduce covariates along with the as-
sumption of independence between the covariates and ε,u . 

To know when u  is identified, we need a result from Fosgerau and Nielsen 

(2006). Their setting is quite similar to our model, except that they esti-
mate the distribution of u  from the actual values of v  rather than the per-

ceived values. However, their results can be easily transferred to our model 
to obtain the following criterion: The distributions of u  and ε  are consis-

tently estimated if the support of ε+u  is contained in the support of 

xtScSv tc ')(~)(log 0 ββηη −−−+ ; in other words, if we observe ε+u  over 

its entire support. 

It is easy to see that this criterion cannot be fulfilled in principle, since the 
support of ε+u  is the entire real line, and we do not have an infinite data 

set. However it is useful to check how close we are to observing ε+u  over 

its entire support as this will help detect a poorly identified VTT distribu-

tion.  

From eqs. (10)-(12) we see that the probability of choosing alternative 2 is 
the probability that xtScSvu tc ')(~)(log 0 ββηηε −−−+<+ . Hence the 

probability 
2

nrP  of choosing alternative 2 is the distribution function of 

ε+u  evaluated at xtScSv tc ')(~)(log 0 ββηη −−−+ . Thus observing the dis-

tribution over the entire support is equivalent to the range of observed 
2

nrP ’s being [0 ; 1]. This is easily checked using the predicted values of 

nrnrP }{ 2
. 

Note that identification relies heavily on the assumption of independence 
between u  and x  and between u  and the quadrants: In fact this allows us 
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to assume that information about u ’s distribution inferred from an obser-

vation from a given quadrant with a given x'β can be combined with in-

formation from observations from a different quadrant and with differ-
ent x'β . 

2.4.2 Theoretical derivation of the mean VTT based on 
the estimated model  

From eq. (1) we see that the mean VTT is  

)(VTTE  = ))(exp())'(exp( 0 uExE ββ +  (19) 

The first part is estimated as an average over a sample, possibly restricting 

some of the values of x . The assumption that ),0(~ 2σNu  implies that 

)exp(u  has a lognormal distribution with mean  

))(exp(uE  = )2exp( 2σ .   (20) 

For the general case, assume that the density of u is given by eq. (17), 

F and f being the CDF and density of ),0( 2σN . Letting Φ  and φ  denote 

the CDF and density of the standard normal distribution, we have 

)(ug   =  
σσ

φ
σ

1)())(( ⋅⋅Φ
uuq   (21) 

The density of z = 
σ
u

 is thus 

)(zh  = )())(( zzq φ⋅Φ   (22) 

))(exp(uE  can be expressed in terms of this density as 

))(exp(uE  = ∫
∞

∞−
Φ dzzzqz )())(()exp( φσ   

 = ∫ −Φ
1

0

1 )())(exp( dssqsσ   (23) 

where the latter equality is obtained by substituting )(zs Φ= . The integral 

in eq. (23) can be approximated by simulation. 



 15

The mean VTT in eq. (19) is estimated by replacing β , 0β  and σ  with 

their maximum likelihood estimates, and combining with either eq. (20) or 
eq. (23), depending on the distributional assumptions on u .  
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3 Data 

Data for the Danish Value of Time Study origin from a stated preference 

survey carried out by TetraPlan, Gallup and Rand Europe in 2004. The data 

from experiment 1 are panel data containing records of choice sequences 

for 7,579 respondents, of which 6,106 respondents3 are suitable for use in 

the analysis.  

In the survey, respondents are first asked to describe a recently under-

taken trip (the actual trip) by a specific transport mode. Business trips are 

not included. Afterwards they participate in up to four experiments. In ex-

periment 1, respondents are faced with nine binary choice situations, 

where they choose between two alternative routes. In each of eight of these 

choice situations, one of the alternatives is faster and more expensive than 

the other. The last is a check question. 

The offered alternatives are based on the actual trip; they differ from the 

actual trip only in their in-vehicle travel times and costs. For car modes, in-

vehicle time is split into free flow driving time and congested driving time, 

such that the ratio of congested time to total time is kept constant and 

equal to the ratio for the actual trip. 

The data also contain a large selection of background variables. Table 8, 

Table 9, and Table 10 in the Appendix show statistics for the variables in-

cluded in the analysis. The dataset is described in detail in the note on 

data description: Fosgerau, Hjorth and Vincent Lyk-Jensen (2007).    

                                                     
3 309 of these are ferry passengers, which are not included in this analysis. 
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3.1 Design of choice situations 

This section gives a short description of the experiment design, which is 

essential for the definition and interpretation of choice types used in the 

analysis.   

• Based on the actual trip, a reference trip is defined for each re-

spondent. The reference trip is characterised by a reference travel 

time reft  and a reference cost refc . The reference cost is equal to 

the cost of the actual trip. If the travel time of the actual trip (de-

noted the actual travel time) is greater than or equal to 11 minutes, 

the reference travel time is equal to the actual travel time, other-

wise it equals the actual travel time plus two minutes. 

• The travel times and costs of the alternatives presented to a re-

spondent vary around the travel time and cost of his reference trip, 

such that choices vary between time/cost gains/losses relative to 

the reference situation. Of the nine choices presented to each re-

spondent, two are WTP, two are WTA, two are EG, and two are EL. 

The remaining is a check question in which one of the alternatives 

dominates the other, i.e. it is both faster and cheaper. This choice 

is used for data validation, and not included in the analysis.4 

• The travel time differences (| tΔ |) between pairs of alternatives are 

drawn from a set depending on the reference travel time, such that 

respondents with short reference trips are only offered small time 

differences.  

• The suggested time values ( v ) are drawn from the interval [2;200] 

DKK per hour.  

• On the basis of the selected time differences and time values, the 
cost differences of the alternatives ( cΔ ) are calculated. 

• For a given choice, the absolute values of travel time and cost for 

the two alternatives are calculated from the choice type and the 

time and cost difference. These absolute values are the characteris-

tics presented to respondents. All travel times are in minutes, and 

costs are in DKK. 

                                                     
4 There are 789 respondents that provide the wrong answer to the check 

questions. These are not included in the 6,106 respondents in the analysis. 
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4 Empirical model 

This section describes the modelling strategy. Data are segmented accord-

ing to transport mode, and separate models are estimated for each mode. 

The segments are car driver, car passenger, bus, metro, S-train, train, and 

a combined metro/S-train segment. The combined segment is considered 

because there are few metro observations, and metro and S-train share 

many characteristics.  

The modelling strategy is summarised in Table 11 in the Appendix. In 

short, it can be summarised in three main points: 

1. We first consider how to include covariates that are determined by 

the experimental design, such as the choice type and the size of the 

travel time saving. This is the purpose of Models PT1-PT5. 

2. We consider which trip characteristics and socioeconomic variables 

are to be included. This is done in Models PT6-PT27  

3. Finally, we test the distributional assumptions on u by estimating 

the density g  in eq. (17) with q approximated by eq. (18). Models 

SNP1, SNP2, and SNP35 include one, two, and three SNP terms, re-
spectively, in the approximation of the density of u . 

This strategy is motivated by the following considerations. First, including 

all variables at once and then testing model reductions is vastly impractical 

due to the large number of variables. It would be extremely time consum-

ing and probably not practically feasible. 

Second, the data are panel data with individuals in the cross-sectional di-

mension and repeated choices in the panel dimension. Observed and unob-

served individual heterogeneity has (by assumption) the same impact on all 

choices of the same individual. Hence individual heterogeneity works in the 

cross-sectional dimension. The design variables work in the panel dimen-

sion only, since they are assumed to affect all individuals equally.  

Third, we include a random component in all models such that there is al-

ways something there to take account of individual heterogeneity. Adding 

individual and trip characteristics to parametrise individual heterogeneity 

                                                     
5 SNP stands for semi-nonparametric. 
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will generally in our experience have a small impact on the effect of the 

design variables.  

Fourth, relaxing distributional assumptions will in our experience affect 

the estimates of the remaining parameters only a little.6  

For these reasons we have chosen to include design variables first and the 

distributional parameters last. 

Section 4.1 is a remark on the implementation of the model. Sections 4.2-

4.4 concern the selection of covariates to be included in the model; section 

4.2 deals with covariates related to the experimental design, section 4.3 

with trip characteristics, and section 4.4 with socioeconomic variables.  

4.1 Estimation  

Estimation is carried out in Biogeme (Bierlaire 2003, 2005), a software 

package designed for the maximum likelihood estimation of Generalized 

Extreme Value (GEV) models.7 

In Biogeme, models must be implemented by stating utilities of the alterna-

tives. In binary logit type models, logistic errors are implicitly added to one 

of these utilities. However, in our model the logistic error term is multipli-

cative to the VTT (and hence to utilities), so we implement it by reformulat-

ing the model in terms of “pseudo-utilities”. The formulation depends on 

the choice type, and is shown in the table below. In the table, 1
~U , 2

~U  de-

notes the “pseudo-utilities” of alternative 1 and 2, respectively. Note that 

our model can equivalently be formulated 

“alternative 1 is chosen whenever ε+1
~U > 2

~U ”  

where ε  is a logistic random variable with location 0 and scale μ . This 

model formulation can be directly implemented in Biogeme. 

                                                     
6 This is also the experience of others, for example with the Klein-Spady es-

timator. 
7 See http://roso.epfl.ch/biogeme 
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Choice type “Pseudo –utilities” used in Biogeme 

WTP, WTA, EG, EL uxU ++= 01 '~ ββ   

)()(log~
2 tScSvU tc ηη −+=   

WTA’ , EL’ uxU ++= 01 '~ ββ   

)2()(log~
2 −−+= tScSvU tc ηη   

WTP’ , EG’ uxU ++= 01 '~ ββ   

||
||4)(log~

2 t
tcSvU tc Δ

Δ−
−+= ηη   

 

Biogeme can explicitly estimate the scale μ of the logistic error, and is also 

capable of estimating the approximation Nq  in the generalised mixing 

density. 

Estimation is carried out using 1000 or 300 Halton draws to simulate each 

likelihood contribution. Models up to ModelPT9 use 1000 draws, but when 

adding the socioeconomic and trip-related variables, this would make the 

estimation procedure too slow. Hence the following models use 300 draws. 

As Halton draws are generated by an algorithm that ensures uniform cover-

age of the interval [0,1] even for a very low number of draws, we are confi-

dent that 300 draws is enough. Had we instead used pseudo-random num-

bers more draws would have been needed to guarantee stable parameter 

estimates. 

4.2 Design variables 

Factors related to the survey design are characteristics of the choice 

(choice type and the size of the travel time difference) and the order in 

which choices are presented to the respondents. As the travel time and 

cost of the actual trip influence the level of the time and cost attributes, 

we also include the log of actual travel time and the log of actual cost 

among the design variables.  
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4.2.1 Choice types  

We would like to investigate how well our model based on value functions 

captures the differences between choice types. Hence we start off by esti-

mating a model which is not based on value functions, but allows for dif-

ferent VTT for different choice types through type-specific constants 0β . 

We will refer to this model as the model with quadrant-specific VTT. The 

simplest form of this model can be written as follows: 

Alternative 1 is chosen whenever  

vuELEGWTAWTP
ELEGWTAWTP

ELEGWTAWTP

ELEGWTAWTP

log'''' '''' >++++++
+++

εββββ
ββββ

 (24) 

where ',',',',,,, ELEGWTAWTPELEGWTAWTP  are indicator variables cor-

responding to the choice types. 

