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Abstract

The accessibility to different transport systems is an essential variable for the
modal choice, and not only for the choice between public and private transport,
but also between concurrent transit systems. The study would like to identify and
quantify the value of information (VOI) in the accessibility to concurrent transit
services. In particular, the type of information considered and assessed is both
en-route and pre-trip information provided to user who has to choose between
the concurrent transit services available. A methodology will be presented in
order to identify and quantify the VOI, based on the development of behavioral
models that make use of random utility theory. These models have been
calibrated and validated using two different samples of data collected by a
Revealed Preference (RP) survey to 200 users choosing between the different
transit services available connecting Fiumicino Airport to the city center of
Rome (Termini Station) in Italy. The proposed methodology is based on the
development of behavioral models that make use of random utility theory. In
particular two types of discrete choice models belonging to the family of random
utility models are proposed: Multinomial Logit model (ML) and Nested Logit
model (NL).

Keywords: value of information, transit accessibility, random utility theory,
Revealed Preference survey, Multinomial Logit model, Nested Logit model.

1 Introduction

Currently the public transport system is not competitive with private transport:
specifically, it happens in urban areas, where the continuous spread of residences
and activities have increased the length and the complexity of trips [1], but also
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in extra-urban areas where the access/egress phase to/from the public transport
system is poorly organized. In fact, the public transport, in order to compete with
the car, that is a service with high accessibility, should ensure good “door to
door” travel time and it can be achieved only if high standards of accessibility to
the service are guaranteed.

The accessibility to the public transport system is an essential variable for the
modal choice, not only for the choice between public and private transport, but
also between concurrent public transport systems: a high capacity/high speed
transit service may be loser in comparison with a standard bus service, if the
accessibility of the former is heavily penalized respect to the latter.

The accessibility is defined as a quantity that allows to correlate the activities
system with the transport system [2, 3]; measures usually adopted to describe the
accessibility are the service frequency, the hours of the service, the service
coverage, the travel time components and the demographic data. There are also
additional elements, which may contribute to determining the accessibility of a
public transport system such as comfort, affordability (the fare) and reliability of
the service [4].

In literature, information is reported as the main variable in affecting travel
behaviour; in case of private transport different studies exist about the impact of
information on route choices (impact of Route Guidance Systems or Variable
Message Signs, [5, 6]), with the aim of using information to alleviate traffic
congestion [7-9]. In the case of public transport, the impact of information on
waiting time at bus stops or metro stations is usually underlined [10], as its
capability to contribute to guarantee a better balance between transit and private
cars mode choice [11, 12]). Recent studies address quantitative methods for
estimating the value of information from ITS in the case of freight distribution
[13].

Anyway, it looks like advertising methods and the effects of different kinds of
advertising have been missing in the quantification of the transit system
accessibility by transport engineering, leaving engineering management or social
psychology to address this issue [14—16].

This study arises in this context with the objective to identify and quantify the
impact that information has in terms of accessibility to the transit service. The
types of information considered and assessed are those provided to the user who
has to choose between concurrent public transport systems; moreover, they will
be both en-route information and pre-trip information.

A methodology will be presented in order to identify and quantify the value
of information (VOI), based on the development of behavioral models that make
use of random utility theory. In particular, the VOI is computed as the relative
value of some service information attributes respect to a constant utility. For this
purpose, Multinomial and Nested Logit models are introduced. These models
have been calibrated and validated using two different samples of data collected
by a RP survey to 200 users choosing between the different transit services
available connecting Fiumicino Airport to the city center of Rome (Termini
Station) in Italy.
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2 The methodology

The proposed methodology is based on the development of behavioral models
that make use of random utility theory. In particular, two types of discrete choice
models belonging to the family of random utility models are proposed:
Multinomial Logit model (ML) and Nested Logit model (NL).

Logit models have been widely adopted in literature for the calibration of
mode choice models with alternatives related to different transport modes, but
they have been adopted more recently also for “within mode” models [17].

The specific selection of ML and NL derives from the structure itself of the
two families of models, which can be well adapted to represent the choice
context of a decision-maker with respect to concurrent transit services.

