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Executive Summary
One of the questions regarding the provision of travel information is how the trip makers will respond to the provided information. While behavioral responses regarding driver’s route, destination and departure time decisions due to real time driving information have been widely investigated, there is limited research on how trip makers will behave when provided with transit travel information. With few exceptions, there is even lesser attention paid in the literature to estimating the impacts of different types of real-time transit information systems on traveler behavior, especially transit ridership change. 

Of particular interest are the two systems considered in this paper (A) real-time bus and train arrival information at stops and stations and (B) real-time arrival and connection information onboard transit vehicles. At least one earlier study indicates that most of the benefits of such systems might accrue from reductions in wait time and reduction in the cost of wait-time uncertainty (Cham et al., 2006). Due to data limitations, the issue of change in ridership due to such systems was not explored in that study. 

The current paper focuses on potential change in the extent of transit use due to such systems and examines how such changes might occur. In particular, we present an analysis of the relationship between the propensities to increase use of public transit and availability of real-time transit information by means of the above two systems. The data source is the 2002 Regional Transportation Authority (RTA) Commuter Study. The RTA is responsible for the financial oversight of the three service boards in Northeastern Illinois (Chicago Transit Authority, Metra Commuter Rail and Pace Suburban Bus) and also for strategic regional transit planning. Respondents included users (defined as those who used transit one or more times in the last 30 days) and non-users of transit. Respondents were surveyed on their current transportation use patterns, along with detailed socio-demographic information. The dataset is unique in that it explores a wide range of perceptions and attitudes towards transit and highway maintenance, construction and planning issues, as well as anticipated behavioral responses to a variety of static and real-time transit information dissemination systems. The latter is of particular interest in this paper since over the last few years, a variety of transit information systems have been either implemented or is soon to be implemented in the Chicago metro area. However, since these questions were posed regarding new systems in the future and not existing systems, anticipated behavioral responses might greatly depend on the extent of coverage and quality of information, once the systems are implemented. Therefore, the results presented here by themselves do not form the basis for making any inferences regarding the extent of ridership change but rather provides insights into what factors contribute to propensities to change travel behavior, once such systems are implemented. The sample design for the study was a stratified Random Digit Dial (RDD) survey of the Chicago Metropolitan Area. 

An exploratory study of the survey data shows that, region-wide (ie, the entire northeastern Illinois region taken together), close to 67% of the respondents would use transit more if real-time bus and train arrival time were presented in stops and stations. Also, about 63% of the respondents would use transit more if real-time connection information were presented onboard buses and trains. In the case of both types of systems, current transit users are more likely to increase transit use than non-users (70% of current users compared to 60% of current non-users reported increased transit use when given real-time arrival information whereas 74% of current users compared to 56% of non-users reported increased transit use when given real-time onboard connection information). These trends indicate that greater ridership gains might accrue from investments in these systems due to increased frequency of transit trips by existing riders as opposed to new riders of the transit systems. However, the potential power of these systems in attracting new riders to the system appears to be high as well. These region-wide trends hold within the three specific transit markets considered (the City of Chicago, suburban Cook and the collar counties) although there are differences in the magnitude of current transit users versus non-users who report greater use of transit in the three markets.

The paper explores factors that are likely to explain the propensity to increase transit use when the respondent is given real-time information by either one of the two systems under consideration. Three groups of explanatory factors were examined: sociodemographic factors, current travel and transportation-related factors and attitudinal factors. An appropriate modeling framework is needed which takes into account the fact that current transit users are more likely to respond to real-time information than non-users, ie, the potential endogeneity between current transit use and reported greater use of transit when given real-time traveler information should be accounted for in the empirical framework. Using a bivariate probit model, where such endogeniety is explicitly introduced, we find that several factors significantly affect the propensity of riders to use transit more in the presence of real-time transit arrival information. These include the respondent’s educational level, current transit use, current commuting distance and average speed at which they travel to work, and the ethnic group to which the respondent belongs. Moreover, we find that respondents’ choice of transit use given real-time transit information is significantly related to several transit service characteristics, such as the perceived safety in transit systems and frequency of current transit availability.  These findings imply that real-time transit information can assist in compensating for perceived deficiencies associated with transit systems without costly investments to address those deficiencies.
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Abstract
In this study, we have analyzed the relationship between transit ridership and the provision of real-time transit information using  the 2002 Regional Transportation Authority Commuter Survey data. An exploratory study of the data shows that close to 60% of the respondents would ride transit more if given such systems. Using a bivariate probit model,  we find several factors significantly affect the propensity of riders to use transit more in the presence of real-time transit arrival information, which include the respondent’s educational level, ethnic affiliation,  current transit use, current commuting distance and speed, and their perceived transit service level attributes.
1. Introduction

The deployment of Automatic Vehicle Location (AVL) in transit vehicles has opened up several possibilities regarding real-time transit traveler information systems. The use of AVL to better monitor and control operations was becoming prevalent throughout the U.S. transit industry for over two decades (Transit Cooperative Research Program (TCRP), 2003). Worldwide, as AVL technology has matured, the basic data on transit vehicle locations that AVL systems generate have been increasingly harnessed to provide real-time traveler information to transit customers. While it is generally known in the transit industry that such information boosts customer satisfaction, several questions remain regarding transit use under conditions of such traveler information, that are not addressed in the literature. This paper presents an analysis that adds to the literature regarding travel behavior responses, when customers are provided such real-time transit information.

One pertinent question regarding the effectiveness of real-time transit traveler information systems is to understand how trip makers will respond to the information that is provided and in particular, whether they would use transit more often when given such information. In order to estimate changes in propensities to use transit due to the provision of transit information, it is important to understand which group(s) of people will be most likely be attracted to transit service or use transit more once transit information is provided. Such findings will allow better understanding of the potential market for such traveler information systems and target services towards those areas (or customers) that are most likely to increase transit use as a result of the services. Although several studies have been conducted in mid 90s on travel behavior changes as a result of traveler information systems for cars, studies of this nature in the case of transit traveler information systems are more limited (Turnbull and Pratt, 2003). 