When we compare this model to our model from section 2.2 (which we will 

refer to as the prospect theory (PT) model) we want to control for the most 

important design variables. Comparison is thus based on models that in-

clude dummies for the different levels of tΔ , the log of actual travel time, 

and the log of actual cost.  

Unfortunately, the models we wish to compare are not nested, and hence 

cannot be tested against each other with a formal test. Instead we compare 

the log likelihood values, taking into account the number of parameters.  

4.2.2 Size of time savings 

We include dummies for the different sizes of time savings, which is the 
most flexible way to model a relation between tΔ  and log VTT. The dum-

mies are of the form 1{ || tΔ  ≥ T }, for ∈T {5,10,15,20,30,45,60}, and with 

corresponding parameters 5tΔβ … 60tΔβ . The reference is || tΔ =3. We expect 

VTT to increase with || tΔ  up to a certain point. This is equivalent to the 

sequence 5tΔβ , 10tΔβ , 15tΔβ ,… being positive and tending to zero.  

To test whether log VTT increases linearly with || tΔ , we estimate a series 

of models with the dummies replaced by the term )0,|min(| Tt −Δ  (one 

model for each value of ∈T  {5, 10, 15, 20, 30, 45, 60}), and select the 

model with the highest likelihood. The corresponding value of T  is de-
noted *T . We then test the reduction from the model with || tΔ  dummies 

to the model with the term )0,*|min(| Tt −Δ . 
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We allow the effect of tΔ on VTT to vary across quadrants by adding inter-

action terms between )0,*|min(| Tt −Δ  and the choice type variables.  

4.2.3 Anchoring 

In a contingent valuation study of the willingness to pay for public goods, 

Green et al. (1998) find that suggesting a certain value of the good (an 

“anchor”) to respondents before asking them to state their WTP affects the 

results considerably. Their conclusion is that the mean WTP is pulled to-

wards the anchor value. This is known as anchoring.  

Van de Kaa (2005) finds significant evidence of anchoring in his analysis of 

the data from the Dutch Value of Time Study. It is therefore highly relevant 

to investigate the presence of similar anchoring effects in our data. 

If an anchoring effect is present we should observe that respondents sug-

gested a higher time value in their first choice tend to have larger time 

values. To control for this effect we include an anchor variable that equals 
the value of log v  from the first choice situation.  

4.3 Trip characteristics  

The trip characteristics included in the analysis are features of the actual 

trip: 

• Trip purpose. We define four purpose groups: commuter (trips be-

tween home and work), education (trips between home and educa-

tional institution), leisure (visits, holiday travel, entertainment) and 

maintenance (shopping etc.). Other studies, e.g. Mackie et al. 

(2003), find that the VTT for commuting is slightly higher than for 

other non-work purposes.  

• Who pays for the trip. We include a dummy for trips paid by the 

employer. We expect the dummy to have a positive effect on VTT, 

because we believe people put less emphasis on costs and hence 

value time savings higher when they do not have to pay for costs 

themselves. 

• Trip frequency. How often the respondent makes trips like the ac-

tual trip. There are six different levels of frequency. We include 

dummies for five of them, and test the reduction from six to three 

levels. Expectations are mixed: On one hand it is likely that time 

savings on frequent trips matter more to respondents, and hence 

are valued higher. On the other hand, for car passengers and pub-

lic transport, travel time is perhaps better used (e.g., for reading) 
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on frequent trips, as duration, shifts etc. are well known to the re-

spondent. 

• Level of congestion. For car modes, we include the share of con-

gested driving time in total travel time. We expect VTT to increase 

with the level of congestion. We note also, that the share of con-

gestion time is fixed for each respondent. Therefore we cannot 

separate the direct effect of congestion on the VTT from a selec-

tion effect whereby respondents with high VTT tend to experience 

more congestion. The latter is a likely effect, as congestion is con-

centrated around Copenhagen where incomes are higher.  

• Arrival time flexibility. Whether respondents have to arrive at 

their destination at a fixed time. We include a dummy variable for 

having to arrive at a fixed time (possibly with some flexibility). The 

base is the option “The arrival time is of no importance”. We guess 

that people would pay extra to make sure they arrive in time, but 

this is more a matter of the value of reliability than the value of 

travel time savings.   

• Accompanying child. It seems plausible that an accompanying 

child could affect the VTT of the respondent – e.g. if the respon-

dent includes the VTT of the child in his considerations. This is es-

pecially relevant since accompanying children often travel for free. 

We include a dummy for an accompanying child (this should be in-

terpreted as “one or more” children). 

• Accompanying passenger for car drivers. For car drivers we in-

clude a dummy for one or more (adult) passengers. Again, it is 

possible that respondents take their passenger’s VTT into account 

when making a choice. 

4.4 Socio-economic characteristics  

The survey data contains an extensive amount of background information. 

We focus on:  

• Income. We include information on both personal and household 

income, using the following variables: 

o The log of after tax personal income (demeaned). The after 

tax income is computed using average tax rates and assum-

ing no interest payment deductions etc. 
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o Dummies for lowest and highest (personal) income groups. 

As there are no observations in the highest income group in 

the car passengers segment, the dummy is omitted there. 

o The log of after tax household income for non-singles (sepa-

rate parameters for couples with children, couples without 

children, and others8). 

o Dummies for missing income information – both personal 

and household income. 

• Age. We expect VTT to increase with age up to a certain point, and 

then decrease. We therefore include both age (in years) and age 

squared divided by 100. 

• Sex. We include a dummy for females. 

• Family type. We use dummies for “Single without children”, “Single 

with children”, “Couple with children”, and “Cohabiting rela-

tives/families”. The reference is “Single without children”.  

• Geography. We include a dummy for the Greater Copenhagen Area. 

• Home ownership. We include a dummy for whether the respondent 

owns his house/residence.  

• Occupation. We include dummies for students and retired. The 

base is the remainder, including workers. For workers, we include 

the number of work hours per week (demeaned), and a dummy for 

flexible work hours. We also include a dummy for missing work 

hours, but since this variable is almost never missing for workers, 

the dummy is in reality a non-worker dummy. 

• Internet-based interviews versus face-to-face interviews. Since 

face-to-face interviews are mainly undertaken to ensure an adequate 

representation of the population not represented in Gallup’s Inter-

net Panel, it is likely that Internet and face-to-face interviewees 

have different socio-demographic background. We therefore include 

a dummy for Internet interviews. We further note that preferences 

and background related to internet access may also be related to 

the VTT.  

                                                     
8 “Others” are cohabiting relatives and other cohabiting. 
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Table 3: Estimated parameters (car modes and bus) 
  Car driver Car pass Bus 
Parameter       
           

0β  1.716 *** -0.664   -1.804 *** 

tη   0.489 *** 0.477 *** 0.206 *** 

cη   0.263 *** 0.339 *** 0.142 *** 

β ’s :       

Log of reference time ( 0t ) -0.734 *** -0.597 *** -0.301 *** 

Log of reference cost ( 0c )  0.644 *** 0.639 *** 0.387 *** 
min(|Δt|-T*,0) 0.053 *** 0.033 *** 0.044 *** 

- ⋅)(~ tS min(|Δt|-T*,0) -0.009 *** -0.011 ** -0.007 * 
⋅)(cS  min(|Δt|-T*,0) -0.006 ** -0.009 * 0.000   

Log personal income – 12 0.426 *** 0.547 ** 0.320 *** 
Low income group 0.400 ** 0.640 * 0.314 ** 
Missing person income 0.009   0.854   -0.216   
Log household income – 12, 
couples with children  0.278 **     
Log household income – 12, 
couples without children 0.357 ***     
Log household income – 12, 
couples   0.257   0.155 * 
Missing household income, 
couples with children 0.131       
Missing household income, 
couples without children 0.081       
Missing household income, 
couples   -0.445   -0.011   
       
Age -0.026   0.040   0.012   
Age2/100 0.001   -0.059 ** -0.019   
Female -0.177 *** -0.179   -0.075   
Student -0.421 **     
Home owner 0.188 ** -0.320 * 0.091   
Greater Copenhagen Area 0.330 *** 0.333 *   
Accompanying child    -0.302 **   
Share of congestion 0.946 *** 0.174     
Employer-paid trip 0.681 ***     
Commuter       
Education     -0.113   
Maintenance   0.231     
Arrival at a fixed time 0.243 *** 0.160   0.208 *** 

       

1δ  -0.354 ***   0.250 ** 

2δ  -0.112     -0.114   

3δ  0.187 ***   -0.197 * 
σ  1.902 *** 1.258 *** 1.384 *** 
μ  (scale of error terms) 1.220 *** 1.358 *** 2.070 *** 

Note:  *** denotes significance at the 1% level, ** at the 5% level, and * at the 10% 
level. For the scale μ , the significance indicator is with respect to the test of μ =1. 

)(~ tS  is the common time sign term, i.e. 

)''(
||

||4)'')(2(}11{1)()(~
0 EGWTP

t
tELWTAtSttStS +

Δ
Δ−

++−+≥⋅=  
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Table 4: Estimated parameters (metro, S-train, and train) 
  Metro S-train Train Metro & S-train 
Parameter          
               

0β  -0.718   0.011   -0.780 ** -0.260   

tη   0.291   0.192 *** 0.137 ** 0.194 *** 

cη   0.700 *** 0.244 *** 0.182 *** 0.257 *** 

β ’s :         

Log of reference time ( 0t ) -0.573 *** -0.341 *** -0.232 *** -0.397 *** 

Log of reference cost ( 0c )  0.489 *** 0.467 *** 0.389 *** 0.456 *** 
min(|Δt|-T*,0) 0.084 *** 0.039 *** 0.028 *** 0.043 *** 

- ⋅)(~ tS min(|Δt|-T*,0) -0.023   -0.010 * 0.000   -0.012 ** 
⋅)(cS  min(|Δt|-T*,0) -0.051 ** -0.009   -0.002   -0.010 ** 

Log personal income – 12 0.509 *** 0.476 *** 0.661 *** 0.459 *** 
Low income group 0.681 ** 0.263   0.720 *** 0.354 ** 
Missing person income 0.060   -0.346   -0.455 ** -0.167   
Log household income – 12, 
couples with children          
Log household income – 12, 
couples without children         
Log household income – 12, 
couples 0.064   0.359 *** 0.135   0.244 *** 
Missing household income, 
couples with children         
Missing household income, 
couples without children         
Missing household income, 
couples 0.221   0.211   0.262   0.213   
         
Age 0.032   -0.044 ** 0.031 ** -0.025 * 
Age2/100 -0.045   0.038 ** -0.046 *** 0.018   
Female 0.042   -0.099   -0.094   -0.049   
Student         
Home owner 0.339 *** -0.083   0.068   0.063   
Greater Copenhagen Area         
Accompanying child          
Share of congestion         
Employer-paid trip     0.624 ***   
Commuter 0.373 **     0.122   
Education         
Maintenance         
Arrival at a fixed time 0.152   0.077   0.004   0.080   
Metro dummy (only com-
bined mode)       0.140   

         

1δ          

2δ          

3δ          
σ  0.803 *** 0.840 *** 0.837 *** 0.846 *** 
μ  (scale of error terms) 2.623 *** 2.161 *** 1.978 *** 2.266 *** 

Note:  *** denotes significance at the 1% level, ** at the 5% level, and * at the 10% 
level. For the scale μ , the significance indicator is with respect to the test of μ =1. 

