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This research is in the context of a mode choice study in 8wérnd. This paper represents
the discrete choice modeling part of this study. A comprelvendata collection campaign is
carried out which also includes psychometric indicatorsattitudes, perceptions and lifestyle
preferences. With the help of these indicators an intedrel@ice and latent variable model
is built including the latent attitudes @ttitude against public transport and environmental

concern.
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1 Introduction

In transport mode choice modeling, qualitative aspectdao®ming more important as a re-
sult of the desire for better demand estimates. Althougloseconomic attributes cover some
gualitative characteristics, there are other unobseraetfs (latent variables) that are impor-
tant in mode choice behavior such as lifestyle preferenoeisonal attitudes or perceptions.
These variables enrich the choice models providing a bieiseght about the decision making

process. The integration of the latent variables requiuaditative methods to be able to come
up with an initial set of these factors. The purpose of thiglgtis to combine the qualitative

and quantitative methods to have a more powerful transpodenchoice model at hand.

The research is carried out in the context of a collaboratiwek between EPFL's Transporta-
tion Center (TraCe) and CarPostal, the public transpomdiraf the Swiss Postal Service.
The main purpose of this study is to analyze the travel benafipeople in low-density areas,
where CarPostal typically serves, and afterwards propesepublic transport alternatives ac-
cording to the respondents’ willingness to pay for theseipitdl services in order to increase
the market share of public transport.

This paper presents an integrated discrete choice and iatgable model including attitudes
as latent variables. These variables are not observed hutecaeduced from psychometric
indicators which are collected in a survey. Indicators aseres of statements to which re-
spondents give their level of agreement. With the help of¢hadicators, latent variables can
be measured and structural equations can be built in ordetegrate the latent variables into
the mode choice context.

The rest of the paper is organized as follows: se¢tion 2 suimesathe theoretical formulation

for the integrated choice and latent variable models. Iti@e@ the data collection and the
factor analysis for the identification of latent variables axplained. Sectionl 4 provides the
model specification together with the estimations and finaé conclude and talk about future
research in sectidd 5.

2 Integrated choice and latent variable model

The integrated choice and latent variable model presemétiis paper uses the extended
framework for choice behavior provided by Ben-Akistzal | (1999) and Walker and Ben-Akiva
(2002). Framework consists of two components: a discretecelmodel and a latent variable
model, each having its own set of measurement and struetguaitions. Unobserved variables
are represented by ellipses and observable variables tangdes. Besides, dashed lines cor-
respond to the measurement equations and straight linessesy structural equations as in
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Figure 1. Integrated choice and latent variable model

Latent variables, that are representedjy are unobserved variables related to attitudes, per-
ception, preferences which can be measured with indicatans as psychometric indicators in
surveys. Therefore measurement equations are built inotime 6f equation[({l1) to be able to
measure latent variables with the psychometric indicators

L = (X5 @) + o, 1)

where], is the indicator for individuah which is a function of the latent variables, a set of
parametersd) and an error terme(,). Density function of the indicatorg,(7,| X*; a, 6,,), can
be obtained using the distribution of with a standard deviation &f,.

The structural equations for the latent variables, showeqguation[(2), are built in the same
way as the classical utility function with explanatory \adies (X,,) like socio-economic char-
acteristics of individuah. In the equation) is a set of parameters ang, is an error term.
The assumptions regarding the distributionwgfis employed in writing the density function
of latent variablesf (X*| X,; A, 0.,), 0., being the standard deviation ©f,. The simultaneous
estimation of these structural and measurement equatimaises us to include unobserved
constructs in choice models.

X5 = h(Xn; A) 4wy (2)
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Having defined the relations related to the latent varialhesutility for choosing alternative
can be expressed as a function of the individual charatitsrisy,,), modal attributesX;) and
latent variables with the following structural equation:

where 5 is a set of parameters angl, is an error term . In a discrete choice context the
probability of individualn choosing alternativecan be written as follows:

P(i| X, X;, X5 8,0.) = ProblU, > U, Vj € Cyl, 4)

whered. is the standard deviation of the error term in equation (8)@nis the choice set of
individual n. With the integrated model there are two sets of measureewrdtions which

result with a joint probability of observing choigeand indicator],, expressed in equation
(®). SinceX; is not observable, to be able to write this probability dgnfsinctions of latent

variables and indicators are incorporated.

