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Abstract
The paper focuses on the influence of public transport use on the evaluation of transport mode characteristics. Based on stated choice data, several multinomial logit models that include parameters representing differences between users and non-users of public transport are estimated. The estimation results show that differences in evaluation between the two user-groups primarily concern travel time and travel cost attributes.
INTRODUCTION

The privatization of the Dutch public transport system has brought increasing interest among public transport operators and planning authorities in the influence of transportation system variables on travelers’ transport mode choice behavior. A similar interest can be found in the USA (CUTR, 2002). In the past, a variety of models to describe transport mode choice behavior has been developed. In general, factors influencing mode choice can be classified into three groups (Ortúzar & Willumsen, 2001): characteristics of the trip maker (e.g., income, car availability, and household structure), characteristics of the journey (e.g., trip purpose and time of the day), and characteristics of the transport facility (e.g., travel time, monetary costs, and availability of parking). Most mode choice studies focus on the last two groups of characteristics. Only a few studies have been concerned with the influence of personal characteristics and experiences on the travelers’ considerations (e.g., Aarts, et al. 1997; Friman, Edvardsson & Gärling, 2001). Especially, experiences of travelers who use certain transport modes are mostly not taken into account.

The aim of this paper is to provide more insight into the influence of public transport use on the evaluation of transport mode characteristics. The study is carried out in the context of individual transport mode choice behavior. Special attention is paid to characteristics of the mode alternative Public Transport. A distinction is made between users of public transport and non-users of public transport. According to Vuchin (2005) this distinction is commonly used for market segmentation in the context of public transport.

The remainder of this paper is organized as follow. First, attention is paid to some previous studies concerning the relationship between the evaluation of transport mode characteristics and the use of public transport. This section is followed by a description of the research design and the data collection. Next, the results of the analyses are discussed. In the following section, the approach is illustrated in the context of work trips. The paper ends with conclusions and some suggestions for future research.
USER PERCEPTION
The users’ perception of characteristics of transport modes depends for a considerable part on the use of the modes (Ortúzar et al. 1996). Previous research demonstrates that different user-groups might have a different perception of the mode alternatives. Ortúzar et al. (1996) found using a stated preference survey that regular bus users were rather dissatisfied with the service they were receiving, while Metro and shared-taxi users showed a much greater satisfaction with the bus related services. The services of the bus system were defined in terms of accident risk, vehicle comfort, driver appearance, travel cost, waiting time, in-vehicle travel time, bus occupancy, and variability of waiting time.

In their study on the influence of habitual behavior on mode choice behavior and information use, Aarts, et al. (1997) found that frequent bike users use other attributes of the circumstances (weather conditions, weight of luggage, departure time, and distance to the destination) under which the trip had to be made than infrequent bike users. Frequent bike users focus on weather and weight of luggage; while infrequent also focus on distance.
Wardman (2004) noticed the problem of entanglement in the context of the evaluation of travel time in relation to different user-groups. Based on an extensive literature search, he concluded that most value of time studies estimated car values for car users and public transport values for public transport users. Wardman found differences in the evaluation of in-vehicle times and out-of-vehicle time for bus users, car users, and underground users. For example, the car users have a much higher assessment of the in-vehicle time than bus users have.
In another study, Tertoolen et al. (2005) identified different requirements of different groups of travelers: the ‘no public transport users’ and the ‘some times public transport users’. Non-users mostly prefer an increase of frequency, a decrease of travel costs, an increase in the number of buses in the evening period, and a decrease of bus stops (more direct routes). The sometimes users mostly prefer a decrease of travel costs when traveling in groups, an increase of frequency, a decrease of travel times, and better connections to other means of public transport. The size of the effects of the measures was not investigated.
Paulley et al. (2006) investigated factors that affect the demand of public transport. Special attention was paid to the factors fares, quality of service, income and car ownership. Paulley et al found that the effect of the factors on the demand of public transport depends on various trip related aspects such as time of day (in the case of fares), trip purpose (in the case of quality of service), and public transport system (in the case of income and car ownership). They suggest that differences in effects might be caused by different user-groups: ‘potential new users may have a different perception of using public transport’. No evidence for this suggestion is given.
From the previous findings, it appears that some evidence on the influence of the use of a transport mode on the evaluation of the characteristics of this mode has been found. However, most studies do not focus specifically on public transport characteristics.
Table 1: Investigated attributes and attribute levels of selected transport modes