)(~ tS  is the common time sign term, i.e. 

)''(
||

||4)'')(2(}11{1)()(~
0 EGWTP

t
tELWTAtSttStS +

Δ
Δ−

++−+≥⋅=  
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5 Results 

Tables 11-13 in the Appendix summarises the modelling process, including 

likelihood ratio tests. As a general rule, all tests are performed with a 1% sig-

nificance level. Model reductions are tested within segments, as well as across 

segments using a combined test. In deciding which socioeconomic and trip-

related variables to keep, we have used the following rule-of-thumb:  

• Low p-value in the combined test of removal → keep the variable for 

all segments. 

• High p-value in the combined test of removal → in a given segment, 

use the individual test to decide if the variable should be removed. 

To compare the prospect theory model (PT1) to the model with quadrant-

specific VTT, consider the log likelihoods of the two models (given in Table 12 

in the Appendix). For car drivers, bus and S-train, the difference in log likeli-

hood is less than 2, which indicates that the PT model performs very well (tak-

ing into account that the difference of four parameters). For car passengers, 

train, and metro/S-train the log likelihood difference is between 2 and 3, 

which is also quite good. The only segment, for which the PT model performs 

rather badly, is the metro segment (with a log likelihood difference of 7.75). 

This is most likely because the metro segment contains a very large share of 

transformed reference trips, and hence is very sensitive to the approximation 

used for WTP’ and EG’ type choices. 

The estimated parameters of the final models are given in Table 3 and Table 4 

above. Our findings are summarised and discussed below. Note that signifi-

cance is with respect to the 1% level, unless otherwise stated. 

In the final model, we test whether metro and S-train can be pooled into the 

common metro and S-train segment. This test is rejected with a p-value of 

0.77%. 

5.1 Design variables 

• We first note that the estimated quadrant effects are very significant, 

and work as predicted by prospect theory: cη  and tη  are positive, 

which indicates loss aversion. For a given value of v  the perceived 

value is higher in the WTP quadrant than in the WTA quadrant. Hence 

respondents perceive an offered price of time as higher when asked to 

pay for time, and lower when asked to give up time. If not controlling 

for this effect, the researcher would observe higher VTT values in the 
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WTA quadrant than in the WTP quadrant. Note that the difference be-

tween cη  and tη  defines the relative ordering of the perceived value 

of v  in the four quadrants. For car drivers, car passengers, and bus, 

where cη  < tη , the perceived value in the EG quadrant is lower than in 

the EL quadrant, with the actual value in between. For the remaining 

segments, we find the opposite order.  

• The reference time and cost have significant effect on VTT. The effects 

seem to work in different directions, as VTT decreases with trip dura-

tion but increases with trip cost.   

• The parameter of )0,*|min(| Tt −Δ  is significantly positive for all 

modes, corresponding to VTT increasing with | tΔ | for time savings up 

to a certain threshold value *T , after which it remains roughly con-

stant. The threshold value is 20 minutes for car drivers, 30 minutes 

for car passengers, 45 minutes for train, and 15 minutes for bus, 

metro, S-train and the combined metro/S-train segment. Thus the 

threshold value increases with the average journey time.  

The effect here may be interpreted as an editing effect, related to pre-

processing of the choice situation by respondent prior to evaluation. 

In plain words it means that small time savings tend to be disregarded 

since it is not worth the mental effort to find out what they are worth 

in money. 

But the fact that the threshold value seems to increase with the aver-

age journey time in a segment could indicate that the threshold value 

that we find depends on data availability. This is problematic since we 

shall use the VTT at the threshold value to evaluate the VTT without 

the effect of the size of the time difference. The data are generally 

thinner at larger journey times and the size of the time difference is 

correlated with journey time. 

A combined test for all segments rejects that the effect of 
)0,*|min(| Tt −Δ  is the same in the four quadrants, even though not 

all interaction terms are significant by themselves.  

• We find no significant anchoring effect. This is probably due to the de-

sign of the survey, as time values are not explicitly stated. This is a 

very convenient finding, as it would have been difficult to defend an 

estimate of the mean VTT if it was dependent on the value presented 

in the first choice situation. 
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5.2 Trip related variables 

• For most segments, there is no significant effect of travel purpose on 

VTT. The only significant purpose dummy is the commuter dummy in 

the metro segment. However, even though we are able to remove al-

most all purpose dummies, we decide to keep some that are insignifi-

cant (keeping the least insignificant). We believe that much of the dif-

ference between commuter, education, and other purposes is captured 

in our model by variables such as trip duration, income, age, the stu-

dent dummy, the dummy for employer-paid trips, arrival time flexibil-

ity, and congestion.  

• Among car drivers and train passengers, people with employer-paid 

trips have significantly higher time values than others. For the remain-

ing segments, the employer-paid dummy is not significant, and is re-

moved from the models.  

• Trip frequency has no significant effect on VTT.  

• The effect of congestion on the VTT is significantly positive for car 

drivers. An increase in the congested share of driving time of 25 per-

centage points increases VTT with 27%. An increase of 50 percentage 

points increases VTT with 60%. 

• Though arrival time flexibility dummy is only significant for the car 

driver and bus segments, a combined test for all modes rejects that 

they be removed. The dummy has positive effect on the VTT, indicat-

ing that the VTT is lower when the arrival time does not matter. 

• For car passengers, an accompanying child significantly (5% level) low-

ers the VTT. This could be correlated with purpose. 

5.3 Socioeconomic variables 

• Like other studies before, we find that the log of net personal income 

has a significant, positive effect on the value of time. The effect of 

net household income (for couples) is also positive, but not always 

significant. During the estimation procedure, we test whether the ef-

fect of household income is the same for couples with children, and 

couples without children. This is accepted for all but car drivers.   

• The low income dummy is significant at the 1% level for train, at the 

5% level for car drivers, bus, metro, and, metro/S-train, and at the 

10% level for car passengers. The parameter is positive, i.e. people in 

the lowest income group have a higher time value than can be ex-

plained by their stated income alone. A likely explanation is that 

these people are partly provided for by someone else (e.g., their par-
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ents or spouse). The dummy for highest income group is not signifi-

cant.  

• The age terms are generally not significant when considered sepa-

rately, but a test of removing the terms is rejected for all modes ex-

cept bus and metro. Since the combined test is rejected, we keep the 

terms for all segments. For car passengers, bus, metro, and train the 

VTT increases with respondents’ age up to a certain point (30-40 

years) and then decreases. This is in line with expectation. However, 

for car drivers the VTT decreases with respondents’ age in the rele-

vant range of age, which is 16 to 89 years, and for S-train and 

metro/S-train, the VTT decreases with age up to a point of 60-70 

years, and then increases. The increase in VTT after 60-70 years 

should not be considered a problem: There are very few observations 

in this range, and hence they are not necessarily representative of the 

population.  

We are thus left with two cases: The modes where VTT increases with 

age up to 30-40 years, and then decreases, and the modes where VTT 

decreases with age in the relevant range. Since it can be expected that 

income and home ownership captures some of the effect that would 

cause VTT to increase with age up to 30-40 years, neither case con-

tradicts theory. 

• In general, women have lower VTT than men, but the effect is signifi-

cant only for car drivers.  

• Family type is not significant. 

• For car drivers we find that people in the Greater Copenhagen Area 

have significantly larger time values than the rest of the population. 

There is a similar effect for car passengers and bus, but it is only sig-

nificant at the 10% level (car passengers) or not at all (bus).  

• Home ownership has positive effect on the VTT. The effect is not al-

ways significant. 

• Most of the occupational variables have no significant effect. For car 

drivers, students have significantly lower VTT than others. 

• There is no effect of the interview type.  
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5.4 Distribution of the VTT 

For the car driver segment, the test of a normal distribution of u is rejected 

for all three generalised models (with one, two, and three SNP terms, respec-

tively). For the car driver segment and the bus segment, normality is rejected 

by the model with three SNP terms. Thus for these two segments the density 
of u  is assumed to be  

)())(()( ufuFqug =  

where F and f are the CDF and density of ),0( 2σN , and q is the approxima-

tion from eq. (18). Strictly speaking, we should now re-estimate the models 

PT1-PT27 using this density instead of the normal density, and test the influ-

ence of the covariates in these new models. But, as the parameter estimates 

did not change significantly when the generalised density was introduced, we 

consider this unnecessary. 

For car driver the highest order SNP term is significant at the 1% level - hence 

it may be that higher order terms are needed to approximate the mixing den-

sity. We test this with a likelihood ratio test against a model with 4 SNP terms. 

The reduction from 4 to 3 SNP terms is accepted with a significance probabil-

ity of 1.7%, and we conclude that 3 SNP terms is sufficient. 

For the train segment, the p-values for removal of 1-3 SNP terms lie between 

1% and 5%, which is a lot lower than for car passenger, metro, S-train, and 

metro/S-train. To be safe, we estimate a model with four SNP terms for the 

train segment. Since the test of normality against this model is accepted with 
a p-value of 7%, we conclude that we can safely assume normality of u .  

For the remaining segments, the test of normality of u is accepted against the 

model with 3 SNP terms. 

Given the estimated density of u  we perform the support check described in 

section 2.4.1. We compute the range of the observed fractiles of the distribu-

tion of ε+u , i.e. the predicted probabilities nrnrP }ˆ{ 2
 of choosing alternative 

2. The probabilities are obtained by integrating the conditional probabilities 
from eq. (13) with respect to the distribution of u . This is done numerically; 

using random draws from u 's distribution. 
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Table 5. Range of predicted probabilities nrnrP }ˆ{ 2  

 Range 

Car driver [0.0090 ; 0.9954] 

Car passenger [0.0126 ; 0.9849] 

Bus [0.0231 ; 0.9996] 

Metro [0.0083 ; 0.9986] 

S-train [0.0125 ; 0.9978] 

Train [0.0008 ; 0.9961] 

Metro/S-train [0.0113 ; 0.9981] 

 

For all but the car passenger segment, the right tail of the ε+u  distribution 

is observed at least up to the 99.5% fractile. This is a positive result, showing 

that the parametrisation of the VTT has the desired effect of allowing us to 

observe almost the whole right tail of the VTT distribution. The left tail is ob-

served above the 1.25% fractile for all but the bus segment. We shall not 

worry about the left tail, since its exact shape is less important to the mean 

estimate (because the VTT distribution is bounded from below by zero).  
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6 Calculation of the mean value of 
travel time 

6.1 Deciding on covariates 

For computation of the mean VTT, we must decide on the values of the co-

variates that we will apply. Mostly these are the same as those in the sample. 

But those variables that are given by the stated choice design deserve special 

consideration. 

Since we are only interested in the VTT for non-business trips, the “employer-

paid-trip” dummy is set to zero when calculating the mean VTT. 

The main issue is what travel time saving to apply. For time changes in the 

range 3 to *T  minutes, the unit value of travel time increases with the size of 

the time change. Hence a 10-minutes time saving is worth more than two 5-

minutes time savings. This is not unexpected, as the same pattern was found 

in the Dutch and British Value of Travel Time studies9. When evaluating trans-

port investments, however, a lower unit VTT for small time changes is not ap-

propriate, and a constant unit value should be assigned to all time savings10. 

