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ABSTRACT

In problems related to evaluations of products or services (e.g. in customer satisfaction anal-
ysis) the main diiculties concern the synthesis of the information, which is necessary for the
presence of several evaluators and many response variables (aspects under evaluation). In this pa-
per the problem of determining and comparing the satisfactionftérdnt groups of customers,
in the presence of multivariate response variables and using the results of pairwise comparisons
is addressed. Within the framework of group ranking methods and multicriteria decision making
theory, a new approach, based on nonparametric techniques, for evaluating group satisfaction in
a multivariate framework is proposed and the concept of Multivariate Relative Satisfaction is de-
fined. An application to the evaluation of public transport services, like the railways service and

the urban bus service, by students of the University of Ferrara (ltaly) is also discussed.

1. INTRODUCTION

In the evaluation of products or services in general and in customer satisfaction analysis in
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particular some mathematical and statistical issues arises. The ni&nlties often consist in

the synthesis of the information related to the satisfaction of a group of evaluators (multiplicity of
subjects) and in the synthesis of the information in the presence of multivariate response variables,
because more than one aspect or item is under evaluation (multiplicity of variables). Some studies
are addressed to identify and measure the several service quality dimensions (Parasuraman et al.
1985, 1988). Bolton and Drew (1991) develop a multistage model of the determinants of perceived
service quality and service value, and describe how expectations, perceptions and disconfirmation
experiences of customerffect their satisfaction with a service.

Basically satisfaction is an abstract concept and varies among individuals and products or ser-
vices. It depends on covariates which represent characteristics of individuals or objects. The main
goal of customer satisfaction analysis is often studying ffeetof individual factors on the overall
satisfaction. The final purpose of the analysis usually consists in determining and comparing the
satisfaction of diferent groups of customers (market segments), for adapting marketing strategies
to market segments’ characteristics through targeted communication strategies andgendcet
differentiation.

Some methods used in customer satisfaction analysis are based on ordinary least squares, con-
joint analysis (see Arboretti et al., 2005), Shapley value regression, penalty and reward analysis,
Kruskals relative importance, canonical correlation analysis, partial least squares and logistic re-
gression, composite indicators (Marozzi, 2009a, 2012). Funa (2011) discusses and uses some of
these tools for exploring the relation between explanatory variables and dependent variables and
for identifying the greatest satisfiers and dissatisfiers influencing customer satisfaction. She applies
some of the mentioned tools on a customer satisfaction survey regarding new car owners.

In the framework of the Total Quality Management and specifically of the so called early warn-
ing system, which provides signals for possible risks, Lombardo (2011) proposes exploratory tools
for identifying at-risk customers and allowing for more timely interventions. She focuses on cus-

tomer satisfaction in services to persons of public utility, like training services and health care
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services. The use of ordinal categorical variables for representing satisfaction, leads her to study
the strength of variable associations by multiple correspondence analysis via polynomial trans-
formations, obtaining clusters of individuals ordered with respect to satisfaction levels. Then she
investigates on the dependence among variables through regression models by means of Boosting
regression and partial least squares techniques.

Since the aspects of a service to be evaluated are less evident than those of a product, customer
satisfaction analysis of services presents some spediiicuties. On the other hand, the need of
assessing the quality of services, according to ISO 9000 standards (ISO, 2009), charters of services
and quality management system, leads many companies to implement procedures for assessing
the quality of services and in particular the customer satisfaction. This is true also in the public
transport sector. In this area some scientific works have been tried to develop methodologies for
studying the latent aspects of the customer satisfaction. Since the passenger satisfaction is related
to cognitive emotional and psychological aspects (Oliver, 1993), its measurement is a complex
problem because of its subjective nature. Hence these studies focus on what is perceived, rather
than what is supplied.

Gallo et al. (2009) discuss the application of Rasch Analysis and Simple Components Analy-
sis based on the RV cfieient, for studying passengers’ satisfaction in the local public transport.
Multidimensionality of customer satisfaction and th&elient nature of data are considered by
Gallo and Ciavolino (2009), who analyze the spatitétets of the territorial dislocation of stations
by means of a rating scale model and a spatial structural equation model. Satisfaction for urban
public transportation is also studied by Bernini and Lubisco (2005, 2009), who propose and ex-
tended dynamic version of LISREL model to investigate possible changes over time of customer
satisfaction, the main factors$tacting satisfaction and théfects of customer covariates, with ap-
plication to the Tram Service in Rimini (Italy). Local public transport is also studied by Rostirolla
and Romano (2009), for evaluating the opportunity to move the mobility demand from private to

public transport. For this purpose they perform a statistical analysis of satisfaction for the taxi
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service and an economic-financial analysis of costs and benefits.