Also of interest in determining the effectiveness of transit traveler information systems is an understanding of the relationship between the provision of real-time information systems and characteristics such as the frequency and availability of transit, number of destinations served within the service area and general quality of transit service as perceived by users. It is possible that the availability of real-time transit information might assist in overcoming concerns of safety, lack of travel information and difficulties with which that information might be used to navigate the system, thus attracting greater use of the transit system. Traditionally, transit agencies conduct customer satisfaction surveys to assess where and how the quality of service can be improved. The capital and operating solutions to address these needs are often expensive.  One of the benefits of real-time traveler information systems is their possible compensatory effect; by reducing wait-times and the uncertainties with wait-times, transfers and connections, there is a possibility that such systems might assist in compensating for these perceived service deficiencies, thus improving customer satisfaction while increasing ridership.

In this paper, we will analyze a survey of attitudes and opinions on public transportation systems with a special focus on real-time transit traveler information systems. The survey was conducted in the Chicago metropolitan area in 2002. The objective of the analysis is to understand factors that contribute to the propensity to increase transit use in the presence of real-time traveler information. 

There are two real-time transit traveler information systems that are of particular interest in this paper: (A) real-time bus and train arrival information at stops and stations and (B) real-time arrival and connection information onboard transit vehicles. The literature reflects that many of these systems have been deployed throughout Europe. Some of the more prominent European systems, such as the London Buses’ Countdown system, began operation in the early 1990 (TCRP, 2003). At the time that report was published, such systems were increasingly being deployed throughout the United States, with extensive deployment already in place in areas such as TriMet, Portland, OR, Regional Transportation District, Denver, CO and King County Metro, Seattle, WA. The report also noted that as of 2000, 88 transit agencies in the U.S. had operational AVL systems and 142 were planning for AVL systems.  

The paper is organized as follows: in Section 2, a review of related literature is presented. The research approach adopted in the paper is given in Section 3, while the data used are described in Section 4. An exploratory analysis of the data is given in Section 5, with the goal of improving problem understanding. In Section 6, a bivariate probit model where propensity to be a current user of the transit system and to use transit more if real-time transit traveler information were available are considered to be endogenous is presented, along with the findings. A short discussion is presented in Section 7 and conclusions are given in Section 8.

2. Previous Studies

Previous research on transit traveler information systems has been summarized in TCRP Report 95 (Turnbull and Pratt, 2003), TCRP Report 48 (Schweiger, 2003) and Abdel-Aty (2001).  According to these reports, although many studies have been done in mid 90s on the effects of information of drivers’ behaviours, studies exploring the potential impact of such systems on transit ridership are very few. 

Most of studies currently done on the topic of transit information systems have focused on what kind of information is useful and attractive to the potential users. For example, a recent study by Battelle Memorial Institute and Multisystems, Inc. (2003) on customers’ preferences on different types of transit information has tried to identify which type of information is essential or preferred by customers for different trip types. However, no questions were asked on trip makers’ travel behavioral changes. Based on this study, for transit pre-trip planning purposes, the highest preferences by respondents were for timetables and that traditional or static forms of information were preferred over real-time information for pre-trip planning. Trip time forecasts were the most preferred kinds of real-time transit pre-trip information. Participants in this study indicated that they would like to have both static and real-time information available at wayside, while at the same time recognizing that the costs are likely to be prohibitive. Onboard of the transit vehicle, participants expressed the greatest interest in information regarding where to get off the bus and what the current location of the vehicle is.  
Other studies have attempted to examine the effectiveness and social benefits of public transit information by measuring traveler’s willingness-to-pay for this service. However, most of the studies found that the willingness to pay for transit information is low. Using a focus group, Neuherz et al. (2000) found that public transit users regard travel information as something already covered or paid for by transit fares. Khattak et al. (2003), by analyzing the survey data collected in San Francisco Bay Area in 1997 through a computer-aided telephone interview of individuals who called the region’s Traveler Advisory Telephone System (TATS) and were willing to be interviewed, found that public transit users are unwilling to pay as much for travel information as car users.  However, other authors have reported more positive results in this regard.  By conducting a stated choice experiment on travelers on different inter-city trains in Europe, Molin and Timmermans (2006) found that even though public transit information is highly price sensitive, travelers are still willing to pay for it if the information will provide additional functionality such as real-time information. 

As for the evaluation of the effectiveness of real-time transit information in attracting new riders or otherwise modifying travel behavior, relatively few studies have been undertaken (Turnbull and Pratt, 2003). There is, as yet, no definitive reports of transit ridership increase in response to real-time information dissemination; however, there is research clearly indicating that riders appreciate real-time information, make use of it and are more at ease when it is available (Turnbull and Pratt, 2003). A study done by Mishalani and McCord (2006) has estimated the relationship between perceived and actual waiting times experienced by bus passengers. By analyzing that data collected at bus stops, where no real-time arrival information is provided, the authors found that perceived waiting time was greater than the actual waiting time controlling all other factors.  Assuming the perceived waiting time will be the same once the real-time information is provided, the authors concluded that the real-time arrival information will help reduce transit riders’ perceived waiting time and uncertainty caused by perceived longer headways. 

Several other studies have documented the importance of on-time arrival by buses, a feature that is facilitated by the underlying AVL system technology. It is possible that some of the behavioral impacts of real-time bus arrival systems are already facilitated by the service performance enhancements due to the underlying AVL technology. In a survey of riders in the City of Manitowoc, WI, Peng, et al. (1999) found that bus arrivals on-time and real-time information are the two most important factors that riders expect from an efficient transit service. Surveys were also administered before and after deployment of AVL systems to assess transit users’ perceptions and of actual on-time bus performance in Racine and Waukesha, both Wisconsin cities with medium-sized transit systems. Quantitative data were collected to assess the impact of AVL on schedule adherence, passenger wait time, and passenger perception. The research gave some insight into the question of whether AVL systems will help to attract more transit riders. About 36% of respondents indicated that they would ride more often if better and timelier transit information were available, but a larger group said they would ride the same amount. It is possible, given the other studies given here, that a greater percentage of respondents would indicate that they would ride more if the AVL system in these areas could be configured to provide real-time arrival information.