Hence the mean VTT we wish to calculate must not depend on the size of the 

time change. This means we have to choose a level of time change for which 

to evaluate the mean VTT.  

This choice is a crucial point in the mean calculation: Since the effect of the 

size of the time change is quite large, different choices of time saving sizes 

are likely to produce very different mean VTT values. In accordance with the 

British Value of Travel Time study (Mackie et al. 2001 and 2003), we shall 

base our choice on the assumption that the observed lower unit VTT for small 

time changes is not a “true feature” of the value of travel time, but is caused 

by the artificial nature of the experimental design. This assumption rests on 

the following propositions regarding the observed low unit value of small time 

changes: 

• People ignore time savings that are too small to “matter” – i.e. that are 

negligible compared to the entire journey time or to the variation in 

journey time (delays) they experience from day to day. This type of ef-

fect can also be thought of as editing in the sense of Kahneman and 

Tversky (1979), whereby respondents simplify the choice task prior to 

choosing. 

                                                     
9 See e.g. Gunn (2001) and Van de Kaa (2005). 
10 See e.g. Wartburg and Waters (2004), section 2.8.4 
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• People may find that small time savings are of very little value, be-

cause it is not possible for them to reschedule their activities in order 

to make use of the extra time. This is a short-run perspective, and we 

expect that a permanent time saving would over time be incorporated 

into people’s schedules, such that they would eventually benefit from 

it. However, the experiment has a tight focus on an actual trip recently 

made by the respondent (respondents are explicitly instructed to imag-

ine that they should undertake this same trip again), and this focus on 

a single trip may cause people not to consider long term conse-

quences. Another important feature of our data is that the reference 

trip is not a frequently made trip. In 57% of the cases it is a trip made 

once a month or less frequent. It is likely that this makes it even more 

difficult for people to imagine the long term consequences of a change 

in travel time. 

• Even if there are certain time savings that are too small to be of use, 

because most activities take a certain “minimum” time, Mackie et al. 

point to Fowkes (1999), who shows that a procedure taking this into 

account and only valuing time savings if they contribute to disposable 

time intervals of a certain size, will yield the same average value of 

time as a constant unit value procedure.  

The level of time change for which we wish to evaluate mean VTT should be 

large enough to eliminate “disturbance” from the above effects. Following the 

logic of our model, the natural choice would be *T , since this is by definition 

the time change for which VTT turns constant. However, it is most likely that 

*T  depends on the experimental design: For most segments the share of ob-

servations with a time change higher than *T  is very low – for car drivers and 

bus, it is 5-6%, for train it is 2.2%, and for S-train and the combined metro/S-

train segment it is only 1-2%. For the metro segment, there are no observa-
tions with | tΔ |> *T . This means that is relatively easy to accept that dummies 

for time changes higher than *T  are not significant – and hence that VTT is 

constant for such time changes. Had we had more observations with larger 

time changes, we might have experienced that some of the dummies were 
significant, in which case both *T  and the coefficient of the tΔ  term would 

be different. Hence, it may seem that the level of time change for mean calcu-

lation is somewhat arbitrary, but as there is no better argument for choosing 

another level, we suggest *T .  

This approach is similar to the one followed in the British Value of Travel 

Time Study: Mackie et al. (2001 and 2003) estimate a model where VTT de-

pends on dummies for each size of time change, and find that time changes 

of less than 10 minutes have very small VTT. Based on this, they estimate a 

model where VTT is constant for time changes greater than or equal to 11 

minutes, and is allowed to vary with the size of the change for changes less 

than 11 minutes. The mean VTT is based on the latter model and evaluated at 

what corresponds to a time change of 11 minutes.   
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To compute the mean VTT from eq. (19), we first calculate )'exp( 0ββ +nx for 

each individual, fixing || tΔ  to *T  and the “employer-paid-trip” dummy to 

zero. These values are averaged over the sample to obtain ))'(exp( 0ββ +xE . 

For the car driver and train segments, ))(exp(uE  is computed from eq. (23) 

by simulation, using the estimated SNP coefficients. For the remaining seg-
ments, ))(exp(uE  is computed from eq. (20). 

In addition, we compute quantiles and truncated means of the VTT distribu-

tion. This is done numerically by simulating a large number of VTT values for 

each individual (each value of )'exp( 0ββ +nx ), weighting these values ac-

cording to the distribution of u , and calculating the empirical distribution 

function. 

The empirical VTT distribution functions are shown in Figure 3.  

 

Figure 3: VTT distribution functions 
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6.2 Results 

As mentioned previously, to identify the VTT distribution we use the assump-
tion that u  is independent of x  and the choice quadrants. In effect, we are 

using responses for large v ’s from respondents who are expected (by their 

covariate vector x ) to have low VTT, to infer the behaviour of respondents 

who (by their covariate vector x ) are expected to have high VTT outside the 

range of v .  

This implies that, even though range of v  in the experiment is [2 ; 200] DKK 

per hour, the independence assumption causes some individuals to have an 

expected VTT that is much higher than 200 DKK/hour. This is unavoidable, 

since a significant share of people agrees to pay 200 DKK/hour to save time.  
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As a consequence, it appears relevant to truncate the VTT distributions and 

therefore we not only report in Table 6 the mean and the median but also the 

99% quantile of the VTT distributions together with truncated mean values.  

Table 6: Moments and quantiles of the estimated VTT distributions, 
in DKK per hour, and mean hourly net wages for the sample, in 
DKK.  

  
Car  

driver 
Car 

pass. Bus Metro S-train Train 
Metro &  

S-train 

Median 35 34 23 61 29 81 34 
99% quantile 3445 978 250 543 254 781 302 
          
Truncated means:         
-At 200 DKK 62 61 35 80 43 98 50 
-At 400 DKK 77 74 36 90 45 117 52 
-At 600 DKK 86 80 37 93 45 124 53 
-At 800 DKK 93 84 37 94 45 126 53 
-At 1000 DKK 98 86 37 94 45 128 53 
-At 99% quantile 136 86 35 92 44 126 52 
          
Mean 232 96 37 95 45 130 53 
        
Mean net hourly 
wage 110 93 84 104 100 94 102 
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6.3 Discussion of results 

6.3.1 VTT distributions 

The first thing we notice is that the VTT distributions are all right-skewed, as 

the medians are much smaller than the means, and the 99% quantiles are very 

large. This is especially problematic for car drivers, where the right tail of the 

VTT distribution is very large. About 2.5% of the probability mass lies above 

1000 DKK per hour, which leads to an extremely high mean value. Hence, for 

car drivers we obtained that the mean is very high and higher than the maxi-

mum VTT in the experiment of 200 DKK per hour. This is worrying for two 

reasons: First, because the estimated VTT is much higher than expected when 

designing the experiment, and second and more importantly, because it im-

plies that the identification of the VTT distribution relies crucially on the as-
sumption of independence between x  and u .  

A possible further explanation for the high VTT is that for right-skewed dis-

tributions the mean increases with the variance. Hence the mean VTT in-
creases with σ , and with the variation in x'β . Thus the mean estimate is 

very sensitive to choice of covariates and the way they are assumed to affect 

the VTT. 

Of course, such high time values are unrealistic: For comparison a net wage of 

1000 DKK per hour will correspond to a gross annual income above 3 million 

DKK. In Denmark the share of the population fulfilling this criterion is only 

0.03%11. Therefore, we do not recommend using the mean VTT values from 

Table 6 for project evaluation. We instead recommend using one of the trun-

cated values presented in Table 6.     

6.3.2 Variations between modes 

Several explanations may contribute to explaining the large differences be-

tween modes. 

• The size of the travel time saving for which the mean is calculated is an 

important source of variation. It is obvious that the mean VTT is very sen-

sitive to the size of travel time saving: For a travel time saving less than 

*T , a one minute increase in travel time saving leads to an increase in 

VTT of 3% - 9%, depending on the transport mode. Therefore, basing the 

mean estimates on different time saving sizes for different transport 

modes can cause variation in mean VTT across modes. 

We can take this effect into account by comparing the mean estimates for 

a travel time saving of equal size across modes. In Table 7 below the 

mean VTT is computed for different levels of time saving.  

                                                     
11 Statistisk Aarbog 2005, Table 243 
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Table 7: Mean VTT (in DKK per hour) for different levels  
of time savings. 
 Mean VTT 
 |Δt|=3 |Δt|=5 |Δt|=10 |Δt|=15 |Δt|=20 |Δt|=30 |Δt|=45

Car driver 94 105 137 179 232 232 232
Car passenger 40 42 50 59 69 96 96
Bus 22 24 30 37 37 37 37
Metro 35 41 62 95 95 95 95
S-train 28 31 37 45 45 45 45
Train 40 42 49 56 64 85 130
Metro/S-train 31 34 43 53 53 53 53
 

• When means are compared based on a time saving less than 30 minutes, 

car passengers and train are quite similar. Thus it seems that the differ-

ence in *T  partly explains the different mean values for the two seg-

ments. Also, the mean VTT for the metro segment is less extreme when 

comparison is based on a 5 or 10 minute saving. However, the difference 

in *T  does not explain the relatively low mean VTT for bus and S-train, 

nor the very high mean for car drivers. From the car segments we know 

that VTT is 40% higher for respondents living in the Greater Copenhagen 

Area. Since around 99% of the respondents in the metro segment lives in 

the Greater Copenhagen Area, it has not been possible to correct for such 

an effect. However, we expect the effect to be present, such that metro 

respondents have higher VTTS because of their geography.  

• Income differences may explain some but they are not nearly large 

enough to explain everything. 

• Comfort differences may again explain some, but they seem to go in the 

wrong direction. It seems, for example, unlikely that driving a car should 

be so much more unpleasant than going by bus. 

This brings us to the leading candidate explanations. We have a convenient 

and an inconvenient explanation. 

• Self-selection: We may hypothesise a distribution of the VTT in the popu-

lation. Those with high VTT may, ceteris paribus, choose the fast modes, 

car and then train. Those with low VTT tend to choose slow modes. So the 

differences in VTT that we see are due to self-selection. 

• Strategic behaviour: For car there is no established mechanism whereby 

respondents could actually pay for reduced travel times. Respondents may 

therefore feel that it is a free lunch to express a wish to pay for increased 

speed, which may be heard by politicians. 

Conversely, public transport passengers pay fares set by politicians while 

travel times may be deemed as difficult to change as they are determined 
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by traffic and not politicians. Passengers may feel it is unreasonable that 

they should pay more while increased speeds are unrealistic. Respondents 

may think their answers will influence politicians.  

In both cases choices may be seen as strategic and not expressions of 

preferences.  

Note that the sense in which respondents here might be acting strategically is 

different from the sense that we use to explain the WTP/WTA gap. Here stra-

tegic behaviour would involve thinking outside the context of the question-

naire and considering the use of the results of the study for political decision 

making. With the WTP/WTA gap (induced by loss aversion), we are thinking 

more of an instinctive reaction to the choice between a certain current refer-

ence and an uncertain alternative. 

The self-selection story is convenient, since then we can accept that we are 

measuring preferences and hence the VTT that we intend to measure. The 

strategic behaviour story is very inconvenient, since it may imply that the data 

may be unusable. 

