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Abstract

The past decades have seen an increased interdst irole of information as a tool to
alleviate congestion. However, because the relghipnbetween travelers’ behavior and
information provision is not clear yet, the need moore experiments has been claimed in
literature. From May 8, 2011 to July 1%, 2011 a revealed route choice experiment was
conducted in The Netherlands. With the aid of GB@aks and travel diaries, the experiment
consisted of investigating the behavior of 32 corersuwith similar origins and destinations
in reaction to different sources and conditionsndérmation provision. In addition, the real
traffic condition during the period of the experimés known, thus allowing us to know the
traffic conditions on alternative routes.

This paper presents the setup of this unique redeateference (RP) study of route choice
behavior of car travelers driving in a congestetivoek and a comprehensive descriptive
analysis of the data set(s). To our knowledge @dystun route choice behavior under provision
of real time information in which GPS traces, tlasharies, interviews and traffic conditions

in a real congested network is available has notbgen shown in the literature. The

descriptive analyses presented in this paper focuperception of route reliability, use of

information and adaptive behavior. They are caroatlby means of comparisons between
GPS traces and traffic conditions in the networthviiavel diaries and interviews.

1



Descriptive analysis of the data set combiningdifferent data sources suggest that travelers’
perception of the routes’ characteristics is biagedavor of the preferred routes, i.e.,
preferred routes are usually considered to belielihen in reality they are among the most
unreliable; travelers, commuters in particular, i tend to use information to plan better
departure times but instead use it to anticipatpeetations regarding traffic conditions.
Besides this, habit appears to have a very strofigence on travelers’ behavior and even
after experiencing long delays they are willingstizk to their preferred routes.
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1. Introduction

Understanding and predicting travel behavior aret md the main challenges
addressed by transportation researchers in ordelevelop reliable transportation
models to help policy makers taking decisions. Tiieeature has provided evidence
that the route choice process is considered to ke momplex and dynamic than
other travel related decisions such as travel m{Ben-Akiva et al., 1991,
Polydoropoulou et al., 1994)his is due to factors such as the topology of the
network that may lead travelers to consider a neorete set of alternatives (as the
number of alternative paths may be infinite) (C#sce2002) and the number of
alternatives considered by each traveler depenaliingharacteristics such as habits,
previous experiences and the learning process (Bo#yStern, 1990; Bogers, 2009).

Although each traveler makes its own route chdiois, decision directly affects the
level of congestion of the network and consequedttliyravelers in the congested part
of the network at a given time. The growth in mibpiland increased level of
uncertainty regarding travel times and congesti@itepns also increases the
complexity of route choice decisions. This is begathe uncertainty associated to
travel times in the transportation network makewaty difficult to predict the
duration of a trip, the best time to start a tripewen whether it is still feasible to
leave home to engage in an activity in time withibxt aid of information.

The potential of information to influence traveldrehavior and consequently to steer
them to less congested routes has led to an iredteagerest in the role of
information to support travelers in their route ideotasks and to help alleviate
congestion (Bogers, 2009; Arnott et al., 1991; DeBoémont and Petiot, 2003;
Avineri, 2006; Chorus et al., 2008). However, wiormation is provided travelers
have to decide whether to comply and the complefitthe decision increases when
travelers aim to adjust expectations based on theiged information (e.g. travel
time, queue length). The quality of informatiorthen crucial to travelers’ confidence
and compliance. Inconsistent information, i.e., motaccordance with the current
traffic situation, may lead to an overreaction lo¢ tsystem if a large proportion of
travelers responds or may become useless if tn@veécide not to comply with it at
all. Consequently, for a proper understanding afeters’ behavior, it is fundamental
to take into account the relationship between behain particular route choice
behavior, and information (types and reliability).

The available sources of traffic information areitguextensive and vary from
non-personalized public information, to semi-peedmed public information and
finally to personalized real time traffic informati. Non-personalized traffic
information usually refer to general traffic conalits in the network and information
regarding major congested areas are reported @casp of the interest of the traveler.
This type of information is wusually provided via dia or television.
Semi-personalized public information, on the othand, relate to major highways
between a specific origin and destination pairniérest of the traveler. This is the
type of information usually displayed in the VatmalMessage Signs (VMS) panels
next/above roads or provided by websites specthlizéraffic information provision,
Finally, personalized real time traffic informatipnovides the current traffic situation
(travel times, delays, length of the queues) ndy about the highways but also on



local roads of interest for a specific origin arestination.

Understanding how travelers react to these diftessrurces of information and

whether provision of (more) information is benedicito the network conditions

requires further investigation. Travelers confrant@th too much information may

become oversaturated and may show some difficultiggocess information leading
to the development of simple heuristics to solve ghuation. Besides this, travelers
may overreact to the information and thereby caacdditional fluctuations to the

traffic in the network and as a result, insteadsolving congestion, provision of

information would possibly lead to even more cotiges Thus, travelers’ behavior

also has to be incorporated in traffic forecastdtén et al., 2007).

