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Ennio Forte, Lucio Siviero, Lidia Carleo’

FROM FARE STANDARDIZATION TO FUNCTIONAL UNIFICATION
OF URBAN TRANSPORT WITH REFERENCE TO THE LOGISTIC
FUNCTIONALITY OF SERVICES

Abstract

This paper focuses on some problematic aspects of public transport fares,
with particular reference to the Italian case. The transport economics approach is
supported by a modelling application on theoretical basis concerning, at urban
level, the potential reaction of demand to the supply of an improved functional
integration between underground lines and surface road routes. In particular,
through a logistic regression model, the study investigates the effects produced
by the adoption of functional unification based on the reduction of waiting time
for modal interchange. Hence structural trends toward fare and functional
integration are investigated.

JEL crassriFicaTiON: C13, C14

KEYwoRDS: LOCAL PUBLIC TRANSPORT; INTEGRATED FARES; FUNCTIONAL
UNIFICATION; MODAL INTERCHANGE

1. Introduction

In today’s globalised world, local public transport (LPT) is no longer
a historical ‘ball and chain” soldered onto local government budgets.
On the contrary, it is becoming more and more a business area with in-
ternational supporting data and poles of excellence expressed in terms
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of study in common between the authors, this paper can be attributed to: paragraphs 1 and 7, Ennio
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From fare standardization to functional unification...

of mergers, takeovers and incorporations of businesses so as to better
exploit the advantages of the ‘near-monopoly” positions which, by
definition, characterise the LPT market. It is well known that in urban
settings, with light and / or heavy railways and surface road routes, LPT
can be summarised, regarding revenues, by the metaphor of ‘flesh” and
‘bone’; road transport clearly representing the ‘bone’. The simple driver/
passenger ratios of rail transport and road transport give an immediate
idea of their different productivity levels with respect to travelling staff.
For surface, road LPT there is also the difficulty of working in the setting
of private traffic which often does not allow timeTab.s to be respected.
Moreover, the network and the rolling stock are provided by the State,
so LPT providers are asked to cover at least the operational costs of the
business and, in the near future, to cover new network and rolling stock
investment costs.

The most significant negative aspect is that the two systems (road and
rail) are generally operated by different providers which do not foresee
functional planning and unification of services (tariff standardization
is only a first step). This results in a damaging autonomy of the single
networks often without planning for connections and transfers and, the-
refore, without the strategic aim of the so-called ‘functional continuity’
and minimisation of waiting times for multimodal origin-destination
(O-D) trips, a prerequisite of success according to users. Fares standar-
dization favours the less well-off users to the detriment of marginal and
inframarginal users (extramarginal users are the only ones who appear
clearly satisfied, as is revealed during off-peak periods which, in many
cases, have very low load factor which produce correspondingly high
external diseconomies). In addition, adopting two different approa-
ches with regard to the O-D’s home-work and work-home, different
parameters of elasticity and, consequently, of willingness to pay, can
be identified. Hence, operations planning should be done taking into
consideration such economic parameters, better shaping the supply with
respect to peak/non-peak hours of the work-home return period.

Therefore, it is necessary to take measures to avoid road LPT compa-
nies falling into bankruptcy, especially in a context of liberalisation. In
the last ten years, in line with EU directives on the liberalization of the
sector through a system of tenders aimed at accessing a more efficient
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market, highly contradictory legislative attempts have been made. More
often than not, however, such solutions have all too often demonstra-
ted the absence of clear and transparent regulations and of objective
parameters for public contributions which, the higher they become, the
more they represent a dissipation of resources. Some attempts aimed at
efficiency have involved a number of bus lines in minor urban centres
using systems that see greater user involvement (buses ‘on request’), or
services with control systems provided to specific groups of users.

Therefore the problem of the structural deficit of road transport
remains. In large scale urban settings such transport is almost always
provided by public operators rather than their private counterparts.
Efficacy and efficiency are also measured by the extent of public con-
tribution evaluated on a comparative basis (they should, however, also
be calculated on the basis of demand that has been satisfied and not
only of the supply that has been produced: i.e. according to the item
passenger-kilometre, not number of seat-kilometre).

This paper deals with the topic of functional integration, as well as
fares integration, of road-rail services with a view to adopting network
models which foresee the rail systems as determining factors for the
road services to be undertaken through a network architecture which
has the road services playing a feeder role to the rail services, and the-
refore organised prevalently in relation to the latter.

2. Economic sustainability of public transport: a neglected target

In Italy one of the most widely used systems of tariff unification for
urban public transport is generalised unification of multimodal systems,
bound, generally, only by space limits (zones, areas, etc.) or time limits
(on times of use, on duration of validity). Over the years, generic tariff
unification has led to a quest for different systems of fare integration
which, according to the analysis perspectives and to the objective as-
sessment of utility and efficiency, have various positive and negative
aspects for the two main players involved in the economic process of
public transport, i.e. the providers and the users.

The third player involved in the economic process, the public in-
stitution, which should be super partes and play a key role not only as
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a distributor of public resources but as a regulator of a market which
naturally tends towards a monopoly/oligopoly (in some rare cases
towards monopolistic competition), occupies an anomalous position
in relation to the supply/demand dynamics that, since they are public
services, elude the rules of free market competition and therefore require
intervention of a “visible hand’.

The quest for greater efficiency on the part of businesses and the
State, together with greater efficacy of services in favour of users are
not, therefore, easily satisfied objectives, particularly in Italy where the
economic performance is among the lowest in Europe. The sector is di-
stinguished by the high incidence of labour costs as well as a significant
dependence on resources coming from the public sector (the State, the
Regions and local government structures).
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Also unit costs comparisons show that costs have a higher trend than
revenues. In 2002, net operating costs per km (before depreciation) were
€ 3.71, increasing to € 4.18 in 2006. Another interesting element is the
ratio between traffic revenues and the number of passengers carried,
an indicator which represents the average fare; while it is constant from
2005 to 2006, over the longer period from 2002 to 2006 it had a percentage
increase slightly higher than half the percentage increase in operating
costs per passenger.
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Fares integration is therefore believed to be a possible pathway for PT
businesses to follow in order to increase traffic revenues and, at the same
time, to allow greater generalised and non-specific use of the transport
networks on the part of the users. It is clear that, in many cases, this has
only been an apparent solution to the real problems of inefficiencies in
public management, little concerned with covering operational costs
with traffic revenues, and has provided users with integrated systems
based on the potential use of number of kilometres offered, even when
these are considerably more than necessary if correctly proportioned to
the effective fluctuating demand during the different phases of the day
(peak, off-peak). In Italy a single urban trip ticket has an average cost
of € 1.0 (2008), which is greatly inferior to the € 1.7 average of other
European countries (AASTRA 2007); this comparison suggests the need
for more remunerative tariff levels and fare systems, better catering for
the typologies offered by the operators. This could become the subject of
more discriminatory compensation in favour of users, like, for example,
the already proposed reduction of VAT on travel expenses, and forms of
financial detraction of the expenses of season tickets for users of public
transport, also if graduated according to income.

For most transport companies in Italy the price of the time ticket is
precisely € 1; this confirms that the logic followed by administrations
with the responsibility of setting fare levels has clearly been that of ‘mo-
netary simplicity” and not an economic assessment (ISFORT-ASSTRA,
2008). It is also to be noted that while the fare dynamic of the main
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sectors of public utilities are governed by a national Authority which
regulates prices and tariffs (energy, gas, telecommunications), in Italy
this instrument has not been adopted for LPT and therefore there is
no independent national body able to guarantee the definition of the
objective criteria for determining fares in such a way as to make them
certain, transparent and, principally, economically in agreement with
the consistency and typology of the services provided

3. Integrated fares system in urban public transport: some critical
evidence

The spread of the integrated fares system in public transport, whi-
ch occurred in Europe from the second part of the 1960’s, was mainly
dictated by the need to deal with factors regarding the development of
mobility in urban centres, like: the difficulties for users caused by long
waiting times generated in the absence of adequate forms of inter-mo-
dal, inter-vectorial and inter-company coordination; the objectives of
environmental policies aimed at reducing the external costs of private
transport and the opportunity of using the rail transport networks to
the best in terms of economy of scale and of density.

By integrated fares system one may mean a contractual and payment
method for public transport services which generally involves a number
of public transport operators, with the scope of offering users the pos-
sibility of using a single travel document, the price of which does not
depend on the means or the vectors used, nor on the number of transfers,
but only on the quantity of transport purchased. Fares integration is only
one of the essential prerequisites for making an integrated transport
system based on the concept of “functional continuity’, that is:

a) infrastructure integration, which is carried out through the creation
of interchange nodes, car parks, stations, bus terminals, systems of
connections, etc.;

b) mode integration, that is, the possibility of using different transport
modalities (road, rail) coordinated as much as possible, in such a way
that the user has the perception of travelling on a single means of tran-
sport;

c) tariff integration, which consists in introducing a single fares system

10
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valid for all the modalities on offer. The criterion used for determination
of fares must be unique, that is, independent of the specific means used
by the user (Piacenza, Carpani, 2003).

In the literature there are various positions concerning the fact that,
in order to be truly effective, fares integration should be ‘exclusive’
and therefore users should not have the possibility of buying travel
documents for single trips or for specific couplings and combinations
of vectors, businesses or means of transport.

Justification for this conjecture derives from the ‘compensation effect’
between users that use public transport very frequently and who enjoy
anoTab. ‘consumer surplus’, given that the price paid is generally less
than what they would have paid for using several non-integrated ser-
vices, and users who consume minor quantities of transport (perhaps
making a single journey on a single means), who find themselves paying
higher relative prices under ‘exclusive’ integration. This effect is reflected
in the form of traffic revenues for LPT businesses. The fare reduction
guaranteed to high use users is ‘compensated’ by the lower use users
and/or, this being specific to the transport network, the collectivity in
general through the mechanism of state and regional financial contri-
butes to LPT businesses, distributed according to supply. Indeed, ‘pure’
and ‘exclusive’ fares integration also foresees a generalised quantity
of services produced, in many cases greater than the specific effective
need, (for example for a single line, single zone of traffic or determined
operating hours) which is distributed over the entire service network
contributing in a not altogether rational way to increasing the vehicle-km
produced and, as a consequence, to operating costs and costs of public
contributions. As a matter of fact, routes with lower traffic and those
with strong timeTab. related oscillations often have a very low utilisation
coefficient (pass-km/seat-km), clearly demonstrating the production of
‘empty’ seat-kilometres.

From this there is a clear advantage for those who need to use public
transport very frequently, as they pay the same fares while consuming
more transport resources, while the effects on public balances and on
the balances of businesses involved in LPT are not very clear given the
far from simple identification of the economic-functional link between
the production of services and the relative costs for businesses and the

11



From fare standardization to functional unification...

collectivity. The average operational costs in Italy are 3.6 €/km against
a European average of 2.7 € /km, while, with reference to the revenues
from public contributions, in Italy these run from € 13.8 per 1,000 seat-
km supplied by A.T.M. in Milan, to € 45.0 per 1,000 seat-km supplied
by the businesses operating in Naples (ANM, CPT and Metronapoli)
(Boitani, 2008).

Supporting exclusivity in fares integration is the concern that othe-
rwise there overall reductions of traffic revenues would be generated.
However, some experiences in the application of ‘non-exclusive’ (with
choice options) integrated tickets in Swiss cities have shown a non-de-
crease in the overall traffic revenues (Fitzroy e Smith 1994).

Besides, from a strictly economic viewpoint, ‘second grade price
discrimination” should be applied when dealing with services of public
utility. This corresponds to a situation where a business sells different
units of a service at different prices, but consumers buying equal quan-
tities each pay the same price. In this case, though the business knows
that different types of consumer exist, it is not able to or does not intend
to stratify the demand through the mechanism of multiple pricing. The
objective of non-stratification is trying to impede that ‘strong’ consumers
may choose tariffs aimed at ‘weak’ consumers of public transport. Theo-
retically, the consumer should therefore be left the possibility of choosing
to buy a single service or the integrated one, with fares structured in a
way which creates an adequate system of incentives according to the
real utility for each of the user types.

Finally, given the typical rigidity of the demand price of public tran-
sport, the offer of the integrated ticket in an exclusive and universal way
for all user types could generate minor revenue for the businesses in ca-
ses where ‘strong” consumers of public transport constitute the majority
of users, who would be paying a fare which is inferior to the real utility
or at least is inferior to the sum of the fares which intensive use of the
public transport system would bring them to pay (Doxsey, 1984).

4. Fares and functional integration: approaching the road-rail modal
interchange

With respect to fare integration alone, based on possible differing cri-

12
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teria of unification of the travel title, as for example the one prevalently
applied in the main large Italian cities based on the maximum time of
ticket validity, hence of use of the network, sometimes “tailored” on a
geographical basis with differentiation of “zonal” or ‘kilometric” fares,
true integration could not be defined as such if it is not accompanied
by redesigning of the multimodal transport network based on the prin-
ciple characteristics which distinguish the functional integration of the
services (Beria, Ponti, 2007):

* single mutually accessible services to favour modal interchange;

* working infrastructure in the interchange locations (private-public,
rail-road, rail-rail, etc.);

e coordination of timeTab.s and frequencies;

* elimination of overlapping and redundancy;

* generation of a ‘network effect” for the expansion of the demand and
better use of the supply;

¢ reduction of ‘empty’ trips, especially in the off-peak hours and in
zones with low demand,;

e functional hierarchy, through strong lines (mainly rail) and feeder
lines (hub and spoke at the urban level);

e correct dimensioning of the vehicles and the systems with respect
to the real requirements of the demand.

A complete integration of multimodal public transport services,
aimed at the possible higher level of operating efficiency and of quan-
tity-quality efficacy in favour of the users, should not set aside either
fares or functional integration with possibilities of choice for the users
between different fare types according to specific needs and the expected
and perceived total and marginal utility.

In urban settings with railways (underground, urban railways,
trams), the architecture and the operational set up of networks is evol-
ving more and more towards strongly hierarchical systems which see
rail transport as representing the main backbone of the entire system of
public transport, onto which a sub-network of road transport is ‘hung’.
Thus, in many cases underground stations and urban railway stations
are to take on a role of hub with respect to the surface lines which are

13
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routed through them to destinations at a short-medium distance, gene-
rally at the level of the quarter and/or of the rather restricted area. Such
arole is all the more reinforced for the more important or central railway
stations which, in many cases, are concentrated the final destinations of
road services which also serve more distant areas with a strong demand
and/or not served by rail lines (Rome, Naples, etc.).

This function of interchange and distribution of flows from a node
of the network to and from multiple origins/destinations can be found
in hierarchically functionally integrated networks with strong lines and
feeder lines operated in strict coordination and applying compensatory
economic formulae between different means and companies of transport
and no longer between ‘strong’ and ‘weak” users of public transport, a
most important aspect from the supply side and for public financing.
All the more so, since from an economic point of view the rail systems
register traffic revenues greatly superior to road networks (the Italian
average of the ratio total revenues/total costs: undergrounds = 76,5%,
road lines = 37,1%; CNIT, 2002).

The rail-road modal interchange thus becomes strongly strategic for
several profiles due, on the supply side, to economic efficiency (lower
costs and higher revenues through the increase of demand or compen-
sation between vectors) while, on the demand side, to economic efficacy
(qualitative improvements of the integrated system and lower waiting
times). Defining and identifying an ideal functional integration fare
for the metro-bus interchange for a single origin-destination trip (for
example, one rail journey and one road journey) requires greater inve-
stigation regarding its potential effects on the demand side and on the
supply side; these effects are analysed considering as strategic variables
the average waiting time and the quality of the intermodal interchange
which, within an integrated fares system for time and/or zone applied
in an ‘exclusive” way, does not tend to be specifically considered and
assessed separately in utility functions and users’ choice functions. Besi-
des, with ‘exclusive’ fares integration ‘by time’ the concept of a “temporal
validity” of the ticket is to be adopted, not treated as total travel time
but as time available before making the last interchange.

For these reasons, we have built a theoretical model for the econo-
mic analysis of random choice (logistic regression) for estimating the

14
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utility of undertaking a multimodal urban movement (rail-road) from
an origin to a destination, in a single direction and within a single
zone of application of a system of time standardised fares. The aim of
the analysis is to estimate the parameters of elasticity of demand with
respect to variations in costs to the user (price of the service) and of the
waiting times at the modal interchange, comparing a time integrated
fares system type of a non-functionally integrated network, through
parameters of average supply measured on the overall journey times
from origin to destination carried out with a single travel ticket, and a
system with average performance and improved functional integration
(certain overall journey time and planned waiting time). The objective
of the model application is the simulation of alternative choices between
two public transport systems with differing integration characteristics
(fares only and functional and fares) and therefore estimation of the
potential process of substitution of a service with an alternative. The
criteria and theorems of the general theory of demand, and in particu-
lar those relative to the elasticity of substitution, can be applied to this
simulated process, deriving from the random generation of different
levels of generalised transport costs for the users (monetary cost plus
time cost) (Del Viscovo, 1990).

Furthermore, specific simulations regarding fares variations, linked
to variations in waiting times and journey times, have yielded estima-
tes on users” willingness to pay on the basis of functional changes and,
therefore, service performance (efficacy). A probabilistic theoretical
segmentation of the demand has been made on the basis of different
levels of service offered, read in terms of ‘time’ fares integration alone
and, as an alternative, functional and fares integration ‘of interchange’,
between urban railway lines and feeder urban road lines for short-
medium distance travel. Based on the measurements of elasticity of
stratified demand for price and for time, the possible effect in terms of
variation of total traffic revenues has been estimated for the situations
modelled, with stratified demand and price discrimination (generalised
cost for the user) within the application of the integrated functional fares
of rail-road services.

15
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5. Theoretical applications of a logistic regression model

The proposed model was developed for estimating economic parame-
ters which representing users” willingness to pay with respect to fares
variations and the elasticity of demand with respect to prices (fares).
The analysis was made using a binary logistic model of joint probabi-
lity (executed in the Microsoft® Office Excel), in which the alternatives
are represented by a base hypothesis of simple ‘time” fares integration
and a second hypothesis of functional integration having the special
characteristics of calibration of the waiting times and journey times
(min-max), as a function of the hypothesised integrated journey, and
of ‘interchange’ fares.

The adopted model allows calculation of the indirect utility function of
the user, in which the three principle assumptions on which the model
is based are respected: first, that the overall utility of goods depends
on the utility of the single characteristics of the goods itself; second,
that within a set of choices the consumer prefers the goods with higher
overall utility; third, that it is impossible for the researcher to include
all the elements which contribute to the utility function of a single indi-
vidual in the analysis, for which reason it is reasonable to assume that
utility is a stochastic function (McFdden, Train, 2000). In this specific
case, the choice of the user represents the dependent variable and is a
function of the different observed alternatives which express the choice
of the individual.

The utility functions of the single user compared to the alternatives
iejare:

u, =V, +e

in in

U =V +e¢
m m m

This functions are given:

-by a systematic component (V), constituted from the contribution
arising from the different variables taken into consideration, which in
the alternative ‘time’ fares integration are represented by the time and
by the cost of the journey, while in the functional integration and “inter-
change’ fare hypothesis are represented by the travel time, the waiting
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time and the cost of the journey;

-by a random component (¢) constituted from the non-observable
components. It can be note that compared to the same alternatives,
individuals choose differently. Choices of subjects may differ due to
different individual preferences that are not directly observable and
measurable. Probabilistic theory considers the existence of various
sources of uncertainty. The main ones are:

- attributes not included in the alternative, not known or not observa-
ble;

- differences in preferences;

-measurement errors and imperfect information regarding the attri-
butes of alternatives and the characteristics of individuals;

-use of instrumental variables (proxy) that imperfectly describe the
real variables.

In the applied model the distribution of the error term ¢ is represented
by a logistic distribution. It is assumed that ¢, and ¢, represent the maxi-
mum number of random variables that capture attributes not observable
and errors of measurement and specification. Gumbel’s theorem shows
that the maximum of several random variables IID (independent and
identically distributed) follows roughly the distribution of Gumbel. If €
and ¢, then follow a Gumbel distribution and are therefore independent
and identically distributed, then € = ¢, - €, is distributed as a logistic
(Marcucci, 2005).

According to the binary logistic model the probability that the al-
ternative i is chosen by the individual n in front of the whole choice
composed by i and j, is:

| LR

-

TR, - . 2
—Le g ..l.'.'.-:' (_T R ”h_' e

"irj:ﬁ--} -

T

where V is the deterministic component of the utility function.
If systematic utilities are linear in the parameters, the equation be-
comes:
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. 1 ._Jﬁ g
Tolt= pw pw T Gy V.
T=e " - ¢ oy A

with B’ represents the transposed vector of parameters and X is the
vector of attributes.

Application hypothesis 1

The two alternatives A e B considered are:
- PT = public transport with “time” fares integration;
- Metrobus = public transport with functional integration and ‘“inter-
change’ fares.

Utility functions associated with the two alternatives considered
are:

U, =B, Time PT + B, Cost PT + ¢,
U, = B, Time Metrobus + B, Waiting time Metrobus + [, Cost Metrobus + €,

The dataset is composed of a sample of 500 theoretical observations
obtained through the generation of constrained random numbers (Ho-
rowitz, 1999, 2006). The hypotheses formulated on the single variables
(constraints) are:

— 10’< Time PT< 90’
CostPT=1,1€
10’< Time Metrobus < 40
1’< Waiting time Metrobus < 15
Cost Metrobus = 1,1 €

The model was calibrated by the method of maximum likelihood. This
method consists in maximizing the logarithm of the likelihood function
(LogL) according to the probability of observing a given sample distribu-
tion conditional to the values of the parameters (f3) being estimated.
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In formulae:

Lol = man E logls o LD |y 2B

where:
y,, = lif n chooses alternative A, 0 if n chooses alternative B

Yg, = 0 if n chooses alternative A, 1 if n chooses alternative B
P = probability of choosing n

The coefficients obtained were:

B,=-0.445
B,=-1763
B,=-0.329

From the analysis of these coefficients, the value of time (VOT) is 11.32
€/h. This value may be considered as a test estimating the coherence
of the model; the value obtained is fully compatible with the average
values of the times taken for urban mobility at a national level (HEA-
TACO, 2006).

Validation of the model was carried out with both informal testing
and formal statistical testing. The informal testing, that is relative to the
reasonableness of the results, can be said to be satisfactory in that the
signs of the coefficients, as expected, are all negative and their reciprocal
ratios, as for example the VOT, give credible values.

Then formal testing of the goodness of fit of the model was carried
out, as well as tests of the single coefficients. In particular, in order to
verify the goodness of the model, the p* (coefficient of determination) was
calculated giving a result of 0.918. This coefficient takes values between
0 and 1. A value near to unity demonstrates good explicative capacity
of the model.

From Fig. 1 and 2 it is possible to see the probability distribution of
user choice as a result of Metrobus fares and waiting times variations,
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keeping the other parameters of the utility function constant

Fig. 1 — Probnhility distribnticns on fires varincien

A
. P

B L =]

Ao
da
2,2
Wery

N b

pRLE

Fig. T Prohohility alisteibofion en wniting times yacintien

o

W

—_—Tr

= KeElTEus

20




Forte E., Siviero L., Carleo L. G.&L.E.R. Vol. 13 No 2 (2009), 5-28

Application hypothesis 11

A different operational hypothesis was also modelled and calibrated,
this being a fares and functional integrated system which more closely
reflects the mobility needs and choices of users who may be defined
as ‘inframarginal’, i.e. those users who are not willing to support the
marginal costs of the service beyond a given generalised cost threshold
who, therefore, make alternative choices clearly closer to their own utility
and willingness to pay. Such users, given the operational conditions of
the system at a given time, prefer to abandon the network since they do
not benefit from any surplus and therefore sustain a higher generalised
cost which leads them to consider other forms or means of transport
(car, motorbike, taxi, walking), evaluating the cost-time trade-off.