We do have the possibility to check this. The data contain a third experiment 

that is very similar to experiment 1, but for an alternative mode. Each respon-

dent is asked, if possible, to identify an alternative mode for the current trip 

if the current mode was somehow unavailable. The travel time and cost is 

then established for the alternative mode and a stated choice experiment with 

the same design as the first is carried out. 

With the self-selection story we expect respondents to carry their VTT with 

them to the alternative mode, except for differences in comfort. E.g., current 

car drivers should have a much higher VTT in bus as an alternative than cur-

rent bus passengers. Current bus passengers should have a much lower VTT 

in car as an alternative than current car drivers. 

With the strategic story, we would expect car drivers to exhibit a low VTT in 

bus as an alternative, while bus passengers would exhibit a high VTT in car as 

an alternative. 

So it seems that using the data from the third experiment to investigate this 

could be crucial for the interpretation of results.12  

 

                                                     
12 We must however consider that it is explicitly not part of the current project 

to estimate models using the third experiment. 
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7 Summary of conclusions 

7.1 Modelling  

A main conclusion is that the VTT differs by choice type/quadrant. WTA type 

questions yield a higher value than WTP type questions and the remainders 

are in between. This is in line with previous findings in other studies (see e.g. 

Kahneman and Tversky (1979) and the review by Horowitz (2002)). We control for 

this effect when estimating the mean VTT. 

The VTT increases significantly with the size of the travel time saving. We 

have estimated the most likely threshold where this increase can be assumed 

to end. The effect is interpreted as due to editing and therefore we want to 

correct for it prior to the evaluation of mean VTT. But as the threshold is 

strongly dependent on the data and the questionnaire design, this introduces 

considerable uncertainty. However, any other choice of the size of the time 

saving at which to evaluate the VTT would be completely arbitrary.  

We consider dropping some of the covariates (the home ownership dummy 

and the level of congestion) from the model, because they are correlated with 

variables as income, age and geography. To estimate a common national VTT 

we have to weigh individual VTT values with respect to the characteristics of 

the respondents: age, sex, income, and geography. Hence we would prefer 

most of the variation in the model to be explained by these segmentation 

variables.   

7.2 Results 

We have also noted that the range of the design time values v  is not large 

enough to allow us to observe the distribution of ε+u  over the whole of its 

support, Therefore we were forced to introduce covariates along with an inde-

pendence assumption in order to extend the range over which we observe the 
distribution of ε+u . This resulted however in a large number of individuals 

having expected VTT above the maximum value of v  in the SP design. This 

problem is revealed by the fact that truncation of the individual VTT at the 
maximum v  decreases the estimated mean by more than a factor 3 for car 

drivers. 

This problem is not specific to our approach. The fact that the variation in v  

is not sufficient to identify the whole VTT distribution is equally true for the 

classical approach. It is rather the case that our approach makes the problem 

clearly visible which must be viewed as an advantage. 
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The differences between modes are rather high. Some of the difference can be 

explained by the different levels of time savings, for which the mean VTT is 

evaluated. The discussion in the previous section also points to self-selection 

and strategic behaviour as likely explanations. We have the opportunity to in-

vestigate the matter further by using data from the third DATIV experiment. 
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9 Appendix 

9.1 Derivation of eq. (9) 

Using eqs. (1)-(4), and (6’), we see that in WTP’ and EG’
 
choices, alternative 2 

(the slower alternative) is preferred when 
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From eq. (6’) we have that  
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9.2 Descriptive statistics 

Descriptive statistics of all variables used in the analysis are given in Table 8 

(car modes), Table 9 (metro, S-train, and metro/S-train) and Table 10 (bus and 

train) below. 
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Table 8: Descriptive statistics (car modes) 
 Car driver Car pass 
  Min Mean Max Min Mean Max 
Dependent variable         
Y 1 1.60 2 1 1.62 2 
Design variables       
log(v) -3.00 -0.558 1.21 -3.40 -0.555 1.21 
log( 0c ) 0 3.13 6.75 0 2.93 6.62 

log( 0t ) 1.61 3.39 5.48 1.61 3.23 5.48 

WTP 0 0.210 1 0 0.192 1 
WTA 0 0.211 1 0 0.192 1 
EG 0 0.211 1 0 0.192 1 
EL 0 0.212 1 0 0.190 1 
WTP' 0 0.0390 1 0 0.0607 1 
WTA' 0 0.0388 1 0 0.0573 1 
EG' 0 0.0384 1 0 0.0563 1 
EL' 0 0.0394 1 0 0.0602 1 
1{|Δt| ≥ 5} 0 0.694 1 0 0.679 1 
1{|Δt| ≥ 10} 0 0.361 1 0 0.311 1 
1{|Δt| ≥ 15} 0 0.191 1 0 0.192 1 
1{|Δt| ≥ 20} 0 0.121 1 0 0.127 1 
1{|Δt| ≥ 30} 0 0.0563 1 0 0.0599 1 
1{|Δt| ≥ 45} 0 0.0116 1 0 0.0156 1 
1{|Δt| ≥ 60} 0 0.00417 1 0 0.00417 1 
min(|Δt|-T*,0) -17 -12.2 0 -27 -21.9 0 

S(c) 1{ 0t ≥11} -1 -0.00101 1 -1 -0.00208 1 

S(c) 1{ 0t <11} -1 0.00125 1 -1 0.00730 1 

-S(t) 1{ 0t ≥11} -1 -0.00113 1 -1 0.000521 1 

-S(t-2)(WTA'+EL') -                 
(4-|Δt|)(WTP'+EG')/|Δt| 

-1 -0.0822 0.2 -1 -0.124 0.2 

1{ 0t <11} 0 0.156 1 0 0.234 1 

)(cS  -1 0.000238 1 -1 0.00521 1 

- )(~ tS  a -1 -0.0833 1 -1 -0.123 1 

⋅)(cS  min(|Δt|-T*,0) -17 -0.00185 17 -27 -0.134 27 

- ⋅)(~ tS min(|Δt|-T*,0) -17 1.35 17 -27 3.21 27 

log(anchorVTT) -3.00 -0.540 1.21 -3.00 -0.506 1.20 

missing anchor dummy 0 0.0333 1 0 0.0323 1 

       
Socioeconomic variables        
Log personal income – 12 -1.33 -0.0379 1.06 -1.33 -0.249 0.977 
Log household income – 12, 
couples with children  

-1.33 0.187 1.18 -0.127 0.213 1.18 

Log household income – 12, 
couples without children 

-1.33 0.146 1.18 -1.33 0.0945 1.18 

Log household income – 12, 
other cohabiting 

-0.641 0.00525 1.18 -0.483 -0.000481 0.462 

High income group 0 0.00709 1 0 0.000 0 
Low income group 0 0.0732 1 0 0.182 1 
Missing person income 0 0.0796 1 0 0.0396 1 
Missing household income, 
couples with children 

0 0.0263 1 0 0.0203 1 

Missing household income, 
couples without children 

0 0.0509 1 0 0.0360 1 

Missing household income, 
other cohabiting 

0 0.00310 1 0 0.000 0 

Age 16 49.7 89 16 48.5 85 
Age2/100 2.56 27.0 79.2 2.56 26.1 72.3 
Female 0 0.422 1 0 0.691 1 
Greater Copenhagen Area  0 0.194 1 0 0.174 1 
Home owner 0 0.786 1 0 0.768 1 
Internet interview 0 0.638 1 0 0.754 1 
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 Car driver Car pass 
  Min Mean Max Min Mean Max 
Retired 0 0.260 1 0 0.297 1 
Student 0 0.0575 1 0 0.0842 1 
Single, no children b 0 0.159 1 0 0.129 1 
Single with children b 0 0.0394 1 0 0.0261 1 
Couple with children b 0 0.335 1 0 0.372 1 
Other cohabiting b 0 0.0160 1 0 0.000 0 
Work hours per week – 37 -36 0.256 63 -36 0.00625 63 
Missing work hours 0 0.375 1 0 0.466 1 
Flexible work hours 0 0.301 1 0 0.193 1 
       
Trip related variables        
Commuter 0 0.215 1 0 0.0816 1 
Education 0 0.0794 1 0 0.00625 1 
Maintenance 0 0.309 1 0 0.386 1 
Employer-paid trip 0 0.0534 1 0 0.0219 1 
Passenger 0 0.429 1    
Accompanying child  0 0.184 1 0 0.318 1 
Share of congested driving 0 0.0927 0.68 0 0.0835 0.7 
Arrival at a fixed time 0 0.552 1 0 0.445 1 
Trip freq.: Daily c 0 0.119 1 0 0.0175 1 
Trip freq.: At least 4-5 
times a week c 

0 0.126 1 0 0.0367 1 

Trip freq.: At least 1-2 
times a week c 

0 0.113 1 0 0.0909 1 

Trip freq.: Weekly c 0 0.147 1 0 0.140 1 

Trip freq5.: Monthly c 0 0.232 1 0 0.286 1 

a) )(~ tS  is the common time sign term, i.e. )''(
||

||4)'')(2(}11{1)( 0 EGWTP
t

tELWTAtSttS +
Δ
Δ−

++−+≥⋅  

b) The base is couples without children 

c) The base is “Less than once a month” 
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Table 9: Descriptive statistics (metro and S-train) 
 Metro S-train Metro & S-train 
  Min Mean Max Min Mean Max Min Mean Max 
Dependent variable             
Y 1 1.61 2 1 1.646 2 1 1.637 2 
Design variables          
log(v) -2.30 -0.479 1.20 -3.00 -0.520 1.21 -3.00 -0.508 1.21 
log( 0c ) 0 2.46 5.01 0 2.88 5.48 0 2.76 5.48 

log( 0t ) 1.61 2.32 3.50 1.61 3.01 4.32 1.61 2.81 4.32 
WTP 0 0.0959 1 0 0.216 1 0 0.182 1 
WTA 0 0.0986 1 0 0.211 1 0 0.179 1 
EG 0 0.0991 1 0 0.214 1 0 0.181 1 
EL 0 0.0965 1 0 0.211 1 0 0.179 1 
WTP' 0 0.155 1 0 0.0371 1 0 0.0705 1 
WTA' 0 0.149 1 0 0.0380 1 0 0.0694 1 
EG' 0 0.152 1 0 0.0369 1 0 0.0695 1 
EL' 0 0.155 1 0 0.0365 1 0 0.0700 1 
1{|Δt| ≥ 5} 0 0.533 1 0 0.626 1 0 0.600 1 
1{|Δt| ≥ 10} 0 0.0128 1 0 0.215 1 0 0.158 1 
1{|Δt| ≥ 15} 0 0.00213 1 0 0.0751 1 0 0.0544 1 
1{|Δt| ≥ 20}    0 0.0194 1 0 0.0139 1 
1{|Δt| ≥ 30}    0 0.00422 1 0 0.00302 1 
1{|Δt| ≥ 45}          
1{|Δt| ≥ 60}          
min(|Δt|-T*,0) -12 -10.9 0 -12 -9.30 0 -12 -9.74 0 