A number of experiments regarding travelers’ reactio information has been
reported in the literature, but they are limiteckither stated preferences (SP) surveys
in which travelers are asked which route to chapgen a specific context and type
of information (De Palma and Picard, 2005; Zhanglgt2010) or interactive route
choice experiments in simulation environments inclwhsimilar to a game, travelers
make consecutive route choices and their behawviwards risk and different types
and quality of information is investigated (Cherdd#ahmassani, 1993, Chen et al.,
1999; Koutsopoulos et al.,, 1994, Selten et al.,72@en-Elia and Shiftan, 2010;
Bogers, 2009). The interest in SP experiments,udic travel simulators, has
enormously increased because they are cheapewr, altwe flexibility of scenarios
and are efficient. This type of experiments, howgewswe subject to the usual
drawbacks of using SP data, i.e. their externadlitgl

Several revealed preference (RP) datasets havebako used in the literature to
analyze route choice. These are either surveyshiohi(i) travelers report their past
route choices which, however, are often hardlyteeldo an actual network in terms
of alternatives and traffic conditions (Mahmassatmal., 1993; Rose et al., 2008), (ii)
based on GPS data in which little or nothing iswwn@about information access, trip
purposes, etc. (Frejinger and Bierlaire, 2007; IBisx et al., 2010), comparisons
between planned and observed routes using GPSh@Rapt al., 2009), route choice
behavior of cyclist (Menghini et al., 2010) or Xicombined field experiments with
SP surveys to investigate behavioral responses th@dwillingness to pay for
information (e.g., Zhang and Levinson, 2008), inickh however, little is known
about the traffic condition in the network. Besidksse limitations, most RP studies
only use cross sectional data, i.e., one choicerghson for each individual, because
collecting RP data with repeated observationstfersame group of people requires a
strong commitment of the respondents and a longgr ebllection period (Axhausen
et al., 2002). As a result, the type of RP data blas been usually collected are of
limited use for the assessment of behavioral cheoger time.

This paper presents the setup and a comprehensserigtive analysis of the
revealed preference route choice experiment coaduntThe Netherlands from May
o™ 2011 to July 12, 2011 with 32 commuters with similar origin andstieation.
The participants were subjected to different sauraed conditions of information
provision and GPS traces, travel diaries and indersy were used to investigate their
behavior. Moreover, the traffic condition in thetwerk during the period of the
experiment is known. For the analysis presentatlisipaper we are considering the
valid trips for which travel diaries were also dll in and this resulted in 897 valid
GPS traces and travel diaries from which around @fdr to trips made before
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provision of personalized traffic information ang3sotherwise.

The uniqueness of this research does not lie ougkeof GPS traces to investigate
route choice behavior under provision traffic imf@tion, but on the fact that on the
top of that travel diaries were filled in for eatip and the traffic situation in the
network during the period of the experiment is knowVe acknowledge the
limitations of our research with respect to the glkensize of 32 participants. The 9
weeks duration of the experiment, however, makpsssible to investigate the effect
of information over time and the consequent behalichanges. To our knowledge
such type of experiment combining GPS traces, trdiagies and in which the traffic
situation in a real congested network is knownr@seen shown in the literature.

The next section introduces the setup of the ewpari focusing on the
characteristics of the experiment, GPS devices asddransportation network. Then,
in Section 3, a descriptive analysis of the dataveéh respect to travelers’ (i)
perception of route reliability, (i) use of traffiinformation and (iii) adaptive
behavior are presented. Finally, conclusions amd steps are discussed in Section 4.

2. Route choice experimental design and set-up

The main objective of the conducted RP experimgnb iinvestigate travelers’ route
choice behavior under information provision in artie assess (i) whether travelers
actively look for information or are passive reaeptof information, (i) whether
travelers comply with information and in particulander which conditions they
comply the most and (iii) if and how provision ohtel information influences
travelers’ behavior. Combining GPS traces and traNaries allows investigating
travelers’ reaction to information and to compdre tharacteristics of the trip made
with travelers’ perceptions as well as their exagohs about the next trip.

Participants were selected among staff and studehtthe Delft University of
Technology (44% women and 56% men). The amounaudigipants was constrained
by the amount of GPS devices available (40) antdngiless of people to join a RP
experiment of long duration. The age of the pgrtiois ranged from 23 to 60 years
old among which 41% were between 35 and 45 yedrsTbleir commute frequencies
varied between 2 and 5 days/week, with the majafityavelers, 61%, commuting 5
days/week.

The preparations for the data collection consistiedquipping the participants with

GPS devices and with a personalized tool of infaimnaprovision to be used during
their commute trips to and from work. In additig@yticipants were introduced to the
travel diary that basically consisted of questiaetated to reaction to traffic

information, perceptions about the trip made angeetations towards the next trip.
At this occasion participants were also askedltthie travel diary in after each trip.

In order to achieve the proposed objective it wasessary to properly design the
experiment, which involved decisions with respeot its characteristics and
motivation behind the chosen set-up, GPS devicddransportation network. These
aspects are respectively discussed in section22.5nd 2.3.



2.1 Characteristics of the experiment

The following aspects concerning the charactesspicthe experiment are discussed
in this section: (i) target group and origin-deation (OD) pair investigated, i.e., the
group of travelers that would (in theory) bendfi¢ tmost from information provision
and whether to focus on general or specific ODspé&ir) subjective route choice set,
i.e., routes known and considered feasible by thetigipants, (iii) types of
information, i.e., sources and timing of informatiprovision and (iv) characteristics
of the travel diary, i.e., questions asked to itigese travelers’ reaction to
information, perceptions and expectations.

2.1.1 Target group and OD pair investigated

Commuters were chosen to be investigated becausec#tegory of travelers
corresponds to the largest share of drivers dypeak hours, thus in highly congested
period. This is the type of situation in which pidgn of information would
potentially help alleviate congestion the mostatidition, (in theory) travelers are
already familiar with the characteristics of théemlative routes, thus better able to
judge the added value of complying with the infotioa or following own
experience/ stick to intended routes.