To this end the estimates of the coefficients generated by the model
which determined a time value of 13.49 €/h were accepted as an in-
dication of the stratification to be carried out with reference to a user
group willing to pay more, especially considering possible savings of
time. The system hypothesised by these considerations was defined ‘Bus
on call” (Bus C), which already exists in several Italian urban settings.
It lies at an intermediate position between the hypotheses for public
transport made previously. In particular, the bounding parameters
for the generation of the random values on which the utility function
depends, were modelled by matching typical performances of public
transport on rail (underground, urban railways, etc.) with those of an
feeder “interquarter” distribution service gravitating around the stops
of the urban rail lines (offered by mini-buses) which determine shorter
waiting times (service ‘on-call’ comparable to taxi-sharing).

The dataset is composed of a sample of 500 theoretical observations
obtained through the generation of constrained random numbers. The
hypotheses formulated for the single variables (constraint) are:

- 10’< Time PT <90’

- CostPT=11%€

- 5’<Time Bus C < 30’

—  0’< Waiting time Bus C <5’

— CostBusC=25€
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The coefficients obtained by the maximum likelihood method are:

B, =-0.987
B,=-1717
B,=-0.386

From the analysis of these coefficients the value of time (VOT) is
13.49 €/h. Formal testing of the goodness of fit of the model and of the
single variables were carried out. In order to verify the goodness of fit
of the model the p* (coefficient of determination) was calculated, yielding
a result of 0.942.

6. Economic considerations from the results of the model

The model has returned relevant statistical parameters for the econo-
mic interpretation of the variations occurring between the explanatory
variables and the utility of the users in relation to the two different al-
ternative systems of integrated fares. Besides, the elasticity of demand
of the alternative called Metrobus was calculated with respect to the
price (fare) and to the times both of the journey and of the wait for in-
terchange. This has allowed evaluation of the willingness to pay for a
service of the Metrobus type compared to the base situation identified
in the hypothesis of ‘time’ fares integration.

- e Metrobus (fare) = 0.735

- e Metrobus (waiting time) = 1.997

The elasticity with respect to the positive variation of price shows an
inelastic trend in the interval of variation between the fare of the base
hypothesis (€1.1) and the modelled fare in the hypothesis of ‘indifference
of choice’ (equal utility) and probabilistic equidistribution of demand
(€1.42). It may, therefore, be noted that users’ willingness to pay for a
better level of services is greater than the fare level of the base hypothesis
(‘time’ fares integration).

The elasticity with respect to waiting times has an elastic trend in the
interval of negative variation between the waiting time in the hypothesis
of “indifference of choice’ of the demand (about 13,5 minutes) and the
hypothesis of equal overall journey time (30 minutes), with the reduction
of the waiting time to 10 minutes.
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On the basis of the simulations carried out, with the scope of testing
the elasticity of the variation of monetary costs of integrated Metrobus
transport, a series of hypotheses were applied for the variation of the
ticket price, and then the different probabilistic demand distribution
was verified through the calibrated logit model. A revenues optimisa-
tion curve was calculated, hypothesising an increase in the Metrobus
fare and leaving unaltered both the fare of the base hypothesis and the
other variables taken into consideration. The results are reported in Fig.
3 from which one may see that the revenues would be optimised with an
increase of 160% compared to a minimum fare of € 0.5 (at about € 1.3),
with a decrease in traffic (segment of specific demand) of about 33%. The
modest elasticity to the fare for the users, in particular for increases up
to 20% compared to the price of the ticket in the base hypothesis ( €1.3),
indicates that the integrated Metrobus system would, in any case, be
preferred by a proportion of demand such as to maximise revenues.
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With reference to the second simulation (application hypothesis 1I), the
model yielded interesting results in terms of the willingness to pay of
inframarginal users who have greater values of time and therefore a
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different elasticity to the price and to the waiting time. For this reason,
the potential proportion of demand interested in modifying its own
choice on the basis of an improved offer was estimated, especially with
reference to a minimisation of the waiting times for modal interchange,
simulating ‘on-call” service performances with availability in reduced
times.

The results of the simulations were:

-e Bus C (fare) = 0.298

-e Bus C (waiting time) = 1.992

The elasticity with respect to the positive variation of price shows
a rigid trend in the interval of variation between the fare of the base
hypothesis (€ 1.1) and the modelled fare in the hypothesis of ‘indif-
ference of choice’ (equal utility) and probabilistic equidistribution of
demand (€ 2.85). One may note, therefore, that the willingness to pay
for a higher level of service (‘on-call’ functional integration) is greatly
superior at the fare level of the base hypothesis.

The elasticity with respect to the negative variation of waiting time
has an elastic trend in the interval of variation between the waiting
time in the hypothesis of ‘indifference of choice” (19,4 minutes) and the
hypothesis of equal overall journey time (30 minutes) with a reduction
of waiting time to 10 minutes.

Such results are compatible with a stratification of the demand more
interested in the time factor rather than the price factor and therefore
willing to pay more for a service of greater quality, with reference to the
waiting times, compared to the previous hypothesis.

The results of the latter hypothesis in economic terms are reported
in Fig. 4, which shows that the revenues would be optimised with an
increase of fare of about 340% with respect to the minimum fare of € 0.5
(vielding € 2.2), with a reduction of traffic (segment of specific demand)
of about 23%. The low elasticity to the fare for the users, in particular for
increases up to 100% with respect to the price of a base hypothesis ticket
(€ 2.2) indicates that the Bus C integrated system would in any case be
preferred by a proportion of demand such as to maximise revenues
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7. Conclusion

The theoretical model of economic analysis of random choice (logistical
regression) has been applied to estimate the utility to the users of LPT in
carrying out multimodal rail-road urban transfers. The main objective
of the economic-statistical analysis was to estimate the parameters of
elasticity of demand to variations in costs for the user and of waiting
times for modal interchange with the scope of its possible stratifica-
tion and segmentation. The initial assumption was that a ‘time” fares
integration system of a non-functionally integrated network does not
allow such segmentation and generates compensatory effects between
not well identified user groups which in many cases are not assessed
economically, both on the demand side and on the supply side. The mo-
delling application enabled simulation of the alternative choices between
systems of public transport with different characteristics of integration
(only fares, and fares and functional) and therefore to make estimates
of the potential process of substitution of a service with an alternative.
Besides, specific simulations regarding the fares variation, connected
to the variations in waiting times and journey times, gave estimates of
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the users” willingness to pay because of functional and performance
changes of the level of service. Services with functional integration were
estimated for the rail-road modal interchange in the hypothesis called
‘Metrobus’ and in the hypothesis defined as ‘on-call bus” and compared
to a generic ‘time valid ticket” integration system. The analyses and the
simulations carried out suggest some measures of intervention aimed
at reinforcing the functional integration between ‘strong” services on
rail and complementary services on road, such as:

- planning, sizing and organising the services of a unitary and inte-
grated network conceived as a ‘fish bone’, in the view of hub and
spoke, where the main axis is represented by the urban rail lines and
the single stations which are presumed to be optimal and barycentric
for the area and / or quarter. The main network, for the rail part, must
be conceived as a succession of hubs from which operate services
of short/medium routes, possibly realised with low environmental
impact vehicle of small/medium dimensions;

- stratification of the users and “personalisation” of the fares in terms
of the O-D length and the proximity of the destination;

- liberalisation and privatisation of road services so as to create an
integrated system of ‘shared taxis” aimed at satisfying the needs of
the users with possible margins of flexibility of itinerary in a modern
way;

- the introduction, in line with current legislation, of progressive forms
of transition with the scope of reducing the weight of public funding
on the balances of business deficits, possibly adopting criteria for
the repartition of the contributions as measures of the efficiency of
the system.

In conclusion, no longer being able to hide behind the theorem of the
social utility of the service and therefore of the indispensability of exter-
nal public financial support, one may imagine four scenarios of which
the first two are more extreme and the other two are intermediate and
thus more feasible:

- underground lines and road lines running parallel over long distan-
ces with transverse connections between the two systems which lead
to additional deficit and economic, with low user satisfaction;

- multiplication of taxis as in the USA and the progressive reduction
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of the road lines, which would lead to the elimination of public
financing;

- private (or semi-private) ‘shared taxis’, such as mini-buses and with
flexible itineraries at small area dimension;

- buses of medium/small dimensions with itineraries in the quarter or
to/from ‘interquarter thresholds” connected with the rail network.
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CUMULATIVE CORRESPONDENCE ANALYSIS AS ATOOLFOR
OPTIMIZING FACTOR SETTING IN PUBLIC TRANSPORT

Abstract

In public transport an improvement of the customer satisfaction can attract
further users and individual transport would be used less. Most studies of cu-
stomer satisfaction deal with ordered categorical data. The aim of this paper is
to propose Cumulative correspondence analysis as a tool to develop a procedure
for choosing the optimal categorical response in a multifactor state system. We
briefly review the cumulative correspondence analysis and the Taguchi’s statistic
and by a case study, recording the choice of the best scenario for a train service,
we illustrate the proposed approach.
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KeyworDs: CUMULATIVE CORRESPONDENCE ANALYSIS, TAGUCHI'S STATI-
STIC, DESIGN OF EXPERIMENTS, CUSTOMER SATISFACTION,; ORTHOGONAL
ARRAY

1. Introduction

Over the last few years, companies have gradually focused on service
quality and customer satisfaction. This strategy is very profitable for
both companies and customers, particularly for transit agencies and
passengers.
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A sure guide for business strategies is the knowledge of customers
evaluation of the service. This knowledge represents a competitive
advantage. In this way, the company may guide the renewal of its offer
as well as the pricing itself. Moreover the enterprises of excellence tend
necessarily to the maximum customers satisfaction. There have been
several technical proposals for the quality assessment of the services,
and others are being added, together with the theory improvement and
brand new practical challenges.

An improvement of the supplied service quality can attract further
users and individual transport would be used less. Most studies of
customer satisfaction deal with ordered categorical data. Accounting
for the ordering of such data plays an important role in determining
effectively the optimal factor level of combination. The aim of this paper
is to propose an optimal scenario based on a study of a-priori customer
satisfaction regarding several scenarios in public transport. Cumulative
correspondence analysis is used to develop a procedure for choosing
the optimal categorical response in a multifactor state system based on
Taguchi’s statistic.

A main aspect of this paper is visualization. The proposed procedure
facilitates graphical exploration of factors so that the really important
factors and optimal levels are easily determined in a speedy manner.

The paper is organized as follows. In section 2 we expose the case
study and introduce the Design of Experiments based on Taguchi
approach in order to determinate nine scenarios for the train service
Naples-Rome. In section 3 we present the Cumulative correspondence
analysis using Taguchi’s statistic. In the last section we show that the
previous results could be used to analyze CS and to determinate the
optimal settings for train service Naples-Rome.

2. Case study and design of experiment

The proposed research regarded the train service Naples-Rome, the
aim was to choose the best scenario for this service. To the purpose we
used the Taghuci Methods (TM) for Design Of Experiment (DOE).

DOE can be highly effective when you wish to: a) Optimize product
and process designs, study the effects of multiple factors (i.e. variables,
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parameters, etc.) on the performance, and solve production problems
by objectively laying out the investigative experiments; b) Study in-
fluence of individual factors on the performance and determine which
factor has more influence, which ones have less. You can also find out
which factor should have tighter tolerance and which tolerance should
be relaxed. The information from the experiment will tell you how to
allocate quality assurance resources based on the objective data. It will
indicate how to combine different factors in their proper settings to get
the best results.

The DOE using TM can economically satisfy the needs of problem
solving and product/process design optimization projects. By learning
and applying this technique, engineers, scientists and researchers can
significantly reduce the time required for experimental investigations.

TM is a technique to lay out experimental (investigation, studies,
survey, tests, etc) plan in most logical, economical, and statistical way.
You can potentially benefit from it when you want to determine the most
desirable design of your product/service, best parameters combination
for your process, most robust recipe for your formulation, permanent
solution for some of your production problems, most critical valida-
tion/durability test condition, most effective survey/data collection
plan, etc.

The TM, also called orthogonal arrays, allows you to analyze many
factors with few runs. TM are balanced, that is, no factor is weighted
more or less in an experiment, thus allowing factors to be analyzed
independently of each other. Engineering knowledge should guide the
selection of factors, levels and responses.

In our case, we selected the main quality characteristics (control
factors), then we decided the number of factor levels and we conside-
red four control factors of three levels (Tab.1). The total possible runs
engendered were 81.
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In order to analyse this experiment using TM, the most desirable and
suitable. design, was an L-9 Orthogonal Array (Tab. 2).
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Then we have submitted the experimental trials to a sample of poten-
tial Customers (n=58), particularly we required an evaluation for each
scenarios. The main results are summarized in Tab. 3.
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3. Cumulative correspondence analysis and Taguchi’s statistic

Consider a two-way contingencytable, N, that cross-classifies n
individuals/units according to I row categories and K ordered (ascen-
ding) column categories. Denote 7, as the (i; k)-th joint cell frequency
with a relative frequency of p, = n,/n which is the (i; k)-th element of
the matrix P.

Letn,,n, and D, be the i-th row and k-th column marginal frequencies
and a diagonal matrix where the (i; i)-th element is p, =1 /n, respectively.
Denote Z; = Zi;l n; the cumulative frequency of the i-th row category
up to the k-th column category and their consideration provides a way
of ensuring that the ordinal structure of the column categories is pre-
served. Similarly, denote d, = Zf_:l n,, [n= 21;:1 p.; the cumulative relative
frequency up to the k-th column category.

Taguchi (1966) proposed as a measure of the association between the
row and ordered column variables the following statistic

T—EP& 2, ELR ‘ 0T =|nli -1)] i1y
HE = . LS 1

Nair (1987) considered the case where w =[d; (1-d, )]71 and showed
that the distribution of T for N — o is proportional to a weighted sum
of independent chi-squared random variables with one d.f. (Satterthwai-
te’s, 1946). Nair (1987) also demonstrated the link between the Pearson
chi-squared statistic and the Taguchi’s statistic

i =§:s:;' {21

Here X is the Pearson chi-squared for /X2 contingencytable
obtained by aggregating column categories 1 to k and aggregating the
column categories (k+1) to K. For this reason T is also referred to as
“cumulative chi-squared statistic”. The inertia for the Taguchi’s statistic
will be T/n .

Generally, correspondence analysis can be performed by partitioning
the Pearson chi-squared statistic into the sum of squares of the singular
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values of the Pearson ratio’s, or residuals (depending on the scaling
used for the singular vectors).

If, we call:
Y =W 4P'D;" 3)
Where
1-d, d, L d,
1-d l1-d, L d
A — 2 2 2 (4)
M M L M
l-d,, 1-d,, L d

then the total inertia can be expressed as:

T
L=l 6)

Realizing the Singular Value Decomposition (SVD) of the matrix Y,
we have

Y=A4D,B’ (6)

Where B
A righteigen-vectors of dimension [(K —1)xK ], B lefteigen-vectors

of dimension [IxM ]. D, diagonal eigen-values matrix of dimension
[ x ], M =minlr, (K 1))

Since 4’4 =1 and B’B = [ it's possible to verify that A, eigen-values
can be expressed by
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5 _Z ~ 7 .
Where Z, = % and a,, e b, are the elements of the eigen-vectors

of the matrix 4 and B respectively.

In order to visualize the association between the ordered column
categories and the nominal row categories the set columns of B and
A may be considered. That is, the coordinate of the row category in
M-dimensional space may be defined by {Bim:m:l,...,M } while the
variation between the k-th pair adjacent, and ordered, column catego-
ries can be visualized by considering the coordinate {El onm=1,...M }
for k=1,...,K —1. These coordinates are analogous to standard coordi-
nates used in the classical correspondence analysis (Grenacre, 1984) and
do not reflect the nature of the association between the two variables,
Instead, one may consider the following row, column coordinates and
supplementary column coordinates, respectively:

FoniEn, %)
G= A, i
G o=, {100]

If the user wishes to identify how the ordered column categories
impact upon the association between the two categorical variables
it is possible to use Cumulative correspondence analysis of ordered
categories (D’Ambra et al., 2008) in which the Taguchi’s statistic was
decomposed.

4. Results

Starting from the results of customers satisfaction obtained from
the nine scenarios and presented in the paragraph 1, it is evident that
the favourite scenario was the eighth followed by the sixth. Neverthe-
less, it is not possible to evaluate the contribution of each factor level
to the customer satisfaction. Moreover it could be very interesting for
the enterprise to have an overall customer satisfaction index for all the
possible scenarios. In this way, considering also the economical and
technical aspects, the enterprise could be setting the four control factors

35



Cumulative correspondence analysys as a tool...

maximising customer satisfaction and considering the economical and
technical constraints.

In order to determinate the optimal setting for train service the ob-
tained results has been analysed with the cumulative correspondence
analysis.

The data table for Cumulative Correspondence Analysis has to be
ranged as follows: in the rows the different levels for each quality char-
acteristics and in the columns the ordered modalities of the evaluation
variable (Tab. 4).

Wl AL Dk, Bl Do oo i cospon e soaleziz ol o anod s g i

luctnr LIy
Al Lo il 15 28 ) 28 | &2 | 71
A Midalle ool E I I NV S
A3 High coar Lol et I U I O
Bl  Lom lreguency 42 oe ) 40| 1S L
B  Riddle frvanency 1|4 |40 | =5
i  High freiqmeney 1G] 5 ] 4 | % bl
(| Lanw coembinre [ T I R I
2 Middle commforr I B ST U I
i [Migh vnmturt 1G] i | 36 | =d | 53
131 Laree dourmey Limis WopAs [T 2] A
L2 Pdidalle Juurmey limes Rl 12| a1 | 3l
113 Hivl Juwewey Linkes i v SRR L '

Starting from Tab. 4, it is possible to construct four contingency tables
(dimensions 12 x 2) obtained by the unification of the ordered modali-
ties of the evaluation variable (1 vs 2-3-4-5, 1-2 vs 3-4-5 and so on). All
the chi-squared statistics computed have resulted significant (Tab. 5).
The sum of the four chi-squared are equivalent to T-Taguchi’s index
(Taguchi, 1966; Hirotsu, 1986).

It is well known that classical Pearson’s chi-squared test for contingency
tables does not have good power against ordered alternatives (Nair,
1987).
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The Cumulative correspondence analysis of ordered categories com-
puted on Tab. 4 showed that the first two eigenvalues explained more
the 97% of the total inertia (Tab. 6). The sum of eigenvalues is equivalent
to T-Taguchi’s index divided by the total of the frequency of the Tab. 4
(D’Ambra et al., 2008).
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In order to visualize the association between the ordered column
categories and the nominal row categories, we computed the row and
column coordinates according to the formula (8) and (9).

Moreover we projected, as supplementary points, according to
formula (10), the ordered modalities of the evaluation variable in the
other space (Fig. 1). This graphical representation allowed to define
a characteristic scenario for each level of customer satisfaction. This
information matched with the enterprise economic planning allowed
decision makers to have a very useful tool to set the transport service
that maximise the customer satisfaction. In our case, as expected the best
scenario was represented by the combination A1-B3-C3-D1. Neverthe-
less the informative information is that, if the enterprise for business
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opportunities can’t offer this scenario, thanks to this approach the deci-
sion maker may define the level and the factor to modify that minimize
the loss of Customer Satisfaction.
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For each of the five level of the overall assessment was constructed
a scenario of train service provided (Fig. 2).

Analysing this Fig. we observed that the “characteristic scenario”
corresponding to the lower level of customer satisfaction is not different
from the scenario of the next level of Customer Satisfaction.

Differently, if the enterprise needs to pass from a level Il to a level III
of customer satisfaction, the enterprise has to improve simultaneously
the factors “cost”, “frequency” and “journey times”.

In the same way to pass from level III to level IV, the client asks to
improve significantly the factor “comfort”.

38



Sarnacchiano P., D’ Ambra A. G.&L.E.R. Vol. 13 No 2 (2009), 29-41

The last scenario matching to the maximum level of Customer sat-
isfaction (V) is not very interesting because it corresponds to the best
level for each factor.
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SAMPLING DESIGN FOR LOCAL PUBLIC
TRANSPORT ASSESSMENT

Abstract

The diffusion of the so-called Assessment Transportation has led local public
transport companies to apply assessment procedures of Passengers Satisfaction.
These procedures require statistical sampling surveys of the customers of the
public transport from which to extract information useful for the management.
A crucial step in defining the sampling design is the choice of how to select the
units which, in the context of transport, are clustered and sparsely distributed
over the study area. In these circumstances, standard sampling techniques
cannot be applied and the authors propose the use of a specific sampling design
called Intersect Units Sampling often used for monitoring biological popula-
tions. This technique selects the units along a transport service-line following
a specific sampling design. The design proposed is easy to apply and leads to
efficient estimators.

JEL crasstFicaTION: C13; C51

KEYWORDS: LOCAL PUBLIC TRANSPORT, SAMPLING DESIGN, HORVITZ
THOMPSON ESTIMATOR, MODEL-BASED SAMPLING, DESIGN-BASED SAM-
PLING

1. Introduction

In recent years, the importance of an appropriate local public trans-
portation planning in the context of urban and territorial development
policy has grown significantly. This has led to a more “realistic” ap-
proach, with the objective of using an integrated and coordinated spatial
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planning in order to increase the quality service in terms of passenger
satisfaction. Local management has recognized the importance of any
new decision (commercial, residential, etc..) and its effects on the exist-
ing transportation system.

A proper Transportation Assessment (TA) will help Local Public Ad-
ministration (LPA) in assessing project’s compatibility with the planning
policy framework (usually the Local Development Framework) and
with the relevant transport strategy (usually the Local Transport Plan).
Furthermore, a proper TA will help LTA in evaluating all the transport
implications and in identifying suitable measures for a more sustainable
mobility. The TA can also address issues of interest to the local traffic
authority related to their network management duties.

Current best practice recommends that a Public Transportation
Assessment (PTA) be submitted as part of any planning application
wherein the proposed development is likely to raise a significant amount
of traffic.

In the PTA framework, the Local Transport Management (LTM) is in-
terested in monitoring and assessing passenger satisfaction, the efficiency
and the effectiveness of the service, travel times, waiting times etc.

For each of those aspects, that we call real phenomenon, we can
identify a set of measures or variables of interest. Each variable can be
considered to have a specific probability distribution in a based model
point of view while in a fixed population framework it may have a set
of fixed values.

For example, concerning the high-quality service supply, we can
observe the obsolescence of means of transport or their CO, emissions.
In order to evaluate the passenger satisfaction we can observe a suitable
sequence of items measured in a Likert scale in order to recover the well
known five latent dimensions such as empathy, tangible aspects, reas-
surance, reliability and responsiveness. With the purpose of planning
the service, LTM is also interested in recording variables such as the
network mobility, the morphology of the territory, etc. The assessment
of the local public transport by means of statistical methods requires
three essential aspects:

1. synthesis measures, such as the mean, the median etc. in order to evalu-
ate the modality that better represents the entire real phenomenon.
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2. variability measures, i.e. the dispersion of the values with respect to
the synthesis measures. The purpose is to know the diversity of the
measures of the real phenomenon.

3. Shape measures with the purpose of evaluating skewness and kur-
tosis of the data distribution.

In order to apply the statistical methods we can distinguish two ap-
proaches: the complete surveys and sampling surveys.

