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Abstract:  It is common in value of travel time studies to find large differences between modes in the opposite direction of what would be the consequence of differences in comfort. The paper investigates two competing hypothesis for explaining the differences: self-selection and strategic responses. Using data that seek to control for the choice of mode we find that self-selection into modes seems to explain most of the observed differences. This is good news for the validity of the value of time estimates.
1. Introduction
Our point of departure is the finding of large differences between modes in the mean value of travel time (VTT) estimated from a stated choice experiment involving travel time and cost involving more than 6000 respondents. From a series of within-mode experiments for the current mode of respondents, we find a mean VTT for car drivers several times larger than the value for bus passengers, while the value for train passengers is in between. Such results give cause for concern but are not unique to our data. We find the differences cannot be explained by differences in income and comfort. 

The paper advances two competing explanations for the observed differences: Strategic behaviour and self-selection. The self-selection explanation is convenient, since it allows us to accept that we are in fact measuring preferences and hence the VTT that we intend to measure. The strategic behaviour explanation is very inconvenient, since it implies that the data do not reveal preferences. The paper aims to provide empirical evidence to discern between these two competing explanations.

Under strategic behaviour, respondents think outside the context of the experiment and consider their ability to influence political decisions. 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. Conversely, public transport passengers pay fares set by political decisions while travel times may be deemed difficult to change as they are determined by traffic conditions and not politically. Passengers may hope that expressing a low willingness to pay may influence the setting of fares. In both cases, choices cannot be seen as an expression of preferences. 
Under self-selection we hypothesise a distribution of the VTT in the population with the individual VTT being only partly explained by observed variables. 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 may be due to self-selection. 

In our data, respondents are interviewed to identify a recent trip. They then carry out a within-mode stated choice exercise for this trip in the current mode. This is where we find the large differences between modes mentioned above. Respondents are then asked to identify an alternative mode for their current trip and a similar experiment is carried out within this alternative mode. 

Under the self-selection hypothesis we would expect respondents to carry their unobserved VTT with them to the alternative mode. We would thus expect current car drivers to have a high VTT also in bus as an alternative and conversely for bus passengers. On the other hand, if responses are strategic, we would expect a large decrease in the VTT of car drivers as they go to bus and the converse for bus passengers. Our data thus allow an empirical test of the two competing hypotheses. The preliminary results presented here suggest that self-selection is the main driver behind the observed differences between modes. 
Section 2 presents the data, while section 3 shows the large differences in the VTT and expose the methodology to be used to disentangle the two hypotheses. Section 4 presents our results and the last section concludes the paper.
2. DATA
   Data are extracted from the Danish value of time study. The study was commissioned by the Danish Ministry of Transport and data design and collection was conducted by a consortium of TetraPlan, Rand Europe and Gallup. Business trips were excluded from the analysis (See Burge et al ., 2004, for further details on the SP design). The sample both encompasses interviews conducted via Internet and Face-to-Face Computer Assisted Personal Interviews (CAPI). 

We make use of two experiments from the dataset:

· Experiment 1 (SP1): Abstract time-cost exercise examines trade-offs between in-vehicle travel time and cost;

· Experiment 2 (SP2): Alternative mode exercise considers time/cost trading for an alternative mode (i.e. not the chosen mode). 

The current paper investigates the reasons for observing large differences in the VTT. The investigation builds on the comparison of the two abstract cost exercise experiments SP1 and SP2. They are identical except that SP1 is carried out for the current mode chosen by the respondent while SP2 is carried out for an alternative mode indicated by the respondent. 

In SP1, respondents had to choose between two alternatives, described by travel time and travel cost. All choices were designed relative to a recent reference trip subjects had made. We interpret the recent trip as the reference situation and generate choice situations by varying travel time and cost around the reference. This makes four types of choices defined by quadrants in the (time,cost)-plane as shown in Figure 1.
[FIGURE 1 ABOUT HERE]

In the willingness-to-pay (WTP) quadrant, the choice is between the reference and faster and more expensive trip, while in the willingness-to-accept (WTA) quadrant the choice is between the reference and a slower and cheaper trip.
In the equivalent gain (EG) quadrant, the choice is between a gain in time or in money, while in the equivalent loss (EL) quadrant the choice is between a loss in time or in money.

For respondents with short reference trips (less than 11 minutes), the time attribute varies around the reference time plus two minutes. Hence, choice quadrants are defined relative to this transformed reference.
Each subject was presented with eight non-dominated choices, two in each of the four choice quadrants. Subjects were furthermore presented with a dominated choice situation, where one alternative was both faster and cheaper than the other. The quadrant for this choice situation was random. 

Respondents were asked to indicate whether an alternative mode would be available for the current trip in the case the current mode was unavailable. If an alternative mode was available, respondents were asked to indicate what the alternative mode would be as well as reference travel time and cost for this mode. Then a stated preference experiment (SP2) was carried out for the alternative mode journey, using the same design as in SP1 except for the dominant choice situation which was excluded.