	Attributes
	Attribute levels

	Travel time Public Transport

Costs of Public Transport

Bus frequency

Distance from home to nearest bus stop

Type of bus stop

Chance of seat in bus

Travel time car

Parking costs

Travel time bicycle

Storage costs of bicycle


	15 minutes

20 minutes

25 minutes

Approximately € 0.86

Approximately € 1.29

Approximately € 1.72

2 times per hour

4 times per hour

6 times per hour

200 meters

400 meters

600 meters

Limited (only bus stop and wastebasket)

Moderate (bus stop, wastebasket and shelter)

Extended (bus stop, wastebasket, shelter, and dynamic information board)

40-60 percent

60-80 percent

80-100 percent

10 minutes

15 minutes

20 minutes

€ 1.00 per hour with a maximum of € 5.00

€ 1.50 per hour with a maximum of € 6.50

€ 2.00 per hour with a maximum of € 8.00

20 minutes

30 minutes

40 minutes

Free

€ 0.50 per visit

€ 1.00 per visit


RESEARCH DESIGN

To investigate the effects of planning measures and the influence of user-groups on these effects, a stated choice experiment was designed in the context of mode choice behavior. In the experiment three choice alternatives were specified: Public Transport, Car, and Bicycle. The transport modes were described using the attributes and accompanying attribute levels listed in Table 1. Public transport was described by six characteristics: travel time, travel costs, bus frequency, distance from home to nearest bus stop, type of bus stop, and chance of seat. The car was described in terms of travel time and parking costs, while travel time and storage charges describe the bike alternative. Three trip purposes were investigated: work, shopping and leisure trip.

The attributes were combined into choice tasks using an orthogonal fraction of a 310 full factorial design. The design consisted of 27 different profiles. The different profiles were put in the choice sets using the following principle. First, 10 different random orders were generated for the 27 profiles. For each of these 10 sets of profiles six different versions were created by permuting the order of transport modes (1) Public Transport-Car-Bike, (2) PT-B-C, (3) C-PT-B, (4) C-B-PT, (5) B-PT-C, and (6) B-C-PT. Next, each of the 10*6=60 sets was split into 3 blocks of 9 profiles. A block of 9 profiles was presented to respondents, thus generating 60*3= 180 different experiments. The experiments were randomly distributed across respondents. Respondents were asked to choose from each choice set the mode they prefer for three different trip purposes: work, shopping, and leisure (Figure 1). Before evaluating the nine choice tasks, the respondents were asked to take notice of an example choice task that was explained in detail.

	Attributes
	Public Transport
	Car
	Bicycle

	Travel time

Costs

Frequency

Distance to nearest bus stop

Type of bus stop

Chance of seat
	15 minutes

€ 1.72
4 times per hour

400 meters

Extended

80-100%
	20 minutes

€1.00/hour (max. €5,00)
	20 minutes

€ 0.50/time

	Your choice for WORK
	(
	(
	(

	Your choice for SHOPPING
	(
	(
	(

	Your choice for LEISURE
	(
	(
	(


Figure 1: Example of a choice task
Table 2: Personal characteristics of the sample (percentages)