In the complete surveys setting, the knowledge of the entire popula-
tion under study is required . But in practical applications, it is not pos-
sible to survey the entire target population. In the sampling framework,
one has to decide which model to adopt: the model based approach or
the design based approach. In the former, it is necessary to know the
sampling distribution of the estimator while in the latter, it is neces-
sary to know the list of units of the population. In this paper we focus
on the design based approach. In particular, we propose an innovative
sampling strategy suitable when the list of units of the population is
not available. The proposal seems to be very useful for local transport
assessment.

2. Sampling surveys

In order to obtain information on the PTA we need to choose a sam-
pling survey strategy. As it is well known the sampling surveys can
be conducted under a design-based approach or a model- based ap-
proach (Thompson, 1993). In the design-based approach, the values of
the variable of interest are viewed as fixed quantities and the selection
probabilities depend on the design adopted (Hedayat, Sinha, 1991). On
the other hand, in the model-based approach, the values of the variables
of interest in the population are viewed as random variables and the
characteristics of the estimators depend on the joint distribution of these
random variables which do not depend on the design choice.

The model-based approach has received more attention when it
seems natural to the researchers to postulate a theoretical model which
describes the real phenomenon under study. In this setting the vari-
ables Y,.7,....,Y, associated to the population units can be assumed to
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be independent and identically distributed. In this case many standard
statistical results apply without reference to how the sample is selected.
However, it is difficult to encounter surveys in which a model of inde-
pendent and identically distributed y-values can be assumed. In fact,
the main problem of the model-based approach is that for many real
populations it becomes mathematically complex while still not being
suitably realistic. Moreover, in the PTA framework, results of many
survey programs will be used by people with widely different view-
points and often conflicting preferences regarding whether an estimate
should be higher or lower. Thus, it would be hard to propose a model
that would be acceptable to all the people involved in the PTA. In such
a situation, the elimination of natural human selection biases through
some sort of random selection procedure can be a powerful pragmatic
argument in favour of an approach that is design-based.

Formally, let y = (5 ¥3»--» ¥y ) be the vector of y-values associated at
each N units of the population. From the model viewpoint, these y-values
are random variables with a joint distribution F. In the basic sampling
theory for finite population, the population consists of a known, finite
number N of units. The y-value of each unit in the population is a quan-
tity, and even if it is unknown it can never be considered as a random
variable. The units in the population are identifiable and labelled for
example with numbers from 1 to N.

A sample s of n<N unit is selected and observed. The procedure by
which the sample is selected is called the sampling design. The design
is determined by assigning to each possible sample the probability P(s)
of selecting that sample. The easiest design is the well known simple
random sampling (SRS): a step-by-step procedure which consists of
selecting a unit label at random from 1 to N and then selecting the next
unit label at random from the remaining numbers between 1 to N and
so on until n distinct units are selected.

In this setting, the inference problem is to estimate some sum-
mary characteristic, or parameter of the population, as a suitable
function of y = (y,, y,,..., ¥,). Formally, we indicate the parameters
with © =f(y) and withg"=h (y,, y,...., y,) its estimate. For example,
in the PTA viewpoint, y = (y,, y,5..., y,) could be the passenger satis-
faction, O = f (y) the passengers satisfaction index in the population
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while §=h (> ¥,5--+» ¥,) Tépresents the passenger satisfaction estimate
after observing the sample s. At the same time, it is possible to asses
the accuracy of the estimate by means of the confidence interval. For
this purpose, the variance of the estimator §=h (y}» Y»e--» ¥,) must be
introduced i.e. var (§) = E (§- 9)*

Recalling P(s), the probability of selecting the sample s, i.e. s is
a sequence or a subset of the units in the population, an estimator
8=h(y,,¥,-...y) is said to be design-unbiased for 6 = f (y) if its con-
ditional expectation, given the realization of the N population y-values,
is the realized value of 6 = f (y):
E (é | y) =0

It is important to note that the design-unbiased estimator
6=nh (¥,» Y5> ¥,) derives its unbiasedness only from the design adopted
(Sen, 1988). On the other hand, an estimator §=/ (y,, ..., ¥,) is model-
unbiased if, given any sample s, the conditional expectation
E (§ | s) = E(0). In other words, the estimator is unbiased under the
population distribution F for © given the sample s.

3. Intersect units sampling

In Public Transportation Assessment (PTA), the passenger is fre-
quently spatially clustered distributed. The population units are rare
and then it becomes difficult to detect citizens that make use of public
transport. In this setting, the drawback is to define a list of units. Thus,
we have the need to implement a suitable sampling design.

Since we do not have a list of the population to be sampled, the
sampling designs defined in the previous paragraph cannot be used. In
these circumstances, in order to solve this drawback we propose the use
of a particular sampling technique called Intersect units sampling (Di
Battista, Valentini, 2007). This sampling design is frequently adopted in
order to monitor biological populations such as animals or plants (Di
Battista, 2003). In the particular case of PTA, the sampling units can be
considered as a biological population that results to be unknown, rare
and spatially clustered distributed. With the intersect units sampling,
the units sampled are those encountered along a path over an area of
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study selected by a specific design.

Given the complexity of the design, the terms path and intersect will
be specified when used.

As it is well know, the design-based sampling approach requires,
as a first step, the computation of the first order inclusion probability
denoted by m, >0 fori=1,2,...,N. In the intersect units sampling this
probability corresponds, for each unit, with the probability to meet the
units along the path. The second order inclusion probabilities, T, >0
for Vi, j, correspond for each pair of units with the probability to meet
both units along the path.

Thus, if the sampling design ensures that every unit has got a first
order inclusion probability different to zero, then it is possible to use
the well known Horvitz-Thompson total estimator (Horvitz, Thompson,
1952). It results to be unbiased with variance depending on the second
order inclusion probability 7t; >0.

However, with the intersect units sampling, the unbiased estimator
of the variance has numerous problems (Wolter, 1985). Indeed, it results
to be difficult to develop designs in which the second inclusion prob-
ability is positive for each pair of units. Since the units are far from each
other, it is difficult to meet both units on the same path. Furthermore,
in real survey, the second order inclusion probabilities are not easy to
compute, especially in local public transport.

To solve these drawbacks, we introduce a suitable technique named
replicated sampling designs (Barabesi, Fattorini, 1998).

Indeed, if the sampling design chosen is replicable under the same
condition r times, then the afore mentioned drawbacks, as we will see
below, can be easily solved.

We point out that the replicated sampling seems to be appropriate
with intersect units sampling designs. In fact, a path refers to a small
part of the entire area under study, therefore it is not sufficient to en-
sure a representative sample of the entire area, so we prefer to choose
at random and independently multiple paths.
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4. Replicated sampling

Let 6 denote a population parameter of interest that we want to esti-
mate by means of intersect units sampling. Let § = #(S) be an estimator
of 6 obtained as a function of the sample data S where S is obtained by
means of the design chosen. Suppose also that § = #(S) is an unbiased
estimator of 6 with variance V (g). Therefore, if the design is r time
replicable under the same conditions and the replications are mutu-
ally independent then we obtain r independent samples §,,S,.,...,S,
that give r estimates of 6, i.e. §,,9,..-.» §,- Obviously they represent the
determination of ri.i.d. random variables with mean 6 and variance
V (§). Quoting the well known properties of the mean of r i.i.d random
variables, we have that the mean of the r estimates

'R e
6,==>_6
re="
is still an unbiased estimator of 8 with variance given by

o (5)-"©)

r

1

Roughly speaking 6, = —ZZ_] 6 results to be an estimator of 6 r
time more appropriate with respect to the estimator 6 = t(S) obtained
using only a path. Moreover for » —eo, 0, results to be also a consist-
ent estimator for 6.

Regarding the variance estimation, we can derive an unbiased estima-
tor for V (§) by means of

7 (6)-5

r

where ~

=3 (6-6)
e

which is the sampling variance of the estimators 0 [ fori=12,...r.
Finally, the central limit theorem ensures (Berger, 1998) that for
F— oo
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A

b,-0

70

where CI)(u) is the normal standardized cumulative distribution func-
tion.

A straightforward use of (1) allows us to asses tests of hypothesis
and confidence intervals for the parameter 6 as follows

Pr

Su—>®(u) @

Pr{gr—um v(6)<0 <6 +u_ o)} >1-a

and for r sufficiently high (r - 00) we have
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5. The use of line intercept sampling for Local Public transport

Suppose we want to assess passenger satisfaction of the network
public transport. In this setting, the objective is to select the passengers
in order to submit the questionnaire. The population is obviously elusive
so that it is impossible to define the list and to get its total. Therefore,
we suggest to adopt the line intercept sampling.
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First of all, we need to define the study area such as the metropolitan
area. Along the entire study area we plot a segment, said base-line, of
length W. Line intercept sampling consists in selecting, at random, a
point P on the base-line and then in sampling every transport service
encountered along the path perpendicular to the base-line from the
point P. This path is also named line-transect. Using this sampling de-
sign, a transport service will be selected when the random point P is in
the projection of the service transport line on the base-line (Burnham,
Anderson, 1976).

Let w; be the length of the j-th projection on the base-line, then the first
order inclusion probability for the j-th transport service is

n,=2t, j=12,.,N
w
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from which we obtain a straightforward Horvitz -Thompson estimator
for the total and the mean.
The second order inclusion probability is given by

w; . .
n,=—, i#j=12,.,N
w

In real applications this kind of probability results to be difficult to
compute because transport services are usually located at a distance for
which there is not intersection on the base-line; so we suggest to use the
approach based on replicated sampling described above.

In this setting the procedure consists in replicating r times the same
design, that is to allocate randomly r points along the base-line.

As seen before, a straightforward design based inference can be eas-
ily (Kaiser, 1983) obtained by using the asymptotic distribution given
by the expression (1).
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MULTIVARIATE STATISTICAL APPROACHES FOR CUSTOMER
SATISFACTION INTO THE TRANSPORTATION SECTOR

Abstract:

The aim of this paper is to study the effect of the dimensions of the
transportation service on the Passenger Satisfaction (PS) taking into
account the spatial effect due to the interaction across spatial units and
spatial heterogeneity. The relationships between the service dimensions
and PS are formalized by a Structural Equation Model (SEM) based on
the Partial Least Squares (PLS) estimation method which includes the
spatial effects in the measurement model. Moreover, in order to get a
‘true’ measure of satisfaction, the rating scale model is proposed.

JEL crassiFicaTION: C13; C51

KEYwoRrDSs: LATENT TRAIT; RATING SCALE MODEL; SPATIAL STRUCTURAL
EqQuaTioN MODELS; PARTIAL LEAST SQUARES

1. Introduction

The customer satisfaction survey gives important sources of in-
formation for quality assurance in many economic sectors, where the
customer satisfaction is a vital concern for companies and organizations
in their efforts to improve service quality, and maintenance of customer
loyalty. However, customer satisfaction cannot be measured by simple
statistical tools. It is a result of a latent complex information process
summarized in a multiple-items questionnaire, in which one set of
alternative responses is used for estimating probabilities of responses.
For this reason, in the analysis of multi-item data the multidimensional
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nature of customer satisfaction and the different nature of the data
should be considered (Gallo, 2007). In the public transport sector, the
measurement of customer satisfaction (hereafter referred as passenger
satisfaction) might be influenced not only by the particular features of
the transport sector, but also by some spatial effects attributable to the
territorial dislocation of stations.

Consider the spatial effect into passenger satisfaction model present
two reasons. First it is expected that the spatial effect of socio-demo-
graphic, economic or regional activity may be an important aspect of a
modeling problem. Second one the observations associated with spatial
units might reflect measurement error (Le Sage, 1999).

Following Papalia et al. (2008) and Ciavolino et al. (2009) a new strat-
egy which accounts for the spatial effect into PS analysis is proposed,
including, as in a unique process of analysis, the Rating Scale Model
(Gallo, 2009).

The paper framework is based on three steps. First, a particular ver-
sion of Rasch Analysis called rating scale model (Andrich, 1978) is used
to geta ‘true” measure of satisfaction. Second differential item function-
ing and the spatial dimension is used to build the structural equation
model. Latter partial least squares algorithm is proposed to estimate
which component has more influence on the passenger satisfaction.

2. Theory

The Rating Scale model and the PLS are presented in the next sections,
in order to show the potentialities and the main characteristics of both
of them in the framework of the Passenger Satisfaction.

2.1 Rating Scale Model (RASCH ANALYSIS)

More latent trait models could be used to measure passenger satisfac-
tion, but Rasch models are distinguished from others by a fundamental
statistical characteristic - subject sum score is a ‘sufficient statistic” for
the underlying unidimensional latent trait (Wright and Linacre, 1989).
The model is based on the simple idea that passengers who have a high
total score on an item are more satisfied overall than passengers with
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low scores. Likewise, items that receive lower ratings are more difficult
to endorse than items that receive higher ratings. This way, on a single
continuum of interest, it is possible to clearly identify which items are
more difficult to generate satisfaction and which passengers are more
satisfied than others.

When all items present the same set of alternatives, it seems reason-
able to expect that the relative difficulties of the steps between categories
should not vary from item to item. For these kinds of questionnaires
the rating scale is the more appropriate version of Rasch models. Rat-
ing Scale Model — within a probabilistic framework — converts ordinal
raw-score data, such as the scale strong dissatisfaction / dissatisfaction
/ satisfaction / strong satisfaction, into an interval-based measure, the
log-odd metric or logit. Let F, ,, be passenger i’s probability of scoring
s on item j, the rating scale model can be written:

P - eXP(xi_q’j —Ys)
o Freplimg -1, ®

where ¢. is the difficulty for item j to generate satisfaction, x; is the
attitude of the i-th passenger to be satisfied, and 7y, is the threshold
parameter associated with the transition between response categories
s-1tos.

To estimate these parameters, the “Joint Maximum Likelihood Esti-
mation” algorithm is used in this paper (Wright et al., 1969). This method
is more flexible and it is independent from specific passenger and item
distributional forms. Moreover the logits measure In (Bj(s) / (1 —Pij(s))
of the items, passengers and rating scale categories, convert ordinal raw
scores into linear interval measures.

One important part of the item analysis is to examine Differential
Item Functioning (DIF) in the items. DIF refers to differences in item
functioning after groups have been matched with respect to ability or
attribute that the item purportedly measures. Where DIF shows a dif-
ference between the groups of passengers, it does not mean that there
exists measurement bias since it might be a real difference in satisfaction
level. In these cases, DIF measure can be used instead of the passenger
one to study the different level of satisfaction between the groups.
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2.2 Spatial Structural Equation Model (S-SEM)

The Partial Least Squares (PLS) estimation method was first formal-
ized by Herman Wold (1966, 1973), for the use in multivariate analysis.
The application in Structural Equation Modelling (SEM) was again
developed by Wold (1975) and the main references on the PLS algo-
rithm are Wold (1982, 1985). The main idea of PLS for the SEMs is an
iterative combination of path analysis to give a measure of the relation-
ships among the theoretical constructs (Structural Model or Inner Model,
equation 2), then factorial analysis for measuring the latent construct
(Measurement Model or Outer Model, equation 3):

A

a(m,1> =B, ‘i(m,l) O )

>

(=

X = Ym* Sy O () 3)

In the Structural Model, equation (2), § is the vector of the m latent
variables and B is the path coefficients matrix, with zeros on its di-
agonal representing the causal effect among the latent variables. The
Measurement Model, equation (3), contains the x vector of the g manifest
variables and the coefficient matrices A of the relationships between
the latent constructs and the observed variables. The vectors T and  are
the structural and the measurement error vectors and the ¥ and ©® are
respectively the diagonal matrix variance of the structural error term ©
and the measurement error term 8.

Since weare observing H differentunits located in different positions,
we have to take into account the effects which the geographic position
can generate into the model. Spatial structures are generally associated
to: a) Absolute location effects which are relevant to evaluate - for each
observation - the impact of being located at a particular point in space,
and to b) Relative location effects that consider relevant the position
of an observation relative to other observations. The first effect called
spatial heterogeneity assumes that each observation can have its own
characteristic for the phenomenon under investigation. Moreover, in
the latter case, it is assumed that the value observed in a sample in a
specific location / can be affected by the value observed in another
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location k, with h#k. This effect, called spatial dependence, is due to the
spatial interaction between contiguous observations.

The SEM formulation is therefore extended to take into account the
spatial heterogeneity and the spatial dependence. The spatial unobserved
heterogeneity among spatial observations is allowed by introducing fixed
effects in the measurement model (Bernardini Papalia 2006, 2008a,b). We
proceed by including an individual specific “dummy variable” to capture
unobserved heterogeneity for each spatial observation h (h=1,..., H).

For the spatial dependence, we focus on one of the widely used ap-
proaches (called spatial LAG model) where the spatial correlation pertains
to the dependent variable. In this context, it is assumed interdependence
of latent variables across areas. This assumption may be formalized
by including a spatial lag variable into the measurement model which
represent the relationship between the manifest and latent variables. In
doing this, a spatial weights matrix W of non-stochastic time constant
weights has to be specified. This is a (HxH) matrix in which the rows
and columns correspond to the cross-sectional locations.

An element w, of the matrix expresses the prior strength of the
interaction between location / (in the row of the matrix) and location
k (columns). This can be interpreted as the presence and strength of
a link between nodes in a network representation that matches the
spatial weights structure. In most applications, the choice is driven by
geographic criteria, such as contiguity (sharing a common border) or
distance, including nearest neighbor distance (Anselin 1988; Lesage
and Pace 2004).

More specifically, using the equation (3), the set of latent exogenous
variables & is enlarged to include: (i) Spatial Lag variable (4), that is the
first-order contiguity spatially lagged dependent variable; the fixed ef-
fect, that is the location dummy reported in equations (5); (iii) the set of
q exogenous manifest variables X, .

w"' = Spatial — Lag = Wy Xy, (4)
ds — Dummy _ Space = IH,H (5)

To take into account the spatial lag variable and the fixed effect, the
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manifest variables of the equation (3) are rewritten as follow:

X*H,q+1+H = [XH,q | WH,H “Xua | IH,H] (6)

The equation (6) reports the specification of the locations in the
measurement model, where, the vector x_, of the g manifest exogenous
variables, is expressed in the form of matrlx X,, , with the locations
reported in the rows and the variables in the Columns The matrix I, ,
is the identity matrix for the H locations.

The associated A matrix, which specifies the regression coefficients
of the observed variables on the latent variables, is defined as A= [t | p
| o], including: the set of the manifest variables coefficients (%), the spatial
autoregressive parameter (p) and the coefficient of the spatial effects.

The matrix formulation of the exogenous measurement model,
equation (4), can be reformulated considering the spatial and the fixed
effects, as below reported:

~

Xq+1+H1 1q+1+Hn E—‘n,1+8q+1+H,1 (7)

The measurement model is extended in this way adding to the g
manifest exogenous variables, the spatial lag variable and the spatial
effect, that means 1+H rows. In the estimation of a S-SEM, it is then
essential to deal with the problem of endogeneity of the spatial lag
term originated by the correlation between latent endogenous and
exogenous variables and, as a consequence, the correlation between
exogenous observed variables and errors. Our proposal is to use the
PLS, which can be a powerful estimation method of analysis in case
of small sample size, strong correlation among the items, missing data
and no residual distribution assumption.

3. The measure of Passenger Satisfaction
To measure the passenger satisfaction a survey analysis was
conducted on 2,473 passengers. The questionnaires were submitted

by 10 different interviewers in the second week of October according
to stratified random samples. Nine items (‘station cleanness’, ‘train
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cleanness’, ‘passenger comfort’, ‘regularity of service’, ‘frequency of
service’, ‘staff behavior’, ‘passenger information’, ‘safety’, “personal
and financial security’) are used where each item has a Likert scale
with four ordinal levels (Likert scale), viz., ‘strong dissatisfaction” /
‘dissatisfaction” / ‘satisfaction” / ‘strong satisfaction’.

The analysis of the Passenger Satisfaction consists of two parts: in
the first part, the Rasch analysis is used to focus on the psychometric
properties of the items, passengers, and rating scale categories. When the
Rash diagnostic results guarantee the passenger satisfaction measure in
terms of validity and reliability, the DIF measures were used to obtain
the items measure for each station. The WINSTEPS program (Linacre
and Wright, 2000) was used to obtain the results from these data.

To measure the relationships among the several aspects of passenger
satisfaction, in the second part, a SEM is defined by considering three
latent variables, “Transportation’, ‘Information & Security” and ‘Comfort
& Cleaness’, which explain the Passenger Satisfaction. Tab. 1 reports the
latent variables and the manifest variables used in the measurement
model.
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The spatial dependence between the station is formalized by using
the spatial lag variable as defined in formula 4. The definition of the
spatial weights matrix W is based on distances between the 34 Stations,
calculated by using walking Google Map.

We provide a Passenger satisfaction Model which defines the PS rate
in a specific location (Station) /1, as a function of the PS rate in a location
k (with h#k). As defined above (supra §2.2), the estimation method
used is the PLS, performed by using a specific routine developed in
Matlab.

3.1 Rating scale model results

The compatibility of the raw data with the Rasch measurement
model is verified by several fit statistics. In this case the reliability index
observed for items and passengers is 0.99, where the values range be-
tween 0 and 1. The estimates for items show how well the replicability
of items placement across other passengers measure the same construct
index. This result is confirmed by the separation index, whose observed
value is equal to 1.

The results for the rating scale analysis of passenger satisfaction
are shown in Fig. 1. The vertical line represents the variable passenger
satisfaction into log-odds scale. Passengers are aligned to the left and
represented by the symbol “#”. The more satisfied are on top. Items are
aligned to the right. The more the items are on top, the more difficult is
to generate satisfaction. It is verified that the distribution of passenger
isnormal and displayed into higher position than the item distribution.
Therefore, passengers have more probability to get satisfaction from
metro service.
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Fig. 1 - Person-item map for passenger satisfaction
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Notes: Each “#” is 27 passengers and aligned to the left of the corresponding log-odds re of satisfaction. Items

are aligned to the right of the corresponding log-odds measure of difficulty to generate satisfaction

More details for item measure are given into Tab. 2. This table lists
items in measure order. ‘Passenger information’ is the attribute of ser-
vice that has more difficulty to generate satisfaction followed by “Staff
behavior” and “Train cleanness’. The attributes that have less difficulty
to generate satisfaction are ‘Security” and ‘Regularity of service’. Two
types of fit statistics are given for each item. Ideally, the infit and outfit
mean-square should be 1.0 for rating scale model, but values included
between 0.6 and 1.4 indicate that the deviation from expectation is ac-
ceptable (Bond e Fox, 2001). In particular, infit mean-square statistic 1.16
for the item ‘Passenger information’ is the highest variation between
observed data and the Rasch model predicted (16% more variation).
“Train cleanness’ and ‘Station cleanness” have 18% less variation in the
observed response than modeled. Similarly, outfit mean-square for the
item ‘Passenger information” has the highest variation (20%) and “Station
cleanness” has 17% less variation in the observed data than the model.
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Finally, the point-measure correlation is, for each item, a positive value
included between 0.58 and 0.68. These values show absence of mis-scor-
ing and normal polarity.

Tab. 2 - Items statistics
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Notes: Measure is the estimate for the item difficulty to generate satisfaction. S.E. is the standard error of the
estimate. Infit MnSq and Outfit MnSq are the infit and outfit mean-square statistic, respectively. Ptmea Corr is the
point measure correlation.