The utility function defined for each alternative j of the choice context
described by ML or NL [18] is generally expressed as a function V;(Xj;) of
attributes Xj; relative to the alternative and the decision-maker, as:

Vi=>k Br Xig (D

Each attribute Xj; is multiplied for a coefficient f, so giving a certain weight
to each term inside the utility function: in these terms, finding the coefficients £
well adapts to the goal of the study, i.e. to quantify the value of some attributes
related to information respect to the other attributes, including accessibility
attributes, that determine the choice between concurrent transit services.

Once defined the type of model (ML or NL) and once defined all the
attributes to be insert inside the utility functions, the calibration of the model
gives rise to the values of the coefficients f;.

The calibration of random utility models can be conducted through the
maximum likelihood approach, where the likelihood function L(ff) can be
defined as the product of the probabilities of choosing the actual user's choice:

LB) =1L pili()] ()
pF=argmax L(f) 3)

In order to better define the attributes inside the utility functions and to collect
data for the calibration and validation of the models, the first step has been to
perform a survey of revealed preferences (RP) to users choosing between
concurrent transit systems. For these reasons, a case study has been considered:
the case of concurrent transit services that directly connect Fiumicino Airport to
the city center of Rome (Termini Station) in Italy. This survey lead to collect
data about the attributes that affect the choice between the concurrent transit
services, either quantitative attributes (components of travel time, service
frequency, monetary cost, etc.) and qualitative attributes (as a judgment of the
level of information in the terminal, etc.), as well as the actual user’s choice.
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In particular, the attributes have been divided into two macro classes:
1) attributes related to the service features and 2) attributes related to the service
information.

Details of the RP survey and the derived two macro classes of attributes have
been reported in section 3, after the explanation of the case study.

3 Case study

The study has been carried out analyzing the case of direct transit connection
between Fiumicino Airport and the city center of Rome (Termini Station) in
Italy. Here there are different alternatives of public transport services (Table 1,
Table 2): either a train service (Leonardo Express) characterized by 35 train/day
for each direction, an average frequency of 30 minutes and a travel time of about
30 minutes, or different coaches with arrivals/departures times in correspondence
of flights (about 20-30 rides per each company, with an average frequency of
40 minutes and a travel time of about one hour).

Table 1: Concurrent transit systems from Roma Termini to Fiumicino Airport.

Ride/day Average Fare [€] Expected
frequency [m] travel times [m]
Leonardo Express 35 30 14 31
Terravision 24 45 46 55
TAM (Tirreno Mobility Agency) | 26 38 4+6 -
SIT 22 43 8 60
ATRAL-Schiaffini 21 42 4 -

Table 2: Concurrent transit systems from Fiumicino Airport to Roma Termini.

Ride/day | Average Fare [€] | Expected
frequency [m] travel times [m]
Leonardo Express 35 30 14 32
Terravision 25 45 4+6 55
TAM (Tirreno Mobility Agency) | 24 40 4+6 -
SIT 25 40 8 60
ATRAL-Schiaffini 22 44 4 -

For this type of connection the coach services, despite the high travel times,
can represent a good alternative to the rail service: at this point, it becomes
interesting to understand the value of the information (VOI) provided to the
decision maker respect to the other attributes affecting the choice.

3.1 Experimental design
The survey has been carried out at Fiumicino airport, during July—October 2012.

The questionnaire reports 15 questions, concerning the following main topics:
1) the waiting time of users before the transit service departing, 2) if the choice
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to take a service is made before arriving at the airport, 3) if users had information
on that transit service during the flight, 4) the knowledge of the users about the
different transit alternatives from the airport to the city center, 5) the level of
information at the airport (advertising, billboards, kiosks, etc..), and finally 6) the
reasons of a specific transit service choice.

The sample is equal to about 200 users; the typical user is a “young user”
(37 years old on average) and specifically, more than half ranges from 26 to 45
years old (58.5%), only the 8.4% is over 55. About the 63% of the sample is
constituted by medium-high level professionals (managers, free-lances,
businessmen, employees).