P(la In|Xn,XZa 57 «, >‘7 087 01)7 Hw) =

/P(z’\Xn,XZ-,X*;B,HE)f([n|X*;a,@v)f(X*\Xn;A,@w)dX*. (5)
X*

Maximum likelihood estimation is used to estimate the umkmgarameters. The log-
likelihood function (L) can be written as in equationl (7) with the definition@f as in[6.

Yn=3 0 otherwise '
L= yilog P(i, I,,| X, Xi; 8,0, A, 0., 0,,,0,). @)

n 1€Ch

As mentioned before, indicators are used to measure the iagables and they do not directly
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influence the choice. Therefore once the parameters of tlielnaoe estimated, probability of
choice in(8 can be used for application purposes. This faanoah be applied to a data set
containing the observable variables of modal attributekiadividual characteristics.

P, X) = [ PUIX, X0 XS0 |X,)AX (8)

There are many examples of the application of integrateécerend latent variable approach
in different choice contexts. For example, Ben-Akiva and®&ua |(1995); Espinet al/ (2006)
study mode choice behavior for suburban trips, Walker an@Q07) work on residential loca-
tion choice with lifestyle preferences, and Abou-Zeicl. (2008) study travel behavior with
measurement of travel well-being. These are just a few elesrgd the studies in the litera-
ture, which report an improvement in the quality of the eatis and the achievement of more
realistic models when including unobserved factors thiaing latent variable approach.

3 Data Collection and Factor Analysis

The data collection campaign consists of three surveysdratba of study (non-urban areas
served by CarPostal). First, a qualitative survey (infdrmgerviews) is performed to have
an insight about behavior of people which is valuable foradbestruction of the subsequent
surveys. The second survey is a revealed preferences (B&dneg travel behavior and a
set of psychometric indicators to measure the latent vimsabThe third survey is the stated
preferences (SP) survey where the respondents were prddeypiothetical choice situation
with proposed new alternatives, which were designed initte bf the gained insight in the
first two surveys. This section focuses in the constructioa set of latent variables together
with their psychometric indicators that are included in RPs/gy and the analysis of the results
regarding these variables for modeling purposes.

3.1 Data Collection

The qualitative survey was conducted by Urban Sociologyotatory (LASUR) of EPFL

which consists of interviews to 20 individuals in the Swissiton of Vaud, focusing on res-
idential choice, mobility biography, and mobility habitén addition to this, each of the 20
respondents were asked to carry a GPS with them for seven daysding all their move-
ments. The geocoded results were shown afterward to therrdepts, where they identified
the transport modes and purposes associated to each thimgDlis part, additional (and in-
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formal) questions were made in order to complement the nmédion already collected in the
first part of the interviews.

The main use of this survey considering this paper is to ifletite potential latent variables
through a detailed analysis which is provided in Doyen (30Ibgether with this analysis
several papers in literature are used to enrich our set didates including Kitamuret al.
(1997), Bagley and Mokhtarian (2002), Ory and Mokhtariad0f2) and Espinet al. (2006).
This process resulted with a set of latent variables to besared with RP survey. These
potential latent variables include the attitude towardslipuransportation, car, environmental
issues; lifestyle preferences related to residentialaghdamily, working hours etc.

To be able to measure these latent variables through RP ys@avist of psychomet-
ric indicators are determined based on examples found iditérature. Redmond (2000),
Vredin Johanssod all (2006), Kitamuraet al| (1997), Ory and Mokhtarian (2005). These in-
dicators are built as statements related with each of thengiat latent variables, where the
respondents are expected to give their level of agreemehttihae statements. The indicators
designed in such a way that there are both negative andymosititements as well as trade-off
statements to be able come up with a reasonable set of data.

For example, for the latent variable @ivironmental concern, some of the proposed statements
are the following:

e People and employment are more important than the environment
e | am concerned about global warming
¢ \\e should increase the price of gasoline to reduce congestion and air pollution

These statements try to capture the positive or negativedstrelated to environmental issues.
It is worth to note that the third statement displays a trafidsetween the increased price of
gasoline and reduced pollution, which aims to identify tlféetence between the thoughts
and actions. The rest of the latent variables are relateld stggtements in a similar way. A
list of 54 statements with a 5 level likert scale to indicdte tevel of agreement (from total
disagreement to total agreement) is generated and incindée RP survey. RP survey also
includes a travel diary and a set of questions related todtiesconomic characteristics of the
respondent together with his/her household. Travel dmtiie skeleton of this data set where
respondents registered all the trips performed during eifsp@ day. The collected information
consists of origin, destination, cost, travel time, choserle and activity at the destination.

