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In recent years, a considerable amount of money has been spent on Real-time
Transit Passenger Information Systems (RTPISs), which provide tandlaccurate
transit information to current and potential riders to enable them to make better pr
trip and en-route decisions. Understanding traveler responses toredtansit
information is critical for designing such services and evaluatingeffertiveness.

To answer this question, an effort is made in this dissertation to systdiynatica
conceptualize a variety of behavioral and psychological responses travelers may
undertake to real-time transit information and empirically examine thaloafscts

of real-time information on traveler behavior and psychology.

This research takes ShuttleTrac, a newly implemented real-time uad arr
information system for UMD’s Shuttle-UM service, as a case for ecapstudy. In

Part 1 analysis, using panel datasets derived from three-waved online campus



transportation surveys, fixed-effects OLS models and random-effectedulebit
models are estimated to sort out causal relations between ShuttleTrac fiviounsa

and general/cumulative behavioral and psychological outcomes. In addition, a two-
stage instrumental variable model was estimated to examine the potestigédn
habitual mode choices due to real-time transit information use. The results show tha
with a few months of adjustment, travelers may increase their trip-mfkipgency

as a result of real-time transit information use, and positive psychologicames

are more prominent in both short and longer terms.

In Part 2 analyses, using the cross-sectional dataset derived from the onboard
survey, OLS models and ordered logit models were estimated to examine-the trip
specific psychological effects of real-time transit information. Bselts show that
these trip-specific psychological effects of real-time tranéitrmation do exist in
expected directions and they vary among user groups and in differenteseAari
finding consistent across two parts of analyses is that accuracy of atilmnmplays a
greater role in determining traveler behavior and psychology than thepresesce.

This research contributes to the general discussion on traveler behavior under
advanced information by 1) developing an integrative conceptual framework; and 2)
providing useful insights into the issue with much empirical evidences obtaitied w

revealed-preference data and sophisticated modeling techniques.
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Chapter 1: Introduction

1.1 Background

Public transit is widely recognized as an environmentally sustainable
transportation mode. However, in the U.S. where low-density suburban expansion has
prevailed for decades, transit’'s market share of urban travel has been ogrinui
fall, as it often fails to compete with the automobile which offers great oeenee
and flexibility. U.S. transit market share dropped to 1.51 percent of the total ih 2005
Facing the great challenge of providing adequate transit service ingamerities,
transportation researchers and policy-makers in this country have shown an
increasing interest in learning from international experiences and explori
innovative approaches. One of the new strategies for high-quality transiessrihe
development of Real-time Transit Passenger Information SysteRa$R (Pucher,
2004). These systems provide timely and accurate transit information totaurde
potential riders to enable them to make better pre-trip and en-route decisions.

While the part of real-time traveler information systems accessed antysed
the travelers is often relatively simple (e.g., a sign giving the nextrbualdime),
the “system” behind what the user sees can be rather complex (Raaiad003).

The high-view of a RTPIS is shown in Figure 1.1. Even though, as we will discuss in

Chapter 3, a wide variety of transit-related information can be provided tcetrmvel

1 U.S. Urban Personal Vehicle & Public Transport Meri8hare from 1900
http://www.publicpurpose.com/ut-usptshare45.htmcessed July 10, 2007.
2 An interchangeable term used in this dissertdtidReal-time Transit Information System (RTIS).



real-time, the most frequently provided real-time transit informatidndes vehicle
arrival times, and service disruptions and delays. In order to project vehiehd arri
times, an Automatic Vehicle Location (AVL) system, mostly GP3skath is needed
to provide the real-time vehicle location data first. The system then usesrtet c
vehicle location to compute the estimated arrival time at the upstream stags usi
data that may include vehicle speed, distance, travel time history, and toaific f
history. In many applications, a countdown to the arrival of the next vehicle (e.g.,
next bus in 5 minutes) is used. Note that these systems are typically edegitht
transit management systems (see Figure 1.1).

The distribution of real-time transit information takes many forms and&an
at any geographical and temporal point. Figure 1.1 has shown some major media for
information dissemination, including Internet, wayside/at-stop kiosks and Dynam
Message Signs (DMS), landline or cell phones, and wireless devices. Thanks to the
variety and ubiquitousness of these Information and Communication Technologies
(ICT)-enabled information dissemination media, travelers are able¢ssathe real-
time transit information at any time point during a journey. In other wordsripre
en-route, or even post-trip information acquisition is possible and travel decisions ca

be altered according to the information anytime in the course of the trips.
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Figure 1.1 Real-time Transit Information System (integrated with the Transit
Management System) (Source: Raman et al., 2003)

A considerable amount of money is being spent on real-time transit
information systems all over the world (Chatral, 2006). The underlying reasons
for deploying this kind of system include both economic and social considerations.
Transit agencies in particular expect these systems to boost the riderdHignae

revenues, by attracting new passengers and increasing transit usageng e



patronage. From transit users’ perspective, the travel time savimggdcay real-time
transit information use is certainly an economic benefit. Besides, trgasitias may
want to boost their public images by making such visible efforts to improwve thei
service. Also from the perspective of users, they may greatly improve theonpé
waiting and riding experience during transit trips due to the presencd-threa
information. Perhaps a deeper social consideration is that social inequityeimcAn
cities, worsened by suburbanization and segregation, may be narrowed to sorme exte
by improving transit service for the disadvantaged population who are laggivec
transit riders.

Accompanying the implementation of such, often expensive, real-time
information systems, many authorities are conducting their own evaluaiitees
about the effects and to justify their investments. All underlying considesa
presented above, either from providers’ or users’ point of views, can be ultimately
attributed to the question of how individual travelers will use such systems and
respond to them accordingly. The changes in travel behaviors and psychology at an
individual level, no matter how small individually, can be summed up to show rather
considerable aggregate changes in the market. As we will review in Chapter 2,
understanding of such question to this date is very much sparse and inconclusive. The
primary goal of this research is to develop a generic framework of traveler
behavioral and psychological responses to real-time transit information and
empirically examine the causal relationships between these behavioral and

psychological outcomes and real-time transit information.



1.2 Research Question

Relating to the general question of traveler behavior in the presencé of rea
time transit passenger information, there involves a number of closely iatedrel
sub-questions from the perspective of service users (adapted from Lappin and
Bottom, 2001):

e Need of information: what types of information would passengers want to
access under what scenario?

¢ Willingness-to-pay: how much would they be willing to pay to acquire the
information?

e Use of information: what are determinants of use or acquisition of real-time
transit information when provided?

e Response to information use: how would travelers respond to the information
they acquire, at once and in iteration?

Each sub-question listed above is no doubt worth a certain amount of
investigations in order to ascertain the real effects of RTPISs. Tharoviag
research question this dissertation is particularly interested atuially the last one:

e What are the traveler’'s behavioral and psychological responses to real-
time transit information?

The critical importance of this particular question lies in its dirdatiom to
tangible and intangible effects and benefits of RTPISs at both disaggeeght
aggregate levels. The network-level impacts of RTPISs can be deterngined b
aggregating the individual responses of many travelers to the information, but in

doing this the interactions of the travelers on the transit network must also be taken



into account. For example, individual travelers’ behavior under information may
cause changes in transit network conditions (e.g. transit network assignment,
congestion), and in turn affect other travelers’ behavior. Therefore, thistaisseis
aimed at addressing this particular research question in order for providongtited
basis for evaluation of the real-time transit information systems assvphoviding

some empirical insights into understanding of such issue.

