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ABSTRACT

Which are the effects of multimodal real-time imf@tion on travel behaviour? Significant
amounts of money have been invested to implemaahit systems in urban environments, but
until now only few assessments have been donertty vethey contribute to a modal shift
and to more sustainable mobility. This researclrsathoroughly assessing the effectiveness
of multimodal real-time travel information systenpginting out the limitations before their
use and recording the changes induced on the tkmleviour. Two questionnaires were
designed and executed before and after a five-mparilod of testing a multimodal real-time
travel information application for Smartphones (8&tmaov’) implemented in 2013 in Lyon.
Descriptive analysis, parametric and non-paramédsts, factor analysis and binary logistic
regression were used as statistical approachesalgsa the collected data and evaluate the
effectiveness of Smartmoov’. Before the test, pgodéints declared an interest on Smartmoov’
and a positive attitude towards its use: almosty@ree was able to use technological tools
and was familiar with the concept of Smartmoov’. #he onset of the test, travellers’
evaluation towards the travel planner was slightgitive, but this decreased over time, while
the use of the different modes remained stable Hfeetest, albeit a small increase of the car
for the most frequent trip was observed. Consistemcthe most used mode, on behavioural
patterns and attitudes show that mobility is stlpnglated to habits and, thus, to the
frequency of the past behaviour.

Key words: Travel Behaviour, Information Systems, Theory [@hed Behaviour, Modal shift.
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| NTRODUCTION

Transport of goods and people is an important drofethe global economic growth and
prosperity because it enables trading and peopl@emivity. In Europe during 2011, the
transport sector was responsible for 33% of thal #mergy consumption and for approximate
5000 million tonnes of C®equivalent of greenhouse gases per year, whilendincmus
growth of these numbers is expected (European Cesiom, 2013). This leads to the major
guestion that transport research groups have togeg to answer for years: how to maintain
the freedom and prosperity that transport provigetoday’s society without increasing air
and noise pollution, congestion, fatalities, andeghouse gases. The goal is to make the
mobility more efficient and sustainable, both faspengers and goods, being one of the basic
pillars in the new economic growth paradigm ina tarbon world.

One of the current challenges is to use Advancedeller Information Systems (ATIS),
notably the multi-modal solutions, to make mobilityore efficient and sustainable. These
systems are seen as an encouragement for travidlemake the best use of the available
transport modes and to support an integrated,igabla transport system throughout Europe.
Under this vision, significant amounts of money éaween invested to implement such
systems in urban environments, but, until now, éssessments have been done to verify the
extent to which they contribute to the modal shiftl to get a more sustainable mobility.

ATIS are intended to assist travellers in plannamgl decision making for mode choice,
departure time, and route choices, including coigesavoidance, to improve the
convenience and efficiency of travel. The impact affectiveness of ATIS, however,
critically depend on traveller’'s responses to theggems and to the information that they
offer. Therefore, it is essential to understand tilageller's decision making process under
real-time information (Abdalla & Abdel-Aty, 2006lf, and in what way, systems like these
have an effect is highly dependent on how theycarepted by users. Manifestly, this is not
only a technological, but also a social processjclwhmerits technology assessment
(Gotzenbrucker & Kohl, 2011).

It is not easy to define and document ATIS impacetd quantifying ATIS benefits has been
especially difficult, due to the lack of real-wokdvironments in which travellers’ behaviour,
under the influence of ATIS, can be observed (Al#tg| 2002). However, there have been
several attempts to quantitatively and qualitagivel/aluate ATIS benefits. The previous
studies used mainly three methodologies to asde=se tbenefits, namely: surveys, field
experiments or simulations and assignment metidilsgms et al., 2008).

Still, there is not a well-defined social-econonhipeofile of the users of ATIS, showing that
these systems can be used by everyone and thaigtest limitation in their use comes from
the lack of awareness of their existence.

People tend to use ATIS during the peak hourshénunfamiliar and arrival time-sensitive
travels, but they are not willing to pay for obiampthis kind of information.




Information is a key factor in today’s’ mobilityaling a high potential for optimizing the
choice among the travellers’ options. However, itofip of its potentials, information has to
be provided in an accurate and structured way laadravellers have to be totally engaged in
using them. It was understood as well that pasawehr and habits are not always a good
predictor of future behaviour (Bamberg et al., 2003

Complex human behaviour is cognitively regulated,agven after numerous enactments,
appears to be subjected to at least some degre®mitoring. As a consequence, the new
information provided by ATIS, if relevant and peasive, could produce changes in attitudes,
subjective norms and perceptions of behaviouratroraffecting intentions and being able
to influence later behaviour in the higher end (Bang et al., 2003).