Except for airline industry, few empirical studies have been dedicated on satisfaction for trans-
portation services (Sumaedi et al., 2012). Passengers’ behavioral intentions in Taipei are studied
by Jen and Hu (2003), Wen et al. (2005) and Lai and Chen (2011). Sumaedi et al. (2012) analyze
the relationship between passengers’ behavioral intentions and others latent féietirsgathem
in Jakarta city, by using structural equation modeling techniques.

This paper is dedicated to the problem of determining and comparing the satisfactifieof di
ent groups of customers, in the presence of multivariate response variables and using the results of
pairwise comparisons. Section 2 concerns a literature overview and a discussion on some issues
on methodological solutions for rating and ranking problems. In section 3 a new approach, based
on nonparametric techniques, for evaluating group satisfaction in a multivariate framework is de-
scribed and the concept of Multivariate Relative Satisfaction is introduced. Section 4 is devoted
to the application of the proposed method to the evaluation of public transport services like the
railways service and the urban bus service, using data from a statistical survey on living ad study-
ing conditions of students of University of Ferrara (Italy). In section 5 the final conclusions of the

study are summarized.

2. COMPARISONS OF GROUPS IN RATING AND RANKING PROBLEMS: LITERATURE
OVERVIEW AND METHODOLOGICAL ISSUES

The problem of determining a global rating or a global ranking in the presence of multivari-
ate response variables has been extensively dealt in the statistical, mathematical and economical
literature under many methodological points of view and in several applications. The application
frameworks vary from sports, to decision making problems, to machine learning, to performance
analysis, etc. Specialized literature has been created and scientific studies has been dedicated to
analyze and deepen specific aspects of this complex problem. The growing interest towards the

problem of many researchers fromffdrent disciplines (engineering, mathematics, economics,
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statistics, ...) proves the importance and the multidisciplinary nature of this topic.

From the statistical point of view, the paper is focused on the general problem of comgaring
multivariate populations for determining a global rating or a global ranking of thesgulations.

In particular methods based on pairwise comparisons are considered. In other words, by using
a formalization typical of the ANOVA and MANOVA problems, we hamanultivariate sample
observations which can be grouped according to a factor represgméagior symbolic treatments.

The number of observations is given by n; + ... + ng wheren; is the size of the sample drawn

from populationj, namely related to thg-th treatment, withj = 1,..., 9.

Many scientific works have addressed the problem of defining a procedure for comparing and
ranking a list of projets, services, teams, organizations, and other (according to the application
framework), hereafter denoted by objects, in the presence of group-evaluations. Mainly this prob-
lem has been studied and framed under the generic label "group ranking”. In "group ranking”
problems the main goal consists in consolidating and aggregating the individuals’ rankings or rat-
ings to obtain a group-ranking or group-rating, useful for comparing the objects (Hochbaum and
Levin, 2006). In these problems the factor denotinggigeoups represents the objects (treatments)
under evaluation and thg replications are the observations related to the evaluations gfithe
object. When the set of evaluators is the same for all the objects, we have balanced dependent
samples oim observations and thug = ... = ny = mandn = gm(e.g. m customers express
their satisfaction aboig products or services). Otherwise, in the absence of matching techniques
in the design of the survey, we have independent samples and each group of customers expresses
his satisfaction for only one object.

In our specific problem we have just one object under evaluation and the treatment factor de-
notes groups of evaluators. We wish to compgggoups of evaluators and compute the relative
satisfaction of each group with respect to all the others. Hence the design of the survey presents
only the case of independent samples. In this paper a general method is proposed. This method is

suitable for multivariate observations, that is when the evaluations (satisfaction levels) are related
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to g aspects or items with > 1, but applicable also to the simpler and special case of univariate
observations, that is when= 1, and easily adaptable both to numeric and categorical responses,
for rating and ranking problems, in the presence of dependent or independent samples. In some
works rating problems are denoted by "intensity” ranking problems, hence hereafter, unless other-
wise indicated, with ranking problems a general class of problems is denoted, including both rating
and ranking problems.