1.3 Research Objectives

There have been a relatively small number of studies in recent yearsthtend
to answer above research question and explore the effects of real-tinte transi
information. A detailed discussion of related literature is provided in Chapter 2.
While all these studies offer some interesting features, as discusssdion2.2,
they all embed major drawbacks in terms of drawing systematic calatane
between real-time transit information and traveler behavior/psychologynaime
objective of this study, as we have mentioned above, is to develop a generic
framework of traveler’s behavioral and psychological responses tomeatransit
information and then empirically investigate the causal relationshipeéetinese
behavioral and psychological outcomes and real-time transit information. More
specifically, there are some sub-objectives that are:

e To review the critical points of the current knowledge concerning traveler
behavior and psychology under advance traveler information in general and
real-time transit information in particular. This review will provide sound
theoretical basis and useful insights for understanding the topic of this

research.



e To develop a generic, comprehensive conceptual framework of individual
traveler’s responses to real-time transit information, taking into account
traveler behavior and psychology as well as different response time frames
(general/cumulative vs. trip-specific responses). This frameworkdeititify
major components of effects, conceptually formulate linkages between real-
time transit information and these effects, and provide a basis for erhpirica
investigation of this study and potential future research.

e To empirically analyze the traveler’'s general/cumulative behavamcl
psychological responses with a quasi-experimental research, aswell a
traveler’s trip-specific psychological responses to real-tinresiira

information, using revealed-preference data.

1.4 Research Scope

The scope of this research is specified as follows:

The RTPISs are briefly introduced in Section 1.1. The information such
systems distribute to the public has more than one dimensions in terms of its contents,
costs, places, and quality. The conceptual framework presented in Chapter 3 is a
generic one in that the four dimensions of RTPIS are incorporated in suckvirdane
However, the empirical investigation was actually limited to only one typeabf
time transit information — real-timgusarrival information — and its accuracy, due to
the characteristics of the real-world case | look at. Real-time bualanformation
(e.g. a countdown to the arrival of the next vehicle in this case) is perhaps provided
most frequently with a RTPIS, and how this kind of information influences traveler

decisions is of primary interest to the studies in the related liter&iuzemparison



of other public transportation modes (rail mostly), bus is somewhat special theha
quality of real-time bus arrival information is highly dependent on the complaixity
road transportation. Nevertheless, our research will shed some lights on hameeal-
transit information, in a general sense, will affect traveler’'s behavior actigiegy.

This research acknowledges that a large portion of effects of realrinss t
information system are more of a psychological nature. In other words, even if
traveler behaviors hardly change as a result of real-time transiniztion
acquisition, they will still make some changes in psychological conditionshwhi
bring along some intangible benefits. In this regard, in addition to travel behavior,
travel psychology under real-time transit information is particularhceptualized
and investigated in this research.

It is generally agreed that there are two stages beforesffectal-time
transit information occur: first travelers must acquire the information amehdehle
acquired information must lead to some behavioral and psychological changes of
travelers. Information acquisition/use is referred to as that informatiearisred for
or paid attention to by travelers and processed by her (Cabals2006a). The
guestion of what determines people’s decision of acquiring information is an
important issue too. And as a premise to traveler’s responses, the use afigeal-ti
transit information may directly determine the existence and/or muagnof effects
of real-time information.

However, in order to sharpen the focus of research, this dissertation is only
concentrated on the second stage of this process. That is, | would like to ateestig

the behavioral and psychological change as a result of acquired re#alatinsié



information, without explicitly accounting for the process of informaticouésition.
There is only one exception here: to address the potential self-selection bias, the
process of information use was explicitly modeled as the first stage wdkstdged

model for commuting mode choice. Please see Section 5.3 for details.

1.5 Organization of this Dissertation

The rest of dissertation is organized as follows. Chapter 2 provides a detailed
review of a large body of literature concerning traveler behavior and psygholog
under advance traveler information in general and real-time transit informati
particular. Chapter 3 presents a generic, integrative conceptual framewarketdt
behavioral and psychological responses to real-time transit information, \aigch |
down the foundation for understanding and examining behavioral and psychological
effects of RTPISs. In Chapter 4, the research methodology of this dissesation i
presented, including research design, surveys and measures, and anadytiods.
Chapter 5 particularly looks at the general/cumulative behavioral and psychological
responses of travelers, followed by Chapter 6, which turns to trip-specific
psychological responses. Both chapters present results of a variety otalmpiri
models and following discussions. The final chapter, Chapter 7, draws the conclusion

of this study and presents recommendations for future research.



Chapter 2: Literature Review

2.1 Introduction

Chapter 2 is intended to review the critical points of the current knowledge
concerning traveler behavior and psychology under advance traveler information in
general and real-time transit information in particular. This chaptegaed as
follows. First, drawing on three pieces of review articles, Section 2 pseseaview
of both the empirical and the conceptual literature concerning the use artsl @fffec
Advanced Traveler Information System (ATIS) service. It provides souncetiwir
basis and useful insights for understanding travel behavior under realamag tr
information system. Section 3 reviews the relatively small body of literadhat is
most relevant to this dissertation’s topic and classifies them into twgocits in
terms of their methodological approaches. Advantages and disadvantages of two
different approaches are discussed in this section. These two sectionstire mos
about travel behaviors and focuses on literature in the field of transportation. The
following Section 4 turns to literature of psychology of waiting for servigengd to
review the effects of providing information of waiting duration on customer
psychology during waiting for services. Finally, based on reviews in previous
sections, Section 5 points out several major gaps in the knowledge regarding this

topic and provides this research with directions.
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2.2 Traveler Behavior with Advanced Traveler I nformation

Advanced Traveler Information System (ATIS) makes use of a variety of
information and communication technologies to deliver to a wide range ofeirsavel
static or real-time information on traffic conditions, schedules, road and weathe
conditions, special events, tourist information, and so on. Providing travelers with
such information is generally acknowledged as enabling travelers to make bett
travel choice and support better use of transportation facilities. NowadaSsiATI
widely available and becoming more advance every year. Policy makerayn ma
countries have fairly high expectations of the potential effects of ATIS sawwic
altering traveler behaviors in ways that would reduce passenger tratisporta
externalities such as congestion, greenhouse gas emission, noise, etc. (e.g.
Commission of the European Communities, 2001; Dutch Department of Transport,
2002; UK Department of Transport, 2004). Not surprisingly there is a large body of
literature which has, over the last two decades or so, investigated trakieleaigoral
change under the ATIS service. Unfortunately, although ATIS does not ndgessari
exclude Real-time Transit Passenger Information System, only amekyrsmall
portion of the literature is concerning traveler behavior with real-timeitrans
information. Nevertheless, studies on traveler behavior under auto-orientedl@dTIS
provide with theoretical basis of and useful insights into that under transit-driente
ATIS. In this section, | will briefly review such topic by mainly drawingtbree
excellent review articles, i.e., Lappin and Bottom (2001), Chetras (2006a), and

Choruset al. (2006b). All of them have reviewed a large number of relevant studies
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from the past 20 years or so and provided complete pictures in regard with traveler
behavior with ATIS.

Relating to the general question of traveler behavior in the presence-of real
time traveler information, there involves a number of closely interrelated sub-
guestions (Lappin and Bottom, 2001):

e Need of information: what types of information would travelers want to
access?

e Use of information: what are determinants of ATIS use and information
acquisition?

e Response to information use: how would travelers respond to the information
they receive, at once and in iteration?

e Willingness-to-pay: how much would they be willing to pay to receive the
information?

Choruset al. (2006a) summarized some dominant theories on travelers’
decision on information use, including utility maximization (Von Neumann and
Morgenstern, 1947), satisficing (Simon, 1955), habit execution (Triandis, 1997), and
effort-accuracy trade-off (Payrm al, 1993, 1996). All the theories, according to
them, have in common that the use of information, being it for alternative generation
or assessment, can be framed as a cost-benefit decision.