Among the limited studies done on the potential effects of transit information system in attracting more users, especially non-transit users, the study results are quite mixed.

A study done by Abdel-Aty (2001) indicated that transit information has the potential in increasing the acceptance of transit as commuter mode for non-transit users. The purpose of this research was to investigate whether traveler information systems would increase the acceptance of transit and determine the types and levels of transit information that are desired by commuters. A computer-aided telephone interview was conducted in this study in two metropolitan areas in Northern California. The survey employed stated preference design to collect data from non-transit users. Using an ordered probit model, the study identified the transit information that commuters seek include operating hours, frequency of service, fare, transfers, seat availability and walking distance to transit station. About 38% of non-transit users indicated that they might consider transit use if appropriate transit information was available to them. About half of them indicated that they were likely to use transit if the preferred information types were provided. 

However, a study done by Chorus et al (2006) shows that the impact of transit information on mode choices will be very limited on car-drivers, even if the information provided is actually favorable to transit. In this study, a theoretical regret-based model of information use and effect was employed.  Using numerical simulations of the model, the study demonstrates that, even in cases where transit information is acquired, and that message is favorable to transit, its impact on change in mode choices will be limited. Thus the study suggested conservative estimates of the impact of transit information provision on modal shifts.

In perhaps the most comprehensive study to date, Cham et al. (2006) attempted to quantify the return on investment due to the implementation of real-time bus arrival systems. The authors showed that by using fairly conservative assumptions regarding trip volumes that receive real-time bus arrival information, reductions in wait time and reduction in the cost of wait-time uncertainty, that the Portland area’s real-time bus and train arrival information system (TriMet Transit Tracker) most likely achieves positive net (social) benefits. The Transit Tracker system provides TriMet riders with a real-time estimate of the expected time until the next transit vehicle arrives at a specific stop (bus) or station (rail).  Transit Tracker covers all rail stops and each of TriMet’s 7,700 bus stops, although at the time of the study, electronic Transit Tracker information displays had been deployed at only 13 bus stops (4 of which also include voice annunciation and information on the remaining bus stops were available via telephone or the web) and at all TriMet light rail stations (deployed January 2001).  This study uses existing TriMet data sources and a benefit-cost methodology to arrive at these conclusions. The authors speculate that it is also possible that better vehicle arrival time information may also generate additional ridership for TriMet, potentially yielding additional benefits to society (e.g., from reduced auto use).  However, the existing studies of Transit Tracker use do not provide a reasonable basis for assessing any potential increase in ridership resulting from implementation of the Transit Tracker system. Hence, the potential for increased ridership is not included as a benefit in this brief demonstration.  Similarly, while TriMet may also enjoy some cost savings benefits from Transit Tracker’s implementation (e.g., a reduction in staff dedicated to customer service phone lines), TriMet has not conducted studies to measure any such potential agency cost savings from Transit Tracker implementation.  Therefore such potential agency cost savings benefits were not considered in the demonstration analysis considered in the report.

The results of the literature scan can be summarized as follows: to date, there has been no definitive study on changes in ridership levels due to real-time transit information provision. There are several studies, which have shown that the immediate benefits of these systems accrue due to the fact that riders appreciate the information and use it. The literature indicates that wait times experienced by transit riders is perceived to be onerous by most transit riders. A reduction of wait times and associated uncertainties could be one of the primary factors linking these systems to increased transit use (from existing users or non-users of transit). Any system or technology that would reduce perceived wait times and associated uncertainties, whether it be AVL technology which improves actual on-time service performance or real-time bus and train arrival systems and onboard connection information systems that affects people’s perceived wait-times, would be a step in the right direction in increasing transit use. It also appears that such systems would be more successful in increasing transit use among existing riders and not necessarily among those who have made commuting and lifestyle choices around a private car.

However, several questions remain unanswered. This paper attempts to fill some of these gaps in the existing literature by providing an understanding of the sociodemographics, current travel and transportation patterns and attitudes towards transit of those likely to change travel behavior after experiencing such real-time information compared to those not likely to change their behaviors. 

3. Research Questions and Strategies

The main purpose of this paper is to understand factors that influence the propensity to use transit more often in the presence of transit traveler information. We attempt to answer the following three research questions:

· What is the potential of real-time transit arrival information systems in attracting new riders to the transit system and in facilitating increased transit usage among existing riders? 

· What are the sociodemographic profiles of individuals who are most likely to be responsive to the provision of such information, in terms of increasing transit use?

· Does real-time wayside and onboard arrival and onboard connection information have the potential to compensate for actual and perceived transit service deficiencies? 

The research strategy used to answer the above questions includes:

· Conduct exploratory analysis (given in Section 5) of the RTA 2002 Commuter Study data (described in Section 4);

· Use econometric modeling (given in Section 6) to estimate statistical relationships among the factors of interest.

4. Data Source 

The data source for this study is the 2002 Regional Transportation Authority in Northeastern Illinois (RTA) Commuter Study.  The purpose of the study was to measure public attitudes toward the RTA and public transportation, including perceptions and anticipated behavioral responses to transit traveler information systems (Survey Research Lab, 2002).

Created in 1974 upon the approval of a referendum by the residents of Cook, DuPage, Kane, Lake, McHenry and Will counties in northeastern Illinois, the RTA is a special purpose unit of local government and a municipal corporation of the state of Illinois. There are three “service boards” (the Chicago Transit Authority, or CTA, Metra Commuter Rail and Pace Suburban Bus) in the RTA, which have the transit system's operating responsibilities. The CTA serves the City of Chicago and suburban Cook County communities, the Pace bus system served suburban Chicago and Metra commuter rail serves suburb to city trips. In 2002, CTA served nearly 82% of a total of 590 million unlinked transit trips in the six-county area, Metra served close to 12% while Pace served about 6%. (Regional Transportation Authority, 2004)
The survey was conducted by Survey Research Laboratory (SRL) at the University of Illinois at Chicago. SRL purchased a sample of 5,103 telephone numbers from Survey Sampling Incorporated (SSI) on June 24, 2002. The sample design for the RTA survey was a stratified random digit dial (RDD) telephone survey of the Chicago Metropolitan Area. The sample consisted of three strata--the city of Chicago, suburban Cook County (the City of Chicago is located in Cook County), and the five Collar Counties surrounding Cook (DuPage, Kane, Lake, McHenry and Will). The population of interest was adults aged 18 and older. (Survey Research Lab, 2002)
There are a total of 112 questions in the survey, asking about the following five types of information:

· Demographic information of the respondents, such as their age, education level, ethnic groups the respondents belong to.