Within SP1 and SP2 the alternatives differ only with respect to time and cost, so that issues such as heterogeneous preferences for various transport modes play no role.

The background variables available from the interviews are socio-demographic characteristics (e.g. age, income, sex, household status etc.) together with details of the reference trip. Missing values of personal and household income are supplemented with income information from Gallup, when available. Note that subjects stated their gross annual income, grouped into intervals of 100,000 DKK up to 1 million DKK. We have computed net annual income by applying national tax rates to interval midpoints.

We excluded respondents who gave unrealistic answers concerning travel distance, main mode journey time, travel cost, calculated speed, share of travel time due to congestion and travel group size. Respondents who chose the dominated alternative in SP1 (the one being slower and more expensive) in the check question were excluded. Moreover, we excluded all choice situations with a dominant alternative regardless of the answer – the dominated choices are only used to identify respondents with irrational answers and contain no information ofnthe value of time. 

Table 2 summarises the distribution on current and alternative mode for respondents who have an alternative mode.  We have chosen car drivers, bus and train users from SP1 having an alternative being car drivers, bus or train. In the analysis we also compare the results to SP1 respondents with no alternative mode.

 [Table 2 about here]

Some descriptive statistics are shown in 

Table 3
 below. 

[

Table 3
 about here]

3. How to explain large differences between modes in the Values of TRAVEL TIME?

The analysis of SP1 reveals large differences between modes. Several explanations may contribute to explaining these. The results shown in Table 1 are obtained by following the same approach as in Fosgerau, Hjorth and Vincent Lyk-Jensen (2006). The methodology is here applied to all the modes and all trips, including trip less than 11 minutes. Rather than estimating separate time and cost parameters, we parametrize the VTT directly. The modelling approach further allows for reference-dependent preferences (see de Borger and Fosgerau, 2006) and an easy test of the fit of a chosen mixing distribution (see Fosgerau and Bierlaire, 2006) as well as a check on its identification (see Fosgerau and Nielsen, 2006). Note that the results for car drivers and bus are obtained by using a very flexible distribution of the VTT, generalizing on a lognormal.
In the following we examine the reasons that could explain the results from Table 1 (1DKK=7.5EUR). We only report results for car drivers, bus and train users. First it appears that the mean VTT is very different for different levels of time savings (|Δt|).
[Table 1 about here]

Hence, 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 sensitive to the size of travel time saving. In our approach we have identified the travel time saving threshold for which the VTT becomes constant. However, the difference in |Δt| 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. 

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.

4. Methodology
As argued in the Introduction, we may hypothesize that either self-selection or strategic behaviour explains the observed differences between modes. In the following we describe the methodology to be used to investigating which of the two explanations is the most likely. 

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 current bus passengers. Current bus passengers should have a much lower VTT in car as an alternative than current car drivers.

With the strategic behaviour 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.
We suggest a simple modelling of the choice behaviour in terms of VTT. We assume that the VTT is positive, and depends on background and trip characteristics 
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and mode characteristics 
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. To allow for unobserved taste heterogeneity, we assume that the VTT conditional on 
[image: image3.wmf]x

 and 
[image: image4.wmf]z

 varies randomly  in the population. That is, 
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. 
Regarding choice behaviour, we assume that people choose the faster and expensive alternative whenever their VTT exceeds the offered price of time, which is the cost difference of the alternatives divided with the time difference. However, we take into account that people may make errors. Hence, if we define a choice variable 
[image: image10.wmf]y

 that is one when the faster and expensive alternative is chosen and zero otherwise, we have
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and the error term 
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is a logistic random variable with location zero and scale one, which is independent between choices. The parameter 
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 is  the error scale and is estimated explicitly. Note the formulation in terms of log VTT (corresponding to the absolute error size being proportional to VTT) – this formulation is based on results from the Danish Value of Time Study (see Fosgerau, Hjorth and Vincent Lyk-Jensen, 2006).
The covariate vector 
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contains socioeconomics and trip characteristics such as reference travel time and quadrant dummies. We expect quadrant interpretation to be somewhat different for respondents with transformed reference, as we expect people to view alternatives in comparison with their real reference trip. Hence, what is a WTP (or EG) choice relative to the transformed reference, is something in between a WTP and EL (EG and WTA) choice relative to the reference. In the same way, an EG choice relative to the transformed reference, is a mix between and EG and WTA choice relative to the reference. This is approximately incorporated into the model by imposing linear constraints on the parameters (details are available on request).
The vector 
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 contains a set of mode dummies for the mode used in SP1 and the combination (SP1 mode, SP2 mode). The first type of dummies is common to all respondents with same SP1 mode, regardless of whether they participate in SP2. The second type is additional dummies for respondents who participate in SP2.