Many studies on group ranking concern problems of voting and elections. An important result
is given by the "impossibility” theorem of Arrow (1963) who proves that specific natural fairness
properties cannot be guaranteed by a voting scheme. An axiomatic approach based on the de-
termination of the overall group ranking by minimizing the deviation from individual preference
rankings is proposed by Kemeny and Snell (1962). Keener (1993) discusses the intensity rank-
ing problem based on pairwise comparisons distinguishing betdieect methodandnonlinear
schemeln thedirect methodhe overall score (rank) of theth objects; is proportional to a linear
combination of the results of the pairwise comparisons ofjttte object with the other objects,
where the weights consist in the overall scores of the other objects. Such results of the pairwise
comparisons, are preference scores which quantify how much objestpreferred to objeat

withr =1,...,g. The preference scores should satisfy the following properties:
1. ajr > 0
2. iy +aj = 1.

In other words the overall score of an object depends on the preference scores respect to the

other objects weighted with the overall scores of the objects themselves. Formally

r

wherev is a constant of proportionality. With matrix notation:
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Vs = As, (2)

whereA = [a;] is the preference matrix arglis the ranking (score) vector. The solution of this
system of equations consists in determining a positive eigenveftothe positive matriXA. The
Perron-Frobenius theorem (Keener, 1993) provides conditions to have a unique solution to this

problem. A very common choice for the preference scores is

1 if ] ispreferredto r
ajp =4 05 in the case of tie (indierence)
0 if r ispreferredto J-

Another possible choice is given by the product of éliedefined above and/;.

Thenonlinear schemeonsists in the following generalization of the direct method:

5= > hey), (3)

wheree;, = a; s are partial scores for the pairwise comparisonst#mlis a suitable nonnegative
continuous increasing function. Wha(x) = cx, for a given constard, we have the direct method,
otherwises; is a nonlinear function of,, . . ., ;. This theory can be easily adapted to our problem,
where instead of comparirgydifferent objects we compagedifferent groups of evaluators.

The solution connected with the Perron-Frobenius theorem is important for the Analytic Hier-
archy Process (AHP) proposed by Saaty (1977, 1980). The AHP has a key Midticriteria
Decision Makingheory (MCDM), based on the idea that the choices of the evaluators may include
a degree of uncertainty and thus based on fuzzy preference models (see Brans and Vincke, 1985,
and Fuller and Carlsson, 1996). The goal of the MCDM is to determine a ranking of a set of actions
(decisionsD = {d, ..., dq} according t criteria. This general procedure is introduced as a rank-
ing problem or choice problem in the decision making framework and widely studied and applied

by economists and experts in business economics and management, but it can be easily extended
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and adapted to many applications related to other disciplines. Considering our problem of cus-
tomer satisfaction, the actions correspond to the groups of customers, the criteria correspond to the
response variables (satisfactions related to partial aspects) and the goal consists in ranking these
groups according to their overall satisfaction. Given the specific application framework, for our
problem the concept of preference among two actions or decisions can be more suitably replaced
by the concept of dominance between two groups or populations.

Let us consider a set of actioiis = {d;, ..., dy} andq criteria f;, ..., fy differentiating these
actions, withf, : D — R, k = 1,...,0. According to classical theord; dominates (is preferred
to) d, if and only if fi(d;) > fi(d) Yk € {1,...,0} and3k € {1,...,K} such thatf(d;) > fi(d).
In this way we introduce a partial order (transitive relation)alleddominance orderbased
on the "unanimity of the points of view”, in the sense tliatdominatesd; if and only if, for
each criterium, we have dominance of the former on the latter offerdnce, and for at least
one criterium we have strict dominance. The "unanimity” is not very common in real problems,
hence three types of solutions where proposed for overcoming this limit: (1) aggregation methods
using utility functions; (2) interactive methods; (3) outranking methods. The type (1) methods
are included in thé/ulti Attribute Utility Theory(MAUT) which focuses on problems of choices
among multiattribute alternatives in the presence of risk and uncertainty and considers methods
for assessing individual values and subjective probabilities (see Dyer et al., 1992). The models
commonly used to represent the preferences of the decision makers are based on linear additive
or multiplicative nonlinear utility functions (Keeney and Raj 1976). The interactive methods at
point (2) require a progressive articulation of preferences, in the sense that they require information
about preferences from the decision maker, throughout the solution process ($é®@ebal.,
1972; Koksalan and Sagala, 1995). The type (3) methods are based on a majority principle, instead
of the unanimity principle, and their application is divided into two phases: in the first phase an
outranking relation is determined; in the second phase an exploitation of this relation is made for