Therefore, the objective of this research is taldei the gap in the existing literature by
presenting the results of a research project (Qutibhyon), analysing the effects on transport
users’ behaviour of the real-time multimodal infatmon provided by the journey planner
Smartmoov’. This paper aims at thoroughly assestfingeffectiveness of multimodal real-
time information systems, pointing out the limitats before their use and recording the
changes induced on the travel behaviour.

M ETHODOLOGY

Two wave questionnaires were designed and admiedstbefore and after a five-month
period of test of a multimodal real-time informatioapplication for Smartphones
(Smartmoov’), implemented in the city of Lyon. 5@rficipants answered to the first
questionnaire during February 2013 and 46 (4 omtlieopped the test) answered the last
questionnaire in October 2013.

The questionnaires were created using an onlirtéopta and the questions were the same on
both surveys, with a differentiation related to thetual behaviour after the test. The
guestionnaires included four parts: Personal nigbiiabits, Personal Attitudes related to
mobility, Familiarity and interest for technologid®@ols and Smartmoov’ application. The
majority of the questions were on a 5-points Likechale, because it represented a good
compromise in terms of overload for the respond@&ntves et al., 2004). To avoid reporting
errors the same scale was used throughout alligneaires (Wholey et al. 2004). Since the
total number of participants was about 50, it waspossible to use the central limit theorem
neither the Shapiro-Wilk test to guarantee the @dbmistribution of the variables. Assuming
that our data would never be exactly normally dbstied and so, following Brown (2011) and
Fife-Schaw (2013), we consider the variables neddifi normal if Skewness and Kurtosis
values range from -1.5 and +1.5. Descriptive amglysarametric and non-parametric tests,
factor analysis and binary logistic regression wesed as statistical approaches to analyse the
collected data and evaluate the effectiveness @rdmoov’. The Statistical software used for
these analyses was the BMDP Statistics SoftwaredBML.992).




The theoretical basis of this research is the thebmplanned behaviour (TPB). Throughout
meta-analysis and some empirical studies, the Té&Boleen used in several applications in a
wide range of domains. However, this research esaifrthe few attempts to use such a theory
as a conceptual framework to study the effect off bechnologies that might produce a
change in travel behaviour. According to the afaetioned theory, it should be possible to
influence intentions and behaviour by designingré@rvention that has significant effects on
three factors: attitudes towards the behaviour,jestibe norms and perceptions of
behavioural control (Ajzen, 1991).

RESULTS

Results are presented in two major sub-chapters. first one, before the test of the
Smartmoov’ app, where the possible barriers to tiige app and the theory of planed
behaviour constructs are assessed. The secondhaptec analyses the effects of the
application on mobility, comparing the answers [mied to the two-wave questionnaires.

Beforethetest of the app

Sample

In the first questionnaire 50 persons were involMethg in the Lyon metropolitan area that
completed the entire online questionnaire befoeetdsting the Smartmoov’. The selected
sample presents a balance between genders. Thiisagigutions range from 23 to 68 year-
old, similarly distributed between both genderse Participants mean age is 42.44 years-old.
On one hand 16 respondents have a high educatiewal and on the other hand, 34
respondents have not attended the university anctwhem do not have any diploma.

Technological familiarity

The ownership of Smartphones is very high, 41 dubhe 50 participants own one. Figure 1
shows that participants consider themselves as gsers of technological tools (and notably
of PCs, Smartphones, GPS navigators and MP3 players
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Figure 1- Familiarity with technological tools




Concerning information sources when choosing aertmaan occasional place, the majority of
the respondents uses internet to get the informaieded (44). The second most used tool is
the GPS navigator (31) and the third one the dmgdoogle maps (28).

The participants show a high level of interest talsatechnological devices, as observed by
the high values central tendency indicators ofath&wers to the three questions reported at
Table1l.

Table 1 - Interest about technology Statistics
1. I would like to test new 2. I'm passionate by the potential 3. I'm interest in

technological devices of new technological Tools technology
Mean 4.34 3.80 4.04
Median 5.00 4.00 4.00
Mode 5 5 5

More than half of the participants (27) agree tygps help them in their daily life, showing
that apps for daily use are already a reality. Mben half of the participants (31) find that
some apps are enjoyable to use. About the willisgrie discover new apps, 22 persons like
to doit.