	Characteristics
	Levels
	Dataset
	Wageningen1

	Gender
	Male

Female
	50.7

49.3
	47.1

52.9

	Age
	Younger than 36 years

Between 36 and 55 years

Older than 55 years
	28.4

40.3

31.3
	19.8

47.3

32.9

	Income
	Low

Medium

High
	19.3

34.3

46.4
	24.8

38.9

35.1

	Educational level
	Medium

High
	22.8

77.2
	49.0

51.0

	Main daily activity
	Work

Other
	63.6

36.4
	60.8

39.2

	Residential location
	Center

Fringe
	55.2

44.8
	53.0

47.0


1  Wageningen (2002) 
DATA

The stated choice experiment was incorporated in an extensive travel survey. In total 4900 questionnaires were distributed among households in Wageningen, a university town in the centre of The Netherlands. The 180 different choice experiments were randomly attached to the basic questionnaire. A total of 1137 questionnaires were returned, without reminders, which implies a response rate of 23.2 percent. More than 960 households filled out the choice experiment. Table 2 presents some personal characteristics of the respondents. It appears that compared to statistics of the municipality of Wageningen (Wageningen, 2002), the research sample reflected the Wageningen population in terms of gender, age, main daily activity, and residential location. The high numbers of respondents with a high education level and high income level might be caused by the general willingness of these respondents to participate in travel surveys.

Table 3:
Significant main effects of the mode choice model for Work, Shopping, and Leisure trips
	Attribute
	Attribute level1
	Trip purpose

	
	
	Work
	Shopping
	Leisure

	Constant

Travel time public transport

Costs public transport

Frequency

Distance home to bus stop

Type of bus stop

Chance of seat

Travel time car

Parking costs

Travel time bicycle

Storage costs


	Public Transport

Car

15 minutes

20 minutes

25 minutes
€ 0.86
€ 1.29
€ 1.72
2 times per hour

4 times per hour

6 times per hour
200 meters

400 meters

600 meters
Limited

Moderate
Extended
40-60 percent

60-80 percent

80-100 percent
10 minutes

15 minutes

20 minutes
€ 1.00 maximum of € 5.00

€ 1.50 maximum of € 6.50

€ 2.00 maximum of € 8.00
20 minutes

30 minutes

40 minutes
Free

€ 0.50 per visit
€ 1.00 per visit
	-0.5478
-0.6899

0.3301

0.0523

-0.3824
0.2413

-0.0912

-0.1501
-0.1661

0.0355

0.1306
0.0944

-0.0020

-0.0924
-
-
-0.1292

-0.0337

0.1629
0.2502

0.0137

-0.2639
0.1514

0.0260

-0.1774
0.6862

0.1386

-0.8248
-
-

	0.0530
0.7728

0.2604

-0.0961

-0.1643
0.2236

-0.0498

-0.1738
-0.2381

0.0635

0.1746
0.1244

-0.0052

-0.1192
-
-

-0.1112

0.0251

0.0861
0.2004

-0.0006

-0.1998
0.1246

0.0501

-0.1747
0.6151

-0.0368

-0.5783
-
-

	0.0075
0.2263

0.2665

-0.0366

-0.2299
0.2187

-0.0567

-0.1620
-0.2770

0.1020

0.1750
-
-
-0.0294

-0.0895

0.1189
-0.1123

-0.0278

0.1401
0.0852

0.0393

-0.1245
-
-
0.6636

-0.0442

-0.6194
0.0954

0.0770

-0.1724

	Rho-square
	0.102
	0.153
	0.075


1 Italic attribute levels are base levels
ANALYSES

The stated choice data were used to estimate a multinomial logit model for each trip purpose. Because the similarity between choice alternatives can be neglected, it is assumed that the IIA problem is not relevant in this context. Effect coding was used to represent the attribute levels. That is, every attribute with L levels was coded into L-1 indicator variables. One of these indicator variables is coded 1 if it corresponds with the attribute level of interest, and the remaining indicator variables are coded as 0. The final attribute level is coded as minus 1 for all L-1 indicator variables. This coding scheme implies that the constants for public transport and car capture the average utility. For the bicycle, this value was arbitrarily set to zero. We estimated parameters representing the main effect of each characteristic as well as the contrast effects. The probability that a certain mode alternative j is chosen is equal to:
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where,

P,j 
is the probability of mode choice alternative j;



Zj 
is the average utility of mode choice alternative j;

Z’j
is +1·Zi if the data is related to the non public transport users;
Z’j
is -1·Zi if the data is related to the public transport users.
The contrast effect parameters represent the differences in main effects between two distinguished user-groups. The distinction of the user-groups was based on the registration of number of bus trips during the two weeks before the date the questionnaire was filled out. If no bus trip was made, the respondent was assigned to the non public transport users (813 respondents). In all other cases, the respondent was assigned to the public transport users (152 respondents).
The estimated main effects are presented in Table 3. The Table presents only significant effects at the 95-percent confidence level (α<0.05). The effects show that almost all selected characteristics influence the mode choice significantly and are in anticipated direction. In general, the parameters show that an increase in service or a decrease in impedance, results in a higher utility of a transport mode. Only type of bus stop (in the case of work and shopping trips), storage charge (in the case of work and shopping trips), distance to bus stop (in the case of leisure trips), and parking costs (in the case of leisure trips) do not have a significant influence.