decision making (see Brans and Vicke, 1985).
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The most important outranking solutions are the ELECTRE methods proposed by Roy (1973,
1977). An evolution of this solution is the PROMEETHE method, easier to be understood for
economists and simpler to be applied for users (Brans and Vicke, 1985). In the classical notion of
criterion,d; is preferred tal, according to thé&-th criterion if and only iff(d;) - fc(d;) > 0 and we
have indiference betweed; andd, if and only if fi(d;) — f«(d;) = 0. The outranking methods in-
troduce the notions of quasi-criterion (with a larger area offiedence) and pseudo-criterion (with
an area of hesitation between iffdrence and preference). They definepheference functiofor
the k-th criterion when comparing two decisions as a function which can take values between 0
and 1,

p«: DxD — [0, 1].

For small values the relation tends to ifidrence; for large values the relation tends to domi-

nance, and value 1 correspond to strict dominance. Formally:

p(dj, dr) = u[fi(d;) — fi(dr)] = &y €[0,1], (4)

whereay; is the preference value according to tath criterion.

Table 1 shows the main criterion types defined in the PROMETHEE method. The threshold
parameters, m, |, I, and the parameter have positive values that should be defined by the
decision makers. The quasi-criterion consider an interval instead of a point (the zero value) as area
of indifference. The criterion with linear preference, the level criterion, the criterion with linear
preference and inffierence area and the gaussian criterion admit that the preferenceajamay
vary as increasing function of theffirencef,(d;) — f(d;) and (except the gaussian criterion) they
distinguish between simple dominance (whea @ < 1) and strict dominance (wheaj, = 1).

The values aggregation respect to the criteria is obtained by computing the mean.

P d) = a7 > p(di.d) = a7 ) (@) = 3 (5)
k k
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The second phase of the PROMETHEE method consists in an exploitation of the outranking
relation establishing a partial or total preorder Bron the base of the scores = 3, a; and
s; = 2r&j. A graph representation, where the nodesdare. ., dy and each arcdj, d:) has the

valueay, is used in this second phase.

3. MULTIVARIATE RELATIVE SATISFACTION OF CUSTOMER GROUPS

Let us consider the general problem of determining a vectagr\&lues which represent the
overall satisfactions af different groups of evaluators. For denoting this satisfaction the acronym
MRS (Multivariate Relative Satisfaction) is used. Tgeoverall values depend by the pairwise
comparisons between tlgegroups.

The main dificulty consists in the multivariate nature of the problem. Several aspects are
under evaluation hence the satisfaction is multidimensional. The solution to this problem include
a suitable method for reducing the dimension of the response variablegffoomber of aspects
under evaluation) to 1, that is to synthesize the information provided byg-tfaiate response
variable.

A second dificulty is related to the multiplicity of evaluators involved. In tixeh group we
haven; evaluators. The goal consists in determining a value for each group to represent the overall
satisfaction of the group, by synthesizing the information respect to the evaluators. Our method is
based on the pairwise comparisons between groups, hence this synthesis is made in the phase of
pairwise comparisons.

Let us denote witlX;; the satisfaction expressed by ki evaluator in thg-th group for the
k-th aspect, with = 1,...,n;, j = 1,...,gandk = 1,...,q. Let us assume the observed values
Xijks - - - » Xnjjk Are independent realizations of the random varidileAccording to the evaluation
scale Zj can be numerical or ordinal categorical. Tineariables representing the satisfactions for
theqg aspects may be not of the same type: some of them can be numerical and some others can be

categorical.
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The proposed solution is divided into two phases: in the first phége 1)/2 multivariate
tests on stochastic dominance are performed as pairwise comparisons betwgerdbps; in
the second phase tlgex g matrix of p-values of the pairwise comparisons is considered and, by
combining the values for each row of the matrix, the vector of values representing the satisfactions
of theg groups is obtained.