The logit measure of each item is obtained for each station by the Dif-
ferential item function measure (Tab. 3).
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3.2 S-SEM results

The estimations of the Passenger Satisfaction Model are represented by
the path diagram reported in Fig. 2, which is a graphical representation of a
priori specified structures and assumptions. The latent variables are drawn by
circles and defined using Greek letters. The unidirectional straight arrows in
the path diagram represent the causal influence of one variable on another.

Fig. 2 shows also the estimated path coefficients, where the significant
relationships have been highlighted by a bold line and non-significant
relationships are shown by broken lines. The number in the brackets is
the T-test value. The significance of the variables is calculated via boot-
strap re-sampling, considering the 100 samples of dimension 120.
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The S-SEM explains the spatial interaction that characterizes the
change in passenger satisfaction among the stations. The spatial au-
toregressive parameter (p) and the () structural coefficient estimated
are significant, while parameter estimates of the other latent variables
are not significant.
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The spatial lag result suggests that the PS rate in a location / has a
significant positive dependence from the PS level in another location k
(0.419). This means the satisfaction in a specific station steps up if the
satisfaction in the neighboring areas increases.

The latent variables are measured as the complexity to generate sat-
isfaction. Therefore a negative value of the path coefficient increases the
satisfaction, while a positive value decreases the satisfaction. The only
latent variable that is significant, with a T-test value greater than 2, is
the Info, with a path coefficient equal to -0.428, thus implying a good
impact in increasing the satisfaction.

For improving the interpretation of the results and for giving a valid
support to decision makers, Tab. 4 reports the estimated values of the
Latent Variables, obtained as the weighted average value based on the
tau () coefficients of the manifest variables.
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The estimated values of the LVs Transportation (-0.134) and Comfort
(-0.010) show that these variables have a low value of difficulty to gen-
erate satisfaction, that is the passengers give a good evaluation of these
aspects. Info (0.276) is evaluated with a high level of difficulty, so the
passengers are not satisfied with this aspect.

By combining the results of the path coefficients and the level of PS it
is possible to define an intervention matrix by the categorization into two
groups of difficulty level as reported in Tab. 5. The LV of the first group
has a relative low level of difficulty (good evaluation) and the variables
in the second group have a high level of difficulty (bad evaluation).
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Tab. 5 can be interpreted as the aspects that can be improved: Info is
the most important variable in this case study.
Tab. 6 can help in the analysis of which aspects of the Info Latent
Variable have to be improved. It is possible to read that PassInfo (0.8722)
and Staff-B (0.1173) are the items with major difficulty in creating satis-
faction, where instead PersFin is the only with a low level of difficulty

(-0.2593).
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THE EVALUATION OF PASSENGER SATISFACTION IN THE
LOCAL PUBLIC TRANSPORT: A STRATEGY FOR DATA ANALYSIS

Abstract

The diffusion of ISO 9001:2000 certification and adoption of mobility char-
ter led the companies of Local Public Transport (LPT) to carry out surveys of
Passenger Satisfaction (PS). However, often, the data analysis is limited to the
application of descriptive and explorative statistical techniques. In this way,
the collected data are used in an inefficient way and the information that is
transferred to the company management is not sufficient to make decisions.

A good analysis strateqy requires the use of a combination of parametric
and nonparametric techniques. In this paper we propose the combined appli-
cation of Rasch Analysis and Simple Components analysis based on the RV
coefficient (SCA-RV).

JEL crassiFicaTION: C13; C14

KEYWORDS: PASSENGER SATISFACTION; RASCH ANALYSIS; RATING SCALE
MODEL; SIMPLE COMPONENTS ANALYSIS; SCA-RV; LPT

1. Introduction

The diffusion of ISO 9001:2000 certification and adoption of the
principles defined in the Charter of the services of Transport sector led
an increasing number of LPT companies to activate procedures for as-
sessing the quality. The concept of quality, however, over the years has
been considerably modified by binding more closely to that of satisfac-
tion. In particular, the American Society for Quality defines the quality:
“...the characteristics of a product or service that bear on its ability to satisfy
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stated or implied needs”. From that statement one can see how even in
the context of LPT, objective indicators measure the purely virtual or
potential quality, only the perceived service quality by the customers
(passengers, citizens, stakeholders ...) is the real quality.

Itis necessary to move the attention to what is perceived, rather than
what is supplied. However, this leads to considerable difficulties, in
particular as regards the instruments to be used for its assessment.

In fact, the objective parameters are always uniquely determined,
and their measurement does not lend itself to different interpretations,
while the measurement of satisfaction is more complex because of the
its subjective nature and the presence of other factors that are not always
easily separable from the aspect that one wants to evaluate.

Since the measurement of passenger satisfaction depends on cogni-
tive emotional and psychological aspects (Oliver, 1993), it is a latent
variable and its measurement can only be done through a set of items
which change according to adopted conceptual model. Consequently,
the analysis of satisfaction can only be achieved through appropriate
statistical techniques to estimate these latent aspects and keeping, as far
as possible, the effects attributable to such factors separate.

A further problem concerns the multivariate nature of quality (Par-
asuraman et al., 1988) that requires an analysis of the phenomenon using
statistical techniques that consider the different dimensions and allow
us to define whether a service is really able to meet the expressed and
implied needs of customers.

Given those problems, we have to pay close attention to the followed
procedures for the collection, analysis and interpretation of data related
to satisfaction. In particular, several conceptual models and procedures
have been proposed in the literature. The UNI 11098:2003 represents a
first attempt of standardization. However it has the disadvantage that
wants to adapt to types of very different services, failing to capture the
specific needs of particular services such as LPT those.

To develop a standard that is shared and applied by all companies
of LPT is essential, especially if the commissioning body wants to use
PS data to implement a system of rewarding or penalizing. One last
point concerns the customer on which to focus research, of course, it is
immediate to see that the research terms change if we are interested in
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analyzing only passengers or all potential users of the service.

For all the considerations relating to procedures to be adopted for
the PS survey and the choice of the conceptual model to be applied,
we refer to D’Ambra et al. (2006), Gallo et al. (2009) and Gallo (2009).
We refer at the same contribution to the considerations relating to the
set of parametric and nonparametric methods usable for the study of
PS, below, instead, we address the issues concerning the application
of Rasch Analysis and Simple Components analysis based on the RV
coefficient (SCA-RV).

2. Data analysis

The PS surveys are carried out by administration of a questionnaire
composed of a set of items structured to consider the different aspects
that go to make a greater or lesser satisfaction of passengers.

These assessments are made using a Likert scale, where the col-
lected data are on ordinal scale, so, before proceeding to their analysis
it is necessary to quantify the data or to use a technique that allows
their transformation into pseudo-interval values. Moreover the trans-
formation in linear and quantitative measures has to guarantee a right
calibration throughout the whole set of the real numbers avoiding an
“compression effect” (Wright e Linacre, 1989).

A good analysis strategy requires the use of a combination of non-
parametric techniques for exploring the structure of data and, if the
modelling assumptions are verified, the use of the parametric methods
for generalizing the results to all passengers. Furthermore, the results
have to be analyzed to verify the presence or not of a type of passengers
that differs significantly in terms of satisfaction, from others.

The combined application of the Rasch Analysis and SCA-RV can be
an answer to such needs.

Based on the separability theorem, the Rasch Analysis is a parametric
technique that allows to identify what aspects of the LPT service provide
greater satisfaction. Among the main characteristics of this technique
is the possibility of using ordinal data without their quantification, to
obtain interval measures, to get optimal estimates of the parameters and
the absence of distributional assumptions.
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Unlike the Rasch Analysis, the SCA-RV is a nonparametric statistical
technique that can only be used after transforming the ordinal data into
pseudo-interval data. The SCA-RV, however, allows to investigate the
structure of relationship among the items and to identify latent variables
that otherwise would not be observable.

2.1. Rasch analysis

The need to evaluate a not directly observable aspect requires the
administration of a questionnaire consisting of several items formulated
to investigate the various dimensions of satisfaction. All items have the
same set of response categories and it is assumed that the passengers
choose a higher category in the scale of assessment only if they are more
satisfied.

From these remarks, the assessment can be made on the basis of
the ratio between the frequency with which a particular category has
been chosen and the frequency with which it has not been chosen, this
ratio is a continuous and easily linearizable measure with a logarithmic
transformation.

Based on the assumption that the measure of satisfaction is achieved
by the logarithm of the ratio between the probability that the passenger
i scoring in category m of the item j and the probability that the pas-
senger i, having chose the category m-1 for the item j, do not reach the
category m (1-P

o)

P,
log it = In| —2X2— (1)
(1-Py)

the Rasch model not only allows to get a continuous and linear
measure of PS latent variable, but Andrich (1978) and Masters (1982)
showed that these estimators also have the optimal properties, such as
sufficiency, consistency, efficiency and unbiasedness.

If the survey is consisted of items that are on the same ordinal scale,
the best Rasch model for measuring latent variable is the rating scale.
Such Rasch model decompose log it in the following three quantity:
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logit =, -8, -7, 2)

where &, is the propensity of passengers i-th to be satisfied, §, is the
propensity of item j-th to generate satisfaction, y,, is the difficulty of
category threshold m.

Sometimes, in addition to quantities already described, it can be
useful to identify the existence or not of a different level of satisfaction
generated by different companies of LPT or by different lines of the
same company. In the latter cases, the probability that the passenger
i scoring in category m of the item j has to be calculated on the basis
that the passenger chose or not the company (line) k-th, Therefore, the
equation (2) can be rewritten:

I)i‘ m

1og(1_fLJ=a,- -5, -, -7, ®)
ijk(m)

where v, is the difficulty of the company (line) k-th to generate high

level of satisfaction.

2.2 Simple Component Analysis based on RV coefficient

Among the explorative methods, Principal Component Analysis
(PCA) has optimal properties. The data for Customer Satisfaction (CS),
however, present the peculiarity of generating all the positive correlations.
Therefore, the first component is typically the mean or the sum of ob-
served scores on different items. It is merely a measure of satisfaction.

Moreover all the variables are represented on the same quadrant obtain-
ing little interesting and useful results. To improve the interpretability of the
results, several methodological developments have been proposed: Lasso
(Jolliffe et al., 2003), Constrained Multivariate Analysis (Choulakian at al.,
2006), Simple Component Analysis (Rousson et al., 2003), Simple Principal
Components (Vines, 2000), SCA-RV (Gallo et al., 2005). These methods lead
to sub-optimal but more useful results for make decisions.
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In this paper we apply the SCA-RV. It maximizes the quantity:

q
[pl’Cp1 + Zp,'C(jl)p,]/tr(C) (4)

Jj=2

where C is the correlation matrix among the original variables, g is the
rank of C, p, is the first principal component, p; is the j-th principal
component, tr is the trace operator.

This maximization criterion assures equivalent results to PCA only in
case of uncorrelated components, while it is a penalized version of PCA
criterion for correlated components, because less variability is extracted
from the original variables.

SCA-RV is based on two stages SCA algorithm proposed by Rousson
and Gassen (2003). Fixed the number of components g and the number
ofblock b, the first stage of SCA classifies the p original variables into b
disjoint blocks. The approximate block-structure in the correlation matrix
leads to a maximal within block correlations and in the meantime to a
minimal between blocks correlations. The authors solved this problem
with an agglomerative hierarchical procedure based on a dissimilarity
measure between clusters called “median” linkage alternative to the
possible “single” or “complete” linkages. Coming from the loadings
matrix corresponding to the b simple block-components of the first
stage, the second step of the algorithm is based on a suitable difference-
component shrinkage procedure of the sequential first components of
the residual variables obtained by regressing step by step the original
variables on the first (J —1) simple components.

The SCA-RV modifies the first stage criterion. Instead to use an ag-
glomerative hierarchical procedure based on simple correlation coeffi-
cient, which can lead to very different solution with a choice of a possible
different link criterion, it uses the RV vectorial correlation coefficient
(Robert and Escoufier, 1976). This coefficient gives a measure of similar-
ity of the two configurations, taking into account the possibly distinct
metrics to be used on them to measure the distances between points.
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3. A case study

The capability of the techniques is illustrated by a PS survey carried
out on a sample of 1933 passengers. The survey is composed of seven
items for evaluating the PS.

All the items have four response categories (1 - negative, 4 - positive)

174

and concern “punctuality” “frequency of the journeys”, “cleaning of
stations”, “cleaning of vehicles”, “information”, “presence of person-
nel” and “security”.

The 1933 questionnaires has been collected on three separate lines
that characterize the LPT company under consideration. In particular,
1124 interviews have been carried out on Line 1, 354 on line 2 and 455
on line 3. The statistical software Facets has been utilised for Rasch

Analysis and the meta-language S-plus for SCA-RV.
3.1 The results of Rasch analysis

The Rasch Analysis shows that the items that generate higher cus-
tomer satisfaction are the “punctuality” and the “frequency of journey”,
while the aspects of service that are less satisfactory are the “presence
of personnel”, the “information” and the “security”. From the point of
view of the three lines, it can be showed that the line 1 and 3 generate
a higher satisfaction level than the line 2.
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To verify the goodness of fit of the model we focus on Infit and Outfit
statistics and point-biserial correlation coefficients. The Tab. 1 show the
measure for the items and their Standard Errors (S.E.), Infit and Outfit
statistics and the point-biserial correlation coefficients. The Infit and
Outfit statistics are in the range [0.8; 1.3] so the model fits each item
well. There are no outliers.
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Tah. I - tem sradstics: measure, 5 F., Infit, Ootlit, point-hizerial enrrelation cnefficients

| Model |Infit ouefit|

|

M item |Mgasure S.E. | MN3g MNS | FEBIS |

| 1 mmeraalicy | 1.31 | 1.1 1.0 | .44 |

| 2 Joaenes fraquency | «BL 03 | 1.1 21 .36 |

| 4 Jrvaeion clsaping | cdd o3 | - -] B | ag |
| 4 Veheicle cleaning | . 0L .03 | .B B | .52

| 7 Semriry | -. 63 03 | 1.2 1.3 | .34 |

| ¥ Imfoemation | 78 .03 | 1.0 1.1 | EL |
| & Per=oonel jre=ence | =, 8% o3 1.0 1.0 , 39

The goodness of fit is confirmed by reliability index and by point-bise-
rial correlation coefficients and by chi-squared test. The reliability index,
equal to 1.0, ensures the reproducibility of obtained results. All the point-
biserial correlation coefficients are positive values, so there no problem in
the dataset. The chi-squared test is significant (. = 3889.6), the items
do not generate the same level of satisfaction.

Also for the lines the goodness of estimates is confirmed by reliability
index, equal to 0.99, by point-biserial correlation coefficients (all posi-
tive) and significant chi-squared statistics.

Tub. 2 - Line statistics: measure, 505 Intd, Qotlit, peint-biserial eerrelatien coctficicnts

| | Model | Infit oucfit| |
| W Linea IMEASUFE S.E. | MWASg MAsg | PTBEis |
| 1 Line=1 | . 83 02 | L.G 1.0 | .35 |
i Lime=2 | 47 .02 | 1.0 1.0 .36 |
? Line=z | -.15 08 | 1.0 1.1 .20 |

The Fig. 2 presents an hierarchy for the items and the lines. Moreover it
shows that all the items are well separated among them and there are
no significant differences between the lines 1 and 2.
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The Tab. 3 gives an overview of results for the categories. We can
observe that only the 16% of the passengers chose the category “nega-
tive”, the 23% “slightly negative”, while the 32% “fairly positive” and
the 28% “positive.” The diagnostics confirm that the estimates are good,
so the results are reproducible
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3.2 The results of SCA-RV

After transforming the ordinal data into pseudo-interval data trough
the Rasch analysis, we applied the SCA-RV on the seven items for
evaluating the PS.

The SCA-RV shows the presence of three blocks of variables and a
contrast. In particular, observing the Fig. 3 we can see the first block (that
explains the 28.2% of variability) is consisted of the items “Security of
Station” (V7), “cleaning of vehicle” (V3) and “cleaning of station” (V4),
the second block (that explains the 23.5% of variability) is characterized
by the items “information”(V5) and “presence of personnel” (V6), the
block 3 (that explains the 21.6% of variability) is characterized by the
items “punctuality” (V1) and “frequency of journeys”, finally the first
contrast (that explains the the 11.1% of variability) sets against the items
which constitute the first group emphasizing that the greatest differences
occur between the cleanliness and safety.
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The variability explained by the first four principal components is
84%, The variability explained by SCA-RV solutions is 76%. Thus, the
SCA solution is 90% optimal.

4. Conclusions

In this contribution we tried to illustrate in a simplified way that a
combined approach of different statistical techniques can lead to useful
and not repetitive information. We can further observe that quantita-
tive measures allow to company managers to identify which types of
passengers are less satisfied. In particular, considering the gender of
passengers it is possible to point out that the women are less satisfied
than the men. However, these differences are not statistically significant
at 5% level.

Fig, 4 - Comparisen beeseon the level of Ph fer females snd males.

Female Male

Concerning the age of the passengers, we can highlight a significant
difference in the level of satisfaction between the passengers over 60
years and those aged 25-60, instead, there are no significant differences
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between the younger (under 25 years) and the other two categories,
although the average satisfaction level of younger is higher than the
passengers aged 25-60.

Fig. 5 - Cnmparcison among the level of Ph for age tlasses.
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Considering the profession of the passengers, there are significant
differences between the level of satisfaction of freelancers and students.
The freelancers are less satisfied than the students. There are no signifi-
cant differences among the other professions.
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Fig. 6 - Comparison amoenis the wyel of P for professional aetivitics
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Concerning the trip reason, the passengers who travel for personal
reasons are statistically more satisfied than those using the LPT services
for work, study or other reasons.
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In conclusion, we can observe that, in many cases, the companies
carry out PS surveys (expressly provided for the mobility charter). How-
ever, often, the data analysis is limited to the application of descriptive
and explorative statistical techniques. In this way, the collected data
are used in inefficient way and information that are transferred to the
company management are not sufficient to make decisions. Furthermore,
such information could include the only interviewed passengers.
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MODELLING DYNAMIC CUSTOMER SATISFACTION
IN URBAN PUBLIC TRANSPORTATION

Abstract

The dynamic analysis of Customer Satisfaction is particularly useful for
monitoring either customer satisfaction over time or customer behaviour
reaction to company strategies, and therefore for measuring their effectiveness
and efficiency. In the paper we address the following questions: does customer
satisfaction change over time? What are the main factors affecting overall
satisfaction? Does customer characteristics influence overall satisfaction?
In investigating these hypotheses, we propose an Extended dynamic version
of LISREL model, re-written in the Observed Form Solution. The model
is estimated by 2SLS estimators on data drawn from the Tram Customer
Satisfaction Surveys (Rimini) over the period 2000- 2006.

JEL crassrtFicaTION: C13; C14

KEYWORDS: PUBLIC TRANSPORT, CUSTOMER SATISFACTION, DYNAMIC
LISREL MODELS; INSTRUMENTAL ESTIMATOR; PSEUDO-PANEL

1. Introduction

In the last decades, the aim to reduce car traffic and the need of
saving time and money to travel has yielded a rapid growth of urban
public transportation. Travel companies and public administrations
have shown an increasing interest in understanding what determines
individual travel mode choices, what are the individual preferences

! Department of Statistical Science “Paolo Fortunati” cristina.bernini@unibo.it
2 Department of Statistical Science “Paolo Fortunati” alessandro.lubisco@unibo.it
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about the urban transport and whether they change over time. In this
framework, the Customer Satisfaction analysis reveals to be useful in
investigating relationships between overall customer satisfaction and
perceived quality of services supplied by travel companies (Golob
2003; Thogersen 2001; Cagnone et al. 2003). Moreover, the dynamic
analysis of Customer Satisfaction is helpful in monitoring as customer
behaviour and satisfaction change in respect to company strategies,
contributing to evaluate their effectiveness and efficiency.

The paper attempts to answer the following questions: What are
the main factors affecting the overall satisfaction towards the public
transport? Does overall customer satisfaction change over time?
Do determinants of satisfaction change over time? Do customer
characteristics affect public transport evaluations?

We propose investigating these hypotheses within the LISREL
modelling framework (Jéreskog and Sérbom, 1977). A generalisation
of the Simplex model (Jéreskog 1970, 2001) to an original dynamic
version, the so called Extended Simplex Model — ESM, (Bernini and
Lubisco 2005a, 2005b, 2006, 2007) is used in the empirical analysis. As
regards model estimation, two different approaches are considered.
The traditional WLS (Weight Least Square estimator) for structural
equation latent variable models is compared to the 2SLS estimator for
latent variable models re-written in the Observed Form Specification
(OFS). As suggested by Bollen (1996), instrumental estimators may
be superior to full information estimators when normality and
misspecification assumptions are not longer satisfied, as in our case.

Dynamic OFS-LISREL models are estimated on an empirical data set
obtained from the Customer Satisfaction Survey, carried out by the Faculty
of Statistics for the TRAM Agency of public transport in Rimini in the
period 2000-2006. Dynamic analysis requires panel data but unfortunately
they are not usual, as in our case. More frequently, data are collected
from Independent Repeated Surveys (IRS) in which a different sample of
customers from the same population is observed in several time occasions.
In the analysis we propose using the average cohort technique to overcame
the problem of the lack of panel data. This technique transforms IRS data
to the so called pseudo-panel, (Deaton 1985; Browing et al. 1985), allowing
satisfaction longitudinal analysis by dynamic LISREL models.
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2. The conceptual model and research hypotheses

The aim of public transport agency is to analyse customer satisfaction
in order to increase the public transport choice. In this context, the
identification of the determinants influencing public transport mode
choice becomes relevant. To this goal we propose a conceptual model
which guides the following research. The model extends and integrates
several research streams on public transport field.

As regard the determinants influencing travel mode choices,
the simplest distinction is between external conditions and individual
traveller characteristics. Travel mode depends on the availability of a
public transport alternative for destination and time, on the locations
of shops, jobs, and homes and on the transport infrastructure.
Environment conditions, such as road construction and weather,
have also been shown to influence the choice of travel mode. Among
individual characteristics influencing travel mode choices are age,
gender, attitudes, income and habits (Jakobsson et al. 2002; Fujii et al.
2001, Garling et al. 2001). There is empirical evidence that the travel
mode choice depends on individual age and there are also arguments
that using public transport tends to become habitual. In particular,
travel mode choice is dynamic: determinants are influenced by (past)
behaviour. Thus habits are the result of performing the same behaviour
frequently and in a stable context. Behaviour may also lead to change
in attitudes and in perceived control due to experience-based learning,
self-inferences and cognitive dissonance.

Psychologists and marketing researchers also distinguish between
volitional and non-volitional determinants of behaviour (Bagozzi and
Warshaw 1990; Bagozzi 1994; Peter et al. 1999). External conditions
are considered non-volitional, such as some of the individual
characteristics (habits and individual characteristics). Another non-
volitional individual characteristic that has been found to influence
travel mode choices is the knowledge of public transport services
such as routes, timetable, ticket price. Moreover, traveller evaluations,
preferences and motives (volitional determinants) directly affect travel
mode choice.

The focus in the paper is limited to the determinants that have
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been found to have a fairly direct influence on public transport choice.
Consistent with the outlined conceptual framework, the study is based
on the assumption that public transport choices are partly volitional
(influenced by the traveller satisfaction and expectation) and partly
determined by non-volitional individual characteristics (transport
services, habits, age). Therefore travel mode choices are based on some
co-determinants: the traveller evaluation (about travel characteristics),
personal abilities (expectations, habits) and individual characteristics
(age).