The main results obtained by the survey are reported below:

o the train (Leonardo Express) is the most used transit mode (modal shift
of 65% for the train and 35% for the coach services);

e inside the coach services, the most chosen is Terravision (51%),
followed by TAM (26%), SIT (13%) and, finally, Schiaffini (10%);

o the waiting time of users before the transit service departing is equal to
16 minutes on average, taking into account that the train service has a
regular headway (30 minutes), while the coaches have different
departing times during the day in order to follow the demand;

e the 68% of the sample chooses the transport company before arriving at
the airport (pre-trip choice). However, this data is strongly influenced
by the train users; in fact analyzing separately the users of coaches from
those of train, the results is that the coach users have mainly chosen the
service at the airport (68% on-trip), while the 87% of train users mainly
pre-trip (87%);

e concerning the information on flight, the 90% of the sample has not
received any information on the flight and the result is the same
analyzing separately the two type of users (coaches and train users);

e the 80% of users who has chosen to travel with a coach service, has
declared to know the other coach companies, while the 76% of the same
users has declared to not know the Leonardo Express train service;

e concerning the users who have chosen the train service, the 67% has
declared to know the four coach services as an alternative to reach the
city center;

e about the level of the information given in the airport, the 14% of the
sample judges it as very high, the 33% as high, the 38% as medium, the
10% as low and the 5% as non-existent;

o the reasons of a specific transit service choice can be summarized
mainly in the a-priori knowledge (57%) and in the advertising in the
airport (43%); one of the main reason to choose one coach respect to
another (47%) is the information on the departure time (first departure —
first chosen), followed by the first advertising seen (29%, first seen —
first chosen). Finally one of the main reasons to choose the train respect
to the coach is the comfort.
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4 Behavioural models to evaluate the influence of information

Using the data derived from the survey and the methodology reported above, the
study follows evaluating the impact of both the quality and the quantity of
information given to the users in order to choose between concurrent transit
services.

Table 3: Attributes adopted inside utility functions.

Class Unit Description
Service waiting time, [min] | the time that user i must wait before the service j
departing
features
travel time; [min] the travel time of service j from Fiumicino
Airport to Termini station
ﬂare} [€] the fare that user / must pay to use the service j
comfort; Cont. | it is a judgment (ranging from 0 to 2) expressed

by each user on how comfortable is the service j

Service Laf/-' Cont. | Level of Information; it is a judgment (ranging
from 0 to 9) expressed by each user i on how
clear and useful are the information received
from billboards, kiosks etc. in the airport about
the service j

information

flight sponsor; Cont. | number of flight companies that sponsor the
service j during the flight

Info Pre Tripj binary | a dummy variable (0.1) that suggests if the user i
made the choice of the service j before starting
the trip;

Info Flngzji binary | a dummy variable (0.1), that suggests if the user i
has received a sponsorship on the service j during
the flight. It differs from fight sponsor;, as it is
a own user variable, while the last one is a own
service variable

knowconcurrentj: binary | a dummy variable (0.1), that suggests if the user i
is aware of all the transport services concurrent
to in the airport terminal

billboards; binary | a dummy variable (0.1) that indicates the
presence or absence of billboards of service j in
the airport terminal. It differs from Lo]]’f, because
Laf/f is a judgement of the user i about the level
of total information in the airport related to
service j

As already said, different types of models have been calibrated in order to
reach the previous objective: ML models, considering the independence of each
alternative, and NL models considering a first level related to the choice of coach
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or train and a second level related to the choose between different coaches
services. Biogeme software has been adopted for calibration [19].

The attributes adopted to describe the utility functions of the models derive
from the survey and they have been divided into two macro classes, as reported
in Table 3: 1) attributes related to the service features and 2) attributes related to
the service information.

4.1 Multinomial Logit models (ML)

The Multinomial Logit (ML) models are the first family of models analyzed,
where the modal choice is between five alternatives (1 train — Leonardo Express
— and 4 coaches).

Totally, four different ML models have been calibrated with statistical
significance of the results, where mainly the differences are in the attributes
adopted to describe the five alternatives.

