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Abstract

In orde to comprehendvely understand behavioura changes occurring during life course
trandtions surveys mugs be conducted ove a relatively long period. Indeed, changes in
behaviour and in attitudes do nat take place ingantly, at timet of the trangtion (the day of the
residential move, the day when starting a new job, the birth of a child, etc.). Rather, people go
through complex adegptation processes which can involve phases of prepaation, of
expaimentation and of consolidation of new practices. At the same time, surveying people
going throughnatable life course trangtions sets very high demandswith respect to minimizing
respondent burden: typically, individuds will nat be ready to dedicate much time for surveys
during these life phases as they are dready rather bugy with adapting ther conduct of life to
thar new dtuation.

In this paper, we present an innovative survey design combining GPS-based person tracking
and qudlitative interviews. . In practice, we hand out GPS tracking units to respondents, collect
extendve dda about thar travel behaviour and subsequently use this daa as an input for
quditative, prompted recdl interviews. Survey paticipants are asked to comment on their travel
behaviour, the location choices undelying their activity space and ther new mobility
expeiences, with a reparting period of 5-6 weeks after the life course trangtion. In totd, we
intend to survey 30 persons going through three different types of life course trangtions
(1) residential moves, (2) changes of workplace and (3) retirement.
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1. Introduction

Moden sodety has to deal with a major dilemma: mobility plays an ever more central rolein
its inna fundioning, but the means by which this mobility is effected cause pollution and
congestion problems that are less and less tolerated by the popuktion. Redirecting mobility
towards more sugainable means of trangoort is thus a priority for trangort policies.
However, in this respect past policy implementation experiences have shown only limited
results and the generd trend still shows a growth of the negative externdities of travel. This
pinpoints the problem: How can mobility successfully be redirected towards more
sugainability, withoutputingit fundanentally into question?

To answer this question, it is essentia (a) to undestand the determinants of individud travel
and trangoort decisons (b) to assess how these could be influenced in various time
perspectives and (c) to monitor in an accurate and timely fashion the effects of specific
policies, so tha an optimal policy mix can be assured. This requires the development and
implementation of new observationd and andytical tools which enable the investigaion of
changesin travel behaviour and the conditionsnecessary to promote these changes.

Genedly speaking, it appearsthat it is rather difficult to influence travel practices, especially
those of car drivers. A major reason is tha spatial practices and travel mode preferences are
firmly integrated in lifestyles and in daly life practices and thus are usudly consolidated
dunng life course trandtionslike a resdential move, starting a family, birth of an additiond
child, a divorce, change of workplace, retirement, etc. In othe words indviduds are rather
reluctant to change thar habits when they are not confronted with such a trandtion and
voluntary behavioural changes do therefore mainly occur during these very specific (and rare)
tempord intervals.

This observation is central for policy intervention: life course trangtionsmug be considered
as Qvindows of oppotunityOfor influendng individud behaviour, for example by way of
individudised marketing and travel blending. However, even though sodal science and
trangoort researchers have adready investigaed these trandtions there till remain numerous
open questions regarding the role of trangort supply and travel mode preferences in the
adaptation and new habit formation processes occurring during these trangtions
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2. Travel habits: a short review of existing research
results

The topic of habitud travel choice is not really new, but it has recently ganed a revitalised
interest (GSling & Axhausen, 2003) A particular reason is tha travel demand strategies are
confronted with the problem of breaking travel habits in order to succeed in redirecting
individud behaviour towards more sugainable modes of trangport and smaller activity spaces.
More geneally, travel habits can be undestood as a stable component in individud
behaviour, for which it is essential to undestand unde which circumstances and foremos
how they are formed and reformed. Up to today, this issue has been investigaed only
incompletely.