Empirical findings related to ATIS use were reviewed by all works. A large
number of variables have been identified as determinants of ATIS use, including:

e Travelers’ socio-economic characteristics. For example, high tendency of

ATIS use was found among male, highly educated, high-income travelers
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(Petrella and Lappin, 2004), professionals (Emmeeird., 1996), groups

who appear to attach greater importance to making an accurate choicet(Hato
al., 1999), and travelers who have mobile phones (Polydorpoulou and Ben-
Akiva, 1998). Also distinct market segments were delineated among ATIS
users based on their personal traits, such as control seekers, web heads, and so
on (Mehndirattaet al, 1999).

Trip purpose and context. Commuter trips (Petrella and Lappin, 2004) and
especially business trips (Emmerigkal, 1996) seem to induce the search for
and use of ATIS, perhaps mainly because they are arrival time-sengitve t
Expected congestion or expected volatility in travel times (b, 1999),
traveling in peak hours (Peirce and Lappin, 2004), longer trips (Ehmga

2003), and bad weather during the trips (Polydoropoulou and Ben-Akiva,
1998) also increase the likelihood of ATIS use.

Existence and characteristics of travel alternatives. Travelersateseditch

for information regarding alternatives of which they are aware, refer ar ofte
use (Polak and Jones, 1993; Srinivisaal, 1999). Also, if the alternatives

are viable and promising for the trips to be made, information will be actively
searched for and acquired by travelers. In addition to travel time and costs,
information of seemingly less tangible characteristics of travelrgltives,

such as convenience, privacy and comfort, is of interest to travelers to acquire
for decision-making (e.g. Stexy al, 2001; Bo<et al, 2004; Steg, 2005)
Characteristics of ATIS service. The importance of information quality is

always emphasized. Specifically, reliability, timeliness and coverhtie
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information provided are keys to ATIS use (Polydoropoulou and Ben-Akiva,
1998). Also, if the information use entails high prices or difficulty, the
likelihood of ATIS service use is lower as the expected benefits of ATIS use

may be outweighed by the costs (Chagtial, 2006a).

Next to information acquisition or use, it is natural to ask an adjacent

guestion: how do travelers respond to such traveler information? Mainly based on

empirical studies, Lappin and Bottom (2001) made a relatively complete list of

potential responses to real-time traveler information at individual levelhwlaic be

classified into two categories: those involving trip-making context and those

involving trip-making itself. According to them, trip context responses to ATIS

include:

Reduce stress and anxiety (see Khagtakl, 1995; Lee and Douglass, 2000).
This is actually the only psychological response they have mentioned in the
review.

Affect non-travel activities at the trip endpoints. For instance, a Mitrétely s
(Shahet al, 2001) found that pre-trip ATIS use had reduced the number of
late arrivals by 62% and the total late schedule delays by 72%.

Adjust daily activity schedule. Reliable information on travel times anfictraf
conditions may allow people to eliminate some of the “slack” originally
needed in their scheduling decisions to reduce the risk of disruptions due to

worse-than-expected travel conditions.
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Adjust habitual trip-making behavior. For example, Uclatlal. (1994)

found that a VMS that provided predicted travel time information may
significantly affect traveler’s strategic response (i.e., the changdimeein
selection of their habitual route). However, the reluctance to change habitual
route is still strong, even when the VMS repeatedly showed it to be an inferior
alternative.

Adjust residence and/or employment location. A variety of changes brought
by ATIS could in a longer run lead people to reconsider their residential
and/or employment location choice. Through these kinds of effects, ATIS
could ultimately have an impact on urban form and structure (Hamerslag and
van Berkum, 1991). However, this kind of effect may not be noticeable with

current scale of ATIS.

Also the tactical trip-making or trip-specific responses to AJiS

Decision to travel or not. Information about sufficiently bad travel conditions
or alternatives could make travelers cancel their intended trips, paritycul
discretionary trips (Khatta&t al, 1999).

Choice of destination(s). A set of Internet-based stated preferencg save
used to investigate the effects of ATIS on shopping trip destination and route
choice (Kranret al, 2000; Mahmassaset al, 2003). They found that

switching destination and route was prominent when information on traffic

delays was presented.
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Departure time choice. Departure time choice may be influenced by pre-trip
ATIS use since the reduced travel time variability caused by real-time
information may change when travelers choose to leave origins. The
perceived accuracy of pre-trip information is important in determining
whether commuters take account of it in their decision-making, including
departure time choice (Khattek al, 1991).

Mode choice. Extremely unfavorable information about one mode, such as
unexpected delays, may force travelers to turn to other modes. And very
favorable information about one mode may, on the other hand, may induce
travelers to shift from intended mode to it. Polydoropoulou and Ben-Akiva
(1999) found a detectible effect of prescriptive recommendations to take
public transport on mode shift, especially in situations of unexpected delay on
roads predicted by ATIS.

Route choice. Perhaps driving route change is the effect that ATIS usetis mos
capable to generate (Khattakal, 1999). Considerable empirical evidence
has been found regarding driver route choice responses to ATIS information
(e.g., Khattalet al, 1995).

Incident diversion response. A special case of the route choice response
occurs when a driver becomes aware of an incident or disruption affecting
traffic conditions on the current route.

Driving behavior. For example, the warning messages of adverse road

conditions may reduce driving speed (Ng and Mannering, 2000).
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e Parking search and choice. Parking guidance and information (PGI) systems
inform drivers about the availability and locations of parking. Allen (1993)
has summarized four types of benefits of PGl systems, which may be

guantified in modeling traveler responses to such parking related information.

Not surprisingly, only few responses such as departure time choice, route
choice, have received certain amount of empirical research attention. Rxbealy
remained in the stage of conceptualization. Despite the number of publications in this
field, Lappin and Bottom (2001) concluded, the understanding of traveler responses
to ATIS is still in its initial stages. The current state of knowledge prowatibsst
general qualitative conclusions. Nevertheless, two important messagesoneeyed
from the above review: 1) dynamic real-time informatimesmake a difference in
travelers’ behaviors; and 2) Using appropriate methodology and data, the efffects
real-time information can be measured quantitatively.

It is commonly acknowledged that information will not change the objectively
measurable reality regarding travel alternatives, but rathet afteaveler’s
perception of this reality (e.g. BenkAkied al, 1991) and in turn travelers base their
travel choices, which include the traveler responses summarized above, on
perceptions of, or beliefs regarding, reality instead of on the reslkty {e.g. Recker
and Golob, 1976). Based on this theory, Chetus. (2006a) constructed two paths
along which perceptions can be updated with information provision and further

influence travel choices:
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“[...]firstly, information on travel possibilities may serve in the
process of generation of travel alternatives by updating a traveler's
perception of availability (i.e. awareness) of travel alternatives, or in other
words, his choice set. Secondly, information on travel costs may serve in the
process of assessing the travel alternatives a traveler is aware of by updating
his perception of characteristics of travel alternativ@shoruset al, 2006a,

p.137)

Based on these ideas, the following iterative decision scheme was presented
by them for a traveler’s acquisition of travel information (Figure 2.1)ailet
explanation of this scheme can be found in the article. Similar scheme can also be
found in early theoretical works (Ben-Akieda al, 1991). This scheme is a rather
good, generic framework for explaining the mechanism of information agguisit
and its effect on trip-specific choice making and execution. The trip-gpecifi
responses listed above can be substituted for the travel choice square in time, diagra
to represent conceptually how these responses take place with reaiftmeation

provision.
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Figure 2.1 Traveler Information acquisition and effect on travel choice in
iteration (Source: Chorus et al., 2006a)

Another literature review also by Choreisal. (2006b) focused on three types
of behavioral responses to ATIS that are expected to reduce passergpartran
externalities: 1) mode shift from private car to public transportation 2) Wepaime
change, and 3) route change. On a basis of the review on empirical evidences from
more than 15 years of studies, the authors have derived a number of generic,
integrative insights, includingit‘appears that our expectations with respect to the
effects of information provision on travel choices in general may be mildly optimist
particularly for behavioral changes not involving changes in mode-choice. In the
longer term, the effects of information provision, when presented to travelers in
suitable formats, are likely to be somewhat stronger than the short term effects, due to

learning dynamics$ (Choruset al, 2006b, p.354)
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A brief recap of these review articles, with a few hundred studies as bpgckdr
provides us with some sound theoretical basis and valuable insights for understanding
travel behavior under real-time transit information, a special subset & #gefvvice

essentially.