For the sake of simplicity we estimate the model by using the same Log-normal distribution for the three modes, even if Fosgerau, Hjorth and Vincent Lyk-Jensen (2006) conclude that car drivers and bus users VTT is based on a more general distribution.

5. RESULTS

Estimation is carried out in Biogeme (Bierlaire 2005). We use 300 Halton draws to simulate each likelihood contribution and note that this is sufficient to achieve stable results.

The model is estimated with bus and no alternative as a reference (see Appendix for further details). The logVTT increase linearly with  |Δt| up to 15 minutes where it become constant ( similar results are obtained by using mode-specific thresholds of 20 minutes for car, 15 minutes for bus and 45 minutes for train) . Note that in Table 4, the VTT ranking is changed compared to Table 1, probably because we use the same Log-Normal distribution in this estimation.

The results in Table 4 and Table 5 show the effect of mode on the VTT, once socio-demographics have been controlled for. 

Table 4 shows the VTT of the main mode in SP1, while Table 5 shows on the right side the VTT of the main mode in SP1 for respondents categorised by their alternative in SP2 and the left side shows the VTT for the alternative mode in SP2.  
The results show that car drivers (respectively train users) carried  their value when the alternative mode is bus (respectively bus). Table A1 in the Appendix provides confidence interval and show that there are not significant differences between the VTT in SP1 and SP2 for the two above mentioned categories. Moreover there are no differences in the VTT if the car drivers have an alternative or not.
Car drivers having train as alternative mode have significantly higher VTT than other car drivers, and their VTT is higher in train than in car, though not significantly. 
Bus passengers have the same VTT in the real mode as in the alternative mode.

It can also be noticed that respondents having no alternative available (not participating in SP2) do have a significant higher VTT once controlled for socio-demographics (except car drivers having train as an alternative).
The first results indicate that the self-selection explanation is probably more likely as respondents carry their VTT with them to the alternative mode. We do not observe that car drivers have lower VTT when placed in bus or train. On the contrary the higher values for train could even show the differences in comfort. This is also supported by the fact that current train users have lower VTT in car.
6. Conclusion 

The first results seem to be in favour of the self selection explanation. Expectations concerning comfort are also present as current car drivers have larger VTT in train and current train users have lower VTT in car.
However one should try more sophisticated models in order to firmly establish the result. The self-selection explanation is convenient, since then we can accept that we are measuring preferences and hence the VTT that we intend to measure.
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APPENDIX
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Table A1: General and additional effects with confidence Interval
	 
	Modelling SP1 and SP2 together

	 
	
	 

	 
	General effect on log VTT of SP1mode
	Additional mode effects on log VTT (SP1)
	Additional mode effects on log VTT (SP2)

	 
	
	SP2mode=car
	SP2mode=bus
	SP2mode=train
	SP2mode=car
	SP2mode=bus
	SP2mode=train

	SP1mode
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Car
	0.24*
	[0.13;0.36]
	 
	 
	0.04
	[-0.15;0.22]
	0.28*
	[0.09;0.47]
	
	 
	0.02
	[-0.17;0.2]
	0.52*
	[0.33;0.71]

	Bus
	0
	 
	-0.05
	[-0.29;0.2]
	
	 
	-0.12
	[-0.65;0.41]
	0.08
	[-0.16;0.33]
	
	 
	0.01
	[-0.52;0.53]

	Train
	0.56*
	[0.43;0.69]
	0.06
	[-0.2;0.31]
	-0.66*
	[-1.14;-0.17]
	 
	 
	-0.34*
	[-0.59;-0.08]
	-0.48*
	[-0.96;-0.01]
	 
	 


* significant different from zero at level 5%
The total effects of the mode combination (car, bus) is 0.24+0.04=0.28. For car respondents having no alternative in SP2, the total effect is directly given by 0.24.

Additional mode effects on log VTT(SP1) provide the VTT values from SP1, by respondents having an alternative  mode. For example the table shows that car drivers who mentioned bus as an alternative mode do no have a different VTT than respondents having no alternative. 