According to the database of the Dutch institute nebbility research MON
(Mobiliteitsonderzoek Nederland) of 2008 there wabeut 2 million car commuters
in the Netherlands, of which 60% live within 19 kdmstance from work, 24%
between 19 and 40 km and 16% over 40 km (Dutch Mi@fdbase, 2008). In order to
have a representative OD pair, thus making the eeh@genario correspond to the
largest share of commuters driving in peak hourshan Netherlands (and thus the
added value of providing traffic information), weavwe decided that the distance
between the OD pair should be within 20 km. Dravibat this relatively short
distance is that in the Netherlands many commutsesthe bicycle, thus the limited
amount of participants who joined our experimengsiies this, because this this
research is part of a program focusing on the $hadidity of the Randstad, the area
investigated should be in the Randstad. The Radidstie region in the Netherlands
with the highest likelihood of occurrence of congas (Randstad-Wikipedia).

In addition, as we are interested in investigatiayelers’ route choice behavior in
relation to information provision, it was decidédwt the OD pair investigated should
be connected by at least three comparable anchdistiternative routes. This is
because we believe that in general travelers harefarred route which is likely to
be the one chosen the most when no informatiomasigied. Thus, the potential of
information to influence travelers to their leastfprred routes (that, however, are as
feasible as the most preferred route) would be ncéalger with at least three routes.
By comparable we mean that the alternative routesild have approximately the
same length (otherwise the routes may not be seahlianatives) and by distinct that
they should have different characteristics, thuslormgng to different
classes/categories of roads, i.e. motorways, loeals, etc.

Another decision concerned whether to investigatger choice behavior in general,
thus not focusing on a specific OD pair, or whett@rinvestigate route choice
behavior for a specific OD pair. Important factenfluencing this decision were
requirements concerning the existence of comparatdenative routes between the

6



OD pair, the level of familiarity with the routesom the point of view of the analyst,
similarity of trip purposes, the availability of tdaregarding the traffic condition in
the network, the choice set definition, the (pasisyof) generalization of the results
to bigger and/or more complex networks and theneasi to gather participants to
join the experiment.

Advantages of choosing general OD pairs are thagrgdization of results is easier as
different routes’ characteristics and travel dist could be investigated and the
process of selecting participants would be lessicdse. However, the need to get
further data with respect to the traffic situatitime need to ensure similarity of trip
purposes, the identification of the route choicé aed existence of comparable
alternative routes (that are “real” alternative®) large disadvantages. This is because
the level of complexity and workload associatethtese tasks would be substantially
higher depending on the amount of OD pairs. Onother hand, choosing a specific
OD pair would lead to rather similar travel purppd®esides the advantages of an
easier definition of the choice set, of enablingigher degree of familiarity of the
analyst with the route choice set, thus allowinge#ter understanding of travelers’
behavior under specific conditions, and moreoveitifates the collection of the extra
data required (traffic conditions).

Given the abovementioned requirements and in adacilitate the selection of
participants, contact them whenever needed andtiogi requirements (collect GPS
and solve problems during the data collection), @inéne locations was chosen to be
Delft, where the great majority of this researchbesng conducted and the other
location was chosen to be The Hague. This apprabaWs us to partially generalize
the results, get familiar with the network and las participants work in Delft, this
approach also helps ensure similarity in trip psgso The city centers of Delft and
The Hague are situated approximately 16 km apaweker, depending on the exact
home location of the participants, this distanceega(Figure 1). The reader has to
have in mind that strictly speaking we investigatere than one OD pair as not all
participants live in the same location (althoughvadrk in the Delft University of
Technology). As a result, we have similar OD zotied result in the same set of
(alternative) routes.

2.1.2 Subjective route choice set

At the beginning of the experiment the participantye asked about their known

alternative routes from home (in The Hague) to wankDelft) and based on that we

derived a subjective route choice set coveringcti@ce sets of all participants, i.e.,

routes known and considered feasible by the ppants. We opted not to focus on
the path itself, i.e., on the sequence of linkg, dwu the existent main alternative

routes because despite of the existence of a grgaber of paths to go from a

specific origin to a specific destination we hypesize that the route choice behavior
is primarily based on the main alternative rouEg®em now on, when we refer to the
set of main alternative routes that was defineatbam the input of the participants,

the termmain route(swill be used.

The choice set as communicated by the participasiteell as the location of their
homes is depicted in Figure 1. Blue dots indichte lbcations of the homes of the
participants and the Delft University of TechnologyU Delft - is indicated with the

yellow drawing pin. It is possible to observe instfigure the existence of 5 main
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roads in the Delft area and 5 in The Hague areaorfgnthese, the “A” routes (in red)
are motorways, “N” (in blue) is a national road {erms of speeds it is sort of a
provincial highway) and the others, “L” (in yellongre main local roads.

o\Veorbung

0 - . Google earth X

igu 1: Subjective route choice set betweenFigure 2: C_odipg of themain' routeshased
Delft and The Hague and participants’ homeson the subjective route choice set.

Travelers were also asked to rank their knomain routesn terms of preference and
indicate, among those, the fastest, the most fel@hd the most unpredictable route.
Notion of route reliability was introduced to tharficipants as routes in which the
travel times are usually about the same magnitadeaa such they would know what
to expect in terms of travel times when choosing thute irrespective of how fast
the route is. Some participants live just in théskuts of Delft and some further in
The Hague. As a result, for the participants livingDelft we have one subjective
choice set (CS 1) composed from routes 1 to 5 @ift[drea) and for the other we
have another subjective choice set (CS2) compogexhé route in Delft (1 to 5) and
one in The Hague (4 to 8). Thus, the routes befanty CS 2 are in the range 14 to
58 (Figure 2). This way, for instance, choosingteoli in Delft and 4 in The Hague,
would result inmain routel4; choosing route 1 in Delft and 5 in The Hagueuld
result inmain routel5 and so on. The total amountroéin routesin CS 2 is 17 as
not all possible road combinations were considévde “real” alternative routes.