2.3 Traveler Behavior with Real-time Transit | nformation: Two approaches

Traveler’s behavior under auto-oriented ATIS has been studied for about two
decades with a body of abundant literature, as demonstrated by our review in previous
section. When it comes to real-time transit information, however, there exis onl
small number of studies to date.

Parallel to what are asked regarding travel behavior with ATIS, from the
traveler’s perspective, several interrelated questions concerninpliednaior with
real-time transit information have been asked by scholars: What kind of transit
information is useful and attractive to users? What determines trauedersf real-
time transit information? What is the value, measured by traveldlilsgness-to-
pay, of this kind of information? And how travelers would actually respond to real-
time transit information behaviorally and psychologically? Of particularést to
this dissertation is the last question. Previous studies addressing this quesben ca
classified into two categories — effectiveness evaluation study andingpsieldy —
in terms of their methodological approaches.

The first approach is the empirical evaluation of transit rider reactoresl-
time transit information systems. When a RTPIS is being deployed in rdd)| winar
agency is likely to conduct some evaluation study in order to evaluate the affécts

justify the investment. Typically both a before survey and an after sumeng

20



transit users were carried out by transit agencies to obtain information on individua
characteristics, use of and attitude toward transit service, and use ofitade at
toward real-time information. Based on such data, statistical comparisorfsref be
and-after aggregated indicators regarding effects of such systemsiarallge
performed to see whether these systems have effectively generatedesralele
outcomes.

For example, the landmark survey that measured people’s reactions to the
London Countdown system was reported by Swmithl. (1994). This survey covered
perhaps one of the most complete sets of issues related to real-time timioyma
including system reliability, bus service reliability, ergonomics, paggdmehavior at
stops, passenger perceptions and valuation of Countdown, and ridership and revenue
generation. Several frequently cited key findings are 1) video survey andemtef
passenger behavior at stops suggested much reduced stress; 2) the akceage pe
waiting time dropped from 11.9 minutes to 8.6 minutes; and 3) passenger valued
Countdown at an average of 31cents.

Two well-known examples in the U.S. are Transit Watch (TW) in Seattle,
Washington (Mehndirattet al, 2000), and Transit Tracker in Portland, Oregon
(Science Applications International Corporation, 2003). The agencies responsible for
these systems both carried out surveys to evaluate system effectivares$tii
important findings from the TW satisfaction evaluation survey was that althatgh T
and the improved information is perceived as a real benefit by its users, the disers di
not seem to think that it increased their overall satisfaction with the trapsitience.

Likewise, the Transit Tracker survey found no significant difference between
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satisfaction ratings before and after Transit Tracker was in ptazmult be
attributed to the fact that riders were already very satisfied béfergeployment of
Transit Tracker. In terms of ridership, the study found no changes in nighttime
ridership at the bus stops as a result of deploying Transit Tracker.

A recent study focused on psychological effects of real-time trawrahrr
information (Dziekan and Vermeulen, 2006). The authors collected a panel sample of
travelers (N=53) for before-and-after time points. They found the pectemait
time decreased by 20 percent, while no effects on perceived security and esese of
were identified.

An even more recent study was the evaluation of OneBusAway, a real-time
arrival information system operated by King County Metro in Seattle, Washing
(Ferriset al, 2010). The survey directly asked OneBusAway users to self-report how
they respond to the system. Relying on respondents’ self-reports, the studyashow
set of behavioral and psychological positive outcomes: strongly increased overall
satisfaction, decreased waiting time, increased transit trips per waelqsed
feeling of safety, and even a health benefit in terms of increased distalkeel Wi he
limitations of self-report bias and lack-of-control-group were actwattognized by
authors.

The advantages of this type of studies are that they collect data in real-world
environments and often look at both behavioral and psychological responses.
However, these practice-oriented evaluation studies rarely make a exygduiment-
like design or apply sophisticated modeling techniques to empirical data. Asta res

one could hardly infer the causal effects of real-time information on the behawiors
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perceptions because many confounding factors that influence the outcomesynmay ver
well exist.

The second approach is modeling study. Stated-preference survey or
simulation was often applied to model the effects of real-time informatioraositt
passengers at individual level. For example, two studies utilized statiedeorce
surveys to explore potential impacts of advanced transit information on mode
preference (Abdel-Atgt al, 1996; Abdel-Aty, 2001; Reed and Levine, 1997).
Travelers were asked how likely they would consider transit use when givaim ce
advanced transit information. Both studies found promising potential of advanced
transit information (real-time schedule information in second case) irasioggthe
preference for transit.

Another kind of rider behavior that was researched was passenger path choice
with real-time transit information. Hickman and Wilson (1995) developed one of the
first dynamic path choice frameworks that take into account information on bus
arrival at stops and its accuracy. It was assumed that the strategyesfgessgo
board a vehicle is to minimize total expected travel time, which can be informed to
passengers through real-time information. To evaluate path choices andrmavel t
benefits resulting from the information, the model was applied to a case study
corridor, using a computer simulation to model vehicle movement and passenger path
choice. The results suggest that real-time information yields only verystnode
improvement in passenger service measures such as the travel time ancbhléyari
of trip times, but significant changes in path assignments. Further they found

improving information accuracy has only a slight effect in improving travektime
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A recent study by Gentilet al. (2005) developed a general framework for
investigating passenger’s path choice in transit networks when online information
about carriers’ arrival times at stops are available. They assumquhisanger’s
ultimate objective is to minimize the total travel time. The numericahpi@afound
drastic differences in terms of proportions of passengers boarding slow and fast
common lines, while the differences on total travel times are less impypetant
relevant.

The study by Mishalaret al. (2000) is unique in that it took passenger utility
as the dependent variable. The utility is assumed to be a function of the difference
between the estimated waiting duration acquired by the passenger upog atribie
bus stop and the actual time that passenger waits for the bus. Then passeniger arriva
and transit bus operations were simulated as a stochastic system. astires
under different real-time information provision scenarios were computed based on
simulation. The problem of this study is the vague definition of utility and
unconvincing utility function. It is not clear as why utility was defined Oassely
on the consistency of predicted and actual waiting time.

A recent study by Choruet al. (2006c) first presented a theoretical model of
travel information use and effect by incorporating Bayesian updating ietyret+
based framework of travel choice, and used numerical simulation to model non-
habitual car drivers’ mode choice with presence of real-time trangrmiation. Their
results showed that even in the case where transit information is acquired, and the

message is favorable to transit, its impact on mode choices will be limited.nEhus t
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study suggested conservative estimates of the impact of transit ititormeovision
on modal shifts.