Behavioural constructs for the modal change

To identify the factor structure of the TPB, a pipal component factor analysis with
quartimax rotation was conducted on 10 questioen&ms. For samples with less than 60
participants, items only can be acceptable if comatities account at least .60 (Martinez and
Ferreira, 2008). Therefore, two items were remoiredhe first analysis. In the second
analysis, sampling adequacy (Kaiser_meyer_olkinjiceates a mediocre compact of
correlations (.608) and the analysis of spherigitlicates a strong relationship between the
items (df=28,p<.001), both of which show that factor analysiapgpropriate for this measure.
Factors were extracted on the basis of eigenvateatgy than 1 proportion of variance
accounted, percentage of variance accounted, gageenf variance explained by each factor,
number of items with significant factor loadingsidactor interpretability (Kahn, 2006).
Considering all the above criteria, the best sofufiound was related to three main factors,
accounting for 72.422% of the variance (Table 2).

Table 2 — Rotated Principal Components Analysis{P&tructure Matrix

Items TPB Factor 1 Factor 2 Factor 3

I expect that my family and friends put me under pressure to

reduce the environmental impacts of my travels SN -898

I expect that my family and friends incite me use Smartmoov’ SN .762

I expect that policy makers incite me use Smartmoov’ SN .754
e enne o mthe gy s
I don't love driving for most frequent trip ATT .883

I don't like to travel by car ATT .882

I would use the Public Transport more often if I had real-time PBC .809




information
I would use more the velov’ (bike-sharing) if the real-time was

available PBC 784
Eigenvalues 2.713 1.795 1.286
Percentage variance explained 33.908 22.436 16.078

Note: All factor loadings > .300 (or<-.300) are showrnadings of items used to identify each factor ardald; other loadings are
italicized. SN = subjective norms; ATT = attitudesvards the behaviour; PBC = perceived behaviaoatrol.

The PCA gave a three-factor dimension, matching phaposal of theory of planned

behaviour. Table 2 shows the rotated matrix antlides all loadings >.300. Loadings of the
items used to identify each factor are in bold,levitihe other loadings are in italics. Factors
were identified as representing attitudes towanesbiehaviour (ATT), perceived behavioural
control (PBC) and subjective norms (SN). Eigenvaltgr these factors were all above the
threshold of 1 for factor retention (Kaiser, 1974he three factors explained a total of
72.422% of the variability of the original eightnables. Therefore, the complexity of the
data set can be considerably reduced by using tbesgonents, with 27.578% loss of
information.

All items presented at least .60 of communality.alleommunalities value was .724 over
threshold of .700. Finally, all items presentedading factor above .600 (Budaev, 2010).

Cronbach’sy was computed for the items used in identifyinghef@ctor: SNo = .802; ATT,

a =.739; PBCo = .532. Values for all scales except perceivedabielural control reached
the .700 threshold. Despite the PCB construct sHaavpoor value for internal consistency,
but still acceptable, it was decided to use thiCR®nstruct in the analysis because small
samples size can deflate the Cronbaah'salue (Cortina, 1993). Respondents’ scores on
reliable scales were computed by taking their maamems comprising each scale, so that
scores ranged from 1 to 5 (Table 3). For all TPBstacts the 50 participants, in mean
values, scored near the middle point of the sé&arson correlation and Spearman’s rho did
not show any significant correlation among the éhcenstructs, therefore the constructs are

independent.
Table 3 — Factor Descriptive Statistics
Factor Mean S.D. Min Max Skewness Kurtosis
PBC  3.030 1193 100 500 . eet e
ATT 2890 1279 100 500 . T it
SN 2.775 947 100 500 . ereee

The intention to change transport mode was askebtorb scale. Answers 1 and 2 mean that
they do not want to change mobility habits. Answend 5 mean that they intend to change
mobility pattern. Answers on the middle point (3¢re excluded because were undecided
people. Table 4 shows descriptive statistics fappewho express the intention to maintain
or change their transport habits (hereafter, “naan@rs” and “changers”). Higher values in
the SN and PBC construct by the changers are authwrith the theory. However, the higher
mean value in the ATT construct by the maintainersgjuite unexpected.