· Respondents’ knowledge, attitude and rating of current RTA system and transit projects

· Respondent’s attitudes towards non-transit projects, such as road maintenance and expansion.

· Respondents’ current travel pattern, such as their mode choice, trip length and travel time.

· Stated Preference questions on respondents’ behavior change if certain transit project is implemented, including traveler information systems, such as bus-arrival information systems. (Survey Research Lab, 2002)
The survey interview began on August 15, 2002 and ended on October 31, 2002. The overall response rate for this survey is 33% with 1020 completed questionnaire
.  The types of transit traveler information systems in the survey that respondents were queried about include route maps, train/bus schedule, personalized direction, route map at stop/station, timetable at stop/station, system map at stop/station, real arrival time bus and train arrival information at stops and station, real-time connection time onboard and other information onboard. (Survey Research Lab, 2002)
5. Exploratory Data Analysis

Close to 38% of the respondents in the sample used some form of public transportation at least once in the month prior to the survey. We define the term “user” to mean these respondents. The vast majority of these users (47%) are City of Chicago residents, while 33% are residents of suburban Cook County and the remainders reside in the outer “collar” counties of DuPage, Kane, Lake, McHenry and Will (See Figure 1). 

Figure 1: Residence of transit users in the Northeastern Illinois Region RTA 2002 Commuter Study (City of Chicago, Suburban Cook and Outer “collar” Counties)
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In this survey, respondents have been asked to rate the current transit service regarding its quality and extent in the region, the number of destinations served, frequency of service, safety level of transit, ease with which information on routes/schedules are available, agency coordination of fare cards, and coordination of station/stop connection. The percentage of respondents who gave excellent, good and poor rating to the service characteristics has been demonstrated in Figure 2.

From Figure 2 we can see that the three service factors that should be improved, based on customers’ ratings, are the quality and extent of the transit service, number of destinations serviced and frequency of transit services. About 50% of the customers rated the “number of destinations served” as good and only around 10% rated it excellent; In the meanwhile, coordination of station connection and safety have received relatively higher scores, with around 88% and 92% of the customers think these services are good to excellent respectively.

Figure 2: Rating of Transit Service Characteristics
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Respondents were also asked whether their level of transit use would increase when provided with various types of travel information. These included pre-trip as well as en-route information. Such information might be based on static as well as dynamic sources of travel information. Static information sources included transit system maps/schedules, personalized directions based on historical travel times, system maps and timetables posted at bus/train stops. Dynamic or real-time information includes actual arrival times of the next bus or train at bus stops/ train stops, onboard announcements about actual arrival times of connecting buses and trains and other onboard connecting information.

There appears to be a general trend among the respondents to indicate that they would increase transit use in the presence of these types of information. These trends are irrespective of the types of (pre-trip or en-route) information provided and indicate that there is possibly significant potential transit use increases associated with the provision of better information. 

Table 1 gives information on the technologies and the percent of all respondents in the region, (City of Chicago, suburban Cook and the collar counties) who indicated that they would use transit more. The first column under every area name is the total percent of all respondents who indicated an increase in transit use. The second column breaks down the information for current transit users and non-users. As indicated earlier, the term “user” is restricted to those who used transit at least once in the month prior to the survey.

Table 1: Proportion of respondents reporting increase use of transit given different type of transit information: all respondents, current transit users and non-users.
	Type of Transit Information
	Chicago
	Suburban Cook
	Collar Counties
	Region

	Had map with bus/train routes
	60*
	60**
	58
	68
	52
	64
	57
	63

	
	
	61***
	
	52.
	
	49
	
	52

	Had bus/train schedules
	62
	64
	56
	62
	52
	63
	57
	63

	
	
	60
	
	52
	
	50
	
	52

	Personalized directions for trip
	64
	70
	59
	66
	57
	63
	60
	67

	
	
	56
	
	54
	
	56
	
	55

	Map of route was at stop/station
	66
	73
	60
	72
	54
	68
	60
	72

	
	
	55
	
	54
	
	49
	
	52

	Timetable at stop/station
	73
	78
	64
	78
	58
	67
	65
	76

	
	
	65
	
	58
	
	54
	
	57

	System map with routes at stop/station
	70
	75
	62
	76
	61
	67
	64
	74

	
	
	62
	
	57
	
	57
	
	58

	If actual arrival time of next bus/train at stop/station
	76
	81
	67
	81
	60
	68
	67
	70

	
	
	65
	
	61
	
	57
	
	60

	On board arrival times of connecting bus/train
	74
	78
	61
	76
	57
	63
	63
	74

	
	
	65
	
	55
	
	54
	
	56

	Other onboard information on connecting bus/train
	72
	78
	61
	75
	57
	65
	63
	75

	
	
	62
	
	55
	
	54
	
	58


* Percent of total respondents (example, 60% of total City of Chicago respondents indicated that they would use transit more if they had a map with bus/train routes)

**Percent of current transit users (example, 60% of total City of Chicago respondents who are current transit users indicated that they would use transit more if they had a map with bus/train routes)
***Percent of current transit non-users (example, 61% of total City of Chicago respondents who do not use transit currently indicated that they would use transit more if they had a map with bus/train routes)

For all technologies, City of Chicago residents are most likely to report increase in transit usage. Region-wide, the provision of actual arrival time of next bus or train at bus or train stops appear to lead to the greatest reported increase in transit use. Close to 67% of all respondents reported increased usage when provided with such information. This is also the technology, given which the greatest number of current transit non-users (60%) reported an increase in transit usage. There are regional variations in the reported proportion of respondents who would increase usage (in the City of Chicago, 76% of respondents reported an increase, whereas in the collar counties, only 60% indicated their response as such).  Real-time onboard information on connecting bus/trains and other related factors as well as static information, such as system maps or timetables at bus or train stops also appear to be the effective in increasing transit ridership. 