2.1.3 Information provision

Travelers were split in two groups of informatioroysion. Group 1 consisted of
20% of the travelers who did not receive any peBped information. As any
traveler, however, they were allowed to check exist(public) sources of traffic
information, such as existing websites, radio, VM, Indeed, depriving travelers to
check public sources of information would not beatordance to reality and would
require change of habits of listening to the radiatching television and consciously
ignore existent VMS panels. Although information swavailable, as it was not
personalized and required travelers to activelyckhibese sources, we consider it as
no info. Group 1 is denominated @sn-informed travelers



Group 2 consisted of the remaining 80% of the fergewho were subjected to two
treatments regarding information provision: (i)info treatment that corresponded to
the initial three weeks of data collection and veatkas a reference period and (i)
info treatment that lasted for the subsequent seks in which travelers received
personalized real time traffic information via ToomT navigation devices of the type
Via LIVE 120 — Europe, from now TomTom. Group 2dsnominated asformed
travelers

The separation of travelers intaformedand non-informedtravelers had two main
objectives: (i) to investigate whether being pdran experiment would change the
behavior of non-informed participants with time ginylwhether behavioral changes
could be observed by comparimgormedandnon-informedtravelers. Nevertheless,
as the experiment focused orformedtravelers, there was a predominance of this
type of travelers. Table 1 summarizes the numbeadicipants under each condition
of information provision.

Table 1: Conditions of Information Provision

Treatment
Period Noinfo Info
(or public info sources) (freeinfo sources + TomTom)
Initial 3 weeks 100% (32 participants) 0% (0 participants)
Last 6 weeks 20% (6 participants) 80% (26 participants)

Depending on the moment information was providéter@ént sources were available.
For pre-route information, travelers could chedttioatelevision, websites, TomTom,
etc. For en-route information, radio, VMS and Tommlovere available. This
approach allows comparing the potential of diffétgpes and sources of information
as well as how both prescriptive information (vi@mnmiTom) and descriptive
information (via VMS) influence travelers.

The personalized real time traffic information po®md via TomTom consists of a
recommendation regarding the fastest route betweigmn and destination and the
estimated arrival time and delay (in relation teefiflow travel time) considering the
indicated departure time. In addition, it is alsmsgible to plan the departure time
based on the traffic situation and to compare tlavet times on the actual
recommended route with an alternative route (FigQ)réAs a result, we consider that
the participants were equipped with a proper tdolnformation provision which
would potentially help them choose the best roated(departure time) between
origin and destination.

£ Alternative rou! .
0:30 hrs, 7.4 mi

il Traffic on route
il No traffic on route

Departure:
(today)
Speed cameras

2 fixed on route

Weather at destination

% Incl 3 min delay

A
8:45am
v

. | Previous route
Arrival: 9:10am 0:24 hrs, 10.4 mi »

0:25 hrs, 10.4 mi
fg Indl. 2 min delay

vvvvvvvv

| Details | Change route

Figure 3: Example of fhe type of traffic information povbtlbyTomTom.
Use of information wasot imposed to the participants. Instead, at the méggnof

the experiment, they were instructed to check itrafiformation whenever they
wanted. In other words, they were instructed to enidteir trip related decisions, i.e.
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route choice, departure time and use of informatiba way they wanted to as in a
regular trip. No change in behavior, besides uigGPS device and filling in the

travel diaries, was imposed to the participantsndN@f the participants owned
TomTom devices before the experiment, thus theyevimtiroduced to it during the

experiment.

2.1.4 Travel diary and interviews

We consider the use of travel diaries the most@ppate way to get deeper insight
into how travelers react to information, the tydeirdormation that appears to be
more useful to travelers, what people actually ltdfeam the information received

and, moreover, whether travelers comply with infation and under which

conditions. In addition, it also helps investiggtiwhether travelers have a good
perception of what actually happened during the t@nd whether and how
expectations are updated based on past/recentiexpes.

Therefore, besides carrying GPS devices during tteenmute trips, the participants

were also asked to fill in a travel diary after leddp. The travel diary consisted of

five sections related to (i) general informatiorcislwas date of the trip, origin and

destination; (ii) behavior towards pre-trip infortie&, such as whether they checked
pre-trip information, sources of information praeis, whether they complied with it

(and why not), whether the information favored theended route and what they
remembered from it, (iii) behavior towards en-rom@rmation containing questions

similar to the ones related to pre-trip informatigiv) feedback about the trip just

made, consisting of questions regarding the adtaaél time, whether (in hindsight)

the participants would have chosen the same raudedaparture time and whether
(and what) additional traffic information was neddand, finally, (v) expectations

about the next trip with respect to their intendedte choice and departure time,
expected travel time and also flexibility regardargval time at the destination.