The model presented in this paper is based on the data fronuf®Eyswhich resulted with a
collection of 1124 completed surveys. For each respondgalic sequences of trips (starting
and ending at the same location) are detected and their na@isport mode is identified. The
data is used to generate the estimation database, with 1&&9vations relating sequences of
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trips, psychometric indicators and socioeconomic attebu

It is important to note that the observations in this dataasetweighted according to the sta-
tistical data of Switzerland considering 6 dimensionsspree of driving license, gender, ed-
ucation, number of cars in the household, age, and numbezagfie in the household. These
weights for individuals are used to correct the values dfteddies and similar statistical infor-
mation according to the proportions of each socioeconoagment in the Swiss population of
the towns selected in the survey.

3.2 Factor Analysis

As mentioned in sectidn 3.1 an initial set of latent variatdee selected to construct the set of
indicators. However it is better to make use of the data totifiethe latent variables to be used
in the modeling process. Therefore factor analysis metloggios used to identify the relations
between the indicators with collected answers for the leffagreement on the 54 statements.

First of all, an exploratory factor analysis is performedhahe whole list of indicators in order
to identify the correlations between indicators, groughmgm in factors that represent the latent
variables. The relation between the indicatdig énd the unobserved factors,] is given by
the following equation:

=T+ piFy + on, )

J

wherel}, is the mean value of the answer for indicatoandy;, is an error term following a
normal distribution. The factor loadingg,() quantify the correlation between the indicator
and factor;.

The factor analysis gives with 17 relevant factors with gyeevalue greater than 1, that together
explain 57% of the total variance among indicators. For niodegurposes first 6 factors
(those that explain most of the variability) are found to ikeiesting and with these 6 factors
a confirmatory factor analysis is performed the results attvican be seen in Tablé 1. This
table shows the factor loadings and their related indisatbhe factor loadings which have an
absolute value greater than 0.2 are displayed which arealfisant at the 95% level. The list
of statements for the given indicators are provided in T@blethe Appendix.

When we analyze the factor loadings with their signs we cangithem and come up latent
variables. For example, for Factor 1 the three biggest fao#alings in absolute value are those
of indicators 17, 22, and 23. These indicators are the fatigwtatements in the survey:
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Table 1: Factor loadings

Indicator Factor1 Factor2 Factor3 Factor4 Factor5 Factor6

1 -0.540 0.592 - - - -

2 -0.252 0.452 - - - -

3 0.357 -0.357 - - - -

4 - -0.435 - - - -

5 - 0.627 - - - -

6 - 0.581 - - - -

9 - - 0.271 - - -
11 - - - - - 0.258
14 0.311 - - 0.290 - -
15 -0.224 - - - - -
16 0.521 - - - - -
17 0.613 - - - - -
18 - - - 0.622 - -
20 0.385 - -0.344 - - -
22 0.564 - - - - -
23 0.562 - - - - -
24 0.378 - -0.302 - - -
25 -0.269 - 0.665 - - -
26 - - 0.758 - - -
28 - - -0.323 - - -
29 - - 0.295 - - -
30 - - 0.846 - - -
32 - - 0.430 - - 0.615
33 - - - - - 0.750
34 - - - - 0.425 -
35 - - - - 0.274 0.231
38 - - - - 0.684 -
39 - - -0.254 - 0.421 -
40 - - - - -0.639 -
46 - - - 0.315 - -
47 - - - 0.551 - -
48 - - - -0.509 - -
50 0.209 - - - - -

e [1; : It'shard to take public transport when | have bags or luggage.

e [ : | don't like to change transport modes when | travel.

e [53 : If | use public transport, | have to cancel some activitiesthat | do, so | take the car.

If a person displays a high agreement with the above statsptemhas a negative attitude for
public transport stressing the difficulties and inconveoesin using public transport. When

other indicators are analyzed in a similar way, it is seen tiia factor represent a negative

attitude for public transport which can be namedtidude against public transport.