The four models assume the following functional form for the computation of
the utility V for the alternative j by user i:

ML1: V’, = B, waiting timef,— + ﬁ_}farefﬁ Brsflight SpOl’lSOl"ijJr ,BLOILOIZ
+ CSAJzASAJ

ML2: V"j = B,..waiting timeij- + ,B’ffarez- + B, ,_traveltimeij- + ,B’LOILOI')- + CSA;ASA;
ML3: V'j = ,6}fare9+ ,HLOILOI"/- + ﬁccomfort"j + CSAJASA;

MLA4: G, waiting time’} + B flight sponsor"j + /)’LOILOI"j + BiprinfoPreT rip’}
+ CS:AMASAJ

where CSA;ASA; represents all the value of utility that the attributes cannot
explain.

Table 4: ML models: general results.

fgé‘;ﬁg:gi o | L) InL(B*) | p° Adjusted p? ﬁﬁ(’mm‘m"“
ML |5 312 168 | 0461 | 0.445 63
M2 |5 312 171 0451 | 0435 63
M3 | 4 312 173 | 0445 | 0.433 67
ML4 | 5 312 84 0.729 | 0713 81

The £ coefficients are the weights of each attribute and they are obtained as a
result of the calibration of each model with the maximum likelihood approach.
General results of the four ML are reported in Table 4.

The ML4 is the best model in terms of sample reconstitution (81%) and the
values of the f coefficients with their statistical significance are reported in Table
5. The student T test has been carried out with a significance of 5%.
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Table 5: ML4 model: estimated coefficients.

Coefficient Value Standard Error T-test | p-value
Buw.e. -0.0466 0.0143 -3.25 0.00
Br.s. 0.0279 0.0122 2.29 0.02
Bro 0.353 0.0761 4.63 0.00
Bipr. 3.40 0.420 8.10 0.00
CSAL Express 0.660 0.289 2.29 0.02

4.2 Nested Logit models (NL)

The Nested Logit (NL) models are the second family of models analyzed, where
the modal choice is between the usual five alternatives (1 train — Leonardo
Express — and 4 coaches).

Also in this case, four different NL models have been calibrated with
statistical significance of the results:

NL1: V', = Bfare’;+ BLol Ol + B.comfort; + CSA;ASA;

NL2: Vij =L ,.waitingtime"j + Bs ﬂightsponsor’} + L rInfoF light’)
+ Biknowconcurr’; + CSA;ASA,

NL3: V', = B, waitingtime'; + Broll O + B, InfoFlight'; + Sknowconcurr’;
+ B.comfort; + Bybillboards; + CSA;ASA;

NL4:V'; = B, waitingtime'; + BLolLOI; + Biknowconcurr'; + B, p rInfoPreTrip',
+ CSA;ASA;

Table 6: NL models: general results.

ngtf‘g‘c?;‘:gs InL(0) mLB* | p2 | Adjusted p2 Rec"‘Ef/f)‘]t““"“
NLI 5 312 161 | 0483 0.467 7
NL2 6 312 185 | 0405 0.386 73
NL3 g 312 145 | 0534 0.509 73
NL4 6 312 75 | 0.758 0.738 83

Apart from NL1, where the attributes are exactly the same adopted in ML3,
the other calibrated NL models report some new attributes, in particular:
InfoFlight';, knowconcury';and billboards;.

General results of the four NL are reported in Table 6: except for NL2, the
other NL models report similar or greater values of p> and sample reconstitution
respect to the ML models. The NL4 is the best model in terms of sample

WIT Transactions on The Built Environment, Vol 138, © 2014 WIT Press
www.witpress.com, ISSN 1743-3509 (on-line)



Urban Transport XX 109

reconstitution (83%) and the values of the f coefficients with their statistical
significance are reported in Table 7. The student T test has been carried out with
a significance of 5%.

Table 7: NL4 model: estimated coefficients.

Coefficient Value Standard Error T-test | p-value
Buw.. -0.0198 0.00920 2.15 | 0.03
Bro 0.223 0.0614 3.63 0.00
By 0.919 0.466 1.97 0.05
Bipr. 2.82 0.392 7.21 0.00
CSA -0.00693 0.188 -0.04 0.97
1 2.25 0.537 4.19 0.00

4.3 The value of information

All the four models ML contain the attribute Level of Information (Lolji), SO
permitting to quantify the VOI given at the final airport by billboards, kiosks etc.
respect to the other attributes in the choice between concurrent transit systems;
moreover the last model (ML4) permits to quantify also the value of pre-trip
information (containing the attribute Info Pre Trip}) and the wvalue of
information given during the flight (containing the attribute flight sponsor;).