Furthermore, we can see that transit information is more effective in potentially increasing ridership for the current transit user group. There are differences of around 10-20% in whether transit will be used more given transit information between the user and non-user groups for all types of information source, except that transit routes/maps group, where the differences are quite small. These results are in keeping with findings from prior studies that current riders appreciate real-time information, make use of it and are more at ease when it is available (Turnbull and Pratt, 2003).

6. Empirical Model of Propensity to Increase Transit Usage 

In this section, we present empirical models to analyze the relationship of factors that contribute to propensity to increase transit usage when real-time information is provided. First, we discuss operational definitions of the propensity to increase transit usage when real-time arrival information is provided. Second, continuing from the previous section, we discuss the factors that should be considered in analyzing this propensity and which should be included in empirical modeling. Third, we consider issues relating to model specification. 

6.1 Response Variables Considered

According to the data presented in Table 1, real-time arrival information has the greatest potential of increasing transit use throughout the entire region and in each of the three sub-regions. Real-time arrival information at bus and train stops is also a technology that is undergoing deployment in the Chicago area and therefore worthy of more focused study.

In order to compare the effectiveness of real-time arrival time provided at different locations, we choose two different dependent variables (also described in Table 2): 

· Response variable 1 (termed RTIME) is a binary variable that takes a value of 1 if the respondent indicates increased transit use given real-time transit arrival information at the transit station/stop

· Response variable 2 (termed RCONNECT) is a binary variable that takes the value of 1 if the respondent indicates increasing transit use given real-time arrival information on connecting buses or trains onboard transit vehicles. 

6.2 Explanatory Factors Considered

In order to estimate transit use and attitude towards greater use of transit when traveler information is present, we need to identify the factors that should be considered in analyzing this propensity and that should be included in empirical modeling. Several initial explanatory variables have been identified based on two previous studies of Wolinetz, et. al. (2001) and Abdel-Aty (2000). Based on these studies results, the effects of traveler information on travelers are determined by trip makers’ social economic characteristics, their transportation/trip attributes and attitudes towards transit service attributes.  Table 2 lists all the initial exploratory variables considered in the models. 

Table 2:  Response and exploratory variables used in bivariate probit analysis

	Variable
	Description
	Measure

	Dependent Variables

	RTIME
	Whether the respondent indicated that he/she will ride transit more given real-time bus/train arrival information at transit stop/station 
	1= the respondent will ride more

0= otherwise

	RCONNECT
	Whether the respondent indicated that he will ride transit more given real-time onboard transit (bus and train) connection and arrival information 
	1= the respondent will ride more

0= otherwise

	Independent Variables

	Sociodemographic Factors

	User
	Whether respondent is a transit user (take transit at least once in the past 30 days)
	1= Yes

0=otherwise

	Male
	Whether respondent is male
	1=Yes; 0=otherwise

	Chicago
	Whether respondent lives in City of Chicago
	1=Yes; 0=otherwise

	White
	Whether ethnic group is white
	1=Yes; 0=otherwise

	Age
	Respondent’s age
	Continuous variable

	Employed
	Whether respondent is employed full-time (more than 30 hrs/wk)
	1=Yes; 0=otherwise

	HiEdu
	Respondent’s education level is bachelor’s degree or higher
	1=Yes; 0=otherwise

	Transportation and Travel-Related Factors

	Distance
	Commuting distance (miles)
	Continuous variable

	Speed
	Speed (mile/minute) of travel by respondent to commute to work
	Continuous variable

	Bus
	Primary mode choice if using public transit
	1= bus or combination

0=otherwise

	Car
	Whether car is accessible to the respondent
	1= Yes; 0=otherwise

	Attitudinal Factors

	Safety


	Whether safety is a major concern in preventing choice of transit as a travel mode
	1= Yes; 0=otherwise

	QualityR 
	Respondent’s rating of the quality and extent of public transit in the region
	1= Good; 0=otherwise

	DestinationR 
	Respondent’s rating of number of destinations served by public transit in the region
	1= Enough; 0=otherwise

	FrequencyR
	Respondent’s rating of frequency of the public transit service
	1= Enough; 0=otherwise

	SafetyR
	Respondent’s rating of safety of public transit system
	1= Safe; 0=otherwise

	Ezinfo
	Respondent’s rating of how easy it is to get transit info on routes/schedules
	1= Easy; 0=otherwise



	Farecard
	Respondent’s rating of coordination of region’s fare card systems
	1=Good; 0=otherwise

	Stop_connection
	Respondent’s rating of connections available at transit stop/station
	1=Very Good; 0=otherwise

	Info_available
	Whether there is enough transit info available to the respondent
	1= Yes; 0=otherwise


6.3 Empirical models of RTIME and RCONNECT

Our interest, at this point, is to model if and how well the initially identified factors will explain the propensity to use transit more when given real-time information, for both users and non-users. 

Since the exploratory analysis indicated that more transit users than non-users systematically report increasing transit use given all classes of information, we have reason to suspect (a fact which is empirically borne out by testing) the existence of endogeneity bias. This implies that increases in transit use given real-time information and the current propensity to use transit might be jointly determined. An appropriate model in this case would be a bivariate probit model where endogeneity of two related response variable, RTIME and USER (or RCONNECT and USER) can be controlled.
Let yi,1 be the RTIME  status of the ith respondent and yi,2 be the USER status of the same respondent. Then, given vectors of covariates Xi,1 and Xi,2 that explain the RTIME and USER status respectively and y*i1 and y*i2 which are unobservable latent indices, we have the bivariate probit model of RTIME and USER as follows:
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In the bivariate probit specification given in (1.1) and (1.2), all variables (the y’s and the X’s) are observed for each individual. If a Wald Test shows that the estimate of ρ is insignificant, then no endogeneity bias is present and the two models can be estimate separately, otherwise, yi,1 and yi,2 are endogenous processes and should be jointly modeled.  The above equations will be simultaneously estimated using maximum likelihood, producing unbiased estimates of parameter coefficients β and ρ. A similar model was posited for RCONNECT and USER, enabling us to explicitly model the fact that these responses might be jointly determined.