In order to improve our undestanding of the formation of travel habits, individud travel
behaviour mug be andysed in its continuity over the life course, with a specific focuson the
moments in which behavioural changeoccurs. Past research points out therole of life course
trangtionsas trigge's for the rearrangament of daily habits. Building on this observation, a
growing numbe of authors suggests tha travel behaviour research should take a closer look
at the interactions between travel habits and the biographical stages of an individua @ life
course. Lanzendoif (2003)has proposd atheoretical framework for the empirical andysis of
these interactions based on qualitative retrogoective daa (life course approach). Van Der
Waerden et a. (2003 suggest a more quantitative approach looking at the influence of key
events and critical inddents on trangport mode switching behaviour. All in all, the existing
literature shows tha the idea of andysing the evolution of travel habits with respect to life
course trangtionsis highly pertinent. However, the existing empirical evidence is still too
supeaficia to draw condusions about the decisions processes tha undelie travel behaviour
change and about thar interactions with the long term decisionstha are related to the life
course trangtions

Indead, several aspects mug be consdered in orde to grasp therationdes of individud travel
habits, as travel behaviour deives from a complex set of intertwined deerminants,
comprising in paticular persond attitudes with regard to travel modes, persond competences
for thar usage, mobility tool ownership as well as persond activity space structure (Flamm,
2004) Location choices deserve a particularly detailed interest, because they are strongly
interrelated with travel mode preferences. Thus when studying the processes undelying a
changeof travel modehabits, it is essentia to keep track of the evolution of persond activity
gpace. Last but not least, pasond soda networks mug also be taken into account because
the geography of persond travel is subdantially determined by the fact tha personswant to
meet up for joint activities, as such face-to-face contact is crudal for the maintenance of
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persond relations (Axhausen, 2004; Larsen et a., 2006) In other words travel behaviour
change after life course trangtionsis not only concerned with new stores, travel modes, or
other leisure facilities, but also with new friends new colleagues, or smply new contacts; in
consquence, the distribution of the residences, workplaces and preferred leisure facilities of
new and previouscontacts in space (and time) mug also beandysed.

With regard to the question of how travel habits are formed, empirical evidence is to our
knowledge amog solely based on experiments in soda and cognitive psychology. Very
little is known about individud travel behaviour adgptation processes in the rea world, in
paticular with respect to the influences of socia factors. In order to grasp the learning
processes tha people go throughwhen they change ther travel habits, surveys mud rely ona
comprehengve approach and mus be condwcted over a relatively long peiod. Inded,
changesin behaviour and in attitudes do not take place ingantly, at timet of thetrangtion (the
day of the resdential move, the day when starting a new job, the birth of a child, etc.).
Rather, people go through complex adgptation processes which can involve phases of
prepaation, of experimentation and of conlidaion of new practices. At the same time,
surveying people going through notable life course trangtions sets very high demandswith
respect to minimizing respondent burden: typically, individuds will not be ready to dedicate
much time for surveys during these life phases as they are already rather bugy with adepting
thar condud of life to ther new situaion.

In this context, newly available postioning technologies offer a rea oppotunity for
innovdive research approaches. Thefeasibility of integrating technologies like GPS or GSM-
based postioning in travel behaviour surveys has already been demonstrated in numerous
expeaiments induding real-time interactive activity diary and travel surveys, passive
monitoring and automatic trip daa processing as well as hybrid approaches combining
passive monitoring and prompted recall interviews (Lee-Gosselin, 2002; Wolf, 2004) We
thus decided to explore which benefits can be expected from usng automeatic tracking of
Space-time pahs to address the issues related to habit formation and adgptation processes
durng life course trangtions
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3. Introducing a new research approach

We propo to combine quditative interviews and person-based tracking units allowing the
precise and complete reconstruction of individudsCtravel behaviour and activity spaces. This
innovdive survey approach is needed, because our investiggion mud anayse the
interdependendes between actud spaia practices and travel mode use on one hand, and
subjective attitudes, reasoning and competences on the other hand. By surveying people
throughoutthe whole peiod of oneof thar life course trangtions it is possible to precisely
observe behavioural change and to comprehensvely undestand the undelying adaptation
processes.

In practice, we hand out GPS tracking units to respondents, collect extendve daa aboutther
travel behaviour and subsequently use this daa as an input for quditative, prompted recall
interviews. Survey paticipants are asked to comment on ther travel behaviour, the location
choices undelying thar activity space and thar new mobility experiences, both during the
observation period and at the end of the observation period. The GPS observation period will
encompass 6 weeks, beginning shortly after the studied life course trandtion.