With generally sound theoretical frameworks and sophisticated modeling
techniques, these modeling studies have provided useful insights about how travelers
would respond to real-time transit information. The major weakness of this kind of
studies is that they used stated-preference and simulation methods rather than
revealed-preference data, which is likely due to the lack of real-word cdshis
emerging technology application. The stated-preference approach istehzea by
the hypothetical nature of the exercise. Respondents are placed in unfamiliar
situations in which complete information is not available. In reality, traveleuotd
not necessarily respond in the ways stated-preferences and simulations sugges
Therefore this approach suffers from an inherent lack of external valdity eeal-
life behavior is observed.

The literature has painted a somewhat mixed picture at best. On the one hand,
stated-preference and simulation studies generally found positive inffuehiczal-
time information on mode shift or other travel behavior. On the other hand, real-
world applications have not provided definitive evidence of increase in ridership due
to real-time transit information, although positive psychological responges we
usually detected. Therefore, the small volume of empirical research ¢cechjgalate

and the disparities among the findings point to the necessity for further study.

2.4 Psychology of Waiting with Real-time | nformation

Waiting is an important component of transit experience. For a typical transit

trip, 10-30% of travel time is spent waiting (VTPI, 2010). In transportation studies
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total transit trip time is often decomposed into in-vehicle time and out-of-edimod
(including walking time/access time and waiting time). As a major patebf-

vehicle time, passenger waiting time is found to be more onerous than in-vishécle
and often cited as one of the most important factors that influence choice df transi
modes (see Wardman (2004) for a review). However, waiting-time sdasingsonly

of great economic importance, but also existence of other costs of a psychological

nature associated with waiting should not be ignored.

2.4.1 Psychology of Waiting for Service

People regard time to be a valuable resource and actively consider time costs
during decision makings. Perceptions and attitudes of consumers waitingdiofe ar
great importance for service industries in which consumer waiting hgsificsint
impact on satisfaction and global evaluation of service quality (DurrandeaMarel
Usunier, 1999).

As noted by Katz, Larson, and Larson (1991), there are basically two ways for
a service provider to manage waiting. The first is to decrease the lactgial of wait
through operation management techniques (e.g., increase bus frequency in transit
setting). In addition, it has been argued that managing the psychological ecpefe
a customer’s waiting can reduce perceived waiting time and thus is as/eféec
reducing the wait time itself (Maister, 1985). A seminal article bisida(1985) has
theoretically proposed eight “propositions” of psychology of waiting lines. Taxem
propositions were incorporated later (Davis and Heineke, 1994; Jones and Peppiatt,
1996). Therefore, ten universally-recognized propositions on the psychology of

waiting are as follows:
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1) Unoccupied time feels longer

2) Pre-process/post-process waiting feel longer than in-process

3) Anxiety makes waiting seem longer

4) Uncertain waiting is longer than known, finite waiting

5) Unexplained waiting seems longer

6) Unfair waiting is longer than equitable waiting

7) People will wait longer for more valuable services

8) Waiting alone feels longer than in groups

9) Physically uncomfortable waiting feels longer

10) Waiting seems longer to new or occasional users

Building upon above conceptual propositions, researchers have identified a
number of individual and situational factors that influence people’s psychological
responses to waiting. For many years, scholars have examined the éffieetseo
situational factors empirically in order to provide implications for maniparadi
waiting psychology. Durrande-Moreau (1999) surveyed 18 empirical studies on a
comparative basis.

Prior studies (Taylor and Fullerton, 2000; Durrande-Moreau, 1999) have
identified three levels of outcome variables of waiting experience. Ttdduel is
perceived waiting timedefined as thecustomer’s perception of the length of time
over which the person is engaged in waiti(ifaylor and Fullerton, 2000, p.174).
The second level iaffective reactionso the wait, which is referred to as feelings and
emotions people have toward the wait. Stress, anxiety, irritation, frustrattbn, a

boredom are commonly mentioned concepts of affective reactions in the context of
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waiting for service. The third level is consumer’s evaluation of, or globafaetion
with, service quality provided. This service evaluation is often assessed as the
ultimate dependant variable of service waits. And empirical results subget is
less sensitive to wait experience because the wait is just one elentensefiice
delivery.

What is of great relevance to this dissertation is one of Maister’s ptiopssi
that “uncertain waiting feels longer than known wdi8ased upon this proposition,
it is often hypothesized that providing information about waiting length would
decrease the uncertainty, and thus generate positive effect on waitingreogerie
Theoretical discussions tend to favor this argument (Maister, 1985; Osuna, 1985;
Larson, 1987). For instance, Osuna (1985) developed a theoretical basis for gnalyzin
building up process of stress during the waiting period. The results gaveittadore
support to the providing “real-time” information to people in waiting situations,
particularly in the operation of public transportation systems.

But empirical evidence from a limited number of existing studies has been
mixed so far. For example, Ahmadi (1984) found that when informed of waiting
length, people tend to report shorter perceived waiting time for short waits of les
than 5 minutes. Hui and Tse (1996), however, found duration information provision
influenced perceived waiting time only in longer waits (15 minutes). &zt
(2991) in their field work in a bank found that providing wait time information
reduced perceived waiting time but did not affect stress levels and sadrsfaic
customers. Similar results were reported by later empirical studather settings

(Antonideset al, 2002; Groth and Gilliland, 2006). Hui and Zhou (1996) even found
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no effect of providing waiting duration information on perceived waiting time. And
according to them, the more favorable attitude toward service due to waititigmlura
information can be attributed to increased sense of control over wait and higher
acceptance level of wait.

Besides several laboratory experiments, most field experimentaneied
out in settings of post offices, shops, banks, hospitals, or telephone services. Very

little has been focused on psychologies of waiting for public transportation.

2.4.2 Passenger Actual and Perceived Waiting Time

As concerns the study of waiting time, there are two interrelated concepts
involved: actual waiting time and perceived waiting time. The definitions of two
concepts are as follows (Durrande-Moreau and Usunier, 1999).

e Actual waiting time: objective time individual spends in waits, based on
reality, as measured by clocks, watches, and chronometers.

e Perceived waiting time: subjective time individual experiences in wagggdba
on perceptions. Subjective time is often depicted as perceptual, flexible,
changeable, and elastic, susceptible to various factors.

In transportation field, objective time is of primary interest to resees el
practitioners, as time savings is one of the major economic incentives for
transportation policy and projects.

Passenger waiting times, in objective sense, depend on patterns of passenger
arrivals and bus arrivals at boarding stops. The latter is directly inflddrycthe

schedule.
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Traditional model suggests that expected passenger waiting time is ooé-half
the transit headway (Hall, 2001). This is based on the following assumptions: (a)
passengers arrive at stops randomly; (b) passengers get on the foletsvitait
come; and (c) the service is reliable, i.e. the vehicles arrive regulansn Bérvice
reliability is considered a problem, it is found that the average passengjagwaie
is expected to be longer. Therefore, when the third assumption is relaxedllthe we
known model was developed to estimate the expected waiting time shown as follows

(Mohring, et al, 1972):

(2.1)

Where

Wi s expected passenger waiting time,

h is mean headway between vehicles, and

& is variance of headway between vehicles.

Empirical results show that the first assumption (i.e. random distribution of
passenger arrivals at stops) holds true when headway is small (e.g., eangals
dominate below a short headway threshold between 5 and 10 min; Jolliffe and
Hutchinson, 1975). When headway becomes longer or transit service is more
infrequent, it is expected that some passengers might plan their aativiadsstops
according to timetables to reduce their waiting times. That is, passamnigals
would become less random as headway increases.