The estimated model equivalents for (1.1) and (1.2) are:

Equations for RTIME and USER
RTIME= f 1(User, Male, Chicago, White, Age, Employed, Distance, Speed, HiEdu, Bus, Car, Safety, QualityR, DestinationR, FrequencyR, SafetyR, Ezinfo, Farecard, Stop_connection, Info_available)…………………………………………………(1.1A)

USER= f 2(Male, Chicago, White, Age, Employed, Distance, Speed, HiEdu, Bus, Car, Safety, QualityR, DestinationR, FrequencyR, SafetyR, Ezinfo, Farecard, Stop_connection, Info_available)…………………………………………………(1.2A)

Equation for RCONNECT and USER
RCONNECT= f 1(User, Male, Chicago, White, Age, Employed, Distance, Speed, HiEdu, Bus, Car, Safety, QualityR, DestinationR, FrequencyR, SafetyR, Ezinfo, Farecard, Stop_connection, Info_available)………………………………………………….(1.1B)

USER= f 2(Male, Chicago, White, Age, Employed, Distance, Speed, HiEdu, Bus, Car, Safety, QualityR, DestinationR, FrequencyR, SafetyR, Ezinfo, Farecard, Stop_connection, Info_available)…………………………………………………..(1.2B)

From the model outputs as shown in Table 3, we can find that 
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 is significant in each of the two models, suggesting that indeed yi,1 and yi,2 for both the RTIME and RCONNECT joint models with USER are endogenous processes. The lower half of the table presents the coefficient estimates, standard errors and marginal effects of the bivariate equations for USER, ie estimates of (1.2A) and (1.2B). These results will not be discussed here. We focus our attention on the equations for RTIME (1.1A) and RCONNECT (1.1B), which are of primary interest at this point and the effects of endogeneity bias of which have been controlled for. 

Table 3: Bivariate probit models of user and RTIME, RCONNECT  and USER

	
	Model for RTIME and USER
	Model for RCONNECT and USER

	Variables
	Estimate
	S.E
	P
	M.E
	Estimate
	S.E
	P
	M.E

	
	RTIME (Equation 2.1A)
	RCONNECT (Equation 2.1B)

	Intercept
	-0.077744
	0.674851
	0.9083
	-0.026510
	0.360028
	0.663429
	0.5874
	0.128412

	User
	1.748555
	0.169009
	<.0001
	0.596260
	1.741272
	0.183238
	<.0001
	0.621064

	Male
	-0.232622
	0.156060
	0.1361
	-0.079320
	-0.390304
	0.157164
	0.0130
	-0.139210

	Chicago
	-0.327816
	0.217929
	0.1325
	-0.111790
	-0.250307
	0.234331
	0.2854
	-0.089280

	White
	-0.322490
	0.192453
	0.0938
	-0.109970
	-0.346265
	0.192328
	0.0718
	-0.123500

	Age
	-0.001973
	0.006725
	0.7693
	-0.000670
	-0.000588
	0.006445
	0.9273
	-0.000210

	Employed
	0.254672
	0.268948
	0.3437
	0.086844
	0.089112
	0.275668
	0.7465
	0.031784

	Distance
	-0.018194
	0.007936
	0.0219
	-0.006200
	-0.013748
	0.007433
	0.0644
	-0.004900

	Speed
	1.333605
	0.444722
	0.0027
	0.454761
	1.006159
	0.412694
	0.0148
	0.358869

	HiEdu
	-0.452324
	0.165321
	0.0062
	-0.154240
	-0.456945
	0.162728
	0.0050
	-0.162980

	Bus
	0.248708
	0.231421
	0.2825
	0.084810
	0.025573
	0.209748
	0.9030
	0.009121

	Car
	-0.010072
	0.344441
	0.9767
	-0.003430
	-0.252179
	0.361321
	0.4852
	-0.089950

	Safety
	0.451736
	0.192997
	0.0193
	0.154043
	0.553524
	0.197166
	0.0050
	0.197427

	QualityR 
	-0.073610
	0.174423
	0.6730
	-0.025100
	-0.078047
	0.168498
	0.6432
	-0.027840

	DestinationR 
	0.065624
	0.180592
	0.7163
	0.022378
	0.042545
	0.174674
	0.8076
	0.015175

	FrequencyR 
	-0.345492
	0.194700
	0.0760
	-0.117810
	-0.284325
	0.185223
	0.1248
	-0.101410

	SafetyR
	0.264985
	0.340675
	0.4367
	0.090360
	-0.111574
	0.344699
	0.7462
	-0.039800

	Ezinfo
	0.136574
	0.205651
	0.5066
	0.046572
	0.032069
	0.201521
	0.8736
	0.011438

	Farecard
	-0.307568
	0.210293
	0.1436
	-0.104880
	0.112246
	0.186884
	0.5481
	0.040035

	Stop_connection
	0.214596
	0.196321
	0.2744
	0.073178
	0.120737
	0.192228
	0.5299
	0.043064

	Info_available
	-0.088935
	0.173285
	0.6078
	-0.030330
	0.015259
	0.170055
	0.9285
	0.005442

	
	USER (Equation 2.2A)
	USER (Equation 2.2B)

	Intercept
	0.979636
	0.743903
	0.1879
	0.389998
	1.016107
	0.717430
	0.1567
	0.406079

	Male
	0.490125
	0.166695
	0.0033
	0.195121
	0.493857
	0.175741
	0.0050
	0.197366

	Chicago
	0.952074
	0.209530
	<.0001
	0.379025
	0.85745
	0.217537
	<.0001
	0.342673