Themain research questionsare:

To which extent do past travel mode practices and spatia habits influence the conditution
of new dally liferoutines duringlife course trangtions?

- Wha is the importance of past mobility biography? Do people assess formerly unused
means of trangport and, if so, how dothey proceed?

- To which extent do changes of travel mode habits imply the acquisition of new mobility
competences and how do people value such learning processes?

- More gengaly speaking, what are the interactions beween life course trangtions,
mobility biographies, sodal networks and travel behaviour?

After having conduded tests of available GPS tracking devices as well as a single pre-test
case study in Octobe 2006,the main survey has started in Januay 2007. In total, we intend
to survey 30 persons going through three different types of life course trangtions (1)
residential moves within an urban area, (2) changes of workplace and (3) retirement. This set
of situaiond contexts should allow to test the proposd survey design with avaried sample of
individuds (younge and older people, singles and family parents, people showing very varied
travel behaviours and involving diverse travel modes, etc.) and neverthdess provide relevant
observationsaboutbehavioural adgptation processes in three different situaiond contexts. In
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order to facilitate the search for participants, we will survey only individuds and not whole
households

Thesurvey designindudes three distinct phases:

1) Initial interview: At the beginning of the observation peiod, a face-to-face contact is
needed to ddiver the survey ingruments and to propealy ingruct paticipants on how to wear
the tracking devices. We will take advantage of this initial contact to gaher comprehensve
information about the respondent@ biography (past residences, past working places, past
experiences with travel modes), current life context (usud activity locations persond set of
mobility tools, distribution of roles within the houshold, current priorities for life condud,
soda nework), attitudes towards different travel modes and appraisal of the oncoming life
course trangtion (level of preparation, resolutionsregarding future behaviour).

2) Short prompted recall interviews during the observation period (6 weeks after the life
course trandtion). During the whole observation period, respondeits are contacted by
telephone on a regular basis (about onee a week) in order to get indications such as:
description of activities, type of activity sequendng (part of aroutine planned or improvised),
travelling parties, etc. In addition, problems encouniered while travelling (congestion, late
arrivals, etc.) as well as learning experiences are discussed. Automatically collected data is
used as an inputfor theinterview, after a pre-andysis by theinterviewer uang a specificaly
designal software (presented later on).

3) Find assessment: At the end of the observation period, afind assessment interview allows
to get the respondent@ evaluaion of the life course trangtion, of the degree of consolidation
of new behavioural routines and of possible changes in attitudes towards travel modes, in the
persond set of mobility tools as well as in thar soda neworks. Moreover, we will ask the
respondent to assess the survey design and ingrumentation.

Origindly, two GPS obsrvation periods of 4-6 weeks (one before and one after the life
course trangtion) had been envisaged. However, project funding and planning limitations
have obliged usto reduce the GPS reporting period to 6 weeks. Given this restriction, only the
period shortly after the life course trangtion is studied on basis of GPS tracking data (it is
obvioudy themod interesting period for investigating the formation of new travel habits).

Survey paticipants are ganed through various means (snowbdl-search in persond social
networks, contacts with employers or assodations etc.). For participant motivation, a small
reward has been advertised (100 Swiss francs). Individud surveys will be spread out over
2007.
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4. The choice of a suitable tracking device

An initial task of our research has been to identify commercially available solutions which
best fulfil the needsof our survey. Thecharacteristics tha we were looking for were:

- Thetechnological survey system should allow to recondruct automatically the space-time
pah of oneperson, throughidentification of activity locationsand routes. An automatic
recognttion of travel modes would bea bonus

-  Thewearable survey device must be small and light-weight (aboutthe size and the weight
of acdlular phong. It should befundiond in variousconfigurationsof wear, appropriate
for both men® and women@ clothing.

- Thewearable survey device mug be able to fundion autononoudy for at least a day and
batery recharging mus be user-friendly.

- ldedlly, collected data should automatically betransferred to a central database, in order to
alow paalld offlinedaaandysis and prompted recall interviews with a short time lag.