S(c) 1{ 0t ≥11} -1 -0.00533 1 -1 0.00274 1 -1 0.000605 1 

S(c) 1{ 0t <11} -1 0.00853 1 -1 -0.00127 1 -1 0.00151 1 

-S(t) 1{ 0t ≥11} -1 2.69E-18 1 -1 0.00696 1 -1 0.00514 1 

-S(t-2)(WTA'+EL') -                 
(4-|Δt|)(WTP'+EG')/|Δt| -1 -0.320 

0.20
0 -1 -0.0785 0.200 -1 -0.147 

0.20
0 

1{ 0t <11} 0 0.610 1 0 0.149 1 0 0.279 1 
)(cS  -1 0.00320 1 -1 0.00148 1 -1 0.00212 1 

- )(~ tS  a -1 -0.320 1 -1 -0.0715 1 -1 -0.142 1 
⋅)(cS  min(|Δt|-T*,0) -12 -0.0341 12 -12 -0.0148 12 -12 -0.0221 12 

- ⋅)(~ tS min(|Δt|-T*,0) -12 3.59 12 -12 0.796 12 -12 1.59 12 
log(anchorVTT) -1.79 -0.521 1.19 -2.71 -0.539 1.21 -2.71 -0.534 1.21 

missing anchor dummy 0 0.0373 1 0 0.0251 1 0 0.0286 1 
          
Socioeconomic variables           
Log personal income – 12 -1.33 -0.150 1.06 -1.33 -0.187 1.06 -1.33 -0.177 1.06 
Log household income – 12, 
couples with children  -0.641 0.143 1.10 -1.33 0.175 1.18 -1.33 0.166 1.18 
Log household income – 12, 
couples without children -1.33 0.113 1.18 -1.33 0.103 1.18 -1.33 0.106 1.18 
Log household income – 12, 
other cohabiting -0.641 0.0097 1.18 -1.33 -0.00429 1.18 -1.33 -0.000333 1.18 
High income group 0 0.0123 1 0 0.00823 1 0 0.00937 1 
Low income group 0 0.173 1 0 0.184 1 0 0.181 1 
Missing person income 0 0.0341 1 0 0.0184 1 0 0.0228 1 
Missing household income, 
couples with children 0 0.0197 1 0 0.0283 1 0 0.0259 1 
Missing household income, 
couples without children 0 0.0197 1 0 0.00675 1 0 0.0104 1 
Missing household income, 
other cohabiting 0 0.0123 1 0 0.00485 1 0 0.00695 1 
Age 16 37.7 80 16 40.2 84 16 39.5 84 
Age2/100 2.56 16.0 64 2.56 18.5 70.6 2.56 17.8 70.6 
Female 0 0.557 1 0 0.548 1 0 0.550 1 
Greater Copenhagen Area           
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 Metro S-train Metro & S-train 
  Min Mean Max Min Mean Max Min Mean Max 
Home owner 0 0.357 1 0 0.505 1 0 0.463 1 
Internet interview 0 0.884 1 0 0.831 1 0 0.846 1 
Retired 0 0.0832 1 0 0.102 1 0 0.097 1 
Student 0 0.297 1 0 0.236 1 0 0.253 1 
Single, no children b 0 0.311 1 0 0.316 1 0 0.314 1 
Single with children b 0 0.058 1 0 0.0620 1 0 0.0608 1 
Couple with children b 0 0.234 1 0 0.307 1 0 0.286 1 
Other cohabiting b 0 0.0613 1 0 0.0245 1 0 0.0349 1 
Work hours per week – 37 -36 0.717 63 -32 0.102 43 -36 0.277 63 
Missing work hours 0 0.439 1 0 0.396 1 0 0.409 1 
Flexible work hours 0 0.285 1 0 0.324 1 0 0.313 1 
          
Trip related variables           
Commuter 0 0.224 1 0 0.272 1 0 0.258 1 
Education 0 0.119 1 0 0.119 1 0 0.119 1 
Maintenance 0 0.322 1 0 0.202 1 0 0.236 1 
Employer-paid trip    0 0.0835 1 0 0.0101 1 
Passenger          
Accompanying child  0 0.118 1 0 0.118 1 0 0.117 1 
Share of congested driving          
Arrival at a fixed time 0 0.608 1 0 0.599 1 0 0.581 1 
Trip freq.: Daily c 0 0.092 1 0 0.116 1 0 0.109 1 
Trip freq.: At least 4-5 
times a week c 0 0.056 1 0 0.0924 1 0 0.0821 1 
Trip freq.: At least 1-2 
times a week c 0 0.106 1 0 0.0903 1 0 0.0948 1 
Trip freq.: Weekly c 0 0.146 1 0 0.154 1 0 0.151 1 
Trip freq5.: Monthly c 0 0.337 1 0 0.223 1 0 0.255 1 
          
Metro dummy (only com-
bined segment)       0 0.284 1 

a) )(~ tS  is the common time sign term, i.e. )''(
||

||4)'')(2(}11{1)( 0 EGWTP
t

tELWTAtSttS +
Δ
Δ−

++−+≥⋅  

b) The base is couples without children 

c) The base is “Less than once a month”  
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Table 10: Descriptive Statistics (bus and train)  
 Bus Train 
  Min Mean Max Min Mean Max 
Dependent variable           
Y 1 1.69 2 1 1.51 2 
Design variables       
log(v) -3.00 -0.549 1.21 -3.00 -0.555 1.21 
log( 0c ) 0 2.70 6.55 0 4.11 6.80 

log( 0t ) 1.61 3.15 5.48 1.61 3.99 6.13 
WTP 0 0.211 1 0 0.241 1 
WTA 0 0.211 1 0 0.240 1 
EG 0 0.210 1 0 0.240 1 
EL 0 0.210 1 0 0.239 1 
WTP' 0 0.0391 1 0 0.0100 1 
WTA' 0 0.0394 1 0 0.0098 1 
EG' 0 0.0403 1 0 0.00939 1 
EL' 0 0.0392 1 0 0.0103 1 
1{|Δt| ≥ 5} 0 0.657 1 0 0.807 1 
1{|Δt| ≥ 10} 0 0.266 1 0 0.540 1 
1{|Δt| ≥ 15} 0 0.119 1 0 0.335 1 
1{|Δt| ≥ 20} 0 0.0607 1 0 0.257 1 
1{|Δt| ≥ 30} 0 0.0244 1 0 0.133 1 
1{|Δt| ≥ 45} 0 0.00537 1 0 0.0421 1 
1{|Δt| ≥ 60} 0 0.00124 1 0 0.0223 1 
min(|Δt|-T*,0) -12 -8.76 0 -42 -32.8 0 

S(c) 1{ 0t ≥11} -1 -0.000310 1 -1 0.00089 1 

S(c) 1{ 0t <11} -1 -0.00144 1 -1 0.00114 1 

-S(t) 1{ 0t ≥11} -1 -0.000103 1 -1 0.00165 1 

-S(t-2)(WTA'+EL') -                 
(4-|Δt|)(WTP'+EG')/|Δt| -1 -0.0829 0.2 -1 -0.0210 0.200 

1{ 0t <11} 0 0.158 1 0 0.0395 1 
)(cS  -1 -0.00175 1 -1 0.00203 1 

- )(~ tS  a -1 -0.0830 1 -1 -0.0194 1 
⋅)(cS  min(|Δt|-T*,0) -12 0.0311 12 -42 -0.0771 42 

- ⋅)(~ tS min(|Δt|-T*,0) -12 0.930 12 -42 0.801 42 
log(anchorVTT) -3.00 -0.547 1.21 -3.00 -0.525 1.21 

missing anchor dummy 0 0.0255 1 0 0.0214 1 
       
Socioeconomic variables        
Log personal income – 12 -1.33 -0.369 1.06 -1.33 -0.268 1.06 
Log household income – 12, 
couples with children  -1.33 0.152 1.18 -1.33 0.157 1.18 
Log household income – 12, 
couples without children -1.33 0.0583 1.15 -1.33 0.0859 1.18 
Log household income – 12, 
other cohabiting -1.33 -0.00530 1.18 -1.33 -0.00523 0.950 
High income group 0 0.00237 1 0 0.0122 1 
Low income group 0 0.260 1 0 0.226 1 
Missing person income 0 0.0682 1 0 0.0389 1 
Missing household income, 
couples with children 0 0.0486 1 0 0.0252 1 
Missing household income, 
couples without children 0 0.0209 1 0 0.0155 1 
Missing household income, 
other cohabiting 0 0.00733 1 0 0.00888 1 
Age 16 37.9 88 16 37.9 81 
Age2/100 2.56 17.2 77.4 2.56 16.5 65.6 
Female 0 0.621 1 0 0.551 1 
Greater Copenhagen Area  0 0.333 1 0 0.360 1 
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 Bus Train 
  Min Mean Max Min Mean Max 
Home owner 0 0.446 1 0 0.506 1 
Internet interview 0 0.765 1 0 0.819 1 
Retired 0 0.126 1 0 0.0785 1 
Student 0 0.349 1 0 0.312 1 
Single, no children b 0 0.288 1 0 0.330 1 
Single with children b 0 0.0781 1 0 0.0617 1 
Couple with children b 0 0.322 1 0 0.286 1 
Other cohabiting b 0 0.0299 1 0 0.0278 1 
Work hours per week – 37 -36 -0.524 48 -36 0.0122 43 
Missing work hours 0 0.542 1 0 0.451 1 
Flexible work hours 0 0.209 1 0 0.295 1 
       
Trip related variables        
Commuter 0 0.241 1 0 0.233 1 
Education 0 0.242 1 0 0.0894 1 
Maintenance 0 0.257 1 0 0.143 1 
Employer-paid trip 0 0.0167 1 0 0.0835 1 
Passenger       
Accompanying child  0 0.111 1 0 0.111 1 
Share of congested driving       
Arrival at a fixed time 0 0.608 1 0 0.706 1 
Trip freq.: Daily c 0 0.109 1 0 0.0718 1 
Trip freq.: At least 4-5 
times a week c 0 0.142 1 0 0.111 1 
Trip freq.: At least 1-2 
times a week c 0 0.103 1 0 0.0623 1 
Trip freq.: Weekly c 0 0.135 1 0 0.0972 1 
Trip freq5.: Monthly c 0 0.215 1 0 0.269 1 

a) )(~ tS  is the common time sign term, i.e. )''(
||

||4)'')(2(}11{1)( 0 EGWTP
t

tELWTAtSttS +
Δ
Δ−

++−+≥⋅  

b) The base is couple without children 

c) The base is “Less than once a month”  
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9.3 Estimation summary 

The models used in the analysis are listed in Table 11 below. For the two 

first listed (the model with quadrant-specific VTT and the PT1 model) all 

included variables are mentioned – the following models are based on the 

PT model, and hence only changes are mentioned.  

Table 12 gives the log likelihood values of all models, together with the 

number of observations and parameters. 

Tables 13 and 14 summarise the likelihood ratio tests performed on the 

models. All models are tested against the previously accepted model. 

Table 11: Models used in the analysis 

Testing design variables 

Model with 
quadrant-
specific VTT 

Model from eq. (24). Contains the following variables: 

log v , u , ε  , log 0t   , log 0c , quadrant-specific constants, 

tΔ  dummies. 

Model PT1 PT model containing the following variables: 

log v , u , ε  , )(cS , 

)''(
||

||4)'')(2(}11{1)()(~
0 EGWTP

t
tELWTAtSttStS +

Δ
Δ−

++−+≥⋅= , 

dummy for { 0t <11}, log 0t  , log 0c , constant ( 0β ), 

tΔ  dummies  

Model PT2 Apply linear tΔ  formulation (min(| tΔ |-T*;0)) for different T* val-
ues. Choose the one with higher likelihood. 