Table 4 — Descriptive statistics for theory of plad behaviour variables for different intentions

Intention Constructs Mean Min Max SD Variance n
Maintain transport habits ATT 3.259 1.00 5.00 1.259 1.584 27
SN 2.704 1.00 5.00 1.070 1.144 27
PBC 2.685 1.00 5.00 1.257 1.580 27
Change transport habits ATT 2.0000 1.00 4.50 1.275 1.625 9
SN 2.7500 1.75 4.00 791 .625
PBC 3.2778 1.50 4.00 .833 .694

Mann-Whitney tests showed no significant differenbetween maintainers’ and changers’ on
SN (U=121,p=.985) and PBC (U=82.99=.149), but there is significant differencgs(05)

for ATT (U=56,p=.016). Changers had lowers attitudes toward tl@gh transport mode.
Spearman’s rhopj correlations among variables were calculatedthedhree construct had
not significant correlation among them. This indéchthat multicollinearity would not be a
problem in regressions using these variables aiqboes (Field, 2000).

A logistic regression was used to understand thigyabf the TPB model to explain the
modal change intention. In this TPB regression,jestiltye norms, attitudes and perceived
behavioural control were entered simultaneouslyhis regression, ATT and PBC constructs
were significant §<.05) and SN construct was not. As follow-up it vimslt a model using
forward stepwise method. Attitudes towards behavi@dI T) was added to the model (Table
5). Subjective norms (SN) was left out of the as@mlyat the first step because had
significance values larger than .05. However, etleough, perceived control behaviour
(PCB) had a significant value, it was left out twe tast step because it did not contribute to
better fit the model. For a logistic model, if tindercept is zero (equivalent to having no
intercept in the model), the resulting model implibat logit (or log odds) is zero, which
implies that the event probability is .5. This isvery strong assumption that sometimes is
reasonable, but more often it is not. Thereforkigaly significant intercept in this model is
generally not a problem (SAS, 2013).

Table 5 — Final Model
Predictor Coefficient SE Coef/S.E. p-value Exp(coef)

95% CI Exp(coef)
Lower bd upper bd

ATT .835 373 2.24 .043* 2.31 1.08 4.92
Constant -1.068 .954 -1.12 .302 344 .050 3.29
* sig. at .05

As a further check, the backward stepwise methosl wged. The two methods choose the
same variable, Attitudes towards behaviour (ATD)we can be fairly confident that it's a
good model. The Hosmer-Lemeshow test and the CrGwiB test report that the model
adequately fits the data, since the values wergehithan .05 (Table 6).

Table 6 — Goodness-of-fit Test

Test Chi-square df  Sig.
Hosmer and Lemeshow 7.411 7 .387
C. C. Brown .851 2 .653




The model is reported in the equation 1:

e-1.068+.835ATT

+ e-1.068+.835ATT" [1]

Pr[ Maintain] = -
Where the odds of maintaining the mode used ineré&gsa multiplicative factor of 2.31

(Exp(a) = .835) for each absolute increment onAth& score. Overall, 80.6% of the cases are
correctly classified.

After thetest of the app

Sample

As previously reported, the analysis carried ouerathe test involved 46 persons (four
participants left the test). This sample maintdives gender balance. The ages range from 23
to 68 and are similar for both genders (t(44) =3,12= .474) being the average age of the
sample 43.04 years old (SD=12.18). Out of the 4@igigants, 17 have a higher education
degree, 29 have not attended the university andfitleem do not have any diploma.

Expected and actual outcomes
Table 7summarises the participant’s agreement (those emesivd and 5 to the likert scale),
according to the expected and actual outcomesedSthartmoov’ app.

Table 7 — Agreement related to the expectationgewvealed behaviour induced by Smartmoov’ app

Participants claim to believe that... Ex_ante Participants report that... Ex_post
SMARTMOOV’ will be a facilitator towards a 19 SMARTMOOV has facilitated a 3
change in my mobility behaviour change in my mobility behaviour

. . . I felt an incentive to change my
I feel an incentive to change my mobility ' 17 mobility behaviour due to the use 9
behaviour due to the use of SMARTMOOV of SMARTMOOV”
I expect to gain time, thanks to 4 I gained time, thanks to 14
SMARTMOOV'' SMARTMOOV '
The mean value of three statements related SMARTMOOV' has helped me to
to limit the environmental impact of mobility 29 reduce the environmental impact 6
associated with the use of SMARTMOOVT!! of my travels

Win the ex_ante survey there were three questicesamg the Smartmoov’ influence on limiting tragelironment impacts. The three
questions showed an excellent alpha of Cronbadplsa#=.911) and with their mean value was produced avavable.