In this framework, our conceptual model considers time travel and
travel comfortableness as antecedents of overall customer satisfaction.
We suppose they are separate constructs allowing to change over time
and over age (Fig. 1). Then, we posit the following hypotheses:

H.1. the greater the extent of satisfaction with time travel and
comfortableness, the higher the level of overall satisfaction

H.2 the influence of time travel and comfortableness on the overall
satisfaction changes over time

H.3. the overall satisfaction changes with respect to customer age.

Fig. 1 — Trublic e e comceploal madel ol Costomer
Ratisfartion
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3. The case study: the public transpot company - Tram

In the following, we present the main features of the survey that
TRAM, the Public Transport Agency in Rimini (Italy), and the Faculty
of Statistical Sciences - University of Bologna carried out from year 2000
to 2006. The aim is to evaluate travel mode choice, perceived quality of
public services and level of customer satisfaction.

3.1 The data collection procedure

The population of interest consists of urban transport customers
who choose the bus to move in the province of Rimini. The sampling
design is based on a stratification with respect to several characteristics
of transport services (bus-routes, time bands, days) and service
typologies (urban, suburban).

For every year of observation, one thousand questionnaires were
administrated to customers, randomly chosen, by mean of a “face to
face” technique on the bus during the trip. The surveys was conducted
in the 2! week of December of every year.

3.2 The questionnaire

The questionnaire is composed of four main sections: “Evaluations”,
“Judgments”, “Habits” and “Personal data”.

The “Evaluations” section starts with a question to pick out the most
important reason of the current trip. The main part of this section includes 15
items representing various aspects of the service, such as Bus frequency and
speed, Travel comfort and safety, Information and Tickets availability, Ticket
price, Services for disabled people, Care of environment, Driver kindness. For
each item, customer was asked to give a score, expressed in terms of satisfaction
and importance, using a Likert scale (1 -10).

In the “Judgment” section, all respondents were asked to give an
evaluation on the trip expectation, declaring whether the transport
services were better, worse or equal to what they expected to have.
Customers were also required to give a score to the Global satisfaction
of public transport services.
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“Habits” section observes the characteristics of TRAM customers
for what concerns how and why they use the urban transport service
to move. Respondents were also asked about the principal reason for
which they “usually” use the bus, allowing to distinguish between
what we called “forced” and “unforced” customers.

In the “Personal data” section information on customer age, gender,
nationality, residence, educational degree and occupation were collected.

3.3 Data description

The descriptive analysis of satisfaction scores over time evidences
some interesting findings.

Tab.1 summarizes the variables used in the analysis, their
operationalizations and mean values for the samples in 2000, 2002 and
from 2004 to 2006 respectively. It can be observed that the average level
of satisfaction is quite high, ranging from 7 to 8 for the majority of the
items. Only the items Bus shelters and Ticket availability present some
values below 6.

Moreover, the mean values of all the items do seem to change
relevantly between time occasions, supporting the hypothesis that
customers satisfaction evolves over time.
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The analysis of the Global Satisfaction Index (GSI), calculated as the
average of the Global Satisfaction scores on all the respondents, shows
a growth until 2004 when it reaches the highest value (8.39). In the
following years, the GSI decreases and in 2004 its value is 7.18. The
decline in the Global evaluation is only partially explained by some
modifications of the sampling design. In the last two years, the Survey
included the suburban routes, largely used by students, who are less
satisfied than other customers of the public transport services.

Fig, I The Glabal Saiksfaoion Tndes {2000-2004)
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The analysis of satisfaction with respect to customer age shows
other interesting findings. Satisfaction has an increasing age profile:
satisfaction grows slowly in initial phases of life-cycle and peaks its
maximum value in correspondence to older customers (Fig.3). As
we see below, this result reveals to be useful for analysing quality
evaluations over time.

93



Modelling dynamic customer satisfaction in urban public transportation

Ficn, 3 — T'he profiles of Calebal Satistaction Index ({501
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4. Lisrel dynamic models
4.1 The simplex and the extended simplex models

Inorder toevaluate the main factors influencing the TRAM customers
overall satisfaction and its dynamic over time, the LISREL approach
is used (Joreskog, 1970). The first extension of the LISREL model to
longitudinal studies has been proposed by Joreskog (1970, 1979 and
2001; et al. 1977; and Soérbom, 1977). Joreskog introduced dynamics
in the classic LISREL model only by the latent endogenous variables.
This model, called SIMPLEX model, is based on the hypothesis that the
latent endogenous variable is generated by an AR(1) non-stationary
process.

Bernini and Lubisco (2005b) propose an original Extension of the
SIMPLEX model (ESM) according to which latent exogenous variables
affect, in the structural model, as in the classic LISREL specification.
Thus, in the ESM specification the latent endogenous variables, 1 at
time ¢, depend on the latent endogenous variables 1| at time -1 and on
the exogenous latent variables & at the current time ¢:

n=Bmn,+T&+E D
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Y =AM +E (2)

x,=A & +9 3)

with n, =T.§ +{, (B, =0), being 1, & vectors of endogenous and
exogenous variables, of dimensions m, and 7, y, and x, vectors of
observable variables, of dimensions p, and gq,, B, a regression matrix
of order mxm,, I', a coefficient matrix of order mxn,; Ayt and A,
are matrices of factor loadings of dimensions pxm, and gxn, €, and
8, the corresponding vectors of unique factors. €, are assumed to be
uncorrelated with alln,, 8, uncorrelated among themselves and between
occasions, and {_, uncorrelated with ..

4.2 The ESM in the observed form solution

As regards estimation, structural equation modeling (SEM) with
latent variables is still dominated by full information estimators such
as Maximum Likelihood (ML) and Weighted Least Squares (WLS), but
recently the instrumental variable estimators in general and the 2SLS
estimators in particular have received more attention. Full information
estimator simultaneously estimates all parameters, using information
from the whole system of equations. Limited information estimators
are less common in these general SEM, though they are more common
in simultaneous equations without latent variables.

The full estimators dominant position in SEM is due to several fac-
tors. One practical reason is that full estimators are the default estima-
tor in SEM software. Another reason for their popularity is that under
correct model specification and with observed variables that come from
distributions with no excess multivariate kurtosis, the full estimators
are consistent, asymptotically unbiased, asymptotically efficient, and
asymptotically normal, and they allow to estimate the asymptotic cov-
ariance matrix of the parameter estimator. The 2SLS estimator has the
same properties except that it is asymptotically efficient among limited
information estimators rather than full information estimators. Then,
some large-sample efficiency advantage are expected for the full estima-
tor when the underlying assumptions are met (Bollen 1996).
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The problem with this analytical description of the ML/WLS and
25LS estimators is that they assume ideal conditions that commonly fail
in practice. In real applications the observed variables typically come
from nonnormal distributions with excess kurtosis; the sample size
might not be large; and the model is nearly certain to have structural
specification errors. The 2SLS estimator is asymptotically “distribution
free” so that in large samples its asymptotic standard errors and signifi-
cance tests do not depend on normality. Furthermore, the econometric
literature on 2SLS in multiequation models with observed variables
suggests that the 2SLS estimator is less sensitive to structurally mis-
specified models than are full information estimators.

Bollen (1996, 2001) proposed a limited information 2SLS estimator for
latent variable SEM. The Author considers the latent variable model

n=o +Bn+TE+{ 4)

and the two equations for the measurement model
y=o,+An+e (5)
x=0, +AL+3d (6)
where the notation is similar to that used in eq. (1)-(3), except for the
subscript t. o, o and o, are intercept vectors. & and 8 have expected
values of zero and are uncorrelated with each other and with { and &.

To apply the 2SLS estimator to equations (4)-(6) requires that each
latent variable has a single observed variable to scale it, such that

y,=n+g 7)
x, =& +9, (8)

wherey, and x, are the vectors of scaling indicators. Then, eq. (7) and
(8) can be reexpressed as

n:yl_gl (9)
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¢= X~ 81 (10)

and following Bollen (1996, 2001), the latent variable and measure-
ment models can be rewritten as

y, =0 +By +Ix +u (11)

where u=¢ - Be, -T'9, + {. Note that this manipulation recast the
latent variable model into a simultaneous equation model where all
variables are observed except for the composite disturbance error. Eq.
(11) appears to match the classical econometric simultaneous equation
model but un important difference is that we cannot assume that u and
x, are uncorrelated. Recall that u contains 8, and that 6, correlates with
those x’s that are measured with error. That is in general x, is not a vec-
tor of exogenous (predetermined) variables, though some x’s in x, that
are error-free could be exogenous.

Let consider a single equation from (11). The i-th equation fromy. is:

y, =0 +By +T'x +u (12)

where y. is the i-th y from y,, o.is the corresponding intercept, B, is
the i-th row from B, T, is the i-th row from I" and u. is the i-th element
from u. Defining A. to be a column vector that contains o, and all the
nonzero elements of B, and I, strung together in a column. Let N equal
the number of cases and Z, be a N row matrix that contains 1’s in the first
column and the N rows of elements from y, and x, that have nonzero
coefficients associated with them in the remaining columns. The N*1
vector y, contains the N values of y, in the sample and u, is a N*1 vector
of the values of u,. Then we can rewrite eq. (12) as:

y,=ZA +u (13)
OLS is inappropriate estimator for eq. (13) because in most cases
at least some of the variables in Z will be correlated with u.. The 25LS

provides an alternative consistent estimator for of A,
The 2SLS estimator requires instrumental variables (IVs) for Z.. The

97



Modelling dynamic customer satisfaction in urban public transportation

IVs must be: (1) correlated with Z_ (2) uncorrelated with u, (3) sufficient
in number so that there are at least as many IVs as the number of ex-
planatory variables on the right-hand side of the equation. The squared
multiple correlation coefficient from the regression of the variables to
be replaced on the IVs provides a check of condition (1). In equations
in which there are more IVs than required, we refer to the equation as
overidentified. In these cases, we can test the suitability of the IVs, allow-
ing to verify condition (2). There are several tests of the overidentifying
conditions, among others in the empirical study we use the Hansen’s
] statistics.

4.3 How constructing pseudo-panel data for dynamic customer
satisfaction analysis?

The dynamic analysis of customer satisfaction requires using
panel data but unfortunately surveys repeated over time on the same
customers are not usual. More frequently, the data are collected from
Independent Repeated Surveys (IRS), in which different samples of
customers from the same population are observed in several time
occasions. The application of the average cohort techniques on IRS data
leads to the so called pseudo-panel: the use of variables that do not change
over time (for example the year of birth of the customers) let us both
to define groups of homogenous individuals and to follow them as a
panel (Deaton, 1985; Browing et al., 1985). Empirical evidence suggests
that customer satisfaction changes with respect to customer age, and
this represents an interesting feature in our analysis.

As we see before (Fig. 3), satisfaction and quality evaluation change
over customer age and therefore the average cohort technique can
usefully used to explore the dynamics in the quality evaluation of
the public transport satisfaction. Then, TRAM surveys can be used to
construct pseudo panel data and to estimate dynamic LISREL models
of satisfaction by cohort average technique. Customers are grouped in
65 cohorts, defined with respect to their year of birth, excluding those
born before 1920 and after 1984. Cohort representative values are the
mean values of variables calculated on customers belonging to that
cohort in each time period. Repeating for all the cohorts and linking
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them, satisfaction data over customer life-cycle are obtained. Then the
procedure overcomes the lack of panel data and enables estimation of
dynamic models.

The use of a synthetic measure, such as the mean, for ordinal
variables is largely discussed in the literature: the most commonly
solution consists in treating measures in an ordinal scale as they are on
an interval scale. This hypothesis is justified in presence of 10 scores
(Zanella, 2001).

5. Estimate results
5.1 Factor analysis

In order to find the latent structure underlying the TRAM customer
satisfaction evaluation system and to specify the structural equation
model, we conducted an exploratory factor analysis on the data for the
2004 year, using Principal Axis Factoring and Varimax Rotation. A 2-
factor structure, with more than 65% of total variance explained, is the
best solution (Tab. 2). For each of the two sets of items the Cronbach’s
Alpha was calculated in order to evaluate how well these items
measure the latent constructs they refer to. The results, 0.810 and 0.891
respectively for the first and second factor, confirm that the two sets of
items are adequate.
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The confirmatory analysis also indicates that the measurement model
defined for 2004 has a good fit as indicated by a chi-square of 106.38
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with 63 degrees of freedom ()*/df=1.69) and Adjusted Goodness of Fit
Index of 0.92. The same measurement model applied to data referred
to the other years shows a good fit (Tab. 3).

Vil 3 — Contirmabery amalysis indices
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5.2 Model estimates

A structural equation model with the aim to verify the hypotheses
previously defined is specified. The two latent exogenous variables,
Travel Time and Travel Comfortableness, measured by the items
reported in Tab.2, affect the latent endogenous variable Overall
Satisfaction, measured by the observed variables Judgment and
Expectations. The ES model introduces dynamics in the structural
model through time (causal) dependence between overall satisfaction
latent variables (Fig. 4).

Because of the reduced number of available observations whit
respect to the high number of parameters, we estimate a parsimonious
model in which only the first three years of observation are considered.
The specified model is estimated by Weighted Least Squares (WLS)
method and almost all the parameters have positive sign with high t-
values (Tab. 4). The model shows a good fit (CFI=0.98). The value of the
RMR (0,27) is not satisfactory but it is consistent with a parsimonious
model has indicated by the PNFI and PGFI (respectively 0.92 and 0,87)
(Browne and Cudeck, 1993).
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Fig. 4. Fath model
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Some of the conditions for corretly applying WLS are non satisfied
by our data. We refer to normal distribution of the variables, large
sample size, and absence of misspecification errors. Then, we propose
to estimate the ESM model using 2SLS estimators.

The equations for the latent variable model are:

OSOO = leTTOO + yonCOO + C 00
OSOt = Btt—lOSOt—l + YltTTOt + YZtTCOt + C 00 t:2’ 4’ 5’ 6

Following Bollen’s approach, we rewrite the ES model in the OFS
substituting (Jud , —¢,) in for OS, (Punt, -6 ) in for TT, (Comf -5 )

ot ot
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in for TC . Rearranging terms leads to:
Judg,, = v,,Lunct + v, Comf  +u,
Judg, =B, Judg,  +7,Punct, +v,Comf +u, t=2,4,5,6
where u, and u, represent the composite disturbance terms.

Following the rules for selection of IVs, the IV for Judg, is Exp; Punct,,
is instrumented by Freq,, Freq,,, Speed, and Speed . Eligible IVs for

Comf ,are Con, Con, , Saf, Saf , Clean, Clean,, Bus _,, Bus , Tick, and
Tick,,.
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Intheanalysisarobustversion of 2SLSestimator to heteroskedasticity
and small sample is used. The diagnostics for the IVs in each equation
for the 25LS estimator are good; the R2 of the regressions of Judg0t,

102



Bernini C., Lubisco A. G.&L.E.R. Vol. 13 No 2 (2009), 87-107

PunctOt and ComfOt on their respective IVs are always high. The
overidentification tests are also favourable: the tests of the joint null
hypothesis that the excluded instruments are valid instruments
(uncorrelated with the error term and correctly excluded from the
estimated equation) are always not rejected. Then, test results support
the validity of choice of IVs.

Tab. 4 reports the 2SLS estimates and standard errors for the latent
variable model and contrasts them with the WLS estimates from
LISREL. Estimates and standard errors are quite different. Differently
from WLS, 2SLS estimates are always significant and sTab. over time.
Standard errors from 2SLS estimators are at least equal or greater
than the WLS ones, even if the difference is far from dramatic (similar
results are found in Bollen et al., 2007). Furthermore, 2SLS approach
estimates separately each equation of the model and then it is not
limited by the number of available observations, as WLS approach.
This properties is particularly relevant in dynamic analysis, when time
points observations become large.

5.3 Economic results

Model estimates show some interesting results in order to verify
research hypotheses and evaluate customers satisfaction dynamics.

Overall satisfaction significantly depends both on Travel Time and
Travel Comfortableness. Coefficients with positive sign indicate that
higher levels in Travel Time and in Travel Comfortableness satisfaction
lead to higher level in Overall Satisfaction. Then Hypotheses H.1 is
accepted.

The Hypotheses H.2 is also supported by the data: overall customer
satisfaction depends on previous overall satisfaction and the role
of Time and in Travel Comfortableness in affecting satisfaction
changes over time. With the exception of 2006, the influence of Travel
Comfortableness increases over time (it passes from 0.33 in 2000 to 0.55
in2005), while Travel Time shows a decreasing influence over the period
(the coefficient is 0.60 in 2000 and declines to 0.16 in 2005). Therefore,
customer conditions on the bus and the easiness of the public transport
use are the most affecting aspects of the customer satisfaction and
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their relevance increases over time. In addition, parameter estimates
evidence that overall customer satisfaction is positively affected by
satisfaction at the previous year, confirming the presence of dynamics
in the customer satisfaction evaluations. Being the public transport
choice mainly habitual, customer evaluations are largely determined
by (past) evaluations.

Finally, model estimates on cohort data give significant results,
supporting the assumption that public transport evaluations change
over customer age (Hypothesis 3).

6. Conclusions and future researches

This study develops a dynamic customer satisfaction model for the
urban transport services with the aim to investigate whether customer
satisfaction changes over time and what are the main determinants.
The conceptual model used in the analysis relates the Overall customer
Satisfaction to customer evaluations toward Travel Time and Travel
Comfortableness, investigating how these relations change over time.

Inabsence of panel data on customer evaluation we propose to use the
average cohort technique in generating pseudo panel data. Satisfaction
changes over customer age and the average cohort technique can be
usefully used to explore the dynamics in the quality evaluation of
the public transport. Then, pseudo panel data overcomes the typical
problem of the lack of longitudinal observations on customers allowing
dynamic analysis by LISREL Model.

In the paper, we propose to estimate the Extended Simplex Model
using instrumental variable approach (2SLS estimator). As suggested
by Bollen (1996, 2001), instrumental estimators may be superior to
full information estimators when normality and misspecification
assumptions are not longer satisfied, as in our case. Compared to WLS,
2SLS estimates appear more stable over time and evidence appreciable
statistical properties in the analysis of dynamic satisfaction models.

Structural model estimates show that satisfaction changes over time,
evidencing the presence of temporal dependence in the evaluation
scheme used by customers. The influence of some characteristics of
the transport service, such time and comfortableness of the travel, on
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customer satisfaction is also detected. Finally, the analysis supports the
hypothesis that customer characteristics, and in particularly customer’s
age, affect the evaluation scheme.

ESM-OFS model on pseudo panel data is an interesting framework
to analyze customer satisfaction. Model estimates from SIMPLEX and
ESM are however derived under the weak assumption of time varying
coefficients. Further researches will be conducted to overcome this
hypothesis, investigating dynamic model in the form of autoregressive
distributed lag structural equation models (ADL) with latent
variables.
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Pietro Rostirolla!, Oriana Romano?

TAXI SERVICE AND SUSTAINABLE MOBILITY:
A PEOPLE SATISFACTION SURVEY

Abstract

This paper presents a new management and pricing model for taxi services,
in order to provide an important contribution to sustainable urban mobility.

The main objective is to move the mobility demand from private to public
transport for individual use, in order to obtain economical and environmental
benefits. The evaluation of the project is done through statistical analysis, con-
sisting of a people satisfaction survey and economic-financial analysis, based on
the calculation of benefits and costs of several subjects involved in the project.
A people satisfaction survey, specifically, allows to define intervention modal-
ity and to provide parameters for the simulation model; moreover, the survey
allows to test ex-ante the feasibility of the project, involving a large number of
stakeholders: users, not users, taxi drivers, service operators and experts.

JEL crassiFicaTION: Lg1
KEYwoRDS: TAXI SERVICE; PEOPLE SATISFACTION; FEASIBILITY ANALYSIS
1. Taxi service as a sustainable mobility tool

In order to achieve a sustainable transport system?, local authorities
can implement several actions that, according to a reasonable and also
! Department of Social Science University of Naples “L’Orientale” rostirol@unior.it
2 Department of Social Science University of Naples “L’Orientale” oromano@unior.it
* Sustainability applied to the transport sector has to implement actions that will reduce the damage
caused to the ecosystem, but also consider other aspects such as the social one (to ensure fairness,

accessibility and safety) and the economic one (to limit the costs arising from the negative effects
produced by the same transport as much as possible).
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necessary activity of transportation of people and goods and with an
evaluation of financial constraints and decision-maker priorities, af-
fect directly or indirectly users” behaviour. In some cases these actions
present high costs, with a strong impact on public budget.

Local governments, with substantial financial and human resources,
are looking for appropriate solutions finalized to minimize the role and
the privilege of private vehicles, suggesting measures distinguished in
“hard” and “soft” ones.

“Hard” measures involve huge investment costs, because they re-
quire infrastructural work; whereas examples of “soft” measures are the
following: rationalization of private vehicle flows, creation of new bus
lanes, traffic limitation policy; charging policy for using public areas
(park and road pricing) and distribution of tickets “park & ride”. With
regards to sustainable mobility policies defined by the government,
however, cost is not the only problem. It is necessary to consider the
implementation time - sometimes too long for environmental emergen-
cies — and the intervention effectiveness.

In recent years, in order to promote the spread of a sustainable
mobility culture, it has been opted for new modes of transport, new
technologies, new forms of organization of private journeys and new
systems of fares.

However, starting with an analysis of objectives, sometimes conflict-
ing with each other, it is reasonable to sustain that only a mix of actions
can achieve sustainable mobility.

This work presents the improvements that could be provided in
sustainable mobility by the implementation of a new management and
pricing model for taxi services. This model overcomes the problem of
prohibitive fares and intends to cater for an higher share of mobility
demand, given that at the moment this is mostly dependent on private
transportation.

According to the national law* taxi service belongs to the category of
public transport. Compared with other means of transport, it is a high
quality service, because it is faster and more flexible in time, availability
and routes.

As The White Paper on Transport (European Commission, 2001)

*Law n. 21/1992.
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suggests, taxis can play a significant role in achieving the goal of re-
organizing the distribution modes of transport demand.

Taxis provide several advantages: support for population mobility;
reduction in use of private vehicles in metropolitan areas and satisfac-
tion of different needs and time demands. In relation to its great flex-
ibility, taxi service plays a central role in urban mobility, representing a
compromise between public and private means of transport.

In recent times liberalization policies® has been carried out in order to
favourite competition for taxi service market and to solve the situation
in which the demand is higher than the supply®.

This situation, however, is extendible to several major Italian metro-
politan areas, but not to all. For example, the city of Naples is an excep-
tion and it has been taken as a model for the simulation that follows, in
which liberalization (favouring a greater number of licenses), will not
represent an attractive perspective. This is because the supply of 2,370
taxis is higher than demand. Given that Naples is particularly plagued
by congestion problems, traffic and high levels of emissions, targeted
actions which discourage the use of private cars in favour of a more
efficient distribution of mobility are desirable.

This paper is structured as follows: a brief introduction to present the
project followed by a presentation of the results and the effects obtained
is done (Section 2 and Section 3). An important contribution is provided
by the use of surveys. In this case, considering the complexity of the
project, a people satisfaction survey was used, with ad hoc interviews
prepared for different stakeholders involved in the project proposal.

> Law n. 248/2006.