- Theeffectiveness of automatic daa processing (prope identification of activity locations
and of thetime spent a each one mug be goodenoughtha verificationsare only needed
rarely durning prompted recall interviews.

After having checked the development status of different postioning technologies (GPS
devices, GSM monitoring services, devices combining GSM and GPS for tracking animal
spdia behaviour, dead reckoning devices), we came to the conduson that the GPS
technology currently is the mog appropriate solution for our research plan. New, highly
sengtive GPS receivers are available since November 2005 and allow for weak signd
tracking, providing uninterrupted opeation in locations with obstructed views to the sky.
Also, very fast start-up times ensure that almog every trip is recorded.

We have tested two produds making use of this new technology: the MobilityMeter,
produced by GeoSat in Switzerland, and the StepLogge, produced by NEVE in Audralia (see
pictures in Figure 1). The MobilityMeter has origindly been developeal for purmposes of
billboad audience measurements, building on large scale surveys of oneweek individud
tracks (Swiss Poger Research Plug). The StepLogge has more specifically been developad
for travel behaviour research (Stophe et a., 2005%). Both devices produed very promising
results with regard to thar tracking capability. However, during thetests in Januay 2006,the
batery autonony of the StepLogge was insufficient with a maximum of 8-9 hours of
continuous opeaation (which implies recharging during the day). In compaison, the
MobilityMeter provides about 20-22 hours of effective contnuousopeation (one second
sampling rate, no sleep mode.
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Figuel Pictures of the MohilityMeter (above) and the StepL ogge (bdow), besidesa
standard mohile phone

Source: own pictures

In early 2006, there was no economically practicable commercia solution for an automatic
telecommunication of the tracking data and the development of this fundiondity for the
StepLogge was not yet findized. As our research plan did not allow to wait any longe, we
decided to use MobilityMeters. For collecting the tracking daa, we can work either by way
of poda exchanges of the tracking devices (with the disadvantage of extending the time lag
between daa recording and the prompted recall interviews), or by asking survey paticipants
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to download thetracking data on a computer of thar own and to email usthedaafiles (which
increases the respondent burden). Pre-tests have shown tha both ways of doing are
practicable.

The MobilityMeter@ memory is able to record about 450000 daa points. In the current
version of the firmware, daa tha is recorded indudes only the most important parameters,
tha is: latitude longitude atitude dae and time. Datais stored with a one second sampling
rate, aslongas the GPS module is ableto calculate a postion on basis of 4 satellite signds.

Tests conduded so far show tha the tracking capability of the MobilityMeter is quite
effective, especially when congdering that we had advised test respondents to carry the
devicein apractical way for them (tha is: in a coa® podket, in abackpack or ahandbay) and
without giving specific attention to its fundioning. Indeed, in past GPS based surveys,
respondents often have been asked to wear the device in a way tha the GPS antennawould
have a direct view to the sky, resulting in somewha artificial conditions of wear, and
sometimes they have been asked to wait the device to perform a warm start when leaving a
building. For our own survey, this kind of ingruciionshas been consdered unredlistic, given
theduration of theobservation period.

Generadly speaking, the MobilityMeter has proved to peform warm starts in rather difficult
conditionslike travellingin acar or riding a bus(with tracking data missing for not more than
2-3 minutes). However, the warm start issue ill is problematic when trips begin in dense
urban environments and when they are of short distance (for example, when the respondent is
shoppng in the central busness district and stays mog of the time ingde buildingy. Unde
those circumstances, cases where ddaa is missing for severa consecutive trips have been
obsrved. With regard to this problem, a very postive point is tha the MobilityMeter
sometimes is able to keep receiving satellite signals indde buildings especially when beng
placed near windows. We thushave instructed test personsto keep the device always on and
to look in ther homes for a place where the MobilityMeter continues to calculate postions
while recharging its batery. When this was the case, tracking usudly started only few
secondsafter they left home, as the GPS module only peformed a hot start.