Besides the travel diaries, participants were ungred in three occasions: at the
beginning, in the middle (after 5 weeks of datalemtion) and at the end of the
experiment. At the beginning of the experiment thveye asked about (i) perceptions
regarding fastest, most reliable and most unprablietroute, (ii) preferred routes to
and from work (and why), (iii) usual departure tend€iv) frequency of use of
pre-route and en-route information, (v) willingndéespay to use traffic information.
In the middle of the experiment travelers wereriitaved with respect on how they
had reacted to the provided real time traffic infation, i.e., (i) how often the route
suggested byomTommatched their expectations, (ii) how often theydwkd the
suggested route, (iii) how satisfied they were witd information provided and (iv)
how reliable they considered the information. Hipalt the end of the experiment, a
combination of questions presented at the begin@ngd in the middle of the
experiment were asked again.

2.2 Characteristics of the GPS devices

We used GPS devices from the brand Qstarz, typ&BIBOXT. These are small

devices of approximately 8 cm long, with capacityecording up to 40 days based
on logging each waypoint every 5 seconds for 12diday and a battery duration up
to 42 hours of consecutive use. Based on previdoisgxperiments, it was found that
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on average this GPS has a horizontal precisionrairna 1m and makes use, on
average, of 8 satellites. Thus, accurate enoughviestigate route choice behavior.
The routes observed during the experiment coulthatehed to the network without
ambiguity. The data collected with the GPS comptige most relevant attributes to
investigate route choice behavior: route chosempadere and arrival times, trip
duration, distance and speed.

The GPS was set to log every 5 seconds and thanlpgd the data to automatically
start when movement was detected. Therefore, paatits did not need to handle the
GPS, just keep it in the car.

2.3 The Network

As we were dealing with an RP experiment in whicl tata was being collected
during the commute trips of the participants, fobvious reasons feedback
information about the alternative routes and tcadituation was not provided at the
end of the trip. However, in order to investigateselers’ perception it is important to
know the traffic situation during the experimerius the need to know the traffic
conditions

The road network investigated consists of 520 weddional links and 200 nodes
(Figure 4). Links travel times have been retriefein the TomTom database and
consist of travel time on each link at 1 minuteemaal during the whole study period.
As we are focusing on commuters driving in the nmayrand afternoon peak hours,
the time periods investigated are from 07:00h t®@® and from 16:00h to 19:00.
From now on, when referring to this data, the teretwork datawill be used. In
Figure 4, links in yellow correspond to the onesvitnich network datais available
and links in blue otherwise. For the blue links, se@sider free flow travel time.

A limitation of ournetwork datas that the travel times of each link are providadl
minute interval. However, the travel times in sdmks are shorter than 1 minute: in
our case, the shortest travel time is 10 secondsa Aesult, ounetwork datawas
defined for time intervals of 10 seconds. Both therning and peak hours were
divided in intervals of 10 seconds which resulted @80 time intervals, meaning that
although time is continuous, we have discrete vaier Moreover, the travel times of
each link within each interval are deterministigajlven. Thus, within each 1 minute
interval, and for each link, the travel times frdomTom were replicated 6 times.

As we have discrete time intervals, in order t@ekte the travel times of eaafain
route we have to add up the travel times of each link beloypdgo a specifianain
route. By defining time intervals of 10 seconds we engqun@gression in time when
calculating the travel times of eanfain route In other words, a traveler departing at
time intervalt, from link |1, would arrive at link, at time intervat;, wheret;.=ty +
travel time to go fronh, to |, andt; > to.

In addition to thenetwork datahistorical travel times for eachain routeand for the
same period of the experiment, but for the yea2@ffO, was also retrieved from the
database of TomTom. Historical data was retrievethfthe TomTom database to be
used as a source of comparison withrieévork dataThis is because TomTom has
an algorithm that processes thetwork dataand the outcomes of this algorithm are
the predicted travel times that are then reportedhe travelers. This algorithm,
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however, is not available to us. In order to adslréss problem, we compare the
travel times of each main route resultant from nieévork datawith the historical
data by means of a linear regression (Figure 53ovkection factor of 0.6871 was
then determined and we assume that for the purpafsesr analysis dividing the
travel times of eaclmain routebased on th@etwork databy the correction factor
would lead to a good estimate of the travel times.
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times

Figr4. sortation network studied

3. Results and discussion

This section presents a comprehensive descripthadysis of the data set by
comparing the valid GPS traces andtwork datawith the travel diaries and
interviews At occasions the GPS lost signal before arrivahghe destination, data
started to be logged after the trip had startedbah), or the participant did not do
the regular commute trip. Therefore, by valid tnps refer to trips in which both the
origin and destination of the GPS trace is withie km of home and work. The
resultant data set after data treatment consis®9@fvalid GPS traces arichvel
diaries from which 374 refer to initial 3 weeks of datallection underno info
treatment and 523 to the subsequent 6 weeks uhdenfo treatment. The reader
should have in mind that when dealing with thevel diariesand GPS traces our
sample consists of 897 trips and when dealing Wt interviews our sample
consists of 32 interviews for each of the three asmns participants were
interviewed.

The analysis presented in the following sectionsicens three main aspects:
travelers’ perception of route reliability (Sectidrl), use of information (Section 3.2)
and adaptive behavior (Section 3.3).

3.1 Travelers’ perception of route reliability
The literature has largely discussed the importaficeute reliability for route choice

decisions. In particular it is often argued thavélers value travel time reliability
higher than travel time savings (Small et al., 200& et al., 2004; Ramos et al.,
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2011). This aspect is now investigated in a reabested network.

Although traffic data was not available for somek# in our network, all links
belonging to themain routesare part of thaetwork data The travel times of each
main routewere defined as the sum of travel times of akdibelonging to it divided
by the correction factor (0.6871) and were defif@dboth directions, i.e., to and
from work. We considered departure times at evemibutes during the morning
(7:00h — 10:00) and afternoon (16:00h — 19:00hk reaurs.