¢ However, the debate between regulation and liberalization, public and free market is still in progress,
because in many countries, taxis are an integral part of public transport services. In fact, according
to the experiences of several countries that have opted for one or another form of governance neither
regulation, nor liberalization have led to fully satisfactory results, bringing out a picture of the taxi
service as a case of failure of the State but also of the market. On the regulation on taxi service see
also: Barrett S. D. (2003), “Regulatory Capture, Property Rights and Taxi Deregulation: a Case Study”,
in Economic Affairs, vol. 23, December, pp. 34-40; Beesley, M. E. (1973), “Regulation of Taxis”, in
The Economic Journal, vol. 83, n. 329, March, pp. 150-72; Beesley, M. E., S. Glaister (1983), “Infor-
mation for Regulating: the Case of Taxis”, in The Economic Journal, vol. 93, n. 371, September, pp.
594-615; Cairns R.D., C. Liston-Heyes (1996), “Competition and Regulation in the Taxi Industry”,
in Journal of Public Economics, vol. 59, pp. 1-15; Daly J. (2004), “Taxi Deregulation: Three Years
on”, in Student Economic Review, vol. 18, pp. 225-233; Douglas G.W. (1972), “Price Regulation and
Optimal Service Standards: The Taxicab Industry”, Journal of Transport Economics and Policy, vol. 6,
n. 2 pp. 116-127; OCSE (2007), (De)regulation of the Taxi Industry, Paris. Stigler, G.J. (1971).
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Then the description of people satisfaction survey applied to this case
study is illustrated (Section 4).

2. The proposal

The Taxi Service Management model, proposed here, wants to show
taxi service potential and demonstrate that this kind of intervention
could solve not only traffic problems, but it could also improve other
issues of the local government, such as environmental impact and
parking.

Tariff modification is the basic starting point for the project. Taxis
would be more used if prices of individual journeys diminished. Oth-
erwise people would not have any reason to choose taxis instead of
private vehicles.

Mainly the project suggests the purchase of tickets” entitling to a
discount on individual journeys: the higher is the cost of the card, the
greater the discount.

Three types of cards are considered:
¢ Card “A” is suiTab. for the start up phase. Indeed, it is characterized

by a promotional low cost, although the total price is determined in

addition to the subscription to public transport, so that this allows to
use taxis together with other public means of transport;

¢ Card “B” is destined to users who mainly get taxis for work or busi-
ness. The price of this card is higher than card “A”, giving that sub-
scribers will have an elevated number of journeys per month;

¢ Card “C” presents a higher cost and a more effective reduction in rela-
tion to a planned increased use of taxi services. All family members
can use it.

Different users have been considered:
¢ frequent users who already use taxis and would like to increase the

journeys thanks to the card;
* new users who actually use the car, but thanks to the card could use

7 Cards can be compared to those that are usually purchased to become a “club member”, therefore
the card holder, according to the card validity, has the right to receive discount on a single event and
in a certain period of time. Discount cards issued by taxi operators in Europe are different from the
kind of card mentioned here as they are directed exclusively to specific categories of users: people
with disabilities or mobility problems.
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taxis for short journeys in the city centre and private vehicles for
longer journeys;

* new users who decide to use exclusively taxis instead of private ve-
hicles. This is the most cost -effective hypothesis because it reduces
car fixed costs (fee service, insurance, parking).

To verify the suitability of the cards, a number of minimum rides®
per category are calculated:
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Thanks to cost saving strategies, it is possible to maintain and increase
the use of taxis for habitual users, but also to attract new users.

Itis important to highlight that the proposal does not provide invest-
ment costs for local authorities, but merely an indication of promotion
costs. Moreover risks related to incorrect estimates of demand are
limited, given that it is reasonable to assume that the supply can adapt
quickly to changes in users’demand; so it should be easy to achieve and
maintain a supply/demand balance.

The starting point could be the testing of the project by a taxi com-
pany, in order to test the project’s benefits.

To sum up, anticipating the conclusions, the project implementation
includes:
¢ substantial savings for users, thanks to the introduction of discounted

fares;
¢ areduction of waiting time for the drivers;

§ Below a certain number of journeys purchasing of cards is not cost-effective.
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an increase in earnings for taxi-drivers;

the possibility of new jobs to face the growing demand;

a reduced need of public space for parking;

a decrease in traffic and pollution and a better urban environment;
less pollution thanks to the public administration’s participation in
co-financing the purchase of vehicles with low emissions.
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2.

. The management and tariff model

The model formulation is determined through several stages:

. simulation considers initially a draft of 600 taxis, a kind of company

created ad hoc for the project and thanks to the cost saving due to the
purchase of the cards, it considers an increase of journeys as a conse-
quence of the greater use of taxis;

starting from the number of taxis in service in Naples, the main param-
eters of the mathematical model are defined, such as: working days
in a month, the average number of daily races, the average number
of monthly courses split between regular and occasional users, the
average cost of races and supplements. After this, fixed costs of taxis
are set out;

. monthly costs of the three types of discount-cards are set out. A

monetary evaluation of service costs in relation to the taxi fleet and a
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monetary evaluation of benefit-costs’ per users, public operator and
community are defined;
4. outcomes per pricing scenario are simulated.

In order to verify the actor’s individual outcome in the project imple-
mentation it is necessary to proceed with the definition of a benefit-cost
balance; it is also required to give flexibility to the project, taking into
account changes and additions: for instance in case of economic and
regulatory constraints. The fulfilment of these conditions can produce
all those effects that determine social convenience in a market economy
where the decision-making process is highly decentralized.

The project suggests three scenarios: the first one concerns a group of
600 taxis participating in the project, the second one concerns the partici-
pation of the whole current taxi fleet, consisting of 2,370 cars and finally
the third one consists of smaller groups of 100 taxis. This differentiation
is in place because the proposal can be gradually implemented and the
number of participating taxis can be increased. Therefore it could be
possible to implement the project with a starting module of 100 taxis.
Tab. n. 2 shows the annual incremental values for each hypothesis.
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 Card A is cost —effective until a maximum of 29 rides at month. After that is more convenient to
buy Card C.
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Benefits arising from this tariff model do not only affect users and
non-users in terms of lower costs and better quality of life in urban
centres, but also concern taxi drivers and associations. This is easily
understood from the basic assumptions of the project, aimed at increas-
ing the journeys and reducing waiting times. Evaluation of the project
is done by comparing the alternative situations “without” the project
and “with” the project so as to highlight the differences.

Regarding service delivery, the largest daily mileage due to the in-
creasing number of journeys represents a raise of revenues: in actual fact
the result is a sharp growth in net income for the reason that the fares,
although discounted, are nevertheless higher than the marginal costs of
production, represented almost exclusively by the consumption fuel.

116



Rostirolla P., Romano O. G.&L.E.R. Vol. 13 No 2 (2009), 109-124

=)

Taly, b Resnlts peear bnd-servies eonspany

Willenl e and Wi T=onioeal emo.

i | Ml | Yen ' i b en P | Mot | %a
1wl ilen 17 ] “had = non 510 15 TR 140
Uinpe et G DERRAD D ZERTLD ) OIRLD | 43I0 SR T aln | AAng | IRERC
Bor i de Les ol s =l T | GEh 2R SZ5 | 4Ll Tl 4N
Eile g ul el Jeanc) 1.1 .41 L.l L Lil, R A Ll 1 g
R TTINHTT PRFTE| v H.z AELh EN| L v 14 £ 1T Hils
CATO DTN, D LT RT3 LR (O e LR I TLCL X o I R )
Theasamlan . werm s - - - 2 1307w 190102 hHl2 WAL T
Ml cvzme Cill dive ey Abge | ZISELN | ZT0ETN ) TTILD | ZU1ik AUELE 0 Dhe | wnind THZEE
Favsqine from cards 1,7 ELER RRAILT A LIS | dals 10ik,2
Toal peweenom: ARg | LR MR s AR | MR SRS anld = T I A

Frmjomm

] e W4 [ 140 A . [ 140 0 . R
ERTTTENTIEY T =g 2A0n .7 N LA - - -

TR P 2 e 2. [ ol ] Wl daL
- caSinery waite [ 14.1 1550 1.1 L TREN .+ = [ELE
=gl Do ageocalian i 2 al” I,z A el 13 L [N U | - -
derhilonls

g LY 12l L.l oA I KN [T
- Armen valisn LS| 14,7 . N . fd . 14 5 REN IS - - -

I omal St sl LR R Ty I8l 8 LS TN s . Iy
i pruling [N B . 15 . Irn . . L L ORI LS BT RGO B R
Ta 124 | =334 RARDS o= =03 [0 A o mia LewLT
Wl acch REENN I QU L R R 3 e I ) FELRCY Ml [N 1} o Wi,

In terms of opportunity costs, the project sets out benefits for the local
administration. The use of taxis, in fact, provides for the disposal of cars:
fewer cars mean less demand of parking and therefore a saving by the
administration in building car parks and using public land. Thanks to
this savings local authorities can finance the purchase of eco- friendly
taxis, in order to reduce pollution™.

19 About costs-benefits analysis see Rostirolla (1998).
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The implementation of a new price model for taxi services could
have a positive effect on employment: a greater demand for taxis, would
imply an increasing demand for licences and thus new jobs.

4. People satisfaction survey

A people satisfaction survey is the link between the project idea
and its implementation in practice; it is a useful tool to minimize the
uncertainties of the event, through the identification of an average type
of customer (which could represent specific targets) in order to iden-
tify specific measures of supply. Moreover it allows the calculation of
benefits-costs of those directly involved in order to assess the feasibil-
ity of the project. Nevertheless it is a starting point to correct possible
wrong parameters defined in the economic model. A People satisfaction
survey goes beyond the concept of customer satisfaction", involving a
larger number of subjects to obtain more points of view concerning the
phenomenon under observation.

Generally, customer satisfaction in public transport is applied in
order to measure service quality attributes (Eboli and Mazzulla, 2007)
or increase customer expectation (Puvadolpitak, 2003). In this light
Brog and Kahn (2003, p.1) affirm: “the results of the surveys are an im-
portant source of information for quality assurance and for acquiring
new customers [...]. Customer satisfaction surveys are an increasingly
popular instrument for identifying the expectations of both existing and
potential customers”.

The general aim of the analysis, in this work, is to better understand
strengths and weaknesses of the taxi service, nevertheless the survey
allows to quantify taxi driver’s workload, characteristics of service de-
mand, waiting time and assessments on the current normative rules and

10 Given the high cost, eco-friendly cars such as electric or hybrid, despite the market, are still not really
taken into consideration by consumers. The project, however, requires that taxi drivers are encoura-
ged to purchase eco-friendly cars, thanks to the contribution in economic terms, that both the local
administration and the manufacturers of these cars would be willing to provide. In fact by reducing
parking place demand, for example, the local government could re-invests that saving in sponsoring
the purchase of environmentally friendly taxis. On the other hand, manufactures could be interested
in sponsoring this purchase, experiencing an ineviTab. increase in demand and therefore profits.
The use of environmentally friendly vehicles could contribute significantly in the improvement of air
quality and reduction of noise levels.
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changing proposals. The survey wants to estimate the potential demand
and the degree of acceptance of the proposal. An important role in the
project is played by the definition of ad hoc questionnaires distributed
to those involved and interested in tariff and regulatory changes, like
users, not users, public operators, taxi drivers and citizens.

Users have been interviewed at the end of the taxi journey, while
non-users have been interviewed in the main car parks.

Then the answers of the questionnaires were subjected to multidi-
mensional analysis.

The survey was conducted through different steps:
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4.1 Taxi drivers survey

With the aim at investigating the views of those directly involved in
the project ad hoc surveys were carried out. A sample of 50 taxi drivers
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have been involved. The questionnaires distributed, consisting of 9 ques-
tions, basically want to show the weaknesses of the taxi service, test the
importance of some measures that the administration might decide to
implement, in order to encourage the use of the taxi service, and check
the level of acceptance of discount —cards on single fares.

The questionnaire shows the characteristics of the taxi service in
Naples. Waiting times are quite long: 58% of taxi drivers said that wait-
ing time between two journeys goes from a minimum of one hour to a
maximum of 90 minutes. Taxi drivers work hard in two time slots: up
until 8:30 in the morning and in the evening from 6:30 to 8:30. This means
that during the rest of the day taxis are not used at full and therefore
they are used effectively for four hours a day.

According to the findings from the survey, the average number of
journeys per day are: 5 short journeys (from € 4.50), 4 medium ones
(from € 4.50 to € 7, 00), 2 medium-long journeys (from € 7.00 to € 10.00),
no journeys or perhaps one long journey only (more than € 10.00).

Taxi drivers say, in 41% of cases, that the Administration should take
measures to control fast lanes: respecting bus lanes allows taxis to in-
crease speed and reduce the time taken especially for shorter journeys;
the 26% and 25% respectively believe that it is necessary to control illegal
parking and parking areas. The proposal to revise taxi shifts, to set fixed
rates and to increase the parking charges is taken into account by small
percentages. Nobody wants any measures concerning the increase in
licensing and the reduction of taxi fares, confirming the strong opposi-
tion to any form of liberalization of the service.

The 56% of drivers would welcome the introduction of discount cards,
even if this entails keeping track of the journeys made.

4.2 User Survey

In the questionnaire of taxi service users there are 13 multiple choice
questions designed to capture information related to patterns of service
users and to detect the negative factors in the service and to assess a
positive attitude towards the project.

The questions basically cover the following items:
¢ satisfaction toward service provided and individuation of its critical
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aspects;

* percentage of taxi use, compared to other means of transport;

* reasons for travelling;

¢ interviewee’s personal information: employment, household compo-
sition;

¢ will to use the discount card.

In total 400 people were interviewed. The results show positive
feedback on the great potential the taxi service has as a strategic means
of transport for mobility in the city centre, but due to some limitations,
especially economic ones, it is still not fully exploited by certain catego-
ries of people and therefore it continues to be considered as an occasional
means of transport to use.

The 50.5% of users are satisfied with the service. This data can be
analysed further if the degree of satisfaction and the frequency of use
are taken into account: the connection between a joint analysis of these
two factors shows that those who use taxis as an exception or up to 5
times in a month, believe to be dissatisfied with the service. Satisfac-
tion increases when the number of journeys grows: in fact the people
interviewed who used taxis from 6 to 15 trips in a month or more give
positive feedback.

According to users, the negative aspects of the taxi service is the price
(32%), followed by lack of speed (23%), availability (17%) and comfort
(17%)". Most people interviewed consider taxis as being an expensive
type of transport: fares are not competitive compared to other public
means of transport and with private cars. Mainly lack of speed is due to
traffic. Availability of the taxi service is due to the current shift system,
since it is difficult to catch a taxi on certain hours of the day (mainly at
night). These factors appear to be crucial, but not impossible to handle:
a different pricing system could solve the problem of high costs; reduc-
tion of cars around and different regulatory shifts could help with the
problem of lack of speed and availability.

Regarding the reasons that encourage people to use taxis, 43% of
people answered that they primarily travel for work.

The survey has been further developed through the distribution of the

12 Customer satisfaction is defined as the consequence of comparing expectation with perceptions of
performance (Oliver, 1981).
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questionnaire to a panel of users previously informed of the project.

Regarding the question about discount, informed users would be much
more inclined to use the cards, compared to non-informed users.

These results lead to some considerations about the importance of
communication and participation of people on projects concerning the
majority of people: well-spread information about certain initiatives, is
a key factor in guiding preferences and generating consensus.

4.3 Non-user Survey

Questionnaires seek to obtain information on: private driver routes,
reasons for travelling; frequency of car use in comparison with other
means of transport; reasons for which other means of transport are not
favoured by private drivers. Moreover, throughout the survey;, it is pos-
sible to notice positive feedback on the use discount cards.

49.3% of people interviewed travels for work. 53% of the journeys
are not made by taxis. Reasons for non-using them are mainly price
(47%), traffic (22,8%), the car being considered more comforTab. (19,4%)
and non-availability of taxis in certain hours and places (10,9%). If we
analyze the connection between frequency of taxi use and the working
categories considered, it is possible to notice that most of the people
using taxis are self-employed and entrepreneurs, while students, house-
wives, employees and unemployed people do not use them.

44.3% gets cars for more than fifteen times a month, while the per-
centage of those who use private means of transport “rarely” or “only at
weekends” is exactly the same: 28%. Among motorists 38% stated that
they often get public means of transport. 27%, however, rarely use public
transport: 43% say they do not choose public transport mainly because
it is often necessary to get more than one means of transport to reach
the destination, while 35% believe that cars are more convenient. 41%
believe that cars still have lower costs than taxi fares; 34.3% believe the
opposite, while 22% believe they are substantially equal. Regarding the
discount initiatives, motorists provide answers that do not differ from
each other in an evident way: 35% answered positively, 33% negatively
and 32% were in doubt.

The professional group that answers “yes” to the proposal of using a
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card-off, is that of self-employed people and pensioners. Students, work-
ers, housewives and unemployed people respond essentially “no”.

As in the case of taxi users, and for non-users it was decided to hand
out the questionnaire to a group of individuals previously informed
of the project. In this case it is possible to compare results and test the
importance of dissemination of information, particularly, for public
utility projects.

For both groups of drivers, discount-cards would be a good incentive
to increase taxijourneys; however the percentage of informed motorists
that expresses a positive opinion is 60%, while the percentage those not
informed is 35%.

5. Conclusions

The particular attention paid to the taxi service in recent years and
the regulatory changes that have affected the service, have stressed its
importance, like a sustainable mobility tool in towns.

Starting with an analysis of objectives, it seems that the proposal,
consisting in the implementation of a new management and pricing
model for taxi services, can achieve sustainable mobility, respecting
local government’s financial constrains

The project presented in this work wanted to show how a new model
of tariff can benefits to various stakeholders directly or indirectly in-
volved. Evaluation of the project is done by comparing the alternative
situations “without” the project and “with” the project so as to highlight
the differences.

Economic analysis has defined the benefits and costs from users,
not users and service operators and it has been accompanied by a
people satisfaction survey. This survey is different from a customer
satisfaction survey, because it involve a larger number of subjects in
order to obtain more points of view concerning the phenomenon under
observation. The people satisfaction survey has been made not only
to test the initiative feasibility, but also to provide a support to easily
understand which parameters can be changed to ensure the initiative
is to succeed.
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MULTINOMIAL LOGIT MODELS: MULTICOLLINEARITY AND
ITS CONSEQUENCES ON PARAMETER ESTIMATION AND ON
INDEPENDENCE FROM IRRELEVANT ALTERNATIVES TESTS

Abstract

The Multinomial Logit Model is one of the most used Discrete Choice
Models and it has been widely used to study the transportation system. This
model has a closed form and so it is computationally cheap, but it needs some
restrictive assumptions. The Independence from Irrelevant Alternatives (IIA)
property for example, is not always respected and the tests used to verify it can
lead to opposed results almost when there is multicollinearity between expli-
cative variables. Furthermore, the presence of multicollinearity can generate
problems in the parameter estimation. In this paper we study the effects of the
multicollinearity on the results of the IIA tests and we propose a new method
to estimate the parameters of the multinomial logit model. The data used for
the analysis concern the choice of the residence in the Zurich area.

JEL crasstFicAaTION: C25; C51
KEYwoRDS: DISCRETE CHOICE; MULTINOMIAL LoGIT; PRINCIPAL COMPO-
NENT ANALYSIS; MULTICOLLINEARITY
1. Introduction
Urban mobility is a vital component of any city, often influencing its

physical shape as well as its level of economic and social development.
However the governance of urban mobility is very complex since it is
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the result of the interactions of several elements, i.e. of the functioning
of a socio-technical complex system (Cascetta et al., 2008).

More specifically, a transportation system can be defined as the
combination of elements and their interactions, which produce the
demand for travel within a given area and the supply of transportation
services to satisfy this demand. This definition is general and flexible
enough to be applied to different contexts. The specific structure of the
system is defined by the problem itself (or class of problems) for whose
solution it is system employed.

Almost all of the components of a social and economic in a given
geographical area interact with different levels of intensity. However, it
is practically impossible to take into account every interacting element
to solve a transportation engineering problem. The typical system engi-
neering approach is to isolate those elements, which are most relevant to
the problem. These elements, and the relationships among them, make
up the analysis system (Cascetta, 2009). The remaining elements belong
to the external environment and are taken into account only in terms
of their interactions with the analysis system. In general, the analysis
system includes the elements and the interactions that are expected to
be significantly affected by the projects under consideration. It follows
that there is a strict interdependence between the identification of the analysis
system and the problem to be solved. The transportation system of a given
area can also be seen as a sub-system of a wider territorial system with
which it strongly interacts. The extent to which these interactions are
included in the analysis system, or else in the external environment,
depends on the specific problem (Manheim, 1979).

The transportation system can be split into two main components:
demand and supply.

The distribution of households and activities in the area is the deter-
minant of transportation demand deriving from the need to use different
urban functions in different places. Household members are the users
of the transportation supply system and make “mobility choices” (hold-
ing a driving license, number of cars, etc.) and “travel choices” (trip
frequency, time, destination, mode, path, etc.) in order to undertake
activities (work, study, shopping, etc.) in different locations. The result
of these choices is the transportation demand; i.e. the number of trips
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made among the different zones of the city, for different purposes, in
different periods, by means of the different available transportation
modes. Similarly, economic activities transport goods that are consumed
by the households or by other economic activities. Goods movements
make up the freight transportation demand.

Both mobility and travel choices are influenced by some characteris-
tics of the transportation services offered by the different travel modes
(individual car, transit, walking). These characteristics are known as
level-of-service or performance attributes and include travel times,
monetary costs, service reliability, riding comfort, etc. Thus, the choice
of destination may be influenced by the travel time and cost needed
to reach each destination. The choice of departure time depends on
the travel time to the destination. The choice of transportation mode is
influenced by times, costs, reliability of the available modes.

The characteristics of transportation services depend on the transpor-
tation supply, i.e., the set of facilities (roads, parking spaces, railway lines,
etc.), services (transit lines and timetables), regulations (road circulation
and parking regulations), and prices (transit fares, parking prices, road
tolls, etc.) producing travel opportunities. The physical elements of the
transportation supply system have a finite capacity; i.e. a maximum
number of users that can be served in a given time interval.

Individual trips can be aggregated into users flows, i.e. the number
of users on the physical elements of the supply system in a given time
interval. Examples are automobile and truck flows on road sections,
passenger flows on transit lines, and so on.

When flow approaches capacity, the interactions among users in-
crease and congestion effects are triggered. Congestion can significantly
deteriorate the performances of transportation services for the users,
e.g. travel times, service delays, fuel consumptions all increase with
congestion. Congestion can also have other “external” negative effects
(such as noise, air pollution and visual impacts in the case of road traf-
fic). Congestion can have cross-modal effects; e.g. road congestion can
influence the performances of surface transit services.
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2. Modeling transportation systems

The relevant interactions among the various elements of a
transportation system can be simulated with mathematical models; the
models and their relationships are described in Fig. 1 (Cascetta, 2009).

Supply models simulate the transportation services available among
the different zones with flow network models. More specifically, supply
models simulate the performance of transportation infrastructures and
services for the users, as well as the main external effects of transport
(pollution, energy consumption, accidents). The level-of-service attri-
butes, such as travel time and cost, will be input variables for the demand
models. To simulate the performance of single elements (facilities) and
the effects of congestion, especially for road systems, supply models use
the results of traffic flow theory (Sheffi, 1985). For the transit system the
hyper path approach is generally considered.

Demand models simulate the relevant aspects of travel demand as a
function of the activity system and of the supply performances. Typi-
cally, the characteristics of travel demand simulated include the number
of trips in the reference period (demand level) and their distribution
among the different zones, the different transport modes, and the differ-
ent paths. Other components of travel demand are simulated in specific
applications such as the distribution between different time intervals
within the reference period. Travel demand models are usually derived
from random utility theory.