In the first phase, for the couple of grougsr], a nonparametric inferential procedure is ap-
plied to test the null hypothesis

q
Ho:[Z;="2]= [ﬂ Zj =" Zu] (6)
k=1
against the alternative hypothesis
q
Hi: (2> 2] = [ ) Zw > Zal, (7)
k=1
whereZ; = (Zj1....,Zjq) is theg-variate variable which represents the evaluations ofjttfe
group, withj = 1,..., g and the symbols® and>¢ denote "equality in distribution” and "stochas-
tic dominance” respectively (see Arboretti and Bonnini, 2009). The use of the intersection symbol
in (6) means that the null hypothesis is true if, for each ofitlsemponent variables, the equality
in distribution is true. The use of the union symbol in (7) means that the alternative hypothesis is
true if, for at least one of thg component variables, the stochastic dominance is true and for the
other component variables the equality in distribution is true.

This testing problem can be solved with the application of a multivariate permutation test for
stochastic dominance (see Pesarin, 2001; Pesarin and Salmaso, 2010). An univariate permutation
test for stochastic dominance is applied for each variable and a suitable combinationpef the
values provides a univariate statistic for the multivariate testing problem. For the combination,

different functions can be used, thus for example the test statistic for the pairwise comparison for

multivariate stochastic dominance betwgeth andr-th group may be
1. Ty = =23 In(2j«) (Fisher's combination)
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2. Tjr = Y ¢ (1 - Aj) (Liptak’s combination)
3. Tj = max(1 - A;«) (Tippett's combination)

whereA is the p-value of the univariate test, adjusted in order to take values strictly included in
the interval (Q1) (for more details see Pesarin, 2001) anid the gaussian cumulative distribution
function. This test is distribution-free and may be applied to numeric, categorical or mixed multi-
variate variables. No assumption is needed about the multivariate distribution. Neither parameter
values (e.g. correlations) nor type of dependence (e.g. linear or nonlinear) have to be known or
explicitly assumed.

Each combined-value A;; can be used to determine suitable preference scores. A possible
choice is to considetj‘r1 as dominance score between grguand groupr. Of course, for comput-
ing the matrix of thep-values, onlyg(g — 1)/2 tests for pairwise comparisons are needed because
Ap=1-A;Vjr=1...,0.

In the second phase of the procedure the following combination of the values jrthirew
(based on the combining function chosen for the multivariate test on stochastic dominance) is

applied for computing an overall (satisfaction) score for jitle group:
1. s; = =YY, In(1). (Fisher's combination)
2. Sj = Yl (A - A5) — ¢ ming(1 - 2]} + € (Liptak’s combination)
3. sj = max(1 - 4;) (Tippett's combination)

where the change in the Liptak’s combination, respect to the formula of the multivariate test statis-
tic for pairwise comparisons, is necessary to have positive scorasia@bsmall positive quantity
(e.g. 10°).

The choice of the combination function must take into account the following properties: due
to the logarithmic transformation, in case of Fisher's combination, the overall scterds to be

large in case of large dominance of tjx#h group even only on one or few groups (rewafi@et),
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while to be dominated by one or more groups does not particularly penalize in the overall score;
using Liptak’s combination the rewardfect is attenuated and there is a symmetrical penéiége

for each comparison where the group is dominated; Tippet's combination considers only the "best”
result of the pairwise comparisons, ignoring all the others. Hence the choice of the combination
function must be based on the importance given to the rewfiedtend to the penaltyfiect.

Finally, for interpretation convenience, the Multivariate Relative SatisfactibR$) can be
computed by comparing each overall score with the maximum observed value. The relative satis-
faction of a group takes values in, (@@ and 1 corresponds to the most satisfied group. If the relative
satisfaction is equal t0.8, the satisfaction of the corresponding group is 80% of that of the most
satisfied group. Formally

MRS = ¢(9), ¢ : (0,0)? — (0, 1]°, (8)

and specifically

@() = cs, with ¢ = maxs,..., 5% 9)
Let us consider the following dominance values
ejr = 1 - /ljr .