Participants reported that among the routes behgngp CS1, route 1 is the most
preferred and the others are equally less prefeAetbng the routes belonging to
CS2, route 14 is the most preferred and routeb4@nd 58 the least preferred. In
addition, the routes reported as preferred werallysalso considered to be reliable
and the least preferred to be unreliable. Figuraadb7 depict the standard deviation
and average travel times for CS 1 (based om#te/ork data in the morning and
afternoon peak hours; Figures 8 and 9 refer to CEh@ standard deviation of travel
times has been normalized in relation to the aeteyel time of each route.
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It is possible to observe in Figures 6 to 9 thatrbutes considered to be reliable (and
actually chosen the most by the participants) ateadly among the most unreliable
although fastest routes. This is contrary to whed heen reported in the literature.
Among the 32 participants joining the experimer@, \Bere assertive about route
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reliability (and 2 did not consider any route rblg and 21 were assertive about
route unpredictability (and 11 did not consider aoyte unpredictable) (Table 2).
The ' column in Table 2 refers to the aspect investijatee 2° column to
situations in which morning peak is considered, #ieto situations in which the
afternoon peak is considered and tReet situation neither related to morning nor to
the afternoon peak. For questions related to thet mpoeferred route, participants
gave their opinion concerning morning and afternqgmeaks and for the other
situations, it was a generic answetr.

Table 2: Relationship between preferred route and (perdgiradiability

Aspect investigated MorningPeak AfternoonPeak N/A
1. Preferred route is ACTUALLY the most RELIABLE route 2 3 -
2. Preferred route is ACTUALLY the most UNRELIABLE route 18 17
3. Preferred route in the morning is the same as in the evening - - 25

Consider Preferred route reliable 17 17
4. Consider the preferred route to be reliable (but actually it is among
the MOST UNPREDICTABLE) 8 8
Consider the least preferred to be unreliable 8
5. Consider the least preferred route to be unreliable (but actually it is
among the MOST RELIABLE) 4
Route considered reliable and actually is AMONG the most reliable 8
6. Route considered unreliable is AMONG the most unreliable 9
Route considered reliable is AMONG the most reliable AND route
considered unreliable is actulally AMONG the most unreliable 2
Route considered Reliable is AMONG the Fastest 16
; Route considered Reliable is AMONG the Fastest & Unpredictable 9
" Route considered Unpredictable is AMONG the Slowest 14
Route considered Unpredictable is AMONG the Slowest & Reliable 5

From Table 2 it is possible to observe two maineatp (i) travelers are biased in
favor of their preferred routes and (ii) the terfastest & reliable and slowest &
unpredictable appear to be confounded. This is\atigwith findings reported in the
literature regarding perception of route relialifior habitual and non-habitual routes,
i.e., higher travel times in habitual routes asated as exceptions while slow/normal
travel times reinforce the preference for the habitroute; the opposite holds for
non-habitual routes (Bogers, 2009). Neverthelebgsd findings are somehow
contrary to what has been reported in the liteeatagarding the importance of route
reliability and outcomes of our data sample leadouargue that the importance of
route reliability may be overestimated. When inigding travelers’ behavior in a
real setting it seems that what matters is to araivthe destination the fastest possible,
which suggests that travelers behave as risk prghen making route choice
decisions.

3.2 Use of information
Travelers were interviewed in 3 occasions durireggkperiment: at the beginning, in
the middle and at the end of the experiment. Ouésoof thesénterviewsregarding

the use of traffic information show that (i) as éirevolves travelers’ tend to seek
travel information more often (ii) en-route infortitan appears to be more interesting
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than pre-trip information and (iii) equipping trdees with an appropriate tool of
traffic information provision increases the likaibd information is used (Table 3).
These results also suggest that although informeacklers are more willing to look
for information while driving (or just before stamy the trip), they do not tend to use
it as a tool to plan departure times. In other wpalthough informed travelers have
been equipped with an appropriate tool of infororaprovision to help better plan
departure times, they do not seem to be using ihie purpose. Travelers seem to be
more interested to know the best route given trexetio departriow’. As reported
by the participants, information was usually checlhen just inside of the car and
not beforehand while still at home or in the office

Based on thénterviewswe also observed that around 77% of the informadeters
reported that only less than 30% of the times thuter suggested by tH®@mTomwas
different from their intended route. For this groaiptravelers, 95% reported to have
followed the information provided over 70% of theés. One informed traveler,
however, reported that the route suggestedidmpTormdiffered from the expectations
over 70% of the times and as a result compliantas needuced to less than 30% of
the times. These results raises questions concehow travelers react in case the
traffic information is not aligned to expectationshich is definitely a point to be
further investigated. If travelers comply with irfieation only when it is aligned with
their expectations, the potential of informationimdluence travelers’ route choice
behavior may be considerably lower than expectedjaRling satisfaction with the
information, over 75% of the informed travelers ogpd to be satisfied or very
satisfied with theTomTominformation and around 80% of them consider it ® b
reliable over 70% of the times. So, the fact thédrmation was not usually checked
is apparently not related to lack of confidencénminformation.

These, however, are travelers’ perceptions regartlia use of information. Based on
thetravel diarieswe further investigated what actually happenednduthe commute
trips. Table 4 depicts how often travelers seekelranformation after each trip. By
comparing Tables 3 and 4 it is possible to obsHraetravelers’ perception regarding
the use of en-route information is similar to tletual use. However, the actual use of
pre-trip information is substantially lower tharetherceived use. This reinforces our
argument that travelers are more interested img@ryo find an alternative solution in
case the preferred route is too congested rathar fimding out what the best
alternative route is. The fact that the travelees\eery familiar with the network and
aware of the regularity of traffic jams might ajgslay an important role.