Model PT3 Add interaction terms between tΔ  and quadrants. 

Model PT4 Remove dummy for { 0t < 11}. 

Model PT5 Add anchor. 

Testing background variables (socioeconomic and trip characteristics) 

Model PT6 Add income variables 

Model PT7 Remove household income for hstatus=other 

Model PT8 Remove high income dummy 

Model PT9 Common household income parameter for couples 
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Model PT10 Add all other background variables 

Model PT11 Remove family type 

Model PT12 Remove work hours variables. 

Model PT13 Reduce trip frequency.  

Model PT14 Remove trip frequency. 

Model PT15 Remove passenger dummy (car driver). 

Model PT16 Remove child dummy. 

Model PT17 Remove (employer) payment.  

Model PT18 Remove arrival time flexibility. 

Model PT19 Remove insignificant purpose dummies. 

Model PT20 Remove Internet dummy. 

Model PT21 Remove retired dummy. 

Model PT22 Remove student dummy. 

Model PT23 Remove home ownership. 

Model PT24 Remove geography. 

Model PT25 Remove gender. 

Model PT26 Remove age. 

Model PT27 Add least insignificant purpose dummy to recheck. 

Models with SNP terms 

Model SNP1 With one SNP term. 

Model SNP2 With two SNP terms. 

Model SNP3 With three SNP terms. 
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Table 12: Model summary 
 Car driver Car passenger Bus Train 

Model Loglike Obs. 
Indivi-
duals 

#Param Loglike Obs. 
Indivi-
duals 

#Param Loglike Obs. 
Indivi-
duals 

#Param Loglike Obs. 
Indivi-
duals 

#Param 

quadr.spec.VTT -8750.4 16791 2167 19 -1926 3837 502 19 -4152.9 9690 1257 19 -3730.9 7881 1008 19 

modelPT1 -8751.8 16791 2167 15 -1928.9 3837 502 15 -4154.7 9690 1257 15 -3733.6 7881 1008 15 

modelPT2a -8815.8 16791 2167 9 -1941.5 3837 502 9 -4178.2 9690 1257 9 -3804.7 7881 1008 9 

modelPT2b -8781 16791 2167 9 -1937.7 3837 502 9 -4158.9 9690 1257 9 -3780.6 7881 1008 9 

modelPT2c -8760 16791 2167 9 -1933 3837 502 9 -4156.8 9690 1257 9 -3757.6 7881 1008 9 

modelPT2d -8754.9 16791 2167 9 -1932.4 3837 502 9 -4158.3 9690 1257 9 -3747.9 7881 1008 9 

modelPT2e -8757.3 16791 2167 9 -1931.2 3837 502 9 -4160.5 9690 1257 9 -3739.4 7881 1008 9 

modelPT2f -8765.4 16791 2167 9 -1931.5 3837 502 9 -4161.6 9690 1257 9 -3737.2 7881 1008 9 

modelPT2g -8768.4 16791 2167 9 -1932.2 3837 502 9 -4162.8 9690 1257 9 -3742.2 7881 1008 9 

modelPT3 -8748.4 16791 2167 11 -1926.7 3837 502 11 -4155.4 9690 1257 11 -3736.4 7881 1008 11 

modelPT4 -8749 16791 2167 10 -1926.7 3837 502 10 -4156.6 9690 1257 10 -3737.3 7881 1008 10 

modelPT5 -8747.9 16791 2167 12 -1925.5 3837 502 12 -4154.4 9690 1257 12 -3734.6 7881 1008 12 

modelPT6 -8671 16791 2167 20 -1911 3837 502 18 -4130.6 9690 1257 20 -3685.7 7881 1008 20 

modelPT7 -8674.7 16791 2167 18 -1912.6 3837 502 17 -4131.1 9690 1257 18 -3686.1 7881 1008 18 

modelPT8 -8674.9 16791 2167 17     -4131.5 9690 1257 17 -3686.1 7881 1008 17 

modelPT9 -8680.1 16791 2167 15 -1914 3837 502 15 -4134.5 9690 1257 15 -3687.5 7881 1008 15 

modelPT10 -8574.9 16791 2167 45 -1888.3 3837 502 41 -4115 9690 1257 41 -3649 7881 1008 41 

modelPT11 -8575.6 16791 2167 41 -1889.1 3837 502 38 -4115.9 9690 1257 37 -3651.1 7881 1008 37 

modelPT12 -8580.3 16791 2167 38 -1892.2 3837 502 35 -4115.9 9690 1257 34 -3653.6 7881 1008 34 

modelPT13 -8582.1 16791 2167 35 -1893.5 3837 502 32 -4117.7 9690 1257 31 -3654.7 7881 1008 31 

modelPT14 -8582.5 16791 2167 33 -1893.6 3837 502 30 -4117.8 9690 1257 29 -3657.7 7881 1008 29 

modelPT15 -8582.7 16791 2167 32             

modelPT16 -8583.5 16791 2167 31 -1895.8 3837 502 29 -4117.8 9690 1257 28 -3657.8 7881 1008 28 

modelPT17 -8595.1 16791 2167 30 -1894.5 3837 502 29 -4119.2 9690 1257 27 -3667.5 7881 1008 27 

modelPT18 -8586.4 16791 2167 30 -1895.3 3837 502 28 -4124.9 9690 1257 26 -3657.8 7881 1008 27 

modelPT19 -8584 16791 2167 28 -1896.3 3837 502 26 -4122.5 9690 1257 24 -3658.1 7881 1008 25 

modelPT20 -8586.2 16791 2167 27 -1896.4 3837 502 25 -4122.6 9690 1257 23 -3658.9 7881 1008 24 

modelPT21 -8586.2 16791 2167 26 -1898.9 3837 502 24 -4122.9 9690 1257 22 -3661.3 7881 1008 23 

modelPT22 -8589.2 16791 2167 25 -1899 3837 502 23 -4123.8 9690 1257 21 -3661.3 7881 1008 22 

modelPT23 -8594.3 16791 2167 25 -1900.7 3837 502 22 -4123.8 9690 1257 20 -3661.5 7881 1008 21 

modelPT24 -8588 16791 2167 25 -1900.3 3837 502 22 -4124.5 9690 1257 19 -3661.9 7881 1008 20 

modelPT25 -8589.6 16791 2167 25 -1899.6 3837 502 22 -4124.1 9690 1257 19 -3662.5 7881 1008 20 

modelPT26 -8629.3 16791 2167 24 -1906.5 3837 502 21 -4126.7 9690 1257 18 -3672.8 7881 1008 19 

modelPT27     -1897.8 3837 502 24 -4122.4 9690 1257 21 -3661.3 7881 1008 22 

modelSNP1 -8580.7 16791 2167 27 -1897.1 3837 502 25 -4121.7 9690 1257 22 -3659.4 7881 1008 22 

modelSNP2 -8577.2 16791 2167 28 -1896.6 3837 502 26 -4118 9690 1257 23 -3657.3 7881 1008 23 

modelSNP3 -8571.4 16791 2167 29 -1897.4 3837 502 27 -4116.7 9690 1257 24 -3657.1 7881 1008 24 

modelSNP4 -8568.6 16791 2167 30         -3657.1 7881 1008 25 
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 Metro S-train Metro/S-train 

Model  Loglike Obs. Individuals #Param Loglike Obs. Individuals #Param Loglike Obs. Individuals #Param 

quadr.spec.VTT -811.35 1875 248 15 -2134.6 4738 615 17 -2959.4 6613 863 18 

modelPT1 -819.1 1875 248 11 -2135.3 4738 615 13 -2961.9 6613 863 14 

modelPT2a -821.96 1875 248 9 -2141.2 4738 615 9 -2970 6613 863 10 

modelPT2b -819.98 1875 248 9 -2139 4738 615 9 -2966.6 6613 863 10 

modelPT2c -819.37 1875 248 9 -2136.9 4738 615 9 -2964.2 6613 863 10 

modelPT2d -819.37 1875 248 9 -2137.8 4738 615 9 -2965.3 6613 863 10 

modelPT2e -819.37 1875 248 9 -2139 4738 615 9 -2966.9 6613 863 10 

modelPT2f             

modelPT2g             

modelPT3 -817.13 1875 248 11 -2133.8 4738 615 11 -2959.8 6613 863 12 

modelPT4 -817.4 1875 248 10 -2136 4738 615 10 -2960.8 6613 863 11 

modelPT5 -815.92 1875 248 12 -2134.2 4738 615 12 -2957.9 6613 863 13 

modelPT6 -807.44 1875 248 20 -2112.9 4738 615 20 -2931.5 6613 863 21 

modelPT7 -807.98 1875 248 18 -2114.1 4738 615 18 -2933 6613 863 19 

modelPT8 -808.07 1875 248 17 -2114.7 4738 615 17 -2933.7 6613 863 18 

modelPT9 -808.9 1875 248 15 -2118.5 4738 615 15 -2936 6613 863 16 

modelPT10 -789.94 1875 248 39 -2104.3 4738 615 40 -2918.8 6613 863 41 

modelPT11 -791.51 1875 248 35 -2104.8 4738 615 36 -2920.3 6613 863 37 

modelPT12 -794.77 1875 248 32 -2105.1 4738 615 33 -2921.8 6613 863 34 

modelPT13 -794.92 1875 248 29 -2108 4738 615 30 -2923.7 6613 863 31 

modelPT14 -796.32 1875 248 27 -2108.2 4738 615 28 -2923.9 6613 863 29 

modelPT15             

modelPT16 -797.2 1875 248 26 -2108.4 4738 615 27 -2923.9 6613 863 28 

modelPT17     -2108.4 4738 615 26 -2924.1 6613 863 27 

modelPT18 -797.99 1875 248 25 -2108.8 4738 615 25 -2924.7 6613 863 26 

modelPT19 -797.28 1875 248 24 -2108.5 4738 615 23 -2925.5 6613 863 24 

modelPT20 -797.72 1875 248 23 -2110.1 4738 615 22 -2927.3 6613 863 23 

modelPT21 -797.72 1875 248 22 -2111.2 4738 615 21 -2928.7 6613 863 22 

modelPT22 -797.84 1875 248 21 -2111.2 4738 615 20 -2928.7 6613 863 21 

modelPT23             

modelPT24 -801.22 1875 248 20 -2111.6 4738 615 19 -2929.1 6613 863 20 

modelPT25 -797.9 1875 248 20 -2111.9 4738 615 19 -2929 6613 863 20 

modelPT26 -799.87 1875 248 19 -2116.8 4738 615 18 -2934.3 6613 863 19 

modelPT27         -2927.6 6613 863 22 

modelSNP1 -797.82 1875 248 22 -2110.6 4738 615 21 -2926.8 6613 863 23 

modelSNP2 -797.8 1875 248 23 -2109.9 4738 615 22 -2926 6613 863 24 

modelSNP3 -797.79 1875 248 24 -2109.6 4738 615 23 -2925.1 6613 863 25 
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Table 13: p-values for Likelihood Ratio tests 
Test Reduction Car driver Car pass. Bus Train Metro S-train Metro/S-train 
                   

modelPT1 -> modelPT2a 0.00% 0.03% 0.00% 0.00% 5.73% 1.84% 0.28% 
modelPT1 -> modelPT2b 0.00% 0.74% 21.83% 0.00% 41.27% 11.08% 5.14% 
modelPT1 -> modelPT2c 1.19% 22.94% 67.13% 0.00% 76.11% 50.58% 33.78% 
modelPT1 -> modelPT2d 40.55% 31.72% 31.35% 0.01% 76.11% 27.52% 14.24% 
modelPT1 -> modelPT2e 8.84% 60.40% 7.20% 7.41% 76.11% 11.17% 3.88% 
modelPT1 -> modelPT2f 0.01% 51.09% 3.27% 30.10%       