Assignment models (or network demand-supply interaction models)
simulate how O-D demand and path flows load the various elements
of the supply system. Assignment models allow the calculation of
link flows, i.e. the number of users loading each link of the network
representing the transportation supply in the reference period
(Ortuzar and Willumsen, 2001). Furthermore, link flows may affect the
transportation supply performances through congestion and therefore
may affect the input to demand models. The mutual interdependencies
of demand, flows and costs are simulated by assignment models.
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In this paper the focus is on demand models.

4

2.1 The random utility theory for modeling transportation users
behaviour

Random utility theory is based on the hypothesis that every
individual is a rational decision-maker, maximizing utility relative
to his/her choices. Specifically, the theory is based on the following
assumptions:

a. the generic decision-maker , in making a choice, considers m, mutually
exclusive alternatives that constitute his/her choice set C. The choice
set may differ according to the decision-maker (for example, in the
choice of transport mode, the choice set of an individual without a
driver’s license or car obviously does not include the alternative “car
as a driver”);

b. decision-maker i assigns to each alternative ¢ in his/her choice set
a perceived utility or “attractiveness” U, and selects the alternative
that maximizes this utility;

c. the utility assigned to each choice alternative depends on a number of
measurable characteristics, or attributes, of the alternative itself and of
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the decision-maker: U, = U, (X, ), where X__is the vector of attributes
relative to alternative ¢ and to decision-maker i;

d.because of various factors that will be described later, the utility as-
signed by decision-maker i to alternative c is not known with certainty
by an external observer (analyst) wishing to model the decision-
maker’s choice behavior, so U, must be represented in general by a
random variable.

From the above assumptions, it is not usually possible to predict
with certainty the alternative that the generic decision-maker will select.
However, it is possible to express the probability that the decision-maker
will select alternative ¢ conditional on his/her choice set C; this is the
probability that the perceived utility of alternative c is greater than that
of all the other available alternatives:

p.lc/C]=Pr[U >U,Yb#c,beC] 1)

The perceived utility U, can be expressed as the sum of two terms:
a systematic utility and a random residual. The systematic utility V,
represents the mean (expected value) utility perceived by all decision-
makers having the same choice context (alternatives and attributes) as
decision-maker i. The random residual €_is the (unknown) deviation
of the utility perceived by user i from this mean value; it captures the
combined effects of the various factors that introduce uncertainty into
choice modeling;:

U =V +& VceC (2)

The probability of choosing an alternative depends on the systematic
utilities of all competing (available) alternatives, and on the joint prob-
ability law of the random residuals € . It follows:

p,(c|C)y=pr[V. +e, >V, +€, Vb#c,be (] 3)

Systematic utility is expressed as a function V(X ) of attributes X._
relative to the alternatives and the decision-maker. Although in prin-

130



Lucadamo A., D’Ambra L., Pagliara F. G. &L ER Vol. 13 No 2 (2009), 125-145

ciple the function V,(X,) may be of any type, it is usually assumed for
analytical and statistical convenience that the systematic utility V. is a
linear function, with coefficients B, of the attributes X or of functional
transformations of them:

VoA(X.)=B'X. 4)
3. The Multinomial Logit Model

As shown in the previous section, the probability that any element
cin C is chosen by the decision maker i can be expressed according to
the equation (3).

Any particular multinomial choice model can be derived using the
previous equation given specific assumptions on the joint distribution
of the disturbances. It can be shown, as in Domencich and McFadden
(1975), that if the error terms are:

* Independently distributed;
¢ Identically distributed;
¢ Gumbel distributed with alocation parameter 1 and a scale parameter

w=0;

then the probability that alternative ¢ will be chosen is
exp(LV, )

3 exp(ur. ) ®
beC

pi(clc):

If we consider that the utility is linear in parameters and we fix the
scale parameter to 1, we can write:

exp(x, B, )
6
p(c|C Zpr( B) (6)

where C is the choice set of alternatives, x; are the values that the
individual i assumes for the variable j and P are the parameters to be
estimated (Ben-Akiva & Lerman, 1985).

The logit model has some special properties that under certain cir-
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cumstances greatly simplify estimation of the parameters. Most of these
theories can be addressed to McFadden (1974). The technique generally
used to estimate a logit model is the Maximum Likelihood and for pa-
rameter estimation it is necessary to use some iterative algorithm. One
of the most used is the Newton-Raphson algorithm that considers the
first and second derivatives of the previous equation.

The first derivative is also called gradient vector and it is given by

8 logL(B)
5. Z x. -r1] 7)

The second derivative, or Hessian matrix is:

_0’logL(B) _ :
9B.oB, b -rlex ©

or in matrix form:
H=-X7 X )
Where Z_ is a diagonal matrix with generic term P, ES -P ]

6, =lifg= cand 8, = 0otherwise.
The parameter estimate according to Newton-Raphson is then:

B =B -(H)'g (10)

It’s important to consider the Hessian matrix, because its inversion
could lead some problems in the estimation of the Multinomial Logit
Model (D’ Ambra, 2008).

4. Logit properties

One of the most discussed aspects of the multinomial logit is the
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Independece from Irrelevant Alternatives property (IIA). This property
states that for any two alternatives c and d the ratio of the logit prob-
abilities

Pe) _ explt)

R AR o

does not depend on any alternatives other than c and d. Therefore
the relative odds of choosing c over d are the same no matter what other
alternatives are available or what the attributes of the other alternatives
are. Since the ratio is independent from alternative other than cand 4, it
is said to be Independent from Irrelevant Alternatives. This assumption
is realistic in some choice situation, but sometimes it can be clearly inap-
propriate. One of the classical example is the famous red-bus blue-bus
problem, but there are many other situation in which the IIA assump-
tion is not respected.

In this context we must search for a better model specification:

* Finding alternatives with missing or mis-specified variables;
* Point toward an acceptable nested logit structure.

To verify if the IIA property holds many tests exist. We can divide
them in two groups:

* Estimate a model with a subset of the choice set. Reject IIA if the
parameter estimates differ from the full choice set estimates.

1) Hausman and McFadden (1984)
2) McFadden, Tye and Train (1976)
3) Small-Hsiao (1985)

* Implement a Lagrange multiplier test of IIA with the full set of alter-
natives.

1) McFadden test (1987)
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4.1 Estimating model with choice subsets

If we suppose IIA holds, then:

exp(x, B, )

12
pl( | zexp( B]h ) ( )
and

- _exp(x. B.)
PElCeO= S B )

where C is a subset of the full set of alternatives. It should provide
similar estimates, since under ITA, exclusion of alternatives does not af-
fect the consistency of estimators. As it was said, it is possible to use:

e Hausman-McFadden test (HM).

We have to build the following statistic:

(ﬁe—ﬁc)(l—ZJ (b-b.) ”
Be Be -

That_is asymptotically x * distributed with C degrees of freedom,
where C is the number of elements in the subvector of coefficients that
is identifiable from the restricted choice set model. So the null hypothesis
that IIA holds is rejected if the value that comes from the equation 14 is
bigger than the tabulated value of >.
¢ McFadden, Tye and Train test (MTT).

In this case it’s possible to build an approximate likelihood ratio test
statistic with C degrees of freedom:

- 2|:L ([AS c )— [ ([%N )] where the two log likelihood values are calcu-
C C C

lated on the estimation sample for the restricted choice set model. This
statistic is not a proper likelihood ratio test because B is not a vector of
constants. For this reason we can consider the following correction:
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* Small and Hsiao (SH). To remove the bias they proposed to use:

et 0]

Where C is the number of observations in the unrestricted choice
set estimation, C|is the number of observations in the restricted choice
set estimation (C, < C) since those observations with chosen alterna-
tives not in the restricted choice set are omitted, and o =1 is a scalar.
Asymptotically this corrected likelihood ratio statistic actually is >
distributed with C degrees of freedom. Sometimes the assumption
made by this correction that a scalar difference between the covariance
matrices exists is not defensible, so it was proposed an exact test for the
ITA assumption. To perform the test Small and Hsiao randomly divided
the full estimation data set into two parts, denoted A and B. On sample
A, using the restricted choice sets, they estimated B/é, the subvector of
coefficients corresponding to the parameters that are identifiable when
the restricted set of alternatives are useAd; next, on sample B, using
the restricted choice set, they estimated 3’ and the corresponding log
likelihood, 77| BZ |, finally again on sample B, but now based on the
unrestricted choice sets, they obtained [32. They showed that if we form
the following convex combination:

A A AN
Be = (L2 Bes (11/42) e 6
And use it to evaluate the log likelihood of the sample B with

A

the restricted choice set, denoted as lg(BB ), then the statistic
—2|:lf3 (B?B )—l? [Bg I| is asymptotically * distributed with C de-
c c

grees of freedom, C being the common dimension of the B2, B2,B7,B
C AB
parameter vectors. This test is more computationally and time-consum-

ing. Generally it’s better if the simpler corrected approximate likelihood
ratio test is carried out first, and then, only if its underlying assumption
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is violated, should the exact test procedure be used.
4.2 Lagrange multiplier test of ITA

This test checks if cross-alternative variables enter the model. If so,
ITIA assumption is violated. The test is composed of 3 steps:

* Step1: We estimate the systematic utilities, IA/I.E and fitted choice
probabilities p,(c|C) using all N observations: ¥ ='x_Vce C;

A

exp(x, B ) '
D exp(x, B )

beC

Be| 0=

e Step2:Foragiven 4 c Cwe calculate auxiliary variables in the
following way:

. SV, p10)

v,=bed i=1K ,I (17)
> p.(b|C)
be A
A L A a8)
0 otherwise

Since Z is non zero only for the alternatives in the set A, it contains
information regarding the other alternatives in 4. The spirit of the
proposed test is to verify the presence of cross alternative variables.

*  Step 3: We can now estimate:

A exp(‘x,] B/C +DAZI'CA )

pi(c|CO)= - (19)
Dexplx, B, +1)AZ,M)
beC
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The hypotheses are the following;:

H,:v"=0
H, :v"#0

v is distributed asay > .
If we reject H ,we reject the IIA assumption. If H is not rejected nest
A'is considered to satisfy IIA.

5. Multicollinearity

Both in linear regression model and in logistic regression model a
very desirable condition is that there is no multicollinearity among the
regressors. The term multicollinearity is due to Ragnar Frisch (1934).
Originally it meant the existence of a exact linear relationship among
some or all explanatory variables of a regression model. For p-variables
regression involving explanatory variables x, x,, x,, ..., X, (where x, =1
for all observations to allow for the intercept term), an exact linear rela-
tionship is said to exist if the following condition is satisfied:

aX,+axX +a X+ .. +ax = 0 (20)

wherea, a,, a,, ..., a are constants such that not all of them are zero
simultaneously. The chances of one’s obtaining a sample of values
where the regressors are related in this fashion are indeed very small,
in practise except when the number of observations is smaller than the
number of regressors, so today the term multicollinearity is used in a
broader sense to include the case of perfect multicollinearity, as shown
by the previous formula as well as the case where the x variables are
intercorrelated but not perfectly so, as follows:

aX,+ X, +aX,+ ... +ax +v,= 0 (21)

where v, is a stochastic error term.
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5.1 Multicollinearity and its links with test to identify the IIA prop-
erty

The presence of multicollinearity in the regressor matrix can lead to
different results if we compute the tests to detect if the IIA property is
respected or not. Cheng and Long (2007) showed in fact how the degree
of collinearity, the choice of the category that is deleted in the restricted
estimation and the sample sizes can change the properties of the tests.
They run simulations for sample sizes of 150, 250, 350, 500, 1000 and
2000. The simulations involved the following steps:

¢ Draw a random sample size of N with replacement from the popula-
tion.

¢ For this sample, estimate the Multinomial Logit Model for a data set
with three predictors and the outcome variable with three catego-
ries.

¢ Using estimates from the previous step, compute three variations of
the Hausman-McFadden test and of the Small-Hsiao test, excluding
the first category for the restricted estimation, then the second and
at least the third.

These steps were repeated 500 times for each sample size in each
data set. To determine the empirical size for each test, they computed
the percentage of times that each test rejected the null hypothesis that
ITA held in the population at the 0,05 level of significance.

Fig. 2 shows the percentage of times the HM test rejected the null
hypothesis of no violation of the IIA assumption using the 0,05 level.
There are the graphs relative to three degrees of collinearity and with
the elimination of one of the 3 categories for the outcome variables.
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The results illustrate that the HM test does not reliably converge to its
appropriate size even when the sample is 2000. Second, the properties of
the test depend on which outcome category is deleted in the restricted
estimation. In this case the degree of collinearity doesn’t seem to have a
particular influence on the results. But if we consider the Fig. 3 we can
see that there are some differences.
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It is possible in fact to note that the SH test approximates its nominal
size as the sample increases to 500 or 1000. The magnitude of departures
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from the nominal size and the sample size at which these distortions are
largely removed depends on the degree of collinearity in the data. For
example, with high collinearity, the size properties are quite poor with
samples smaller than 500 and require a sample of at least 1000 before
they are nearly eliminated.

The previous results show that tests of the IIA assumption that are
based on the estimation of a restricted choice set are unsatisfactory for
applied work. The Hausman-McFadden test shows substantial size
distortion that is unaffected by sample size in the simulations. The Small-
Hsiao test has reasonable size properties in some data sets but has severe
size distortion even in large samples when there is collinearity in the
regressors. For this reason it’s important to be careful when a researcher
wants to test the IIA assumption and it’s important to consider not only
the results of the tests, but the structure of the data too.

5.2 Multicollinearity and parameter estimation

As previously stated the presence of multicollinearity may indicate
that some explanatory variables are linear combinations of the other
ones. When this situation exists the logistic model estimations become
unstable. Tosolve this problem in the binary case Marx (1992) introduced
iteratively reweighted partial least squares algorithm, Bastien et al
(2005) proposed partial least squares logit regression, Aguilera et al
(2006) presented Principal Component Logistic Regression (PCLR),
Vagé and Kemény (2006) developed the ridge logistic regression. A
method to provide an accurate estimation of the model parameters in
Multinomial Logit Model has instead been proposed by Camminatiello
and Lucadamo (2008). They introduced in fact an extension of PCLR
model, called Principal Component Multinomial Regression (PCMR).
They proposed to use as covariates of the multinomial model a reduced
number of Principal Components (PC) of the predictor variables.

PCMR creates at first step the PC’s of the regressors as linear
combination of the original variables Z = XV, where X = [xl, Xy s X,
is the set of p quantitative independent variables and V = [Vy VsV,
matrix., built by the eigenvectors of the correlation matrix R, whose
elements are the correlation coefficients among the regressors. At

140



Lucadamo A., D’Ambra L., Pagliara F. G. &L E.R Vol. 13 No 2 (2009), 125-145

second step the multinomial model is carried out on the subset of p
PC’s. The probability for the individual i, to choose the alternative ¢
can be expressed in terms of all PC’s as

j=1 k=1 k=1
{ZGX Zix k] } {Z{expzzk’ykb}

where z,,(i=1K ,n;g=1K ,p) are the elements of the PC
matrix, v,,(k =LK , p) are the elements of the transposed matrix V7,

pi(c)= (22)

k=1

p
Yo :;Vk/B »-(b=1K ,s) are the coefficients to be estimated, f,
=1

are the parameters expressed in function of original variables and s
is the number of alternatives of the data set.

At third step only some of the components are chosen and the
multinomial logit model is carried out only on this subset and finally
the multinomial model parameters can be expressed in function of
original variables: 4’ = V4. The problem is to decide which
components to retain in the analysis. One way is to choose only the
components that have an eigenvalue bigger than one, that is one of the
criteria used in Principal Component Analysis, but in this way we don’t
take in consideration the relation with the dependent variable. For this
reason, the proposal is to use only the components that influence in
statistical significant manner the response variable, without taking in
account the eigenvalue.

The authors showed, via a bootstrap resampling, that this leads to
lower variance estimates of model parameters comparing to classical
multinomial model. The data they used for the analysis concern the
choice of the residence in the Zurich area (Burgle, 2006) and the analysis
are carried out by BIOGEME (Bierlaire, 2003). For this analysis they
showed what’s happen about the bootstrap estimate of variance of the
estimated parameters. The results are reported in table 1 and they are
relative only to the variables that are significant on the original dataset.
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In the first column there are the names of the variables, in the
second column there are the coefficient values, then, from the third to
the fifth column, the variances of the estimated parameters, calculated
for different datasets: the original matrix; the six PC’s with eigenvalue
bigger than one; the two components that are significant to explain
the dependent variable. It is easy to observe that the variance of the
estimated parameters computed on the original variables, is always
bigger than the estimated variance calculated using the PCMR and
that lower variance estimates of model parameters (last column) are
obtained retaining in the model only the significant components.

6. Conclusions and further perspectives

Transport planning, infrastructure project evaluation and policy mak-
ing, particularly at the urban level, continue to be important issues in the
21st century. Transport modelling requires mathematical techniques in
order to make predictions, which can then be utilised in planning and
design. This is the basis for improved decision-making and planning
in the transport arena.

This paper has focused on some of the issues connecting with discrete
choice models, which are the most commonly used tools to model us-
ers’ behaviour. By far the model specification which is used most often
is the Multinomial Logit Model which provides a convenient closed
form for the underlying choice probabilities without any requirement
of multivariate integration. Therefore, choice situations characterized
by many alternatives can be treated in a computationally convenient
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manner. The ease of computation and the existence of a number of com-
puter programs has led to many applications of the Logit model. Yet
it is widely known that a potentially important drawback of the MNL
model is the independence from irrelevant alternatives property. This
property states that the ratio of the probability of choosing any two al-
ternatives is independent of the attributes of any other alternative in the
choice set. But we showed that, in many circumstances, this property is
not respected and the application of the Multinomial Logit Model can
lead to some problems. Furthermore, the different tests used to verify
if the IIA property has been violated can give opposite results when
there is multicollinearity between the explicative variables. In these
circumstances, if at least one of the tests leads to a rejection of the IIA
property, it is better to use another model, for example a Nested Logit
model. In this case, we need to build the nests for the model, but there
is not a standard way to construct the classes. Therefore, when we have
many alternatives, there are different possibilities and it is not so easy
to find the right combination. For this reason, we think that the use of a
cluster analysis combined with a multivariate method can be useful to
provide information about the construction of the nests.

Furthermore we showed that the use of PCMR can improve
parameters estimation in Multinomial Logit Model. Obviously further
research is necessary on the new proposed method as, for example,
an extensive simulation study to verify the results and the method
for selecting the PC’s, but we think that it can be a first solution to
the problem of multicollinearity. At the same time a generalization of
other models proposed in literature for solving the problem of high-
dimensional multicollinear data in the binary logit model could be
interesting.
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Luisa Scaccia’

RANDOM PARAMETERS LOGIT MODELS
APPLIED TO PUBLIC TRANSPORT DEMAND

Abstract

The multinomial logit model has been used widely as a fundamental tool
for the analysis of discrete choices and has found large application in transport
studies. However, its restrictive assumptions, such as independence from ir-
relevant alternatives (IIA) and preference homogeneity across respondents,
have motivated the development of more flexible model structures that allow
for an increasingly realistic representation of travel behaviour. Among these,
a primary role is played by random parameter models. This paper proposes a
comparison between two different specifications of random parameter models,
namely the mixed logit and the discrete mixture model. An application to public
transport demand is illustrated.

JeL cLassiFicaTION: C25; C23; C51

KeYwoRDs: DISCRETE CHOICE; DISCRETE AND CONTINUOUS DISTRIBU-
TIONS; MIXTURE MODELS; RANDOM PARAMETERS.

1. Introduction

Over the past thirty years, the area of travel behaviour research has
made vast usage of discrete choice models belonging to the family of
Random Utility Models (RUM). For a long time, the high cost of esti-
mating advanced models meant that most applications were limited
to the use of the most basic model structures, such as multinomial
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Macerata, Italy, Tel. +39 0733 258 3242, e-mail: scaccia@unimc.it.
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and nested Logit. In particular, the Multinomial Logit (MNL) model,
or conditional logit model (Daniel McFadden, 1974), possesses many
advantages in terms of closed-form solution and simplicity of interpre-
tation and use.

However, the MNL model makes some restrictive assumptions such
as independence from irrelevant alternatives (IIA) and preference ho-
mogeneity across respondents. Such drawbacks have led to increasing
dissatisfaction with the MNL approach. Partly as a response to the per-
ceived weaknesses of the MNL model, partly as a result of the gains in
computing power and estimation techniques, Random Parameters Logit
(RPL) models have grown in popularity with discrete choice modellers
(Kenneth Train, 1998, 2003; McFadden and Train, 2000) over the past
ten years. In this approach, the utility of each individual is a function
of transport attributes (and, eventually, of individual socioeconomic
characteristics) with attribute coefficients that are random and reflect
individual preferences. The distribution of the coefficients is generally
supposed to be continuous, leading to the so called Mixed Multino-
mial Logit (MMNL) model. Less frequently, a discrete distribution is
used to approximate the real underlying distribution of the random
parameters. The resulting Discrete Mixture (DM) model, or mass point
mixed logit model, is a particular case of the Latent Class (LC) model
(Wagner Kamakura and Gary Russell, 1989; Peter Boxall and Wiktor
Adamowicz, 2002). LC models, which have been used in the context of
transport studies by, for example, William Greene and David Hensher
(2003) and Back Jin Lee et al. (2003), capture taste heterogeneity by as-
suming that the underlying distribution of tastes can be represented by
a discrete distribution, with a small number of mass points that can be
interpreted as different classes or segments of individuals. The prob-
ability of an individual being assigned to a specific class is modelled as a
function of attributes of the respondent and possibly of the alternatives.
In DM models, instead, these allocation probabilities are independent
of explanatory variables and are simply given by constants that are to
be estimated.

Compared to the MMNL model specification, the DM model has
the advantage of being relatively simple, reasonably plausible, and
computationally appealing. However, it is somewhat less flexible than

148



Scaccia L. G. &L E. R Vol. 13 No 2 (2009), 147-166

the MMNL since the attribute parameters in each class are fixed. In
contrast, the main disadvantage of the MMNL is that the distribution
of parameters should be specified by the analyst. The recognition of
the fact that each model has its virtues and limitations has motivated
a flourishing literature attempting to compare these two approaches.
Greene and Hensher (2003) compare the MMNL model with the LC
model in the context of a real application. Stephane Hess et al. (2007)
propose a systematic comparison of continuous and discrete mixture
models making use of both real and simulated data. Other applications
comparing MMNL and DM specifications are those of Sergio Colombo
et al. (2008), Junyi Shen et al. (2006), and Luisa Scaccia (2005), while a
theoretical discussion can be found in Michel Wedel et al. (1999). Greater
efforts are, however, advocated by Greene and Hensher (2003) to further
compare and contrast such advanced models.

The aim of this paper, hence, is to re-explore the potential advantages
and limits of MMNL and DM models both from a theoretical point of
view and through an application to data on public transport demand.
The hope is also to encourage a more widespread use of these models,
since the vast majority of large-scale real-world applications still rely
mainly on the use of MNL and nested Logit.

The paper is organised as follows. Section 2 briefly resumes the
MNL, with special emphasis on its limitations. Section 3 describes
MMNL and DM models and the way in which these models overcome
most of the limits of MNL model. In Section 4, we apply these two
specifications of RPL models to the analysis of some stated preference
data on public transport demand. Finally, conclusions are given in
Section 5.