A negaive side effect of the weak signd detection capability is that the MobilityMeter
calculates quite imprecise positionswhen there is no direct view to at least 4 GPS satellites.
In fact, in this case, the device uses signds tha have been reflected agand buildings and
these signds generate positioning errors of about 50ER50 meters (multipath errors).
Moreover, when the MobilityMeter keeps receiving signds within a building, it generates
Qrirtud space-time pahsOwhich more or less correspord to walking strolls around a given
place, whereas thedevice isin fact staying still ona desk, for example. This error generation
sets very high demandswith regard to the daa analysis, when it comes to breaking down the

9
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tracking (dof) daa into trip segments and into stays at activity places. Figure 2 shows an
example of raw daa generated by a persond GPS tracking unit.

Figue 2 Screen shat of raw tracking data
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Tracking daaindudes tripsby car (brown and cyan), by train (red) and by bicycle (pink). The
largebulk of pointsin the centre-rightresults from postioning errors generated while the
device was indde my home; afew neway tripsOgoing out of tha bulk are in fact additiond
measurement errors.
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5. GPS tracking data processing issues

Tracking individuds with a onesecond sampling rate produes a very largeamountof data, in
the order of magnitude of about 10 000 to 30 000 daa points per day. In this context, daa
redudion algorithms are essential in order to make the tracking data usable as an input for
prompted recall interviews. For this pumpog, the essentia task is to automatically identify
activity places and trip segments (i.e. trip parts made with a specific travel mode), with a high
probability of effective occurrence.

The issues related to processing GPS daa from travel surveys have already been tackled in
severa publications(Chunget a., 2005;Legendre et a., 2005; Stophe et al., 2005b;Tsui et
a., 2009:

1) Data Filtering: In afirst step, it iswise to eliminae redundant and poor qudity daa points,
in order to minimize further daa processing time. Obvioudy, daa filters mug be matched
with the characterigtics of the GPS tracking units, depending on data recording settings(min.
numbe of satellites, amount of parameters stored in memory, etc.). Given tha the
MobilityMeter is configured to record only postionscalculated with at least 4 satellites, the
number of poor qudity daa points is in our case rather limited. Our own experience shows
tha a smple spatial filtering (i.e. eliminaing all points which are not at least 5 meters away
of the preceding valid postion)is very effective, reduang daa quantity by hdf or more.

2) Activity / Trip Identification: Identifying activity locationscan be based either on speed or
gpdial dengty andysis agorithms. In both cases, a minimum dwell time defines if a portion
of thedata stream isto be consdered as an activity (no movement for agiven time). Tripsare
conequently defined as data stream portionswhich connect two activities. Cases where the
tracking data displays a GPS signd loss need a specia treatment, as the signd loss can be
induced eithe by an indoor activity or by undegroundtravelling. Tsui et a. (2006) have
outiined a set of rules to handle such cases, with imputations depending on the duration of
sgnd loss and the (Eudidian) distance travelled during this period of time. For our own
research, we have implemented a spatial density algorithm with a dwell time of 90 seconds
and a maximum spaial divergence of 40 meters, completed by a set of rules ssmilar to Tsui et
a. (2009 for dedling with signd losses. This agorithm often generates excess activity
locations for example when an outdoor activity is performed with some movement or even
more when the GPS unit is still QrackingOwhen indde a building (with this regard, the
multipath error indued recordings mentionaed above have proven to be quite tricky to deal
with). In asecond step, an activity merging algonthm reduces the nunmber of detected activity
stops With this combinaion of agorithms, experience has shown tha only very few

11
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effective activities are missed, while the number of Qedundant activity stopLis still
managegble.

3) Mode Trander Point Identification: When GPS tracking daa is to be used for
recondructing individud travel diaries, it is cruaa to differentiate trip segments travelled
with separate travel modes and to identify the places where tranders occur (mode trander
points). This is doneby way of a speed variation andysis. Our own agorthm compares
mean speedsin three time windows (at time t, about 15 secondsearlier and 15 seconds later)
and marks daa points which display a significant speed variation. In fact, this andysis
detects all pauses within trips travelled otherwise than by walking (stops at red lights, bus
stops pick up or drop off of passenges, etc.), thussigndising a potential modetransfer point.
These trip pauses are used to further break down trip data into trip segments.