Replace |Δt| dummies with linear 
formulation 

modelPT1 -> modelPT2g 0.00% 36.14% 1.26% 0.88%       
modelPT3 -> modelPT2a               
modelPT3 -> modelPT2b               
modelPT3 -> modelPT2c     25.16%   10.64% 4.46% 1.27% 
modelPT3 -> modelPT2d 0.14%             
modelPT3 -> modelPT2e   1.11%           
modelPT3 -> modelPT2f       42.74%       

Remove interaction between |Δt| 
and quadrants 

modelPT3 -> modelPT2g               
Remove dummy for jtime <= 10 modelPT3 -> modelPT4 25.42% 84.15% 11.68% 18.21% 46.16% 3.68% 15.12% 
Remove anchor effects modelPT5 -> modelPT4 31.98% 29.82% 11.08% 7.14% 22.67% 16.37% 5.23% 
Remove income vars. modelPT6 -> modelPT4 0.00% 0.01% 0.00% 0.00% 3.01% 0.00% 0.00% 

Remove house income for "other" 
family types modelPT6 -> modelPT7 2.52% 7.27% 59.45% 65.05% 58.33% 30.73% 22.54% 
Remove high income dummy modelPT7 -> modelPT8 53.76%   36.52% 77.73% 68.19% 26.17% 24.70% 

modelPT7 -> modelPT9   24.66%           Common household income pa-
rameter for couples modelPT8 -> modelPT9 0.54%   5.34% 26.45% 43.56% 2.26% 10.23% 

modelPT10 -> modelPT9   0.22% 4.88% 0.00% 3.55% 28.89% 10.08% Remove socio-economic and trip 
variables modelPT10 -> modelPT8 0.00%             
Remove family type modelPT10 -> modelPT11 81.60% 66.85% 77.25% 37.96% 53.70% 90.67% 55.12% 
Remove work variables modelPT11 -> modelPT12 2.46% 10.87% 98.93% 17.47% 8.86% 91.89% 40.10% 
Reduce trip frequency modelPT12 -> modelPT13 31.05% 44.02% 32.86% 52.80% 96.15% 11.86% 28.62% 
Remove trip frequency modelPT13 -> modelPT14 66.37% 89.58% 87.81% 5.18% 24.61% 78.66% 77.88% 
Remove passenger dummy modelPT14 -> modelPT15 52.71%             

modelPT14 -> modelPT16   3.81% 80.65% 68.92% 18.36% 53.76% 84.15% Remove child dummy 
modelPT15 -> modelPT16 20.88%             
modelPT14 -> modelPT17   18.21%           Remove employer-paid dummy 
modelPT16 -> modelPT17 0.00%   9.19% 0.00%   100.00% 61.01% 
modelPT16 -> modelPT18 1.66%     80.65% 20.93%     Remove arrival time dummy 
modelPT17 -> modelPT18   20.31% 0.08%     37.71% 25.42% 
modelPT16 -> modelPT19 81.09%     89.18% 92.40%     
modelPT17 -> modelPT19   31.82% 8.66%     97.09% 41.37% 

Remove insignificant purpose 
dummies 

modelPT18 -> modelPT19               
Remove internet dummy modelPT19 -> modelPT20 3.72% 61.01% 65.47% 20.03% 35.04% 7.64% 6.14% 
Remove retired dummy modelPT20 -> modelPT21 100.00% 2.62% 46.24% 2.91% 94.96% 14.54% 9.19% 
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Test Reduction Car driver Car pass. Bus Train Metro S-train Metro/S-train 
modelPT20 -> modelPT22               

Remove student dummy modelPT21 -> modelPT22 1.32% 61.01% 18.71% 88.75% 62.57% 77.73% 88.75% 
modelPT21 -> modelPT23 0.01%             Remove GCA dummy 
modelPT22 -> modelPT23   6.44% 75.18% 51.69%       
modelPT21 -> modelPT24 5.71%             
modelPT22 -> modelPT24   10.82%     0.93% 38.33% 37.11% Remove homeowner dummy 
modelPT23 -> modelPT24     25.06% 36.52%       
modelPT21 -> modelPT25 0.91%             
modelPT22 -> modelPT25   25.79%     73.56% 22.38% 43.86% 
modelPT23 -> modelPT25     45.43% 15.12%       

Remove female dummy 

modelPT24 -> modelPT25               
modelPT21 -> modelPT26 0.00%             
modelPT22 -> modelPT26   0.05%     13.15% 0.38% 0.38% 
modelPT23 -> modelPT26     5.39% 0.00%       
modelPT24 -> modelPT26               

Remove age vars 

modelPT25 -> modelPT26               
modelPT27 -> modelPT23       52.71%       Remove commuter dummy 
modelPT27 -> modelPT22             14.16% 

Remove educ dummy modelPT27 -> modelPT23     9.79%         
Remove maintenance dummy modelPT27 -> modelPT22   11.83%           

modelSNP1 -> modelPT27   25.06% 21.46%       20.03% 
modelSNP1 -> modelPT21 0.10%             
modelSNP1 -> modelPT22         83.02% 26.17%   

Remove 1 SNP term 

modelSNP1 -> modelPT23       3.95%       
modelSNP2 -> modelPT27   31.66% 1.18%       19.40% 
modelSNP2 -> modelPT21 0.01%             
modelSNP2 -> modelPT22         95.79% 27.53%   

Remove 2 SNP terms 

modelSNP2 -> modelPT23       1.55%       
modelSNP3 -> modelPT27   85.42% 0.93%       17.47% 
modelSNP3 -> modelPT21 0.00%             
modelSNP3 -> modelPT22         99.28% 36.18%   

Remove 3 SNP terms 

modelSNP3 -> modelPT23       3.39%       
Remove 4 SNP terms modelSNP4 -> modelPT23       6.96%       

Reduce from 4 to 3 SNP terms modelSNP4 -> modelSNP3 1.70%       
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Table 14: p-values for Likelihood Ratio tests 

Test Reduction 
All (not comb. 

segment) 
All (not metro, 

S-train) 
       

modelPT1 -> modelPT2a 0.00% 0.00% 
modelPT1 -> modelPT2b 0.00% 0.00% 
modelPT1 -> modelPT2c 0.00% 0.00% 
modelPT1 -> modelPT2d 0.39% 0.14% 
modelPT1 -> modelPT2e 2.68% 0.90% 
modelPT1 -> modelPT2f 0.05% 0.05% 

Replace |Δt| dummies with linear 
formulation 

modelPT1 -> modelPT2g 0.00% 0.00% 
modelPT3 -> modelPT2a 
modelPT3 -> modelPT2b 
modelPT3 -> modelPT2c 
modelPT3 -> modelPT2d 
modelPT3 -> modelPT2e 
modelPT3 -> modelPT2f 

Remove interaction between |Δt| 
and quadrants 

modelPT3 -> modelPT2g 

0.02% 0.01% 

Remove dummy for jtime <= 10 modelPT3 -> modelPT4 10.58% 17.72% 
Remove anchor effects modelPT5 -> modelPT4 5.09% 2.67% 
Remove income vars. modelPT6 -> modelPT4 0.00% 0.00% 

Remove house income for "other" 
family types modelPT6 -> modelPT7 14.42% 7.91% 
Remove high income dummy modelPT7 -> modelPT8 74.49% 62.33% 

modelPT7 -> modelPT9 Common household income pa-
rameter for couples modelPT8 -> modelPT9 

0.20% 0.33% 

modelPT10 -> modelPT9 Remove socio-economic and trip 
variables modelPT10 -> modelPT8 

0.00% 0.00% 

Remove family type modelPT10 -> modelPT11 94.60% 87.87% 
Remove work variables modelPT11 -> modelPT12 6.93% 7.48% 
Reduce trip frequency modelPT12 -> modelPT13 44.96% 40.09% 
Remove trip frequency modelPT13 -> modelPT14 57.18% 65.62% 
Remove passenger dummy modelPT14 -> modelPT15    

modelPT14 -> modelPT16 Remove child dummy 
modelPT15 -> modelPT16 

22.05% 29.28% 

modelPT14 -> modelPT17 Remove employer-paid dummy 
modelPT16 -> modelPT17 

0.00% 0.00% 

modelPT16 -> modelPT18 Remove arrival time dummy 
modelPT17 -> modelPT18 

0.17% 0.12% 

modelPT16 -> modelPT19 
modelPT17 -> modelPT19 

Remove insignificant purpose 
dummies 

modelPT18 -> modelPT19 
79.54% 48.50% 

Remove internet dummy modelPT19 -> modelPT20 10.69% 7.70% 
Remove retired dummy modelPT20 -> modelPT21 5.43% 2.26% 

modelPT20 -> modelPT22 
Remove student dummy modelPT21 -> modelPT22 

20.51% 14.66% 

modelPT21 -> modelPT23 Remove GCA dummy 
modelPT22 -> modelPT23 

0.05% 0.05% 

modelPT21 -> modelPT24 
modelPT22 -> modelPT24 Remove homeowner dummy 
modelPT23 -> modelPT24 

1.45% 10.36% 

modelPT21 -> modelPT25 
modelPT22 -> modelPT25 
modelPT23 -> modelPT25 

Remove female dummy 

modelPT24 -> modelPT25 

5.57% 4.57% 

modelPT21 -> modelPT26 
modelPT22 -> modelPT26 
modelPT23 -> modelPT26 
modelPT24 -> modelPT26 

Remove age vars 

modelPT25 -> modelPT26 

0.00% 0.00% 
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Test Reduction 
All (not comb. 

segment) 
All (not metro, 

S-train) 
modelPT27 -> modelPT23 Remove commuter dummy 
modelPT27 -> modelPT22 

Remove educ dummy modelPT27 -> modelPT23 
Remove maintenance dummy modelPT27 -> modelPT22 

13.39% 10.16% 

modelSNP1 -> modelPT27 
modelSNP1 -> modelPT21 
modelSNP1 -> modelPT22 

Remove 1 SNP term 

modelSNP1 -> modelPT23 

0.37% 0.15% 

modelSNP2 -> modelPT27 
modelSNP2 -> modelPT21 
modelSNP2 -> modelPT22 

Remove 2 SNP terms 

modelSNP2 -> modelPT23 

0.01% 0.00% 

modelSNP3 -> modelPT27 
modelSNP3 -> modelPT21 
modelSNP3 -> modelPT22 

Remove 3 SNP terms 

modelSNP3 -> modelPT23 

0.00% 0.00% 
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9.4 Scatter plots 

The three figures below show individual expected VTT against income, age, 

and household type for the car driver segment. 

Expected individual VTT against net personal income
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Note: A net personal income of zero denotes that income information is 

missing. 

 

Expected individual VTT against age
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Expected individual VTT against household type
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