Table 3: Percentage of travelers seeking information basedterviews

Overall Informed Travelers Non-Informed Travelers
Period Seek Pre-Trip] Seek En- Seek Pre- Seek En- Seek Pre- Seek En-
Info Route Info | Trip Info Route Info Trip Info Route Info
1. At the beginning of the experiment 19% 38% - - - -
2. Middle of the experiment (5 weeks) 41% 72% 38% 81% 50% 33%
3. At the end of the experiment 50% 66% 54% 73% 33% 33%

* Results refer to participants’ perception of “a8iy” checking travel information. Definition of ‘Gually” was not presented.

Table 4: Percentage of travelers seeking information basetthetravel diaries

Number of Trips Overal Informed Travelers Non-Informed Travelers
Treatment Informed | Non-Informed | Seek Pre-| Seek En- | Seek Pre- | Seek En- | Seek Pre- Seek En-
Overall Travelers Travelers Trip Info | Route Info | Trip Info | Route Info| Trip Info Route Info
No Info treatment 374 316 58 16% 34% 16% 37% 3% 14%
Info treatment 523 464 59 41% 67% 38% 64% 14% 44%
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In terms of sources of information provision, radpears to be the preferred source
of public information even when compared to VMSisTimay be due to the fact that,
as reported by some travelers, it is not so sttiighiard to understand the messages
provided by the VMS. It is clear, however, that wheersonalized traffic information

is available, it turns out to be the main used s@wff traffic information (Table 5).

Table5: Percentage of use of each source of informatigedan théravel diaries

Considered sources of Pre-Trip info

Considered sources of En-Route info

Treatment ) )
Internet | Radio TV |Tom Tom| Other |[Tom Tom| Radio vMS Other
No Info treatment 31% 63% 3% 0% 7% 0% 58% 54% 9%
Info treatment 1% 28% 0% 82% 0% 88% 11% 29% 88%

*The total percentage is higher than 100% becauwwe than one source of information could be checked

Regarding compliance with information, an intemegtiact observed is that although
en-route information is checked more often, trangedge more willing to comply with
pre-trip information (Table 6). This may be infleed by (i) the fact that changing
routes while en-route would imply taking local reaénd thus the resultant
time-saving would not be so great, (ii) habit, ®nlg aware of a delay was already
“good” and travelers prefer then to stick to thewn routes or (iii) information
matches intended route and as a result althougélérs are actually also “following”
the information, it may be perceived as unnecessatryneeded. From Table 6 it is
also possible to observe that informed travelees raore willing to comply with
information than non-informed travelers which rentes the benefit of provision of
personalized traffic information.

Table6: Travelers’ compliance rate with all sources obmifation based on the

travel diaries

Number of Trips

Overal

Informed Travelers

Non-Informed Travelers

Treatment
Overall

Informed

Travelers

Non-Informed
Travelers

Comply with | Comply with
Pre-Trip Info | En-Route Info

Comply with
Pre-Trip Info

Comply with
En-Route Info

Comply with
Pre-Trip Info

Comply with
En-Route Info

No Info treatment 374

316

58

64% 50%

67%

49%

50%

2%

Info treatment 523

464

59

82% 75%

84%

75%

50%

24%

* The percentages are calculated based on the nuhbygas in which information was actually checked

3.3 Adaptive behavior

As argued in section 3.2 travelers appear to beertikely to use information to
decide what route to choose rather than to plabésedeparture time. In other words,
travelers are more likely to change routes tharadape time which is contrary to
what has been reported on the literature. Questiegarding change in departure
time due to provision of information were part bétravel diaryand Table 7 shows

the outcomes.

During the whole experiment, only in 6 out 897 d¢ribhere were changes in departure
time due to information provision. Although this met aligned to what has been
reported in the literature, in the context of contentrips this seems to be very
plausible. This is because travelers might alrelaalye a pre-defined schedule and
changes would be perceived as beneficial only se cd extreme accidents, such as
road blocks due to accidents and thunder stormstheusual regular congestion
travelers might have already incorporated the “ete¥ delay as part of their

routines. Nevertheless, this implies that in orderchange the departure time
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behavior of commuters, either the penalty assatiae late arrival or the benefit for
on time/earlier arrival should be higher. This, leeer, does not seem to be the case
for regular commute trips. For instance only in 18f4he trips punctuality or early
arrival was considered to be mandatory, while i848f the cases 10-20 minutes
delay would still make it possible to fulfill theadly obligations, in 35% of the cases
30 min. — 1 hour delay would still make it possitaeulfill the daily obligations and

in 4% of the cases canceling the trip would be ibtess

Table 7. Percentage of changes in departure time due @aonation based on the
travel diaries

Number of Trips Changed DT
Treatment Informed Non- Informed Non-
Overall Informed| Overall Informed
Travelers Travelers
Travelers Travelers
No Info treatment 374 316 58 1.3% 1.3% 2%
Info treatment 523 464 59 0.2% 0.0% 2%

Although the likelihood to change routes is alse,ld is higher than for changes in
departure time (Table 8). Moreover, when incurrioiglays longer than expected
travelers are more willing to stick to the sametecas chosen than trying a different
one. This reinforces the argument that bad expeg®im habitual routes are treated
as exceptions.