They satisfy the two typical properties of the preference (or dominance) scores. As a matter
of facte; > 0 ande; + & = 1. Like in the PROMETHEE method, the results of the pairwise
comparisons are not simply irfterence €, = 0) or strict dominancesf, = 1), but a measure of
dominancee;, between 0 and 1. Note that the proposed method is consistent with the nonlinear

scheme ed by Keener (1993), because the combination satisfies (3) when:
1. h(x) = =In(1 — x) (Fisher's combination)
2. h(X) = {¢71(x) — ¢~ [min(X)] + €/(g — 1)} (0.1)(X) (Liptak’s combination)

3. h(x) = max(x) (Tippett's combination),

ACCEPTED MANUSCRIPT
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wheremin andmaxcorrespond to the observed minimum and maximum value respectiyesy,

the indicator function of the sé& and (Q1) is the open interval of real numbers between 0 and 1.

4. CUSTOMER SATISFACTION ABOUT TRANSPORT SERVICES: THE CASE OF THE STU-
DENTS OF THE UNIVERSITY OF FERRARA

In the spring 2012 a statistical survey about living and studying conditions of university stu-
dents was performed in Ferrara (Italy). A stratified random sample of 747 students was drawn, with
genderandtype of enrollmenas stratification variables. The sample size correspond2% df
the whole population size. Through tRATI method (Computer-Assisted Telephone Interview-
ing), the students in the sample were asked to answer some questions related to their habits, spare
time activities, used services and working and economic conditions. A section of the questionnaire
was dedicated to means and services used by the students for moving from house to University.
In particular, among the other considered means of transport, the questionnaire was focused on
the public rail service and on the urban bus service. In the following subsections the described ap-
proach to determine tHdRS of groups of students defined accordingemnder type of enroliment

andhousing conditions applied.

4.1. CUSTOMER SATISFACTION FOR THE PUBLIC RAIL SERVICE

For medium-long distances the main mean of transport used by the students for moving from
their house to University, for attending lessons or doing examinations, is the train. In this analy-
sis, postgraduate students, who have to attend lessons and do examinations much less often than
undergraduate students, are excluded. Specifically the focus is on the commuters, undergraduate
students who live outside Ferrara, who do not want or cannot buy or rent a house in Ferrara, and
daily or almost daily go to university.

In the sample of the survey on the students of Ferrara, among the undergraduate students the
commuters are 204. By considering the facigesderandtype of enrolimen{freshmen or other

students), it is possible to define four groups of students. The global percentage of commuters
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who usually take the train for moving from their house to University ig%d The major users

of the public rail service correspond to the group of male-freshmef®¥4®f users); the minor
users are the group of female-freshmen.338)(see Table 2). The 85 commuters who use the
service were asked to give an opinion about siedlent aspects of the service, by rating them
according to a numeric scale from=worst evaluationlmaximum dissatisfaction) to 1&best
evaluation(maximum satisfaction). The considered aspects are: price, punctuality, times, comfort,
cleanliness and geographical distribution. In this rating system, the minimum value corresponding
to a satisfaction level, that is a positive evaluation, is 6. Hence, according to the mean values
reported in Table 2, almost all the groups are unsatisfied for almost all the aspects. The worst mean
evaluation 41 is related to punctuality (given by the group male-others) and to cleanliness (given
by the group female-others). The only positive evaluations (slightly exceeding 6) are related to
comfort and given by male- and female-freshmen.

The application of the multivariate directional tests for pairwise comparisons to the satisfac-
tion data for the rail service, gives the results described in Table 3. We use the Fisher’s rule for
combination because we wish the overall scgréends to be large in case of large dominance
of the j-th group even only on one or few groups (rewafiket), while we are not interested in
including a penalty #ect in computation of the overall score. In thex4l table of thep-values,
the minimum (0113) corresponds to the test which compare the satisfaction of male-freshmen and
that of male-others for testing if the former is greater than the latter. Hence this is the hypothesis
most supported by the empirical evidence. The most similar groups, in terms of satisfaction, are
female-others and male-others, becauseptvalues related to the two directional tests of these
groups (0873 and (627) are the nearest, respect to all the possible couples of groups.