2. The Multinomial logit model

2.1 Model specification

Random utility models assume that the decision maker has a perfect
discrimination capability and thus, when faced with J possible alterna-

tives, he will choose the one that maximizes his own utility. Therefore an
individual n will choose alternative i ifand onlyif U > Un],, Vi#j, where

149



Random parameters logit models applied to public transport demand

U . is the utility that individual » is associating with alternative . While
this utility is known to the decision maker, the researcher is, instead, sup-
posed to have incomplete information and he can only observe a portion
of the utility, V ., which is called representative utility. Therefore, utility is
decomposedasU =V +¢€ whereg  capturesthe factorsthataffect utility
but are not observable and, thus, are treated as random by the researcher.
Assuming a particular density, f (,) for the vector €, = (g,.K €, )
the researcher can make probabilistic statements about the individual’s
choice, i.e. the probability that individual n chooses alternative i is

Pn(i):Pr (Um' >(]nj ’Viij): .[I(Snj —€, <V:1i _V;j ,Vi;tj)f(en)den

where 7() is the indicator fufiction. Different discrete choice models
are obtained from different specifications of the distribution of the un-
observed portion of utility.

The MNL model assumes that the € ; are independently, identically
distributed (i.i.d.) type I extreme value, i.e. f(€ _)=e e . Under
this assumption the probability that individual » will choose alternative
i is simply obtained, after some algebraic manipulation, as:

P,(i)=—— (1)

Vv
¥
J=l

When using a linear in parameters specification for the representative
utility, equation (1) becomes:

Bx,
PO=—-— @
j=

1

where x, is a vector of observed variables relating to alternative i and
individual n and B is a vector of unknown parameters.
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2.2 Properties of the multinomial logit model

Under the assumptions of the MNL model, the choice probabilities
have a simple closed form and are analytically differentiable, and this
makes it possible to apply the traditional maximum likelihood proce-
dures for parameter estimation. Moreover, the log-likelihood function

N J
L @)=y~

n=1 i=l
in which N is the number of individuals in the sample, y, is a dicho-
tomic variable equal to 1 if person n chooses alternative i and to 0
otherwise, and in which P, (l§ is given in equation (2), is globally con-
cave in parameters 3 (McFadden, 1974), which helps in the numerical
maximization procedures. The simplicity of the MNL model and its
computational attractiveness have made it the most widely used method
for discrete choice analysis.

However, the assumption that the disturbances are i.i.d. represents
an important restriction. First of all, this assumption implies that the
utilities associated to different alternatives are uncorrelated, i.e.:

Cov(Um U, )— Cov(em € )— 0
and thus the MNL model is not capable of accountmg for unobserved
similarities among alternatives. Strictly related to this, is the well known
property of independence from irrelevant alternatives (IIA), which
states that the ratio between the probabilities of choosing two different
alternatives i and k is independent from alternatives other than i and
k . In fact, for the MNL logit we have:

@) _ /3 =, Vik
Pn(k) e’ /Eje W ’ ’

This ratio is the same no matter what other alternatives are available
or what the attributes of the other alternatives are. The same issue can
be expressed in terms of cross-elasticity. It can be easily shown that,
according to the MNL logit, an improvement in the attributes of an
alternative reduces the probabilities for all the other alternatives by the
same percentage. This pattern of substitution between alternatives is
clearly unrealistic in most situations.
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Another shortcoming of the MNL model is its lack of flexibility as a
representation of behaviour, implying that all individuals have the same
tastes. More precisely, the MNL model can accommodate for systematic
taste variation: socioeconomic variables can be included as interactions
with attributes or as interactions with alternative-specific constants, or
different models can be estimated for different subsets of data. Hence,
the MNL model can accommodate for variation that relates to observed
characteristics of the individuals, but not for random taste variation.
Finding better ways to represent heterogeneity in choice modelling is
important to improve understanding of the factors underlying consumer
behaviour and willingness to pay, and how the benefits and costs of
policies are distributed across recipients. Finally, the MNL logit model
can be extended to the analysis of panel data only if the unobserved
factors that affect choices can be considered independent over the re-
peated choices. In this case, the MNL model can be used to examine
panel data in the same way as purely cross-sectional data, assuming
that the error components are independent over individuals, choices
and time. Then, the probability that individual n will chose the set of
alternatives i={,,K ,i, } is:

T eﬁ'xm,
IAGE H?
t=1 e Xnjt
*

The model can accommodate for dynamics linked to observed factors,
such as a person’s past choices influencing current choices or lagged
response to changes in attributes. However the independence of errors
over repeated choices makes it impossible to handle dynamics associ-
ated with unobserved factors.

3. Random parameters logit models
3.1 Model specification
The RPL models assume, as well as the MNL model, that the €, are

iid. type I extreme value. However, the parameters 3 are no longer
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considered as fixed, but are now assumed to vary across the population,
according to a certain probability distribution. The result is a mixture
of models, where the underlying choice probability, conditional on the
value of the parameters [ , is simply the logit probability, i.e.:

When the parameters [ are assumed to vary in a continuous way
in the population, according to a probability density function f (), the
mixture of models is defined as:

PO=] PGB B)dp ®)
and it is generally referred to as MMNL model.

As an alternative, it can be assumed that the number of possible
values for the taste parameters is finite and thus the parameter , of a
generic g -th attribute, for ¢ =1,K ,Q, has a discrete distribution, with
m, mass points labelled Bql ,for [=1,K ,m » each of them associated
with probability Tcé satisfying the conditions that 0 <m; <1,Vg,/, and

zné =1, Vq . In this case, the mixture of models, generally referred to
=1

as DM model, is defined as:

L Mo
RO=L Y A 0IB K BY )l K mh.

4=l ly=l
where the conditional probabilities P, (i | B/K,B Q’Q) are simply the
logit probabilities.

2.2 Properties of random parameter logit models
The MNL model is clearly a particular case of both the MMNL and

the DM models, which is obtained when the mixing distribution of 3
is degenerate at fixed values. Apart from this trivial case, RPL models
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generalize the MNL model and allow to overcome its limits.

First of all, in the MMNL and the DM models, the parameters 3 are
random and represent the tastes of individual decision makers, thus
allowing for heterogeneous tastes in the population. In this framework,
unlike the MNL model, both systematic and random taste variations
can be accommodated. Variations related to observed attributes of the
individual can be captured through specification of explanatory vari-
ables, as in MNL models, and/or the mixing distribution. For example,
cost of transport may be divided by the individual’s income to allow
the relative importance of cost to decline as income rises. The random
parameter of this variable, then, represents the unobserved variation
over people with the same income on the value that they place on cost.
This unobserved taste variation cannot be captured under the MNL
model.

Secondly, under RPL models, the utilities of different alternatives can
be correlated even if the errors are independent over alternatives. For
example, for the MMNL model:

Cov\U .

U, ): Cov(ﬁ'xm. +e,,B'x, +¢, )= x,'xB,

where B is the variance-covariance matrix of . Thus various corre-
lation patterns, and hence substitution patterns, can be obtained. For
example, a situation in which an improvement in alternative i draws
proportionally more from alternative j than from alternative k can be
easily represented, simply specifying an element of x that is positively
correlated between i and j but negatively correlated or uncorrelated
between i and k, and allowing the parameter of this variable to be
random. This flexibility in representing various substitution patterns
obviously breaks the undesirable IIA property, which characterizes the
MNL model.

Finally, RPL models can be easily generalized to allow for repeated
choices by each sampled individual. A simple way to do it consists in
treating the random parameters as varying over people but being con-
stant over choice situations for each person. Utility from alternative i in
choice situation ¢ by person 7 can then be writtenas U = 'x  + €

n " nit nit

with €, being i.i.d. extreme value over time, individuals and alterna-
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tives, and [, being the parameter vector specific to subject n. Hence,
the conditional probability of subject n choosing the set of alternatives
i={.K i, }is:
T eBn "Xy it
Pn(1|l3n)=H? 4)
t=1 e Xnjt
2

and the unconditional probability under the MMNL model is then
obtained integrating the conditional probabilities with respect to the
mixing distribution of B . Lagged dependent variables can also be
added without changing the conditional probabilities in equation (4),
since lagged variables entering U, . will be uncorrelated with the error
terms for period ¢. A similar generalization can be easily obtained also
for the DM model. In both cases, the randomness of the parameters
allows the inclusion in the model of dynamics associated with unob-
served factors.

The flexibility in representing taste heterogeneity, substitution pat-
terns among alternatives and temporal dynamics in panel data, offered
by RPL models, comes at the cost of complex specification, estimation
and application issues related to these models (see Hensher and Greene,
2003). In terms of model specification, the first relevant issue is that
of the choice of the parameters that are to be random. This choice is
particularly important since the random parameters are the basis for
accommodating correlation across alternatives and defining the degree
of unobserved heterogeneity. McFadden and Train (2000) suggest a La-
grange multiplier test for testing the presence of random components
against the null hypothesis of fixed-value parameters. This test statistic
has the advantage that its asymptotic distribution under the null hypoth-
esis does not depend on the parameterization of the mixing distribution
under the alternative. However, it is recognized to have a low power in
most situations and hence further research in this field is advisable in
order to develop more powerful procedures.

Once the parameters that are to be random have been chosen, under
the MMNL the problem arises of selecting an appropriate distribution
for these parameters. Most popular specifications have been the normal,
triangular, uniform and lognormal distributions. However, in practical
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applications, any of them has shown its deficiencies, generally related
to sign and length of tails — see Hess et al. (2005) for an interesting
discussion of this issue. Clearly, the assumptions made during model
specification have a direct influence on model results, and an inappro-
priate choice of mixture distribution for a given taste coefficient can
lead to problems in interpretation and potentially misguided policy-
decisions (Cinzia Cirillo and Kay Axhausen, 2006; Mogens Fosgerau,
2006; Hensher, 2006, Hess and Axhausen, 2004). Hensher and Greene
(2003) suggest an empirical procedure based on a kernel density esti-
mator to parameter estimates after applying a jackknife procedure to
a multinomial logit model. This method allows one to visually inspect
the distribution of parameters. Mogens Fosgerau and Michel Bierlaire
(2007) proposed a method based on a seminonparametric specification
to test if a random parameter of a discrete choice model indeed follows
a given distribution. Fosgerau (2008) also describes a nonparametric test
procedure which uses a combination of smoothed residual plots and a
test statistic able to detect general misspecification.

The problem of selecting an appropriate distribution does not arise
in the DM model. The use of a discrete distribution may be seen as a
nonparametric estimator of the random distribution and the researcher is
not required to make any prior assumption on the shape of this distribu-
tion. However, in this case, the issue of selecting the number of support
points arises. The likelihood ratio test cannot be used to choose between
models with different numbers of support points, even if models are
nested, and it is necessary to resort to information criteria like the AIC
(Hirotugu Akaike, 1974) or the BIC (Gideon Schwarz, 1978).

The issue of parameter estimates is also more complicated in
RPL models than in the MNL model. For the MMNL, the choice
probabilities in equation (3) do not have a closed form and simulation
methods are required for parameters estimation. In practice, M values
Ba)-K ;B are drawn from f (¢) and used to calculate the simulated
probabilities
eﬁ(mfxm

BO=Ly
n (Z)_ H; 2/ eB(m)"xlU

which are then used to evaluate the simulated log-likelihood
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SLL( )= iiy In P, ()

n=1 i=1

The number of draws required to secure a stable set of parameter
estimates varies enormously, according to the complexity of the model
specified, and estimation can be particularly time consuming. The use
of Halton draws (John Halton, 1960) can sensibly reduce computational
time, however some authors stress the need for further investigation of
their properties in simulation-based estimation (see Zsolt Sandor and
Kenneth Train, 2004).

An obvious advantage of the DM approach compared to MMNL
models is that, if the model for the conditional choice probabilities used
inside the mixture has a closed form, as the MNL model does, then the
DM has itself a closed form. However, the non-concavity of the log-like-
lihood function does not allow the identification of a global maximum,
even for discrete mixtures of MNL. Given the potential presence of a high
number of local maxima, performing several estimations from various
starting points is advisable. Moreover, constrained maximum likelihood
must be used to account for constraints on the weights Tl:; . Finally, pa-
rameter estimation in DM models frequently suffers from clustering of
mass points, which causes models with more support points to collapse
back to more parsimonious specifications.

All these specification, estimation and application issues of the RPL
models, as well as the advantages they offer over the MNL model, will
be highlighted in the next section through an application to real data.

4. Application
4.1 Data set description

The data set refers to a study carried out between January and Mars
2004 on the bus service which links the centre of Urbino (Italy), where
the University is located, to Sogesta, a residential location with more

than 100 students (Edoardo Marcucci and Luisa Scaccia, 2005). The dis-
tance between the two locations is about 2 km and the bus took about
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9 minutes to cover it. The aim was to analyse the attributes of the local
public transport and to investigate possible interventions to improve the
service. The quality of the service was, in fact, considered as unsatisfac-
tory and many students were used to hitchhike along the road.

In order to identify the attributes that characterize the quality of
the service, a focus group of 30 students was interviewed. The group
resulted particularly sensitive to five attributes of the service: cost of
monthly ticket, headway, first and last run, real time information dis-
plays, bus shelters. Each attribute was further described by five levels.
The attributes and corresponding levels, as used in the study, are shown
in Tab. 1.

Tab: 1 - Atcributes wnd levels charnccerizing the guality of the bus sevice

ATTRIIELTFS | By
L250E
o2l g
Lootd of Pawiehle sichet | T80 G e ual sl elicn)
LEZ0E
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ZE v
=1 omrurarzs
I Iad ey =3 i ks Caciox D siloatis)
Al rinares:
Akl
First ael Ly oon 0515 -- 0500
LRESEDR SR | ity [ ]
Bl - N paetaal sitestions
Qfz1Z -~ Z=a0
[REISS e Rt [ )
Zeal time mformation displays
Intnrmntian drsplaz: WAl el T o o iom dismplaes Caebua ] <dloatize)
N Al Mlecva ale ol Seoes s
Cl pooc vlenentale G o =il miliom )

Using the software CBC (Choice - Based Conjoint) of Sawtooth
Software (http://www.sawtoothsoftware.com), questionnaires were
created, each containing 15 choice exercises, 11 of which were random,
2 aimed at testing the quality of the answers, and 2 aimed at testing
preference stability. Each choice exercise contained four hypothetical
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alternatives as shown in Tab. 2. Respondents were approached ran-
domly and face-to-face interviews were carried out at the bus stop. A
total number of 50 respondents took part in the study, providing a data
set of 750 observations.

Tali, 2 - 4n rapuaple-al 3 slaled cheiy raporinies |

ALTT BM=1TTL ALTT BM=1TTL ALTT BH=1TTL AL ATIVE
A ] [ 13
Ve rorbi et LAl | creedrorivende 2005 | creed roriieodeed 2R1E
1z bl Towalirae Tl ae
Gomins 2, REJ ST/ T LN
Sirslaas Lo Firlaas lasoan BRI ETHRETARS . -
AL el s BT E L Moz afprevicis Mz
W Szl He Tosl nes Tl a g Tosl wes 'l a g
e lien e paes dizplies Jdizplies
Grealela s =1 Yiaeapk: Grealesha s =1 Yiacaphk: Grealela s ol Yiacaphk:
el Fuzll wred Zumals

4.2 Model specification and results

Three different models were specified and estimated on the data: a
simple MNL model, a MMNL model and a DM model. In the MMNL
and DM models, the repeated choice nature of the data was taken into
account by specifying the likelihood function with the integration and
summation, respectively, outside the product over replications for the
same respondent. The models were estimated in Biogeme (Bierlaire
2003, 2008). The utility of MNL model was specified as a linear func-
tion of all the attributes and also of alternative specific constants (ASC).
The significance of an ASC related to an unlabelled alternative would
imply that, after controlling for the effects of the modelled attributes,
this alternative has been chosen more or less frequently than the others,
revealing alternative ordering effects. However this was not the case with
the present dataset and all the ASCs turned out to be not significantly
different from zero and were thus removed from further analysis. Also
the coefficient of the dummy for the presence of real time information
displays turned out to be not significantly different from zero (p-value of
0.57) and the dummy variable was then removed from the specification
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of the utility function. Parameter estimates for the remaining attributes
are given in Tab. 3. Notice that the first and last run times were specified
in the utility function in terms of daily operating time (i.e. subtracting
the first run time from the last run time).

To specify the RPL models, the Lagrange multiplier test suggested by
McFadden and Train (2000) was used to decide which parameters are to be
random. The null hypothesis of no mixing was rejected for the parameters
of the attributes headway and daily operating time. The cost parameter
was instead treated as non random because, in this way, the estimation of
marginal willingness to pay (WTP) for an improvement in a certain attribute
is simplified and its distribution is simply the distribution of that attribute’s
coefficient. Moreover, treating the parameter of the cost as fixed allows to
restrict the cost variable to be non positive for all individuals.

Once the parameters of headway and daily operating time were
chosen to be random, the jackknife procedure proposed by Hensher and
Greene (2003) was used to obtain a kernel density estimator to param-
eters distribution. The results are shown in Fig. 1. Both of the densities
seem to be unimodal and, even if some skweness can be noticed, the
normal density was chosen to approximate the distribution of param-
eters of headway and daily operating time in the MMNL model. The
model was then estimated using 1,000 random draws.

Fig. 1 Kernel lensily eslimate Tierdhe pu rumetees ol heudywuy el ponely undl
i ly eperaling linmge [rich | punel

LEEY W EEE Y L B e LE] L 1 3 ¥
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In the specification of the DM model, 2 support points were chosen
for the distribution of both random parameters. When models with a
larger number of support points were tried, the smallest probability hap-
pened to be further split, becoming not significantly different from zero,
causing these models to collapse back to the one with 2 support points.
Notice that many different starting values for parameter estimates were
used to deal with the local maxima problem.

Parameter estimates for the three models specified are given in Tab.
3.Itis observed that under any specification, the signs of the parameter
estimates are as expected. The negative signs of the cost and headway
parameters indicate that the utility of the trip maker decreases with
an increase in the magnitude of the respective attributes. The utility
increases instead as the daily running time does. For the qualitative
attribute, bus shelters, the positive sign indicates that the presence of
this attribute at both bus stations is considered utility.

Taly, 3 - Estlmation vesnlts for fhe thees models specifled,
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The interpretation of the coefficients is not meaningful except for
significance and sign. Therefore, the marginal WTPs for the different
attributes are calculated by taking minus the ratios between the coef-
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ficients of the attributes and the coefficient of the cost attribute. These
values represent the marginal rates of substitution between the attributes
and the cost and provide an idea of how much the travellers, on aver-
age, are willing to pay for a positive unit change in each quantitative
attribute under consideration. The WTP for the bus shelter attribute
indicates the willingness to pay to have bus shelters also at Sogesta and
not only at Mercatale. In the MMNL model, with a fixed cost coefficient
and normally distributed attributes, marginal WTPs are also normally
distributed. Tab. 4 summarizes the marginal WTP estimates from the
different models under consideration. For example, the MMNL shows
an average WTP of 0.36 Euros more on the monthly ticket to obtain 1
minute less of headway. This value is very closed to the one obtained
under the MNL model. Under the DM model, the population is divided
into two groups of almost equal size with respect to their WTP for shorter
headway. The first group shows a very small propensity to pay for a
shorter headway, while the second group is much more sensitive to a
long headway and hence is willing to pay more to shorten it. Looking at
the WTP for operating time, it can be noticed that the DM model identi-
fies a segment of the population, the 18.5% of it, which is not sensitive
to operating time (the parameter . - in Tab. 3 is not significantly
different from zero) and hence is not willing to pay for an improvement
of this attribute, i.e. for an extension of the operating time.

Tuh, 4 - Extimintlom of the WTP for the diffevene aceribnos wnder the three models speelficd,

Wl K1, Wik ML 11055
M ey 1.54 .37 14k
O hdm: - - -
[P -0 54 =156 0.1 1.7
(S TRIR X - 24 - -
Wimtre 2% L 2 .24
O rtre - |14 - -

Moving on to the comparison of the three different models, from
Tab. 3 it can be noticed that both the RPL models offer a significant
improvement in model fit over the MNL model. The MMNL offers the
best performance, with an adjusted p* equal to 0.507. The DM model,
even if improving over the MNL model, does not fit the data so well as
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the MMNL model. This probably depends on the fact that the inspection
of the parameter distributions through the jackknife procedure seems
to reveal unimodal distributions, for which the DM with 2 mass points
might offer a not very good approximation. Probably a larger number
of support points would be required, if the real parameter distributions
were effectively unimodal and continuous, but this would determine
difficulties in the estimation procedures, as alluded to in Section 3.2.

Another observation relates to the much lower estimation cost of
the DM model, with an estimation time of 2 seconds, compared to the
10 minutes and 21 seconds required by the MMNL model. This much
lower estimation time would give a significant advantage to the DM
model in the case of larger data sets. However, the estimation time for
the MMNL model is particularly high, since we decided to use random
rather than Halton draws in the estimation.

5. Summary and conclusions

RPL models allow to overcome all the limits of the simple MNL
model. As a drawback, several issues arise in both model specification
and estimation. In this paper, we summarized the theoretical results
concerning RPL models, considering both continuous distributions,
leading to the MMNL model, and discrete distributions, leading to the
DM model, for the parameters. We outlined the advantages and the
limits of both these RPL models, also making use of an application to a
real data set concerning the public transport demand.

The results from the application clearly show the major advantage
of the DM approach in terms of estimation cost, due to the fact that
parameter estimates have a closed form solution and does not rely on
simulation processes. Moreover, this approach avoids the problem of
choosing an adequate distribution for the random parameters. However,
even if the DM model provides a considerable improvement over the
MNL model, for the example at hand it does not seem to be competitive
with the MMNL model in terms of fit to the data. The reason is probably
that, in this case, the underlying distribution of the random parameters
seems to be continuous and unimodal, and, thus, 2 support points are
not enough to provide a reasonable approximation to it. Hess et al.
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(2007), in a simulation study, find that DM models, with a sufficiently
large number of support points, can offer a very good approximation to
the normal distribution. However, with our data set, we experienced a
clustering of mass points which did not allow us to estimate DM models
with a number of support points larger than 2. This is probably due,
also, to the fact that the data set is a relatively small one.

In this regard, the paper provides a different perspective to that of
Hess et al. (2007), Shen et al. (2006) and Colombo et al. (2008) in the
ongoing discussion about the comparison between MMNL and DM
models. In small data sets, with continuous and unimodal underly-
ing distribution of the random parameters, MMNL models, generally
requiring a smaller number of parameters to account for heterogeneity
in tastes, could perform better than DM models.
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In the latest centuries, generally speaking, history records
the alternation of some important seasons which lend
themselves to represent economic models, which are the
bases of modern economic thought.

First of all, there is the age of colonial economy centered
on the role of imperial states, together with the birth of
monopolistic companies, in the management of trades
with dominion areas.

Then, the age of international economy was lived, culmi-
natingin the second post war trade relation system. It was
mainly founded on the functions of the national states and
their authorities to support both national espansionary
fiscal policy and exchange clearings, in their trade ratios
with the rest of the world.

Atlast, in the latest years, interglobal economy took vehe-
mently the lead through the modern electronic infrastruc-
tures of telematic and telecommunications.

As the former models, the interglobal economy too does
not automatically assure either stable equilibrium or the
overcoming of traditional crises.

It gives benefits and disadvantages too.

From the normative and positive points of view, one
of the disadvantages which most drew the attention of
researchers is the weakening and disappearance of na-
tional and subnational economic and monetary policy
instruments.

Instead one of the benefits which most attracted interest
might be located on the nature itself of the technological
revolution in progress, foreboding new opportunities in
the integration process of local economic systems, which
might qualify themselves as network growth links (or
growth poles?).

The Review has the aim to represent and to inquire the
normative and positive profiles of the foundamentals
which might characterize the thin and difficult frontier
between globalization and economic localism.
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