It is possible to identify that the expected outesmvere valued more, compared to the actual
reported outcome3able 8presents the statistical significances of theBerénces.

Table 8 — Expectations and revealed behaviourisBtat differences between ex-ante and ex-post
Expected and actual outcomes Paired T-test p-value Wilcoxon Test p-value
SMARTMOOV as a facilitator towards a
mobility behaviour change

SMARTMOOV' as an incentive to change
mobility behaviour

Gain time, thanks to SMARTMOOV’ 6.84 <.001* -4.893, <.001

SMARTMOOV’ as a tool that helps to reduce
the environmental impact of travels

3.64 <.001* -5.347 <.001*

9.117 <.001* -3.20 <.001*

8.42 <.001* -5,374 <.001*

* significant at the 0.01 level




For all the outcomes studied there are significamtan differences, decreasing the
appreciation between the ex-ante and ex-post ssiréws, after the test people do not think
that SmartmooV’ is a real facilitator towards arug of travellers’ behaviour, the mean value
passed from neutralM=3.35, SD=.849) to disagree M=1.98, SD=1.022). After the
Smartmoov’ test the participants disagree that #pp is an incentive to change their
behaviour, the mean value passed from neuivd3(35, SD=.849) to disagreeM=1.98,
SD=1.022). The real gain of time using the Smartmabe’ not match the expectations of the
participants, the mean value passed from agked4{d2, SD=.581) to neutral NI=2.61,
SD=1.355). Finally, Smartmoov’ app didn’'t help to dese their environmental impacts,
passing from an agreement perspective on the ex (drB.76,SD=1.046) to a disagreement
on the ex_post\=2.20,SD=1.276).

Traveller intentions
Table 9 summarizes the participants’ agreemensélamswered 4 and 5 to the likert scale) as
regards their intentions towards their travel béhavdeclared in the ex_ante and ex_post
guestionnaires.
Table 9 — Participants who agreed with theintensimements

Agreed that... ex-ante survey  ex_post survey

I intend to change my travel habits 8 3
I would use the Public Transport more often if I had real-time

information on timetables and passes 24 16
I would use Vélo'v (Bike-sharing) more often if I had real-time

information on the availability of Vélo'v (Bike-sharing) and 13 10
occupation sites

I would use my car more often if I had real-time traffic information 16 4
I would carpool more often if I had real-time information on the its 18 14
availability

The number of participants agreeing with the stat@sidecreased from ex-ante to the ex-post
survey. Table 10 shows the statistical significanicéhese differences.

Table 10 — Intention statements: Statistical défee between ex-ante and ex-post

Statements Paired T-test p-value Wilcoxon Test p-value
I intend to change my travel habits 2.003 .051 1.86 .068
I would use the Public transport more often

if I had real-time information on timetables 1.772 .083 -1.741 .082
and passes

I would use Vélo'v (Bike-sharing) more
often if I had real-time information on the

availability of Vélo'v (Bike-sharing) and N/A N/A 1741 082
occupation sites

I'would u'se. my car .more often if I had real- N/A N/A 2,546 011*
time traffic information

I would carpool more often if I had real- N/A N/A 1.210 226

time information on the its availability

* significant at the 0.05 level.




In table 10 it can be observed that the only sigaiit statistical difference was related to the
use of car thanks to the real time informationfact, the number of participants who agreed
using more the car strongly decreased from 16 (¢e}d0 4 (ex-post).

Effects on travel behaviour

Regarding the most frequent travel, in general $emo global changes towards sustainable
mobility occurred. In fact, some participants moviedm car to other modes and other
participants from more sustainable modes to car.cdntradiction with the theoretical

expectations, the number of people using pollutmggles has slightly increased after the test
(Table 1).