Combining thep-values with the Fisher’s function according to the rows of the matrix, we
obtain the global score which measures the relative satisfaction of each group. The greatest relative
satisfaction is related to male-freshmen (combined score equ&&d4)5 whose normalized value

is then equal to 1. The second greatest combined scor&3® &nd corresponds to the group
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female-freshmen. The normalized satisfactionMiRS of this group is then G00, namely the
satisfaction of female-freshmen is equal to 70% of the satisfaction of male-freshmemMR&e
of female-others is equal taZb3 and finally, the less satisfied group is male-others withRS

equal to 0152.

4.2. CUSTOMER SATISFACTION FOR THE URBAN BUS SERVICE

For short distances, that is for moving within the city, the main public mean of transport of
students is the bus. Also in this analysis, for the same reason of the previous one, we do not
consider postgraduate students. In this case the most important fAetdma students’ behavior
is thehousing conditionhence it is useful to distinguish between residenfisjte students (who
usually reside in another city but live in Ferrara during the study period) and commuters. Thus
by jointly consideringgenderandhousing conditiorwe can distinguish six groups of students and
analyze their relative satisfaction.

The total number of students with these characteristics in the sample is 567. The global per-
centage of undergraduate students who usually take the urban bus for moving from their house to
University is 86%. The major users of the urban bus service correspond to the group of female-
commuters (1B%); the minor users are the group of male-commute®fJ(see Table 4). The
49 students who use the service were asked to give an opinion about the same six aspects consid-
ered in the previous subsection regarding the public rail service. Also the rating method, according
to a numeric scale from £worst evaluationmaximum dissatisfaction) to 18best evaluation
(maximum satisfaction), is the same. According to the mean values reported in Table 4, the mean
satisfactions seem to be slightly greater than for the public rail service. The worst mean evaluation
5.3 is related to price (given by the group maléstie and male-commuters), cleanliness and geo-
graphical distribution (given by the group male-commuters). The best evaluaifgns(8elated to
comfort and given by male-residents.

The application of the multivariate directional tests for pairwise comparisons to the satisfaction
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data for the urban bus service, gives the results described in Table 5. In<itet&ble of the
p-values, the minimum (025) corresponds to the test which compare the satisfaction of male-
residents and that of femalé¥site for testing if the former is greater than the latter. At significance

a level 005, this is the only significant test together with the one regarding the comparison between
female-commuters and femalé&site. The most similar satisfactions concern the couple of groups
female-resident and mald¥site. The most satisfied group is that of male-residents (combined
score equal t0.836), whose normalized value is then equal to 1. The second most satisfied group
is that of female-commuters and presents a very similar combined scé86)that is theVIRSis

equal to 059 or, in other words, their satisfaction is.9% of the maximum observed satisfaction.

The minimum satisfactionlMRS = 0.106) is that of female-isite.

5. CONCLUSIONS

For the problem of computing the overall satisfaction dfetient groups of customers con-
sidering several aspects of a product or service, in other words Multivariate Relative Satisfaction
(MRS), a procedure based on multivariate directional permutation tests, a syptablee combi-
nation and a final normalization of the scores is proposed. The new method satisfies some proper-
ties typical of well known solutions for group ranking problems and multicriteria decision making
problems. It also presents some advantages typical of other methods of the specific literature,
like the time saving algorithms of some group ranking solutions and the ease of application and
interpretation of the PROMETHEE methods.

Some additional advantages characterize the proposed solution. Firstly it is a method based on
inferential techniques, hence the application results can be extended to populations as they are not
purely based on descriptive statistics.

Then the inference is not based on likelihood methods or assumptions about the underlying
multivariate distribution law. The dependence structure among the components of the multivariate

response variable needs not to be explicitly assumed because it is implicitly taken into account

ACCEPTED MANUSCRIPT
17



Downloaded by [Stefano Bonnini] at 04:10 06 June 2015

ACCEPTED MANUSCRIPT

by the adopted permutation strategy. It is not even required the use of asymptotic properties for
assuming specific null distributions of the test statistics, hence the method is suitable in presence
of small sample sizes.

Furthermore the procedure is very flexible and applicable to numeric, categorical and mixed
multivariate variables, useful for ordering objects under evaluations or groups of evaluators, and
appropriate both with dependent or independent samples. The proposed combination method does
not assume linear relations between the overall scores and the pairwise dominance scores or the
original variables. It follows that the existence of one solution is not dependent on the application
of the Perron-Frobenius theorem or other mathematical propositions.

