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ABSTRACT

In problems related to evaluations of products or services (e.g. in customer satisfaction anal-

ysis) the main difficulties 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 satisfaction of different 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 (Italy) 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 main difficulties 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 customers affect 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 the affect of individual factors on the overall

satisfaction. The final purpose of the analysis usually consists in determining and comparing the

satisfaction of different groups of customers (market segments), for adapting marketing strategies

to market segments’ characteristics through targeted communication strategies and product/service

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 specific difficulties. 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 coefficient, for studying passengers’ satisfaction in the local public transport.

Multidimensionality of customer satisfaction and the different nature of data are considered by

Gallo and Ciavolino (2009), who analyze the spatial effects 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 affecting satisfaction and the effects 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 factors affecting them

in Jakarta city, by using structural equation modeling techniques.

This paper is dedicated to the problem of determining and comparing the satisfaction of differ-

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 from different 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 comparingg

multivariate populations for determining a global rating or a global ranking of theseg populations.

In particular methods based on pairwise comparisons are considered. In other words, by using

a formalization typical of the ANOVA and MANOVA problems, we haven multivariate sample

observations which can be grouped according to a factor representingg real or symbolic treatments.

The number of observations is given byn = n1 + ... + ng wherenj is the size of the sample drawn

from populationj, namely related to thej-th treatment, withj = 1, . . . , g.

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 denoting theg groups represents the objects (treatments)

under evaluation and thenj replications are the observations related to the evaluations of thej-th

object. When the set of evaluators is the same for all the objects, we have balanced dependent

samples ofm observations and thusn1 = . . . = ng = m andn = gm (e.g. m customers express

their satisfaction aboutg 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 compareg groups 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 ofg 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 q aspects or items withq > 1, but applicable also to the simpler and special case of univariate

observations, that is whenq = 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 betweendirect methodandnonlinear

scheme. In thedirect methodthe overall score (rank) of thej-th objectsj is proportional to a linear

combination of the results of the pairwise comparisons of thej-th object with the other objects,

where the weights consist in the overall scores of the other objects. Such results of the pairwise

comparisonsajr are preference scores which quantify how much objectj is preferred to objectr

with r = 1, . . . , g. The preference scores should satisfy the following properties:

1. ajr ≥ 0

2. ajr + ar j = 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

vsj =
∑

r

ajr sr , (1)

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

whereA = [ajr ] is the preference matrix ands is the ranking (score) vector. The solution of this

system of equations consists in determining a positive eigenvectors for the 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

ajr =





1 if j is preferred to r

0.5 in the case of tie (indifference)

0 if r is preferred to j.

Another possible choice is given by the product of theajr defined above and 1/nj.

Thenonlinear schemeconsists in the following generalization of the direct method:

sj =
∑

r

h(ejr ), (3)

whereejr = ajr sr are partial scores for the pairwise comparisons andh(x) is a suitable nonnegative

continuous increasing function. Whenh(x) = cx, for a given constantc, we have the direct method,

otherwisesj is a nonlinear function ofs1, . . . , sg. This theory can be easily adapted to our problem,

where instead of comparingg different objects we compareg different 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 role inMulticriteria

Decision Makingtheory (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

(decisions)D = {d1, . . . , dg} according tok 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 actionsD = {d1, . . . , dg} andq criteria f1, . . . , fq differentiating these

actions, withfk : D → <, k = 1, . . . , q. According to classical theory,dj dominates (is preferred

to) dr if and only if fk(dj) ≥ fk(dr) ∀k ∈ {1, . . . , q} and∃k ∈ {1, . . . ,K} such thatfk(dj) > fk(dr).

In this way we introduce a partial order (transitive relation) onD calleddominance order, based

on the ”unanimity of the points of view”, in the sense thatdj dominatesdr if and only if, for

each criterium, we have dominance of the former on the latter or indifference, 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 theMulti 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 Raiffa, 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 (see Geoffrion et al.,

1972; Köksalan 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,dj is preferred todr according to thek-th criterion if and only if fk(dj)− fk(dr) > 0 and we

have indifference betweendj anddr if and only if fk(dj) − fk(dr) = 0. The outranking methods in-

troduce the notions of quasi-criterion (with a larger area of indifference) and pseudo-criterion (with

an area of hesitation between indifference and preference). They define thepreference functionfor

the k-th criterion when comparing two decisions as a function which can take values between 0

and 1,

pk : D × D→ [0,1].

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

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

pk(dj ,dr) = u[ fk(dj) − fk(dr)] = kajr ∈ [0,1], (4)

wherekajr is the preference value according to thek-th criterion.

Table 1 shows the main criterion types defined in the PROMETHEE method. The threshold

parametersl, m, l1, l2 and the parameterσ 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 indifference area and the gaussian criterion admit that the preference valuekajr may

vary as increasing function of the differencefk(dj)− fk(dr) and (except the gaussian criterion) they

distinguish between simple dominance (when 0< kajr < 1) and strict dominance (whenkajr = 1).

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

p(dj ,dr) = q−1
∑

k

pk(dj ,dr) = q−1
∑

k

(kajr ) = ajr . (5)
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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 onD on the base of the scoress+j =
∑

r ajr and

s−j =
∑

r ar j . A graph representation, where the nodes ared1, . . . , dg and each arc (dj ,dr) has the

valueajr , is used in this second phase.