Extending the analysis to other factors, it is possible toctade that factors from 2 to 6 rep-

8
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resentenvironmental concern, public transport awareness, status seeking, pro-high-density,
andpersonalized service respectivelyEnvironmental concern represent the behavior of people
who are concerned with environmental issues and who arg teddke action for thatPublic
transport awareness explains the behavior of people who have used public trahsp@ugh-
out their life and who are aware of the possibilities and dmak in using public transport.
Latent variable oftatus seeking shows the behavior of giving importance to having valuable
belongings and showing it to other peopRro-high-density is the behavior regarding the de-
sire to live in strategical centers of the city with its alcgd facilities and finallyPer sonalized
service capture the behavior of people for whom it is an importanies® have a contact with
the drivers to have a better service.

4 Model Specification and Estimation Results

As described in sectidn 2 the integrated model has two patent variable model and discrete
choice model. Building the latent variable is related tostaicting the measurement equations
for latent variables with psychometric indicators and defirthe latent variable with explana-
tory variables through structural equations. In the discohoice part, utility of alternatives
are explained by modal attributes, socioeconomic charatits and latent variables. Since
integrated models are complicated models, to save timaliartalysis was done separately for
the two parts which resulted with a good set of explanatoriaisées for each. Afterwards the
integrated model was estimated in the light of the initialgsis. A model with the preliminary
analysis of this study can be found in Hurtuliaal | (2010).

4.1 Latent variable model

The resulting factors from the factor analysis in secfidgh&@e candidates for the latent vari-
ables to be used in the model estimation. From these caedided worked withattitude
against public transport and environmental concern for the integrated model. Although we
have analyzed others these were better in terms of resultkisl section we provide the spec-
ification for these 2 latent variables. To remind that, tregeshents for the indicators can be
found in Tabld b in the Appendix.

In the latent variable model, structural equations and oreasent equations for the attitudes
(represented byitt) were built in the form of the equatioh (10) arid(11). The detr the
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specification is provided for the considered attitudes ér#st of this section.

Att = At + Y " A X, +w, (10)

whereAtt is estimated mean value of the latent attitude Apds a set of explanatory variables.
w is the error term which is assumed to have a Normal distobutvith a mean of 0 and a
standard deviation df,.

Measurement equations were built with the most relevantatdrs of the latent attitudes in
the form of a regression which has a similar structure asat®f analysis in equationl(9):

I, = aj, + ay, Att + vy, Vk, (11)

wherea;, andoy, are parameters to be estimated aftdis the latent variable defined by equa-
tion (10). The error term is normally distributed with meaar@l standard deviatiah, .

According to Tablél it is seen that indicators 16, 17, 22 Hagh factor loadings foattitude
against public transport which can be used for measurement equations. For the stalegua-
tion, several variables were regressed and number of caing ihousehold, dummy variables
indicating the region in Switzerland and dummy variabletmh education level found to be
significant. The specification can be represented by thedinark in Figure 2. Estimation
results say that people with high education have a posititeide towards public transport,
people living in the regions which are the German speakimggie&Switzerland has more ten-
dency to use public transport and number of cars in the haldéicrease the negative attitude
towards public transport.

Latent variableenvironmental concern has the 4 most explaining indicators of 1, 2, 5, and 6.
The explanatory variables are the number of bikes in the dtwld, age which is piecewise
linear starting from age of 45, and a dummy variable for theptewith high education level
(university degree) as seen in Figlte 3. It can be concludadhigh number of bikes in the
household and high education level are signs of a high ldweivironmental concern. Besides
when people get older they start to think more about enviental issues.

10
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Number of cars (+)

Region - German (-) AttitudF?Tagainst ->| Indicators
High education (-)
\ 4
Utility
1
1
v
Choice
Figure 2: Attitude against public transport
Number of bikes (+)
High education (+) Environmental -~ Indicators
oncer
Age > 45 (+)
4
Utility
[
[
A4
Choice

Figure 3. Environmental Concern

4.2 Discrete choice model

A logit model was estimated, choice being the main mode forcdef trips, which start and
end at the same location. The alternatives for the choicgrar&e mode (PM) representing car,
taxi, motorbike and car-sharing, public transport (PT) aoff mode (SM) including walking
and bike. Observations with different choices than thessethlternatives are excluded being
out of scope which results with 1096 observations. Inforomstfor cost and time are inputted
according to the information provided by the respondent@ttavel diary. Utility function for
each alternative was defined as in equations (12)-(14).