4) Mode ldentification: The research teams cited above have developed a variety of
algonthmsto identify the mog probable travel modefor agiven trip segment, usng speed and
acceleration rule sets, fuzzy logic inference or applying link matching with trangport network
modds. For our own research, we have na developal any automatic travel mode
identification and rather rely on GnanudOandysis by the interviewer, while preparing the
prompted recall interview. Indeed, with the knowledge ganed during the initia survey
interview and with the hdp of atrip segment display agang a map, the interviewer can fairly
easlly deerminethe mog probable travel mode

5) Treatment of Trip Segments withouttracking data: Usudly, trip daaindudes ggps dueto
temporary GPS signd absence (undegroundtravel, poor satellite reception in vehicle) or due
to warm / cold starting of the GPS modue. These periods of missing data may last a few
seconds up to several minutes, and the question arises on how to deal with these missing
routes. Tsui et a. (2006) have presented an algorithm based on link matching. We have not
yet developeal any solution for this problem, but we are consdering to indude a manud
editing fundionwithin thetrip diary editor application tha we have developeal.

12
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6. A Trip Diary Editor application for supporting prompted
recall interviews

For our research project, we have developed a specific application within the
Mapinfo/ MapBasic programming environment to suppot quditative prompted recall
interviewing. This Trip Diary Editor application is used by the interviewer to import raw
tracking data and break it down into trip segments and place delimiters. Subsequently, the
interviewer can interactively re-enact thetrip segments tha are displayed on maps of different
scales, depending on zoom level. The application alows to navigde in the trip diary by
moving back or forth segment by segment or to directly moveto atrip start (when leaving an
activity place), a tour start (when leaving home) or a day start (first trip of a survey day).
Figure 3 shows a screen shot of theapplication user interface.

A first editing environment is used for preparing prompted recall interviews. In this phase,
the interviewer by-hand eliminaes obvious daa artefacts (excess activity places or trip
pauses, erroneous dda points) and assigns the mog probable travel mode for each trip
segment. A second editing environment is used for additiond corrections (correcting
depature or arrival times, for activity places tha have been imputed from GPS signd loss
situdiong and for completing thetrip diary with trip attributes gathered during the prompted
recall interview, as for example: identification of activity places and mode trander points
(place names), trip purmpo (activity type), driver / passenge status size of travelling party,
type of activity sequendng (routineg plannead, improvised), etc. A third editing environment is
planned for activity space andysis, but notyet implemented.

Thistrip diary editing approach might seem somewha burdening for theinterviewer. Indeed,
dternaive approaches exist, like Dohaty et al. (2006) have demondrated it with the
development of an internet-based automated prompted recall system. However, we bdieve
tha for our own research, no true alternaive survey approach is redlistic, given the long
observation peiod and the need to minimize respondent burden as much as possible in order
to find willing survey paticipants (especially for thos people who are in the process of
moving homes).

13
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Figue3

Screen shat of the Mapinfo / MapBasic trip diary editing environment
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TheTrip Diary Editor breaks down raw tracking data into trip segments, ddimited either by
activity places (stays longe than 90 secondg or by trip pauses (shorter stops identified by
way of speed variationg. In editing mode trip segments can be displayed oneby one
alowing theinterviewer to re-enact therespondent@ travel diary for primary andysis
(verifications travel modeimputation) and as an inputfor prompted recall interviews.

14
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7. Future perspectives

Thefirst case studies realised so far have shown that, with the survey tools presented above it
is posible to thoroughly investigate travel behaviour and especially mobility GnddentsOor
OhesitationgD (for example, when a driver is stuck in traffic, when a trip was unexpectedly
interrupted or when the route travelled shows appaent deours). The detection of such
OnddentsO or Mesitationg) provides indispensable elements for interviewing survey
participants about thar (small) learning experiences in everyday mobility. Indeed, with the
hdp of the tracking daa, respondents have been able to comprehensvely comment those
experiences, even severa days after hgppening. This obvioudy is an essentia advance in
order to fulfil our research objectives of investigating the formation of travel habits.

15
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