Finally the results of the described procedure do not depend on specified parameters, threshold
or specific rules for establishing the dominance relations, as in the case of other group ranking or
multicriteria methods.

A possible direction of future research may be the consideration of other tests for comparing

the groups like those for the locatiscale problem (see Marozzi 2009b, 2013).
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Table 1: Types of criteria defined in the PROMETHEE method, described in Brans and Vicke
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(1985)
criterion type Kjr condition relation
usual criterion 0 fi(d;) — fi(d;) <O d; is dominated by,

0 fi(dj) — fi(d;) =0 indifference

1 fi(d;) — fi(d;) >0 d; dominates,
guasi-criterion 0 fi(d;) = fi(d) < I d; is dominated by,

0 -l < fi(d;) = fi(dr) < | indifference

1 fi(d;) — fi(d;) > | d; dominates,
linear preference 0 fi(d;) = fi(d;) <O d; is dominated byl

0 f(d;) — fi(dr) =0 indifference

Tdd)-fifck) 0< fi(d)) - fil(d) <m  d dominates,

1 fi(d;) = fi(dr) > m g; strictly dominates,
level criterion 0 fi(d;)) — fi(dy) < =14 d; is dominated by,

0 -l < fi(d;) = fi(dy) <1y indifference

0.5 l1 < fk(dj) - f(d) <1, dj dominates,

1 fi(d;) — fi(d;) > |, d; strictly dominatesi,
linear preference 0 fi(d;) = fu(d) < =11 d; is dominated byl
and indiference area 0 —l1 < fi(d;) = fi(dy) < |y indifference

DA 1) < fi(d) - fild) <12 dj dominatess,

1 fi(d;) — fi(d) > I d; strictly dominates,
gaussian criterion 0 fi(d;) = fi(d;) <O d; is dominated byl

0 fi(dj) — fi(d;) =0 indifference

~[f(d))f(dr )2 _
l-e 27 fi(d;) = fi(d;) >0 d; dominatesd,
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Table 2: Users of the public rail service and mean satisfaction for the six considered aspects

Group Sample| Users Mean satisfaction okers
size | n % | price punctuality times comfort cleanli-geograph.
ness distrib

female-freshmen 24 8 333| 55 45 51 6.3 55 5.6
male-freshmen 25 12 480 | 54 5.3 58 6.1 48 59
female-others 85 36 424 | 50 47 50 5.0 41 5.2
male-others 70 29 414 | 45 41 51 57 4.2 50
Total 204 | 85 417
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Table 3: Matrix of multivariate pairwise comparisprvalues and satisfaction scores for the public
rail service

female- male- female- male-| combined normalized
freshmen freshmen othersothers score SCOI®RYS)
female-
freshmen 1 .641 197 .196 3699 Q700
male-
freshmen| .359 1 125 113 5284 1000
female-
others .803 .875 1 .373 1339 Q0253
male-
others .804 .887 627 1 0.805 Q152

Table 4. Users of the urban bus service and mean satisfaction for the six considered aspects

Group Sample| Users Mean satisfaction okers
size | n % | price punctuality times comfort cleanli-geograph.
ness distrib

female-residents 54 7 130 | 54 6.9 56 7.0 6.6 6.6
female-dfsite 134 | 11 821| 54 55 55 6.0 6.0 55
female-commuters 109 | 15 138 | 67 7.2 7.2 6.6 6.5 6.7
male-residents 54 3 586 | 57 7.3 80 8.7 7.0 1.7
male-dfsite 121 9 74 | 53 6.7 6.2 6.2 6.9 6.2
male-commuters 95 4 42 | 53 5.8 6.3 7.8 53 5.3
Total 567 | 49 86
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Table 5: Matrix of multivariate pairwise comparisprvalues and satisfaction scores for the urban

busservice
female- female- female- male- male- male- | combined normalized
resid.  dfsite commut. resid. fésite commut. score SCOMRYS)
female-
residents 1 .183 .736 811  .443 .378 4001 Q407
female-
offsite .817 1 .970 975 791 574 1047 Q106
female-
commuters| .264 .030 1 617 .115 142 9436 Q959
male-
residents | .189 .025 .383 1 128 231 9836 1000
male-
offsite .557 .209 .885 .872 1 342 2410 Q245
male-
commuters| .622 426 .858 .769 .658 1 2162 0220
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