In particular, the VOI is computed as the relative value of the different
information attributes respect to the constant utility for the different models.

Results (Table 8) show how the VOI is quite similar for ML1 (25%) and ML3
(28%), while for ML2 and ML4 it decreases respectively to 12% and 8%. ML4
is the most accurate between the Multinomial models due to its capacity to
reproduce the choices of the sample; however in this case it seems that the main
variable is not the quality and quantity of information, but the remaining attribute
that is the waiting time. So, if ML4 is considered as the reference model between
the ML models, it is possible to fix the VOI to the 8%, with a greater weight of
the information given pre-trip, followed by the information at the arrival airport
and finally by the information during the flight.

Passing to the NL models, with the presence of new attributes in the NL
models and their different structure respect to ML, new and interesting results
can be reported (Table 9) in terms of the VOI. The weight of information in NL
ranges in fact from the 46% to the 83%. Moreover, about the different types of
information, it seems that usually a low weight is assumed by the information
perceived/received by the user during the flight (InfoFlight and Flight sponsor),
as well as the presence of billboards inside the airport terminal.

Table 8: Value of information in the four ML models.

Value of information [%]
Lol InfoPreTrip Flight sponsor | Total Value [%]
MLI 25 - - 25
ML2 12 - - 12
ML3 28 - - 28
ML4 3 4 1 8
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Instead, it is the global perception that the user has about all the information
received in the airport (Lol) to have a strong influence in the choice (weight
ranging from 27% to 46%), as well as the information received pre-trip (34%).

Table 9: Value of information in the four NL models.

Value of information [%]
Lol | InfoPreTrip | Flight InfoFlight | KnowConcurrent | Billboards | Total
sponsor Value
[%]
NL1 | 46 - - - - - 46
NL2 - 6 2 73 - 81
NL3 | 40 - - 1 30 8 79
NL4 | 27 34 - - 22 - 83

The structure of the NL can be considered most representative of the real
choice context with respect to the ML: in fact in our case study the user makes a
first choice between train and coach and, if the choice is the coach, she/he has to
choose between different coach companies. ML well adapts to choice contexts
with not dependent alternatives (for example if in our case, the train is not
available) and it has been treated only for completeness of the study.

At the end, if a VOI has to be derived, the most adequate in this case is the
one derived by NL4, so by a nested logit structure and, between the NL models,
by the one with the most high sample reconstitution. With NL4, the VOI reaches
the weight of 83% respect to the 17% assumed by the attributes related to the
service features.

5 Conclusions

Usually the information is reported as a main variable in affecting travel
behaviour. Anyway, it looks like advertising methods and the effects of different
kinds of advertising have been missing in the quantification of the transit system
accessibility.

This study arises in this context with the objective to identify and quantify the
impact that the information have in terms of accessibility to the transit service.
The type of information considered and assessed are those provided to the user
who has to choose between concurrent public transport systems; moreover they
will be both en-route information and pre-trip information.

A methodology has been presented in order to identify and quantify this value
of information, based on the development of behavioral models that make use of
random utility theory. These models have been calibrated and validated using
data collected by a RP survey to 200 users choosing between the different transit
services available connecting Fiumicino Airport to the city center of Rome
(Termini Station) in Italy.

The result is that the value of information reaches the weight of 83% respect
to the 17% assumed by the attributes related to the service features. About the
different types of information, it seems that usually a low weight is assumed by
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the information perceived/received by the user during the flight, as well as the
presence of billboards inside the airport terminal.

Instead, it is the global perception that the user has about all the information
received in the airport to have a strong influence in the choice, as well as the
information received pre-trip.

These are fundamental results for all the subjects involved (in the case study,
for example, the airport operators, the flight companies and the concurrent transit
companies), because it underlines the importance of the given and perceived
information and moreover it quantify this importance; on the other side the result
obtained is fundamental also for transport planners and engineers, who should
take into account information attributes in order to correctly depict their models.

Further developments of the study will be oriented to understand the relations
between given and perceived information by the users, to develop the same
methodology to other cases of study and to try to apply different methods to
quantify the value of information in order to generalize the result obtained in this
work.
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