In this regard, it is generally theorized that passengers fall in two glasses
those who are aware of schedules and plan their arrivals (“aware” pas$eager

those who are not (“unaware” passengers) and arrive at random (Jolliffe and
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Hutchinson, 1975; Turnquist, 1978; Bowman and Turnquist, 1981). Empirical
evidences show that those aware passengers arrive by non-statioreangpaith
peak arrival rates a few minutes before scheduled vehicle departurestdmatng
their arrivals with timetables, “aware” passengers implicitlgi¢raff the risk of
missing their buses against the added time of allowing larger safetinmgtall,
2001).

There appears to be little research on how trip characteristics, passenger
demographics and stop environment are related to passenger arrivasgattern
waiting time at stops. Fan and Machemehl (2009) developed an OLS model
investigating the relationship between observed passenger waitingiihaesat of
explanatory variables including bus headway, service reliability, locatadfict
periods, gender, ethnicities, and access modes. Hall (2001) also built an OLS model
with reported waiting time as a function of a host of trip and rider chardid®ris
Their results show that, in addition to traditionally recognized determinants (i.e
service frequency and reliability), some of the trip and passenger aretact may
significantly influence passenger waiting time (either actual or regprsuch as
driving as access mode, need of arriving by a set time. In Hall’'s study, datgavbf
schedule has a highly significant and negative effect on reported waiting time,

meaning that “aware” passengers tend to experience shorter waitisg time

Literature of psychology has shown that, although highly dependent of each

other, actual time may not be readily translated into perceived timeénddsgists

have found a number of temporal and non-temporal variables that might account for
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the differences in time perception. Allan (1979), on the basis of a few early
experiments, has concluded that a linear function probably exists betweaugukerce
and subjective time. It has been consistently shown by empirical studidsethat t
function between subjective and objective time represents that the subject'saespons
is a simple linear transformation of perceived time. Other factors thatihagrced
perceived durations include non-temporal characteristics of actiatigstiie nature

of the activity, personal enjoyment from the activity), personal chaistats (e.g.

male vs. female), or spatial schemes (Hornik, 1984).

There exist a small number of studies that examine the correlation between
actual and perceived waiting times in the context of public transportation. Moreau
(1992) found that passengers overestimate the average waiting time (of 3.5)ninute
by 14%. The shorter people waited, the greater the overestimation of timg waie.
With 5-minute waiting time, the perceived waiting time is reported coyreanth
with up-to-15-minute waiting time, the perceived time is slightly undenestid.

The same pattern is reported in Van Hageal. (2007). Collecting a small-sized
sample from a stop (N=83), Mishalagtial. (2006) reported a 14.6% overestimation

of mean perceived waiting times (6.61 vs. 5.77 minutes).

2.4.3 Summary

Psychology of waiting for service is a subfield that has been explored for
many years. Theoretical discussions agree that providing informationvahiting
duration will decrease the perceived waiting time, positively influerfeetains of
waiting, and in turn increase customer’s overall satisfaction with servigariEah

investigations of this proposition give mixed information so far, suggesting that the
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aforesaid benefits of providing information of waiting duration may not occur or may
take place under certain conditions.

Public transportation is a kind of special service provided to the public by
transit agencies. Waiting for transit service constitutes a crucigiaoent of transit
trips. Transportation researchers and practitioners mostly concentiatydseon
actual waiting time as time savings in waiting are one of major benefitsnsiport
policies and projects. Thus they tend to neglect psychological aspects of faiting
transit service. When it comes to real-time transit passenger giomprovision,
using before-and-after indicators, many project evaluation studies have graaw
real-time transit vehicle arrival information may decrease permdewaiting times and
cast positive psychological effects on passengers (See Dziekan and &ib{2006
for a summary).

However, so far there exists little study that draws on psychological

framework to model impacts of transit information on passenger waityohp@iegy.

2.5 Chapter Summary

From above review of relevant literature, several knowledge gaps in
understanding traveler behavioral and psychological responses to reahtfisie tr
information can be identified as follows:

e Although there is a fairly large body of literature on traveler behavior with
ATIS, the real-time transit information, as a subset of ATIS service, and its
effects on travelers have only been studied with a limited number of studies.
And the research to date employed two types of approaches, either of which

has intrinsic weaknesses in inferring real and realistic causabnasliaips
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between travel decisions and real-time transit information. And a mixed
picture has been painted so far based on previous research on this topic.
Research using revealed-preference empirical data collected-manrdch
settings, valid research design, and sophisticated inference techniques is
needed so badly, if we want to deepen our understanding of such particular
guestion.

There is a lack of an integrative, comprehensive conceptual framework for
understanding such issue. Effects of real-time transit information were put
forward fragmentally. An integrative, comprehensive conceptual frankewor
linking real-time transit information with all major potential effects Ingic,
systematic way is needed as a basis for further investigations.
Psychological responses are largely neglected in the previous research
framework of traveler behavior with ATIS, probably with stress reduction as
an exception. However, when it comes to real-time transit information, its
potential psychological effects are not ignorable since travelemsss to
such information may of a psychological nature mostly. Also some of those
psychological effects were identified in practice-oriented systerluations,
psychological outcomes of real-time are hardly incorporated into the
framework as well as in scientific examination in the transportatiash fiel
Literature on psychology of waiting for service has provided some theoretical
basis and empirical evidences regarding psychological costs and outcomes of
providing real-time information to customers in waits. However, very little is

set in the context of public transportation.
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This dissertation aims at filling in some, if not all, of these gaps by 1)
proposing an integrative conceptual framework, 2) carefully designing researc
structure and collecting revealed preference data from a case-aforééeal-time
transit passenger information system; 3) modeling both behavioral and psycdhologic

responses to such information with sophisticated modeling techniques.
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Chapter 3: Conceptual Framework

3.1 Introduction

Potential traveler behavioral and psychological changes due to real-time
transit information were put forward and explored by a variety of studieadingl
but not limited to, modal shift (Abdel-Atgt al, 1996; Reed and Levin, 1997; Abdel-
Aty, 2001; Chorust al, 2006c), path choice (Hickman and Wilson, 1995; Geatile
al., 2005), increased transit trips (Feetsal, 2010), adjusted behavior such as
utilization of wait time and stop change (Nijkamipal,1996); reduced perceived
waiting time (Smithet al, 1994; Infopolis2, 1998; Dziekan and Vermeulen, 2006),
increased feeling of security (Infopolis2, 1998; Dziekan and Vermeulen, 2006),
increased ease-of-use (Stradling, 2002; Dziekan and Vermeulen, 2006), reduced
stress or anxiety (Schweiger, 2003; Sneitlal, 1994), increased customer
satisfaction (Mehndirattat al, 2000; Science Applications International Corporation,
2003).

However, effects of real-time transit information put forward by previous
research were fragmental at best, rather than under an integrative asigstem
framework. Dziekan and Kottenhoff (2007) tried to use a mind map to depict seven
possible main effects of at-stop real-time information displays (FigureThik)
mind-map format framework is insightful yet incompetent to systemigticapture
the relationships among real-time transit information and potential trdnett@viors

and psychology.
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Figure 3.1 Mind map on possible effects of at-stop real-time information displays
(Source: Dziekan and Kottenhoff, 2007)

This chapter is aimed at presenting a conceptual framework for understanding

and examining behavioral and psychological effects of real-time transiniation.

The organization of this chapter is as follows: the overarching conceptuahioakne

and hypotheses are presented in Section 2, followed by two sections elaborating

traveler trip-specific responses as well as general or cumutaspenses in details

respectively. Finally, section 4 summarizes this chapter.