Table 8: Relationship between delay and willingness to skdbe same route again
based on th&avel diaries

Would have chosen the same Would NOT have chosen the
How long the delay was

route in hindsight same route in hindsight
Longer than expected 11% 4%
NOT longer than expected 85% 1%

Regarding awareness of the route choice set, owtadrthe GPS traces show that the
general route choice set provided by the partidp@quite comprehensive: only 2
extra roads (in The Hague) had not been mentioyednly of the participants and
were actually chosen during the info treatment. In addition, at times travelers
diverted from themain routesto local ones. The individual reported choice set,
however, appeared to be smaller than what was Ihctolaosen for 12 out 32
participants, i.e., at least one route differentfrthe reported was chosen in tie
info treatment. This is most likely due to the fact ttieg non-reported routes were
rarely used. Overalmain routel was the route chosen the most in Delft (73%) and
main routel4 in The Hague (42%). These are the main highwayseen Delft and
The Hague and also the fastest and most straigfdfdrroutes (as discussed before,
however, these are the most unreliable routes).

Route choice behavior in thefo andno infotreatments also remained quite similar
and travelers tended to stick to their preferredtes. Figure 10 shows travelers’
exploration rates having the preferred routes assbae., if a route different from the
preferred one was chosen, it was considered asplbeng a different route. Only
few travelers showed an explorative behavior winilest of them, even the ones
belonging to theno infotreatment, stick to the preferred routes: aroun @ the
times the chosen route was the same as the pikferuee either to or from work.
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The fact that travelers do not seem willing to cgmpith information and tend to
stick to their preferred routes instead of changimgtes when facing longer delays
may explain higher percentages of planned routealdq chosen routes. Over 70%
of the times the planned route was the same aadfually chosen route. Figure 11
illustrates the routes chosen before and afternmition provision, making clear that
the pattern of route choices remained (almostséme.
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4. Conclusions and next steps

This paper presents the setup and some findings1d®P route choice experiment
conducted in the Netherlands between M3y2D11 and July 2 2011 in which the
route choices of 32 participants were tracked whthaid of GPS devices. It resulted
in 897 observed trips with correspondéenatvel diariesfrom which 374 refer to trips
made before provision of personalized traffic infiation and 523 otherwise. The
added value of this research lies not only in tse af GPS traces to investigate
travelers’ actual behavior, but on the investigatiof the relationship between
travelers behavior and information provision thrioogttravel diariesandinterviews
(at the beginning, middle and end of the experineévibreover, the traffic situation
on the network during the period of the experimgstinown.
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Descriptive analysis of our data set suggest thateters’ perception of routes’
characteristics is biased in favor of the preferredtes, i.e., preferred routes are
usually considered to be reliable when in realigytare among the most unreliable.
Despite the importance of travel time reliability the route choice context as
discussed in the literature, outcomes of this Rfegment suggest that travelers are
actually interested in arriving at their destinates fast as possible. Thus behaving as
risk-prone. The fact that in general the prefemeuite is considered to be reliable,
however, is aligned to findings in the literatuhatt higher travel times are usually
treated as exceptions.

Another important aspect that diverges from therditure concerns change in
departure time due to information provision: outesnof this RP experiment suggest
that travelers do not tend to use information tanfthange departure times; they
actually seem to be interested to know what roatehbose considering they want to
depart “now”. Although the likelihood to change tesi or departure time appears to
be low, it is a bit higher in case of route choicEsis may be related to the fact we
are dealing with commuters and as such they migleady have a pre-defined
schedule or incorporated the “expected” delay asqiaheir routines. Nevertheless,
this implies that in order to change the departume behavior of commuters, either
the penalty associated to a late arrival or thesbefor on time/earlier arrival should
be higher. Given the observed differences into elier¢’ stated and revealed
preferences, this seems to be an interesting topiduture research as this raises
guestions concerning stated preference surveys$ichwravelers are asked what they
would do given a specific situation.

Regarding the role of information, it was obserthdt equipping travelers with
proper devices to provide personalized real tinadfitr information substantially
increases the likelihood they will use it to asdistir travel related decisions. In
addition, although en-route information appeardeochecked more often, travelers
are more willing to comply with pre-trip informatio This may be influenced by (i)
the fact that changing routes while en-route wanldly taking local roads and thus
the resultant time-saving would not be so high), Habit, so being aware of a delay
was already “good” and travelers prefer then tokstb their own routes or (iii)
information matches intended route and as a rafthlbugh travelers are actually also
“following” the information, it may be perceived asnecessary/not needed. In
addition, as the information provided was most e times aligned with travelers
intentions, no substantial change in their rout@adh patterns was identified. Thus, it
clearly remains to be investigated how travelersild@eact in case the information
was not aligned to their expectations.

We are aware of the limitations of our data setcWwhionsisted of investigating the
behavior of 32 commuter only. Nevertheless, basedhe data sample of our RP
experiment we could observe important aspectsavktrbehavior that diverge from
what has been reported in the literature. Whiletlom one hand our sample has
limitations, findings reported by the literaturec asften based on SP experiments.
More RP experiments are definitely mandatory befiteBnitive conclusions can be
made. Our RP experiment is one of the first attermpinvestigate travelers’ behavior
in a real setting and we hope this encourages negearch in this direction.

Research already in progress concerns estimati@nrofite choice model based on
the RP data and transportation network of this exmnt. Based on a model
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estimation we intend to discuss findings discusedtlis paper such as that travelers
appear to be risk prone when making route choicesias.
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