	White
	0.116642
	0.194148
	0.5480
	0.046436
	0.0725
	0.191509
	0.7050
	0.028974

	Age
	-0.014973
	0.007244
	0.0387
	-0.005960
	-0.017394
	0.007394
	0.0187
	-0.006950

	Employed
	0.254826
	0.306288
	0.4054
	0.101447
	0.340291
	0.303013
	0.2614
	0.135994

	Distance
	0.032021
	0.008214
	<.0001
	0.012748
	0.027394
	0.007837
	0.0005
	0.010948

	Speed
	-1.799385
	0.448782
	<.0001
	-0.716340
	-1.701897
	0.430184
	<.0001
	-0.680150

	HiEdu
	0.170634
	0.175805
	0.3318
	0.067930
	0.220013
	0.174105
	0.2063
	0.087926

	Bus
	0.267392
	0.220383
	0.2250
	0.106450
	0.285496
	0.224347
	0.2032
	0.114096

	Car
	-1.533382
	0.435266
	0.0004
	-0.610450
	-1.574229
	0.446004
	0.0004
	-0.629130

	Safety
	-0.592829
	0.218733
	0.0067
	-0.236010
	-0.538448
	0.218096
	0.0136
	-0.215190

	QualityR 
	-0.057881
	0.186389
	0.7562
	-0.023040
	-0.037164
	0.183469
	0.8395
	-0.014850

	DestinationR 
	-0.062479
	0.189398
	0.7415
	-0.024870
	-0.053224
	0.187410
	0.7764
	-0.021270

	FrequencyR 
	0.097547
	0.201450
	0.6282
	0.038834
	0.062475
	0.200550
	0.7554
	0.024968

	SafetyR
	0.762814
	0.358089
	0.0332
	0.303680
	0.811402
	0.367202
	0.0271
	0.324270

	Ezinfo
	-0.304509
	0.220191
	0.1667
	-0.121230
	-0.249968
	0.226157
	0.2690
	-0.099900

	Farecard
	-0.052517
	0.207376
	0.8001
	-0.020910
	-0.115199
	0.207294
	0.5784
	-0.046040

	Stop_connection
	0.260740
	0.220023
	0.2360
	0.103802
	0.284844
	0.217470
	0.1903
	0.113835

	Info_available
	0.138449
	0.183449
	0.4504
	0.055117
	0.111216
	0.187857
	0.5538
	0.044447

	Rho
	-0.952164
	0.07795
	<.0001
	
	-0.940916
	0.124186
	<.0001
	

	N
	308
	
	
	
	312
	
	
	

	Log Likelihood
	-297.43831
	
	
	
	-315.93328
	
	
	


Sociodemographic Factors: There are significant positive relationship between being a transit user and the propensity to ride transit more given real-time information, with a marginal effect of 59.6% in RTIME model and 62.1% in RCONNECT model. We do not find a significant gender effect in the propensity to increase transit use given real-time information at the bus stop and at stations; however, female respondents are more likely to ride transit more given them real-time connection information onboard. Respondents with higher levels of education are less likely than those with lower education levels to use transit more under situations with information. As mentioned before, one reason for this could be that higher education individuals are already self-selected into car travel.  We also see white respondents are about 10% less likely than other racial groups to increase transit use when given the real-time information. 

Further, although not significant at any reasonable level, City of Chicago are about 11% less likely than non-city residents to increase transit use given such information. This is counter-intuitive given the exploratory findings presented Table 1 and merits some discussion. The results given there for USER indicates that City of Chicago residents are significantly likely to be transit users compared to non-city residents; the presence of USER in the RTIME and RCONNECT equations might explain the negative coefficient (and marginal effects) in the ceteris paribus sense of partial effects, ie, that controlling for their USER status, city residency has no significant effect on propensity to increase transit use given real-time transit traveler information. Younger individuals and individuals employed full-time are more likely to increase transit use with real-time information. 

Transportation and Travel-Related Factors: Regarding trip attributes, we can see respondents who commute longer distances and current car owners are less likely to use transit more given real-time transit information compared to those who live closer to work and have no car at their disposal. However, those who commute with higher speed are more likely to use transit more given such information.  This is possibly due to the fact that people who value time more would be more likely be attracted to use transit once real-time information is given. 

There is one finding that is counter-intuitive, which is the real-time transit information makes no difference between bus users and train users regarding ridership increase. It is generally believed that trains are more reliable thus most of the transit agencies will only install real-time information systems for buses. However, based on our model results, it seems that real-time information is equally important for trains too.
Attitudinal Factors: As for the transit service factors, we find that those concerned with safety are more likely to increase transit use given real-time information compared to those who do not feel that safety is a problem in selecting transit as a mode of travel. The marginal effect of safety is 15.4% on the propensity to increase transit use when given real-time information at the transit station as compared to 19.7% when give real-time connection information onboard. Furthermore,  when provided with real-time arrival information at the bus/train station, those who give negative rating on the frequency of current transit service are more likely to ride transit more with a marginal effect of 11.7%. However, real-time information provided onboard has no effect on ridership change in this regard.  

All the other attitudinal factors are not significant in the model but still these merit some discussion. Individuals who find it easy to get information on transit routes and schedules are also more likely than those who do not, have greater propensity to increase transit use when given real-time information. Those who perceive that the spatial reach of the existing system is satisfactory, ie, enough destinations are reachable by the system, are also more likely to exhibit greater propensity. Finally, those who perceive the transit system to be of negative quality overall, are less likely to use the system given real-time information.

7. Discussions 

The estimated models allow us to draw the following main conclusions regarding the effects of real-time bus and train arrival information at stop and onboard:

1) People who are currently transit users, commuting with higher speed to work, have safety concerns regarding transit and rate the current transit service as not safe enough would be more likely to use transit more, given real-time transit information.

2) People who are white, commuting longer distance to work, with higher education level are less likely to use transit more given real-time transit information.