With respect to differences between the two distinguished user-groups, it appears that for work trips, the influence of travel time of public transport, and travel time by car differs significantly between the two user-groups (Table 4). With respect to shopping trips, it appears that the influence of costs of public transport, travel time by car, and travel time by bike differ significantly. For leisure trips, only the influence of travel time by bike differs significantly between the two user-groups.

The contrast effects should be interpreted as follows. For the non-users, the contrast effects in Table 4 should be added to the corresponding main effects in Table 3. For users, the contrast effects should be subtracted from the main effects. The results of these calculations are presented in Figures 2-6 as far as the alternative specific constants and the significant attributes are concerned. The relative effect (related to bike with effect equal to zero) of the alternative specific constant on the utility of each transport mode is presented for each user-group in Figure 2. For work, it appears that public transport has a strong negative utility for non users in relation to the bike, while the car has a strong negative utility for public transport users. In the context of shopping trips, public transport has a negative utility and the car has a strong positive utility for non-users. Both public transport and car have a similar positive utility for public transport users. Finally, in the context of leisure trips, the base utility of public transport is negative, while the base utility of the car alternative is strongly positive for non public transport users, and slightly negative for public transport users.

Table 4:
Significant contrast effects of user-groups regarding mode choice for Work, Shopping, and Leisure trips
	Attribute
	Attribute level
	Trip purpose

	
	
	Work
	Shopping
	Leisure

	Constant

Travel time public transport

Costs public transport

Travel time car

Travel time bicycle
	Public Transport

Car

15 minutes

20 minutes
25 minutes

€ 0.86
€ 1.29
€ 1.72
10 minutes

15 minutes

20 minutes
20 minutes

30 minutes
40 minutes
	-0.3133

0.4473

0.0257

-0.0847

0.0590
-0.2020

0.0138

0.1882
	-0.4029

0.3076

-0.0141

0.1031

-0.0890
-0.0826

0.0148

0.0678
-0.1811

0.0787

0.1024
	-0.1581

0.3981

-0.1251

0.0422

0.0829


1 Italic attribute levels are base levels
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Figure 2: Effect of alternative specific constants
For non-public transport users, the effect of travel time by public transport decreases approximately linearly, while for public transport users, the utility of travel time by public transport decreases faster if travel time exceeds 20 minutes (Figure 3, left). Apparently, public transport users are more sensitive to longer travel times than non-public transport users. For non-users, differences in travel time of car affect the utility of the car only marginally (Figure 3, right). In contrast, for public transport users the travel time of car influences the utility of the car considerably. For users, the utility of the car decreases linearly with increasing travel time.
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Figure 3: Travel time by public transport (left) and by car (right), work trips
With respect to travel costs of public transport and shopping trips (Figure 4), it appears that the utility of public transport for non-users is much more affected by a high tariff (€ 1.72) than for users. However, the effects for users seem to be inconsistent, as they attach a lower utility to ‘€ 1.29’ than to ‘€ 1.72’.
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Figure 4: Travel costs for public transport, shopping trips
With respect to travel time of car and shopping trips (Figure 5, left) it appears that the change in the utility of the car for non public transport users is less affected than the utility of the car for public transport users. The result for the attribute travel time by bike shows a remarkable trend (Figure 5, right). For short distance, the utility of the bike is higher for public transport users, while for the longer distances the utility of the bike is higher for non-users. After the 30 minutes point the decrease in utility per extra minute travel time is roughly the same for public transport users and non-users. In other words, users are more willing to use the bike for short distance trips than non-users.
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Figure 5: Travel time by car (left) and by bike (right), shopping trips
With respect to travel time of the bike and leisure trips (Figure 6), a similar effect appears as in the case of shopping trips. First, the bike is more attractive for public transport users, and with increasing travel time, the bike becomes more attractive for the non-users.
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Figure 6: Travel time by bike, leisure trips
APPLICATION
The effect of specific planning measures on the choice behavior of public transport users and non public transport users is illustrated in the context of work trips below. First, the estimated model with main and contrast effects is used to predict the current modal split of users and non-users in Wageningen (Figure 7). The calculation is made for a work trip from Wageningen to Ede (a bigger city in the vicinity of Wageningen).