3.2 Overarching Framework and Hypotheses

The conceptual framework contains the key factors, the variables and

presumed relationships amongst them (Miles and Huberman, 1994). The overarching

conceptual framework is presented in Figure 3.2.
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Figure 3.2 Overarching conceptual framework of traveler responses to real-time
transit information (Source: Author)

Let us suppose that some transit agency provides travelers with real-time

Traveler behavioral
responses

Traveler
psychological
response

Situational factors
- weather

- environment

- etc.

information about transit service (e.g real-time bus arrival information,daiis s

availability information) with intention to induce a change of travel-relatddhvioral

change in ways that are beneficial to the transportation system andtigeusiave

change in attitudes towards and perception of public transit service. In order for such

change to occur, first travelers must acquire the information and then the acquired

information must lead to the desirable behavioral and psychological outcomes.

Information acquisition/use is referred to as that information is sehfoher paid

attention to by travelers and processed by her. However, this dissertation, as

describe in Chapter 1, is only focused on the second stage of this process. That is, |

would like to examine the behavioral and psychological change as a result of acquired

real-time transit information, without accounting for the process of information

acquisition.
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Traveler responses to real-time transit information are classifietivoto
constructs — traveldrehavioralresponses and travelgsychologicakresponses. The
former refers to what travelers physically act upon real-time infeomathe latter
means the traveler’'s change in psychological outcomes (e.g., attindles a
perceptions) concerning transit trips and service due to real-tingt tirsformation.

It has been generally acknowledged by scholars and practitioners that, unlgke ATI
for drivers, a large portion of effects of real-time transit informatioresystre
considered to be more of a psychological nature (Dziekan and Vermeulen, 2006).
Bearing that in mind, many transit agencies paid particular attention togbsgical
benefits when they considered deploying the systems and many evaluation studie
tried to assess these psychological benefits. This dissertation joiesthedars and
practitioners by arguing that traveler's psychological responses should leevednc
as an indispensible component of traveler responses to real-time transit fidioyma
when it comes to considering and assessing effects of real-time traasshgar
information systems.

Further, each type of responses is divided into two categories in terms of the
response time frame. Real-time information directly influencesaitraser’s
behavioral decisions and psychological conditions around specific transit tgps he
she engages ifirip-specificbehavioralandpsychological response®smprise the
first category.

Given a much longer response time frame, with cumulative experienc@from
certain number of stand-alone journeys, traveler’s general travel bebhadigeneral

perceptions on transit service may adapt due to acquisition of real-time transi
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information. This is what | calieneral traveler responseshe general activity-travel
behaviors can be either a simple accumulation of deliberate trip-seafel
decisions or some change in habitual travel behaviors. For example, for gueay tr
traveler deliberately shifts the mode choice from intended private cantattr
because of favorable information. Her cumulative number of trips by trandi¢
increases accordingly. Alternatively, a few trials of transit unelgrtrme
information may make people aware of the attractiveness of transit, bredbatthei
travel habit (e.g., driving to work), and then build a new habit in favor of transit.

As for psychological responses, psychological literature suggests that the
choice of temporal reference period (i.e. response time frame) shallito@artant
consideration in assessing the psychological conditions (€ealy 2005). Details
about trip-specific and general responses will be elaborated in the fodldwd
sections.

The construct of real-time transit information has several major dimensions

1) Information content

Abdel-Aty (2001) has found that commuters seek several types of transit
information using a stated-preference survey, including information aboutiogera
hours, frequency of service, fare, transfers, seat availability, walkneg Many
types of such transit information are potentially able to be provided realgime t
transit users. The white paper on real-time transit information issueiiAy2002)
provides a summary of various types of real-time information that can be provided

such as (adapted from FTA (2002)):
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e Estimated arrival or departure times for, or “countdown” to, the next
vehicles,
e Vehicle locations,
e Service disruption/delay information,
e Seat availability for the next vehicles,
e General information on service area, fares, routes, and travel times,
¢ Information on transfers and other local/regional transportation services,
e Other real-time information, such as date, time, and weather, and
e Peripheral information, such as advertisements, security related
information and updates during terrorist/emergency events, and other
general events in the local area.
It is a fact that the first type of real-time information (i.e., prediceal-time
transit vehicle arrival times) is most often referred to when realitiamesit
information is mentioned and comprehended. And this dissertation does focus on this
type of advanced transit information. In spite of that, it is noteworthy that ttpes
of real-time information may also very much influence traveler’s chaide a
psychology. For instance, a recent study by Kiral. (2009) has shown that real-
time seat availability information does have an effect on passenger ofhaideis.
2) Place of information
Thanks to the advancement of modern information and communication
technologies, real-time transit information can be disseminated via ty\afriaedia.
The white paper by FTA (2002) has summarized those interactive or non-imgeract

media including Internet, Dynamic Message Signs (DMS), Interactive vesponse
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(IVR) via telephone, video monitors, interactive/non-interactive kiosks, PDAs,
Wireless Application Protocol (WAP)-enabled mobile telephones, cable televis
and Short Message Service (SMS). Peng and Jan (1999) assessed some of the means
of advance transit information delivery. And a recent stated-prefereneeatese
(Caulfield and O'Mahony, 2009) shows that providing real-time transit information
via a mobile phone short message service (SMS) can give riders very high utili
However, it is believed by the author that, what matters most to use and effect
or real-time transit information is where such information is disseminatetedia
and acquired by travelers, rather than the dissemination media per se. &heofari
media for information dissemination offers high flexibility of place of infation
use. Two fundamentally different types of information acquisition plaegsre-trip
information acquisition andn-routeinformation acquisition (e.g. access, at-stop,
onboard, and at-transfer-point information acquisition). Specifically, tnevess
search for pre-trip information to update perceptions and make pre-trip travedschoic
(such as mode, path, departure time); or they can acquire information in theafourse
trip, and thus modify their behaviors and psychology accordingly. Of course, one can
argue that post-trip information acquisition is also possible. But generallgiisgea
the use and effects of such post-trip information are marginal.
3) Cost of information
The literature generally states that there is among travelers\willovgness-
to-pay for information provided via ATIS service (e.g. Khatakl, 2003),
especially for transit information among passengers (Molin and Chorus, 2004), as

transit riders mostly feel they have already paid for such informayiguizhasing
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tickets. In addition to monetary costs of information, searching for or @ogjuir
information may also entail other costs depending on the ease-of-use ailaltyes
of the system, such as time costs and psychological costs associated withtiofor
acquisition and comprehension. Those monetary and non-monetary costs of real-time
transit information are expected to not only determine whether informatiomis @
be used, but also affect traveler’s choice and perceptions of transit semiaesadft
it.

4) Information quality

Almost every study on ATIS stresses the importance of information quality.
Accuracy, reliability, timeliness and coverage of the information are cgetes the
key to ATIS use and traveler’s responses. A DOT’s white paper on data quality in
ATIS applications (Ahret al, 2008) defines six measures: accuracy, completeness,
validity, timeliness, coverage, and accessibility. The accuracy ofimeal-
information is always one of the top concerns for ATIS service. For example
stated-preference study (Fox and Boehm-Davis, 1998) showed that 40 percent
accuracy of traffic information would not support user trust and compliance, but that
60 percent accuracy probably would. The white paper @fah, 2008) also
recommends only 107% error range for travel time estimation in terms of prediction
accuracy. The distinction between accuracy and another seemingby simadsure,
accessibility, was given by Schweiger (2003): accuracy refers tiherha not the
information presented is correct, and reliability refers to whether or not the

information is presented consistently (e.g., updated on a regular basis to g timel
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The key to accurate predictions of real-time transit vehicle arrivaktis
two-fold: the prediction algorithm or model, and the data that are used as input to the
algorithm (Schweiger, 2003). The bus arrival time prediction models have been
generally based on historical arrival time patterns and/or other exphkamat@bles
correlated with the arrival time, including historical arrival time (ovetaime),
schedule adherence, weather condition, time-of-day, day-of-week, dwedrisne
road-network condition (e.g. Lin and Zeng, 1999; Shalaby and Farhan, 2004).
Accuracy of real-time transit information is more of an issue for bus tharafor t
because of the higher complexity and dynamics of road conditions.