3) For real-time arrival information at stops, we can also find that people who think current transit services are not frequent enough would ride transit more given this information. Therefore, real-time bus and train arrival systems at stops and stations are likely to compensate for wait time durations and associated uncertainties.

4) Certain baseline conditions have to be met for individuals to exhibit greater propensity to use public transportation given real-time information such as a general positive view on the spatial coverage of the transit system and that the system is in general easy to navigate with the use of existing route and schedule information.

The above findings have the following implications:

1) The first might be the relationship between value of time and real-time information provision. As discussed above, the respondents who live closer to working locations and commute at higher speeds to work should be the people who value commuting time more, and this is the group of people who would be attracted to use real-time transit information. This result implies more benefits of real-time information besides increased ridership, since the saved travel time is a great benefit to the commuters and also to the society as a whole.

2) The second is the relationship between real-time information and transit service rating and the potential compensatory effect of real-time systems. Generally in the places where crime is of concern, customers might hesitate to wait at the bus or train station. The presence of real-time bus or train arrival might greatly alleviate fears associated with arrival time uncertainties and customer vexation associated with infrequent service. Thus an implication in the current context is that real-time information system is an alternative and effective way to address several transit service deficiencies associated with unsafe stop and station locations and service infrequencies and arrival time delays.

3) The third is a complementary effect: those who report no difficulties in using existing transit route and schedule information are more likely to increase transit usage given real-time traveler information. 
 From the above discussions, we should be able to say:

1) Real-time arrival information has the potential to increase transit ridership.

2) The ridership increase will mostly come from current transit users who will use the system for more trips.

3) Besides increased ridership, real-time information also has the potential to improve the high weight individuals place on perceived wait times, thus improving the monetized value of time saved, as required in return on investment analysis.

4) Real-time transit information can also help compensate for and complement strategies needed for addressing transit service deficiencies, including capital investments that might be necessary for unsafe stop and station locations and infrequent services.

8. Limitations
There are several limitations of this study. Firstly, the data source is a Stated Preference (SP) survey. Although Stated Preference study will enrich the limited data resource from Revealed Preference study, or sometimes alone will be a good data source to research the potential use of upcoming market product (such us in our case, real-time information system is not implemented in the setting of Metropolitan area of Chicago, we’d like to estimate people’s propensity to use it), however, the hypothetic biases will always be issues that we should acknowledge. 

The second limitation is from the quality of the data. For several important explanatory variables, such as trip length and trip time of the respondents, there are more than half of the respondents didn’t answer the questions for them. Since we wouldn’t assume the values are missing in random, thus the generalization of the study results will also be an issue.
Thirdly, the survey questions only asked the respondents whether they would like to ride transit more given transit information, however, didn’t ask how much more the respondents would use the transit service, thus we won’t get the idea of the level of increase of transit used brought about by real-time transit information.

9. Conclusions

The main question of concern in this paper was whether use of transit would increase when given traveler information and in particular, real-time bus and train arrival at stops and onboard. We were also interested to find out the relationship between the provision of these systems and current transit service levels in attracting more riders. In order to research these issues, we used data collected by the Chicago area’s Regional Transportation Authority in 2002 to study propensities for travel behavioral changes when given travel information. 

In this survey, respondents were asked whether their level of transit use would increase when provided with various types of travel information. These included pre-trip as well as en-route information. Such information might be based on static as well as dynamic sources of travel information. Static information sources included transit system maps and schedules, personalized directions based on historical travel times, system maps and timetables posted at bus or train stops. Dynamic or real-time information includes actual arrival times of the next bus or train at bus stops or train stops, onboard announcements in buses and trains about actual arrival times of connecting buses and trains and other onboard connecting information. An exploratory study of the survey data shows that close to 60% of the respondents would ride transit more if such systems were present. Region-wide, the provision of actual arrival time of next bus or train at bus or train stops appear to lead to the greatest reported increase in transit use.

Using bivariate probit models, where the propensity to currently use transit and propensity for increases in transit due to transit ATIS are jointly modeled, we found that some of the sociodemographic factors such as age and car ownership which traditionally explain transit use, have less of an effect in explaining increases in transit use, should travel information become available. These factors significantly affect the propensity of riders to use transit more in the presence of real-time transit arrival information include the respondent’s educational level, current transit use, current commute distance and speed, and the ethnical group the respondent belonging to. Moreover, we found that respondents’ choice on transit use given real-time transit information is significantly related to several other transit service characters, such as the safety and frequency level of current transit provision. This finding implies that real-time transit information can also help address some service deficiency issues, such as safety and frequency problems facing the current transit system without costly investment, or in another word, real-time information systems is an alternative but also effective way to address several transit service issues when these issues are too difficult or costly to be resolved itself.

The study results have several important implications on both policymaking and service design:

· Real-time information systems provision should be considered as one way to improve transit ridership; however, since this systems have more effect on current transit users, its ability to bring about significant modal shifts might be limited;

· Real-time information can compensate several deficient transit services, such as low safety and frequency levels of current transit provision; thus when planning to improve the condition of these services to attract more users, we might also consider the use of real-time information as an alternative method.

· When evaluating the benefit of real-time information, besides considering its ridership effects, we should consider other benefits real-time transit information will bring to the society such as saved waiting time to the transit riders.
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� In the overall sample there were 1039 cases for which a screening questionnaire could not be administered (2607 contact-to-screener cases minus 1785 cooperation-to-screener cases, plus the 217 cases for which only answering machines were reached). We assumed that 95.3 percent of these cases would have been eligible. In another 599 cases, the phone rang continuously at each contact attempt and was never answered. It was assumed 86.0 percent of those were working numbers, 82.4 percent were household numbers, and 95.3 percent were eligible. Consequently, the total number of cases with assumed eligibility is estimated as 95.3 percent of 1039 (990 cases) plus 67.5 percent (.86 * .824 * .953) of 599 (405 cases), or 1395 cases. Thus, the response rate is computed as the ratio of 1020 completed interviews to the sum of the cases known to be eligible (1701) and the estimated number of eligible cases among the cases of unknown eligibility (1395). The resulting overall response rate is 33 percent. 
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