As many people travel from Wageningen to Ede and vice versa, we used a typical trip from Wageningen to Ede to illustrate the differences between users and non-users. Table 5 presents the characteristics of the typical trip.
Table 5:
Characteristics of a typical trip between Wageningen and Ede, before and after planning measure
	Attribute
	Attribute levels

	
	Before
	After

	Travel time public transport

Costs public transport

Frequency

Distance home to bus stop

Chance of seat

Travel time car

Parking costs

Travel time bicycle
	20 minutes

€ 1.29
4 times per hour

400 meters

60-80 percent

15 minutes

€ 1.00 maximum of € 5.00

30 minutes
	15 minutes

€ 1.29
4 times per hour

400 meters

60-80 percent

15 minutes

€ 1.00 maximum of € 5.00

30 minutes
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Figure 7: Modal split for work trips between Wageningen and Ede
The municipality of Wageningen is developing plans for a fast public transport system (Zonnenberg & Keijsers, 2004). One of the goals is to decrease the travel time by public transport between Wageningen and Ede (Table 5). Figure 8 presents the effects on the modal split of this change in travel time for public transport non-users (left) and user (right). The change is expressed in percentages. It appears that more non-users will be attracted to public transport by the measure than users. In the case of non public transport users, both car and bike will be replaced by public transport. In the case of public transport users, public transport mainly attracts bike users.
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Figure 8: Effect of change in travel time by public transport on modal split
CONCLUSIONS

In this paper the influence of public transport use on the evaluation of mode choice characteristics has been investigated by means of a stated choice experiment. The influence is investigated by introducing contrast parameters in a multinomial logit model. The contrast parameters express for each attribute the differences in evaluation between public transport users and non public transport users.

The results indicate that differences in evaluation between the two user-groups primarily concern travel time and travel cost attributes. Overall, it appears that public transport users are more sensitive to travel time than non-users. This holds for travel time by public transport as well as for travel time by car and bike. The finding of different behaviors by market segments should give added impetus to use segment models for mode choice behavior. As far as the findings can be compared, the findings differ from the findings of Wardman (2004). The cause of the difference, for example differences in the definition of travel time, has to be investigated in more detail.

For planners the results of this study imply that special attention has to be paid to measures concerning travel time and travel costs. When evaluating planned measures, also the trip purpose of the travelers has to be considered as the differences between the user-groups depend on travel motive.
In future research other distinctions of user-groups such as classifications based on trip characteristics (e.g., travel distance) or personal characteristics (e.g., age), could be investigated in more detail. Also, other transport mode characteristics such as safety and reliability could be investigated in more detail.
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		Car		Car

		Bike		Bike



Non-users

Users

Leisure

-0.1506

0.1656

0.6244

-0.1718

0

0



Sheet1

		

				work						shopping						leisure

		Travel time PT		Non-users		Users

		15 mins		0.3558		0.3044

		20 mins		-0.0324		0.137

		25 mins		-0.3234		-0.4414

		Costs PT		Non-users		Users				Non-users		Users

		2 zones								0.2095		0.2377

		3 zones								0.0533		-0.1529

		4 zones								-0.2628		-0.0848

		Travel time car		Non-users		Users				Non-users		Users

		10 mins		0.0482		0.4522				0.1178		0.283

		15 mins		0.0275		-0.0001				0.0142		-0.0154

		20 mins		-0.0757		-0.4521				-0.132		-0.2676

		Chance on seat

		40-60%
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