Table 11 — Most frequent mode use: differences é@tvex-ante and ex-post by seasons

SEASON
Autumn/Winter : Spring/Summer
MODE Ex-ante Ex-post Ex-ante Ex-post
Car L 23 24 | 16 17
Public Transport (PT) | 15 15 | 11 9
Bicycle : 0 1 ' 5 6
Walk L3 2 5 4
Motorcycle L0 2 2 3
PT + soft modes : 5 1 3 2
PT + Car 0 1 3 6

Table 12 summarises the statistical differenceswdet the ex-ante and ex-post
questionnaires as regards the use of transport sriadeutumn/Winter, Spring/Summer and
weekends. It is possible to state that the introadnof the Smartmoov’ did not produced any
change in the use of car, motorcycles, bicycles\&ldv'v (bike-sharing).

Table 12 - Use of the transport modes in the diffeperiods: statistical difference between ex-ante
and ex-post

Mode Car Motorcycle Bicycle Velov'v
used in... Wilcoxon p- Wilcoxon  p-value  Wilcoxon  p-value  Wilcoxon p-value
Test value Test Test Test
Autumn/Winter 426 .670 -1.187 .235 1.218 223 1.000 317
Spring/Summer  -.610 .542 -.115 .909 -.182 .856 -.182 .856
Weekends  -.832 .405 -.816 414 -.110 912 -.707 .480

Even more, when comparing the use of the PT forAeimn/Winter and Spring/Summer

season it is observed that the introduction ofSheartmoov’ did not produced any change in
the use of this mode. Nevertheless, during weeké¢nesanswer before and after shows
significant, but weak difference of the mediamahle 13. Comparing the walking, between

ex-ante and ex-post questionnaires, during the taofWinter and Spring/Summer significant
changes of the medians were observed. During thekemels the test did not revealed
significant differencesTable 13. More people used this mode after the test (13 2nd 4




times a week) and the “never” score decreased. Menvé is not possible to assume that
these changes are entirely related to the intrasluct the app.

Table 13 — Use of the transport modes (PT and ng)kn the different periods: statistical differenc
between ex-ante and ex-post

Mode PT Walking
used on... Wilcoxon Test p-value Wilcoxon Test  p-value
Winter/Autumn -1.604 .109 2.543 .011*
Spring/Summer -1.342 .180 -2.614 .009*
Weekends -2.194 .028* -.818 413

* significant at the 0.05 level.

Smartmoov’ Use

Table 14 shows that the number of people who ssiitgUSmartmoov’ to plan their trips after
the test was substantially lower than those exprei®e intention of using it before.

In fact, the use of Smartmoov’ to plan occasiomal daily trips showed significant changes
after the test, decreasing in both cases (Z=-4.84)01 for occasional trips; Z=-4.347,
p<.001 for daily trips).

Table 14 — Participants who agreed to use Smartmoov

Participants claim that... N  Participants report that... N

Intend to use SMARTMOOQV' to plan occasional trips 45  Used SMARTMOOQV 'plan for occasional trips 28
Intend to use SMARTMOQV’ to plan daily commute 39 Used SMARTMOOV' to plan my daily 21
commute
Used SMARTMOOV’ daily 12

The statement: “l used Smartmoov’ daily” was preddn the ex-post questionnaire to better
understand the use of the Smartmoov’ on the daisebThe answers show a neutral opinion
(M=2.89, SD=1.080), with 17 people disagreeingn&itral and 12 agreeing.

The three decision-making scenarios, Pre-trip ptaprEn-Route and Re-route, were tested
in the ex-post survey and 15 people stated that tised Smartmoov’ for pre-trip planning
and 10 for en-route information, while 20 got rexinformation.

Another aspect analysed in the ex-post questiomna@s the usefulness of Smartmoov’ in
discovering new routes. The mean answers show taahe@utlook (M=2.93, SD=1.526) but
16 participants reported that they found new rouismig Smartmoov’. Furthermore, 14
participants stated that Smartmoov’ allowed thensdwe time during their travels; 11 of
them agreed on both cases. Finding new routes ardgstime during the travel thanks to
Smartmoov’ are significantly and positively coriteld ( = .652,p<.001).

Willingness to pay
An important issue to understand the potential esgcof Smartmoov’ is to assess the
willingness to pay after the test. Figure 2 sholat the willingness to pay after the test is

10



significantly lower than previously (Z=-2.063 = .039). The median score rating has
decreased from disagree scale point (2.0) to yotlidlagree scale point (1.0).