Veamr = ASCpur + BeostCrm + Brrpy T Tra + Z Bs X (12)

11
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Vpr = ASCpr + BeostCrr + Brrpr TTpr + BregFrr
+ ﬁattAPtCLttAPt + ﬁattEm,attEnv (13)

VSM = ASCSM + BdistanceDS]M (14)

Cpu, Cpr are the cost (in CHF)['Tpy,, TTpr are the travel time in minutes for private mode
and public transport respectively antl,, is the distance (in km) for soft mode. In the utility
function for car X, is a vector of explanatory variables including dummy vaegalfor the
trip cycles which include work related activities, presemé children and for the location of
household (German or French speaking part of Switzerland).

In the utility function for public transportf’sr is the average frequency (number of pairs of
trips per day) of the public transport serviceattApt and attEnv are the latent variables of
attitude against public transport andenvironmental concern respectively which were described
in sectior 3.2 and specified in sectlonl4.1.

The choice model was built assuming extreme value distdhdor the error terms associated
with the utility functions of the alternatives. Thereforenaltinomial logit model is obtained
with the following probabilities for choosing each altetie.

- exp(V)

 — i = PM, PT,SM. 15
exp(Venr) + exp(Vpr) + exp(Vsyy) (15)

4.3 Integrated choice and latent variable model

After having defined all the relations likelihood functianabtained by replacing equatidn{15)
and structural and measurement equations for latent Vasia equation(5). The estimation
is done by using an extended version of the software pack#@&BME [Bierlairé (2003)
extensions partly being explainediin Bierlaire and Fesri(2009). As there are two latent
variables simulation is used for estimation. Estimatisuts, including reference results for a
multinomial logit model are provided in Tallé 2.

As seen from the results all the parameters have the expsigied Time and cost negatively
affect private mode and public transport and distance tsasaahegative effect on the utility of
soft mode. Presence of children in the household favorsshgeiof private mode as expected.

12
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Table 2: Estimation results

\ | Affected Utility | Integrated Model | Multinomial Logit |

| Parameter | Vpyy Vpr Veum |  Value  ttest|  Value t-test|
ASCpy X 0.157 0.15* 0.81 3.35
ASCpr X O** - o** -
ASCsm -0.409 -0.38*| 0.218  0.56*
Behitdren X 0.492  3.09] 0412 2.62
Beost X X -0.0493 -4.63| -0.0508 -3.91
Bdistance -0.221  -4.47| -0.222 -4.44
Bfreq X 0.649 3.22 0.701 3.51
B X -0.61  -3.97| -0.622 -4.1
Bfrench X 1.05 6.22 1.09 6.5
Brrew X -0.0211  -4.33| -0.0215 -3.83
BrTps X -0.00847 -3.1| -0.00846 -2.79
BattAPt X -0.63 -2.89 - -
/BattEnU X 0.326 1.89 - -
attAPt X 3.45 54.33 - -
att Env X 3.04 34.67 - -
)\age>45 X 0.00609 2.59 - -
)‘bikes X 0.0605 4.17 - -
Acars X 0.129 3.52 - -
)‘highfeduc X 0.262 5.9 - -
Aregion3 X -0.307 -3.66 - -
)‘region4 X -0.234 -2.02 - -
)\region{i X -0.315 -3.01 - -
)‘regionG X -0.193 -2.12 - -
AregionT X -0.467 -3.01 - -
a'16 0** - - _
ayy 0847 228 - -
a22 1.24 4.4 - -
ay -1.77 -2.81 - -
as 0.0318 0.07* - -
a5 0** - - _
ag 1.06 5 - -
Q16 1** - - -
17 0974 784 - -
99 0.727 7.57 - -
o1 1.17 6.86 - -
o3 0.904 7.12 - -
Qs 1** _ _ _
o6 0.87 15.63 - -
Oattapt -0.469  -6.33 - -
eattEnv -0.492 -5.44 - -
f16 -0.255 -5.03 - -
O17 -0.126  -3.21 - -
029 0.0171 0.71* - -
01 0.0873 2.6 - -
0 -0.00741 -0.26* - -
05 -0.174 -3.94 - -
O -0.582 -12.87 - -

13

(* Statistical significance< 90%, ** Fixed parameter)
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Trip cycles including work related trips have a negativeetffon the utility of private mode
which suggests that frequent trips like going to work fava public transport usage. French
speaking part of Switzerland has more tendency to use privatle compared to the German
speaking part. Furthermore frequency of the public trarispervice increases the utility of
public transport.