TABLES

Table 1: 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

	Bus
	22
	24
	30
	37
	37
	37
	37

	Train
	40
	42
	49
	56
	64
	85
	130


Table 2: Distribution of the respondents’ alternative 
	SP1 mode
	Bus
	Car driver
	Train
	None

	Bus
	 
	128
	26
	964

	Car driver
	232
	 
	213
	1666

	Train
	30
	130
	 
	764

	All
	455
	349
	274
	3394


Table 3: Descriptive statistics (all observations in SP1 and SP2)

	 
	Min
	Mean
	Max

	 
	 
	 
	 

	y (choice variable)
	0
	0.388
	1

	Log v
	-2.996
	-0.554
	1.209

	 
	
	
	

	min(|Δt|-15,0)
	-12
	-7.672
	0

	Commuter dummy
	0
	0.221
	1

	Log (reference travel time)
	1.609
	3.464
	6.131

	Log (personal income) - demeaned
	-1.334
	-0.186
	1.060

	Low income dummy
	0
	0.154
	1

	Missing income dummy
	0
	0.071
	1

	Greater Copenhagen Area dummy
	0
	0.245
	1

	Age 31-65 dummy
	0
	0.626
	1

	Age 66+ dummy
	0
	0.114
	1

	Female dummy
	0
	0.510
	1

	 
	
	
	


Table 4: Mode effect on VTT (multiplicative)
	
	VTT(SP1)

	 
	(Relative to bus)

	SP1mode
	 

	Car
	1.33*

	Bus
	0.00

	Train
	1.69*


* significantly different from zero at 5% level

Table 5: Mode effect on VTT (multiplicative) SP1 and SP2
	 
	VTT (SP1)
	VTT(SP2)

	 
	(Relative to SP1mode=bus and SP2mode=none)

	 
	SP2mode
	SP2mode

	 
	None
	Car
	Bus
	Train
	Car
	Bus
	Train

	SP1mode
	 
	
	
	 
	
	
	 

	Car
	1.28
	
	1.32
	1.68
	
	1.30
	2.15

	Bus
	1.00
	0.95
	
	0.89
	1.09
	
	1.01

	Train
	1.75
	1.85
	0.90
	 
	1.25
	1.08
	 


Table 6: Parameter estimates

	Max. Log likelihood
	 
	 
	-17800
	 

	Number of observations
	
	
	36093
	 

	Number of respondents
	 
	 
	3945
	 

	 
	
	
	
	 

	Parameter
	Estimate
	Std.err
	t-test
	 

	 
	
	
	
	 

	β's corresponding to:
	
	
	
	 

	WTP
	-0.251
	0.026
	-9.855
	***

	WTA
	0.381
	0.024
	15.695
	***

	EL
	0.113
	0.026
	4.402
	***

	min(|Δt|-15,0)
	0.054
	0.003
	18.557
	***

	Commuter
	0.063
	0.050
	1.239
	 

	Log (reference travel time)
	-0.013
	0.025
	-0.515
	 

	Log (personal income)
	0.674
	0.065
	10.364
	***

	Low income
	0.524
	0.100
	5.221
	***

	Missing income
	-0.221
	0.081
	-2.730
	***

	Greater Copenhagen Area
	0.093
	0.047
	1.962
	**

	Age 31-65
	-0.174
	0.056
	-3.111
	***

	Age 66+
	-0.672
	0.077
	-8.733
	***

	Female
	-0.101
	0.041
	-2.459
	**

	 
	
	
	
	 

	δ's corresponding to:
	
	
	
	 

	{SP1mode = car}
	0.244
	0.057
	4.315
	***

	{SP1mode = train}
	0.557
	0.066
	8.437
	***

	{SP1mode=bus, SP2mode=car, SP1 obs}
	-0.047
	0.122
	-0.385
	 

	{SP1mode=bus, SP2mode=train, SP1 obs}
	-0.121
	0.263
	-0.459
	 

	{SP1mode=car, SP2mode=bus, SP1 obs}
	0.035
	0.091
	0.390
	 

	{SP1mode=car, SP2mode=train, SP1 obs}
	0.276
	0.095
	2.903
	***

	{SP1mode=train, SP2mode=bus, SP1 obs}
	-0.658
	0.243
	-2.712
	***

	{SP1mode=train, SP2mode=car, SP1 obs}
	0.059
	0.128
	0.463
	 

	{SP1mode=bus, SP2mode=car, SP2 obs}
	0.083
	0.121
	0.680
	 

	{SP1mode=bus, SP2mode=train, SP2 obs}
	0.006
	0.263
	0.024
	 

	{SP1mode=car, SP2mode=bus, SP2 obs}
	0.016
	0.091
	0.178
	 

	{SP1mode=car, SP2mode=train, SP2 obs}
	0.521
	0.096
	5.446
	***

	{SP1mode=train, SP2mode=bus, SP2 obs}
	-0.480
	0.238
	-2.022
	**

	{SP1mode=train, SP2mode=car, SP2 obs}
	-0.337
	0.128
	-2.631
	***

	 
	
	
	
	 

	σ
	1.069
	0.021
	50.734
	***
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	-0.672
	0.116
	-5.807
	***

	μ
	1.534
	0.022
	 
	***


*** Denotes significance at the 1% level, ** at the 5% level, and * at the 10% level
Figure 1: The four main choice types in the (time, cost)-plane.
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Note: The dots represent the alternatives, and two linked alternatives represent a choice situation. The origin is the reference trip.
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