W Ex-ante
W Ex-post
11 1

Totally Disagree Neutral Agree Totally
disagree agree

NN W
o v O

-
o

Number of participants
» 7

Figure 2 — Willingness to pay for Smartmoov’

Ergonomics

The ergonomics of Smartmoov’ was evaluated thrdbgie statements. Table 15 reports the
differences of the level of agreement between ég-and ex-post (easiness to use: Z=-4.682,
p <.001; facing problems: Z=-3.06@+.002). It is possible to observe that all the ealare
lower after the test, meaning that people facedemdifficulties than expected using
Smartmoov’ .

Table 15 — Participants who agreed with ergonotatements

Participants claim that... N  Participants report that... N
Expect to have an easy to use app 38 SMARTMOOQV'is an easy to use app 14
Don't think that will face different Didn't faced different problems using

15

problems using SMARTMOOV’ daily SMARTMOOV 'daily

Did not lost time using SMARTMOOV’ 21
The statement “I did not lost a lot of time using&tmoov’™, was only present in the ex-post
guestionnaire. 21 participants agreed that theyndidiost time using Smartmoov’ and only
10 admitted that they lost time using such an app.

Theory of planned behaviour constructs modificaiafter test

Before the test, a principal component analysisAR@sing the statements on the ex-ante
guestionnaire, was used to identify the TPB cortdruattitudes towards behaviour (ATT),
the perceived behaviour control (PCB) and the stivie norm (SN). The same statements
were used in the ex-post questionnaire and thel@risa was computed for the items used
for each factor, to understand if this construdif§ sade sense for the sample of 46
participants. ATT ¢=.671) and PCBo=.674) constructs in the ex-post did not reach the
threshold, but showed an acceptable value for nateconsistency (Cortina, 1993). SN
(0=.745) showed a good internal consistency. Paditg) scores on reliable scales were
computed by taking their mean on items includedadnh scale, so that scores ranged from 1
to 5. Pair T-test and Wilcoxon Signed Ranks testewmeformed to verify if there were
significant differences on how participants scotbd TPB constructs between the two
guestionnaires (Table 16).
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Table 16 — TPB constructs: Statistical differeneeneen ex-ante and ex-post
ex_ante survey ex_post survey Pair T- Wilcoxon

Construct Mean SD Mean SD test p Test P
ATT 3.00 1.234 2.99 1.213 1.518 .136 -.500 617
PBC 2.98 1.197 2.71 1.162 .068 .946 -1.315 .188
SN 2.82 .957 1.48 .673 N/A N/A -5.879 <001*

* significant at the 0.01 level

ATT and PBC showed no significant differences betweguestionnaires, remaining stable
over the two questionnaires’ period. On the cogir&N construct presented a significant
decrease between ex-ante survey (2.75) and exspoay (1.25).

DiscussioN AND CONCLUSIONS

No strong constraint on the use of Smartmoov’ vem®nrded, being the participants familiar
with the technology and with the use of Smartphaaggications (e.g. google maps), GPS
navigators and websites for getting travel infolorat

With the goal to assess the effects that Smartmbad’ on the mobility of the participants,
the data before and after test were compared.idrsthdy it is possible to recognise that this
app alone had no influence on the modal shift; €kpectations about Smartmoov’ were
higher than they experienced during its use.

The participants were hesitating about the poteafithe app to facilitate or boost the modal
shift; after the test the participants disagreed this app is able to induce modal diversion.
The real time feature of Smartmoov’ did not matieh expectations of the participants; 42
people wanted to save time and only 14 actuallyitdiihe willingness to pay for its use has
also decreased after the test. These results shoslagonship between the time saving
allowed by Smartmoov’ and the willingness to paybé considered for the economic success
of this app.

In the city of Stockholm, the introduction of a owdal application helped the participants to
achieve a more sustainable mobility through a greade of public transport and a reduction
of car use (Skoglund and Karlsson, 2012). Withitiseduction of Smartmoov’ in Lyon, the
opposite was observed: an increase of the pollutinges used for the most frequent travels
(3 people more in Autumn/Winter and 2 people mar§&pring/Summer) was recorded while
the total amount (all modes) of travels remainedhanged after the test. The stability of the
modes used shows how past travel choices influetieetuture ones, allowing to predict the
modal choice.