When we look at the sign of the latent variables it is seenatidtide against public transport

has negative sign anehwvironmental concern has positive sign affecting the utility of public
transport which is expected. The explanatory variableshifedatent variables ge-45, Apikes
Acarss Ahigh—educy ANANregions — Aregion7 Nave the expected signs as explained in se€tion 4.1.
Regions 3-7 (all being in the German speaking part of Swanrel) have better attitude against
public transport compared to regions 1 and 2 (in French spggkart), number of cars in
the household increase the biased attitude against puahisgort and high educated people
have better image of public transport. For gmeironmental concern number of bikes in the
household and high education level have positive effecsid®s, people are more concerned
about environmental concepts as they get older.

High education level exists in the structural equationsathbatent variables. It is same in
absolute value but it enters the structural equatioattfude against public transport with a
negative sign. Therefore high education level has a negaffect onattitude against public
transport and a positive effect oenvironmental both of which at the end increase the utility of
public transport. These kinds of structures enable us ttuoaphe attitudes of people together
with their socioeconomic characteristics.

To be able to see the relation betwegna, and latent attitudes in measurement equations, the
termay, + i Att (see equatiori(11)) for each indicator is simulated thrahgherror term of
corresponding latent attitude. Furthermore the struttqaation [(10) of both latent variables
are also simulated to find the estimated value for the lateniables (See Tableé 3). Note that,
a, and oy, are fixed as 0 and 1 respectively fhg and I5. Since the indicators ddttitude
against public transport are all stating the inconvenience of using public transpottie same
direction, the termd}, + «y Att) has a higher value than the value of the latent variable for
all indicators. However, foenvironmental concern I; and I, correspond to the statements
which include trade-off between cost (price of gasoline @xe@s) and environmental issues as
provided in Appendix in Tablel6. This trade-off makes pempéte a lower degree of agreement
compared to the statementsigfand /.

When we compare the results with the multinomial logit mdtele are not big differences in
the parameter values in general since we add the latenblesias constants. However there
are some differences like the parameter for the presenchildfen, 5.14-.n, DECOMES More
significant in the integrated model since we consider thiéud#s regarding the difficulties
of using public transport with children. Furthermore we Hest the responsiveness to cost

14
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Table 3: Estimates for latent attitudes and indicators

AttEnv | 3.74
ay + o AttEnv | 2.60
as + oy AttEnv | 3.41
as + a5 AttEnv | 3.74
ag + ag AttEnv | 4.31

AttAPt | 2.96
aie + a1 AttAPt | 2.96
a7 + ay7 AttAPt | 3.73
Q92 + Qo AttAPt | 3.40

slightly decreases with the introduction of latent attésdn determining the choice. Since
both time coefficients remain the same the change in the cefficdent results with a higher
value of time (CHF/h) as seen in Talle 4. We also see thataohsoefficient for the private
mode becomes insignificant in the integrated model whichnséiaat we are able to explain
the utilities better.

Table 4: Value of time

VOTpy (CHF/N) VOTpr (CHF/D)
Integrated model 25.7 10.3
Multinomial logit 25.4 10.0

As mentioned at the end of section]3.1 the observations iddteset were weighted according
to several statistical information. Time and cost elasésifor private mode and public trans-
port (utility of soft mode does not include the informatiditione and cost) were calculated as
seen in Tablel5 considering these weights for each obsenvalle see that demand for public
transport is more elastic in both aspects compared to privaide and people are more elastic
for the changes in time than in cost. In particular, demamdofevate mode is inelastic for
cost and for time we can talk about an increase of 0.20% in etatkare when the time for
private mode is decreased by 1%. For public transport tiseaepiotential increase of 0.34%
and 0.17% in market share when the time and cost are decrepd€d respectively. All in all
these elasticity values show that demand is not highlyielésttime and cost which supports
the idea of introducing latent variables of attitudes in motloice models.