Parallel to findings in the field of traffic-related ATIS, | would like to
hypothesize that quality of real-time transit information is also a kegveltr

behavior and psychology under such system.

Other factors that influence traveler behaviors and psychologiekaasdied
into two categories: individual factors and situational factors. Individuaraoefer
to individual or household socio-economic characteristics, such as age, income, car
ownership, etc. Situational factors are those that are not able to be controlled by
individuals, including travel time and cost, weather, built environment, and so on.
The causal links among constructs are illustrated as well in the diagram. Note
that traveler behavior and psychology are causally interrelatecheGime hand, it is
well documented that travelers’ perceptions of environment is actually in ¢tlademi
between the object, measurable environment and the actual travel choices éEhorus

al., 2006a). On the other hand, travelers’ behavioral adjustment will also directly
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change their psychology on travel and travel service. These interackernsdae in
iterations, as illustrated in Figure 2.1.

Based on above framework, two general hypotheses are proposed:

H1: Travelers will modify their travel behavior according to high-qualigJ-re
time transit information use in ways that their travel becomes more
efficient and in favor of public transit in general.

H2: High-quality real-time transit information will positively affect

passengers’ psychology on public transit.

3.3 Trip-specific Responses to Real-time Transit | nformation

3.3.1 Trip-specific Behavioral Responses

This sub-section presents a behavioral framework for a transit trip untler rea
time transit information provision. Passenger’s dynamic travel behaoocerning a
specific transit trip with real-time transit information acquisitioas be represented
by a hierarchy of pre-trip and en-route choices as illustrated in Rglur&imilar
framework for dynamic driver behavior under real-time driver inforomeglystem
can be found in Ben-Akivat al.(1991). As a basis of proposed behavioral
framework, | adopt the generic framework by Chaerual. (2006a) for traveler's

decision process.
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Figure 3.3 Traveler Information acquisition andexff on travel choice in iteration
(Source: Chorus et al., 2006a)

In this framework, a transit trip (either repetitive or non-repetjtis
separated into two phases, namely a pre-trip phase and an en-route phaige. Pre-tr
information acquisition updates the perceptions of alternatives regarditrapbe/a
paths, stops, and departure times. Based on the updated perceptions, passengers make
up the choices of intended path, stop and departure time. Note that alternatives among
paths or stops may not be always available. When there is a transit network wit
common linegacing a passenger, she may choose between lines with different arrival
times and travel times. With pre-trip real-time carrier arrivadnmiation, one may
choose the express line even the bus comes after the slow one. Also, with more than
one transit stops available for a passenger to access, she may choose the one wi

more desirable environment (e.g., more sheltered, lightning) even if ithefdirom
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where she begins the trip, because she acquires and processes thereal-tim
information and is sure that there is no risk missing the coming bus. Be awdhethat
passenger may choose the slow bus or undesirable stop if the real-time arrival
information is unfavorable to the express line or desirable stop.

After the passenger reaches the intended stop, she can acquire the atstop re
time information to update her perceptions for the first time (is she did not acquire
pre-trip information) or again (if she did acquire pre-trip information). Naethis
at-stop information acquisition can take place any time between the afrihal
passenger and the vehicle, and can take place multiple times. For examplepNijkam
et al, (1996) found from the case of the STOPWATCH in Southampton, UK, that
more than 50% passengers looked at the at-stop electronic information several time
In this sense, the perceptions of travel choice sets may be updated more than one
time. On a basis of the updates of perceptions of alternatives, a series e$ @neito
be made by the traveler:

(1) Trip quitting or modal shift The traveler may forgo the trip (especially when
this trip is not mandatory) or turn to another mode when she is aware of a long
wait time from the real-time information acquisition. For instance, Nijkamp
al. (1996) report that in case of a long wait time as indicated by the at-stop
displays, of the people who leave the stop, about 39% walked all the way, and
7% hailed a taxi/lift. In either way, the transit trip is put in an end.

(2) Stop changeFacing the long wait as suggested by the real-time information,
if the passenger chooses to continue the trip with transit mode, she can make

another decision to tackle the long wait — walking to a different stop. Again in
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the case of STOPWATCH, Nijkangt al. (1996) report that of those who

leave the stop, 30% walked to another stop. Also in a stated-preference survey
(Ferriset al, 2010), 78% respondents reported they were more likely to walk

to a different stop, of whom about 70% would like to walk to a different route,
50% further down the route, and 25% back up the route. Passengers make this
stop change decision for various reasons. The most prominent one is
obviously to turn to a presumably faster route in order to reduce the waiting
time and total travel time. If the real-time information for alternatorees is
acquired at the stop and it turns out to be favorable (e.g. much less waiting
time), it makes more sense to turn to that route by walking to other stop. Other
reasons for walking to a different stop are 1) choosing a stop with desirable
environment (e.g., with shelters, lights, seats) to address some concerns (e.g.
comfort, safety); 2) walking backward the route to beat the waiting crowd and
increase a chance of getting a seat in bus; 3) walking downward the route for
exercise or just for occupying the waiting time. Mathematicians heekettr
compute some mathematically optimal “bus waiting strategy” (e.g. Saniee
1987; Cheret al, 2008). However, with real-time arrival information, waiting
strategy may be even more truly optimal.

(3) Diversionary activities around stof his is another choice a passenger can
make to cope with a long wait. When a passenger is aware of the bus arrival
time, she may leave the stop to undertake various activities nearby and return
when the bus is due (Science Applications International Corporation, 2003).

In the case of STOPWATCH, around 20% of those who leave stop walked to
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a shop or bank nearby (Nijkanepal, 1996). A variation of this behavior

would be that if the passenger acquires bus arrival time via other media (e.g.,
phone, SMS, WAP website) on her way to the stop and is aware of the long
wait, she can drop by some shops or banks before arriving at the stop.

(4) Path choiceThere are two scenarios when a passenger may divert from her
intended transit path. First, as discussed above, long wait time suggested by
real-time information induces the passenger to walk to another route with
faster speed or less waiting time. Second, when there are two common lines —
an express line and a slow line, the passenger is often faced with the problem
of choosing between either to board the arriving slow bus or to wait for a
express one. If with real-time information system the passenger khatuhe
express bus is only 1-2 minute after the slow bus, chances are that the
passenger will skip the slow bus coming first to wait for the express bus, in
order to minimize the total travel time. This scenario has actually been
simulated by Hickman and Wilson (1995) and Gemtilal, (2005). Both
frameworks hold the assumption that a passenger’s strategy is to minimize her
total travel time. Drastic differences of the passenger loads on sxgmés

slow lines were found.
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Figure 3.4 Trip-specific travel behaviors with re@he transit information (Source: Author)

The dynamic nature and complexity of these en-route travel behaviors under
real-time information is noteworthy. As mentioned above, multiple information
acquisitions and perception updates are possible. Thus at any point before the
passenger boards a vehicle, she can always go through the process of acquiring

information, updating perceptions, and making and executing any of these choices,
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again and again. In addition, these choices are arranged in the framework with a
plausible, logical sequence. However, one can argue that these decisionsgare bein
made simultaneously and some of the choices are even alternatives to eadfoothe
instance, in face of an expected long wait for the intended bus, the followingdecisi
tree is possible for the passenger (Figure 3.5). Another note relatedyentral
hypothesi