The potential of this app to promote a sustainablebility is quite questionable: the
participants stated that this app did not help themeduce their environmental impact as
much as they wanted. In addition, the intentioruse@ more sustainable modes (PT, bike
sharing, carpooling) if real-time information isa@@able decreased after the test.
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At the onset of the test, travellers’ evaluatiowaods the travel planner was slightly positive,
but this waned over time while the use of the déifie modes remained stable after the test,
albeit a small increase of the car for the mostjfent trip was observed. This negative
evaluation of Smartmoov’ after the test can be ghaetly, to the application itself as it was
not easy-to-use during the daily commuting. In f&&yish and Jovanis (2004) had already
observed that, to induce the use of ATIS, travellesk that the systems are user-friendly,
providing accurate information and an enjoyablepgieal design. This evaluation showed
that Smartmoov’ did not meet yet all the technjmadconditions demanded by the travellers
for inducing a change on mobility behaviour.

However, after the test, the results were in limth wrevious studies, meaning that few people
used this app on a daily basis or for planningydedmmuting, while it was most often used
to plan occasional travels (Bonsall and Joint, 1@btenhuis et al., 2007).

The expert group on Urban ITS (2001) concluded tiatmplementation of the Multimodal
information system was the most economical metlmodet a reduction of 24 000 tons of
COylyear in Lyon, equivalent to 1% of modal shift fraars to bikes and/or public transport.
The results of this research wonders about thectgpaf these systems, alone, to get 1% of
modal shift. These systems have to be part of @wstrategy to achieve sustainable urban
mobility, which includes more investments on puli@nsport, on pedestrian/bicycle paths
and measures to reduce the car use.

It was possible to identify that, in this case, thedel proposed by the Theory of Planned
Behaviour (TPB) was not able to predict the intami towards the modal shift. In fact, the
intentions to change mode slightly came from thesgeal evaluation of performing the
modal shift (attitude towards behaviour, ATT); titber two constructs, subjective norm (SN)
and perceived behavioural control (PBC), did na@ role in explaining intentions.

The ATT, PBC as well as intentions did not chanigaiBcantly. The stability of intentions
and of perceived behavioural control could expliie observed behaviour stability. Those
factors presumably determined the behaviour inpghast and, as it remained unchanged,
produced the corresponding behaviour in the fu{B@mberg et al., 2003). This observed
lack of fit of the TPB can be the effect of thetmapants’ high frequency of past behaviour,
which leads to mobility habits, which strongly inihce the process of modal choice. This
finding means that the behaviour under consideratiather than being completely reasoned,
is partly under the direct control of the stimugiation, which is, repeating the habitudinal
performance (Bamberg et al., 2003).

Aarts et al. (1997) found that systematic travieistlthe effects that information can have on
modal diversion because people automatically behaitbout consulting the available
information. Nevertheless the routine, the humatiasdehaviour is always regulated at a
certain (even if low) level of cognitive effort. &hefore, for achieving a multimodal
behaviour, it is essential that the use of inforaratontributes to the disruption of the routine
behaviour and initiates reasoned action (Kenyonlamas, 2003).
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Mobility habits are a constraint in the processrafdal choice. The information can play a
role in the modal diversion only if is able to beaningful enough to give to users significant
reasons to break their routine, changing the covgnibundation of intentions and behaviour.
The conclusions of this study should be considengial care due to the sample sizex(Bhe=

50; nx_pos= 46) and, thus, it is not possible to generalgedonclusions. Furthermore, when
comparing the results before and after the testag impossible to have a control group since
all participants got a Smartphone. This limitatisnnot uncommon in field studies, but it
raises the possibility that events other than tii@duction of the multimodal app may have
produced the observed effects (Bamberg et al.,)2003

Finally, during the test, the Smartmoov’ app wadaipd three times, adding small changes in
terms of content and user interface that couldeaose bias on the results.

Nevertheless, this research provides added valuegasds the impacts that ATIS can have
on mobility and can be a starting point for futatedies.

Even though Multimodal traveller information system@re a recent concept, and nowadays
used globally. Therefore there is a real needHerassessment of their impacts because many
funds are being addressed towards their developmetitout a real understanding of its
effectiveness.

In this research the TPB model was applied to ptatie modal shift when using real time
information. It can be concluded that, with the illde data, this model did not fit the
behaviour. Thus, it is proposed to apply this tlhgora larger sample using the findings of
this research for the factor constructions. Aftedsait would be of utmost importance to test
other behavioural models to understand if they wamtter to predict the modal shift, in case
of multimodal real time information. A mix of modebr a new model could be, eventually,
constructed to describe and predict this compldwatieur.
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