Table 5: Demand elasticities for time and cost

Time elasticity Cost elasticity
Private mode -0.20 -0.06
Public transport -0.34 -0.17

Validation was done by estimating the model on the 80% of #ia dnd predicting the remain-
ing 20%. As a result 66% of the esimated choice probabiliresabove 0.5 and 19% are above
0.9 which says that the prediction power of the model is good.
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5 Conclusions and Further Research

When latent attitudes are introduced to the mode choice otiés seen that we are able to
have a better understanding of the behavior of users. Iuestat these integrated models
are far more complicated models than logit models being rirarley in theory. However the
methodology provided in this paper enables us to capturdserged heterogeneity for the
choice process with a better forecasting power.

In this paper we have included the latent variablesittitude against public transport and
environmental concern which address the underlying decision making process gflpawghich
can not be directly observed. This model gives promisingltesabout the importance of
these attitudinal factors in mode choice and motivates uduidher improvements. Other
potential latent variables are also presented being thdidates for building future models
which we believe to have better estimation power. In thegaresd specification the indicators
are treated as continuous variables. However, the scatnthé level of agreement is not
necessarily uniform between the levels 1-5. Thereforeréiscspecification of the indicators
is an important further step. Furthermore, the number atatdrs for the latent variables is
another issue to be investigated.

From a broader point of view, these integrated models enstieanalyze the effect of different

latent attitudes and perceptions on the choice processsffinetural equations for the latent

variables give the possibility to understand the role diedént socio-economic characteristics
for people with different attitudinal behavior. Therefdtee methodology has the potential
to provide different segments of population with differattitudes and perceptions combined
with explanatory variables.
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Appendix:

Table 6: Psychometric Indicators

Ind Statement

Factor1l Factor2 Factor3 Factor4 Factor5 Factqg

1  We should increase the price of gasoline to reduce comgestid air pollution
2  We need more public transport, even if it means higher taxes

3 Environmentalism harms the small businesses

4 People and employment are more important than the envenhm

5 I am concerned about global warming

6  We must act and make decisions to reduce emissions of gresalgases
9 | use my travel time productively

11 | often reconsider my choice of transport mode

14 | am not comfortable when I travel with people | do not knoellw

15 Taking the bus helps to make the city more comfortable agldoming
16 It's hard to take public transportation when | travel witly children

17 It's hard to take public transportation when | travel witkigs or luggage
18 Itis very important to have a nice car

20 When I take the car, | know I'll arrive on time

22 I don'tlike to change transport modes when | travel

23 If 1 use public transport instead of my car, | have to casoahe activities
24 The bus schedule is sometimes hard to understand

25 | know well which bus or train | must take, regardless of vehlém going
26 | know the bus schedule by heart

28 When I'm in a strange city, | feel very disoriented

29 luse the Internet for schedules and departure times esbugtrains

30 I have used public transport all my life

32 | know some of the drivers of the buses | take

33 I find it important to talk with the drivers of public trans

34 llike living in a neighborhood where there are a lot of gsrio do

35 The terms of accessibility and mobility are importanthoasing a home
38 I'would like to live in the center of a big city

39 I would like to live in a commune on the outskirts of a city

40 1 would like to live in the countryside

46 | can identify the status of people by looking at their car

47 The pleasure of having something beautiful is to show

48 For me, the car is just a convenient way to move

50 Ido not like staying at the same place for a long time

-0.540 0.592 -
-0.252 0.452 -
0.357 -0.357 -

- -0.435 -

- 0.627 -

- 0.581 -

- - 0.271
0.311 - -
-0.224 - -
0.521 - -

0.613 - -

0.385 - -0.344

0.564 - -
0.562 - -
0.378 - .302-0
-0.269 - 0.665
- - 0.758
- - -B32
- - 0.295
- - 0.846
- - 0.430
- - -0.254
0.209 - -

b puvammanb buneibajul :saainias ¥Odsue.y ognd 1oj puewa@

fo

spoyaw aAieuen

- - 0.25
0.290 - -
0.622 - -

- - 9.6]

- - 0.750
- 0.425 -
- 0.274 0.231
- 0.684 -
- 0.421 -
- -0.639 -
0.315 - -
.550 - -
-0.509 - -
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