3. MULTIVARIATE RELATIVE SATISFACTION OF CUSTOMER GROUPS

Let us consider the general problem of determining a vector ofg values which represent the

overall satisfactions ofg different groups of evaluators. For denoting this satisfaction the acronym

MRS (Multivariate Relative Satisfaction) is used. Theg overall values depend by the pairwise

comparisons between theg groups.

The main difficulty 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 variable fromq (number of aspects

under evaluation) to 1, that is to synthesize the information provided by theq-variate response

variable.

A second difficulty is related to the multiplicity of evaluators involved. In thej-th group we

havenj 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 withXi jk the satisfaction expressed by thei-th evaluator in thej-th group for the

k-th aspect, withi = 1, . . . , nj, j = 1, . . . , g andk = 1, . . . , q. Let us assume the observed values

X1 jk, . . . ,Xnj jk are independent realizations of the random variableZjk. According to the evaluation

scale,Zjk can be numerical or ordinal categorical. Theq variables representing the satisfactions for

theq 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 phaseg(g − 1)/2 multivariate

tests on stochastic dominance are performed as pairwise comparisons between theg groups; in

the second phase theg × 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 groups (j, r), a nonparametric inferential procedure is ap-

plied to test the null hypothesis

H0 : [Z j =
d Zr ] ≡ [

q⋂

k=1

Zjk =
d Zrk] (6)

against the alternative hypothesis

H1 : [Z j >
d Zr ] ≡ [

q⋃

k=1

Zjk >
d Zrk], (7)

whereZ j = (Zj1, . . . ,Zjq)
′

is theq-variate variable which represents the evaluations of thej-th

group, with j = 1, . . . , g and the symbols=d and>d 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 of thek component 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 theq 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 combination of thep-

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 betweenj-th andr-th group may be

1. Tjr = −2
∑

k ln(λ jrk) (Fisher’s combination)
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2. Tjr =
∑

k φ
−1(1− λ jrk) (Liptak’s combination)

3. Tjr = maxk(1− λ jrk) (Tippett’s combination)

whereλ jrk is thep-value of the univariate test, adjusted in order to take values strictly included in

the interval (0,1) (for more details see Pesarin, 2001) andφ is 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 combinedp-valueλ jr can be used to determine suitable preference scores. A possible

choice is to considerλ−1
jr as dominance score between groupj and groupr. Of course, for comput-

ing the matrix of thep-values, onlyg(g− 1)/2 tests for pairwise comparisons are needed because

λ jr = 1− λr j ∀ j, r = 1, . . . , g.

In the second phase of the procedure the following combination of the values in thej-th row

(based on the combining function chosen for the multivariate test on stochastic dominance) is

applied for computing an overall (satisfaction) score for thej-th group:

1. sj = −
∑g

r=1 ln(λ jr ). (Fisher’s combination)

2. sj =
∑

r, j{φ
−1(1− λ jr ) − φ−1[mint(1− λ jt)]} + ε (Liptak’s combination)

3. sj = maxr(1− λ jr ) (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 scores andε is a small positive quantity

(e.g. 10−5).

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 scoresj tends to be

large in case of large dominance of thej-th group even only on one or few groups (reward effect),
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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 reward effect is attenuated and there is a symmetrical penalty effect

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 reward effect and to the penalty effect.

Finally, for interpretation convenience, the Multivariate Relative Satisfaction (MRS) can be

computed by comparing each overall score with the maximum observed value. The relative satis-

faction of a group takes values in (0,1] and 1 corresponds to the most satisfied group. If the relative

satisfaction is equal to 0.8, the satisfaction of the corresponding group is 80% of that of the most

satisfied group. Formally

MRS = ϕ(s), ϕ : (0,∞)g→ (0,1]g, (8)

and specifically

ϕ(s) = cs, with c = max{s1, . . . , sg}
−1. (9)

Let us consider the following dominance values

ejr = 1− λ jr .

They satisfy the two typical properties of the preference (or dominance) scores. As a matter

of fact ejr ≥ 0 andejr + er j = 1. Like in the PROMETHEE method, the results of the pairwise

comparisons are not simply indifference (ejr = 0) or strict dominance (ejr = 1), but a measure of

dominanceejr 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) = −ln(1− x) (Fisher’s combination)

2. h(x) = {φ−1(x) − φ−1[min(x)] + ε/(g− 1)}I(0,1)(x) (Liptak’s combination)

3. h(x) = max(x) (Tippett’s combination),
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wheremin andmaxcorrespond to the observed minimum and maximum value respectively,IA is

the indicator function of the setA and (0,1) 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 enrollmentas stratification variables. The sample size corresponds to 4.2% of

the whole population size. Through theCATI 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 theMRSof groups of students defined according togender, type of enrollment

andhousing conditionis 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 factorsgenderandtype of enrollment(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 is 41.7%. The major users

of the public rail service correspond to the group of male-freshmen (48.0% of users); the minor

users are the group of female-freshmen (33.3%)(see Table 2). The 85 commuters who use the

service were asked to give an opinion about six different aspects of the service, by rating them

according to a numeric scale from 1=worst evaluation(maximum dissatisfaction) to 10=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 4.1 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 scoresj tends to be large in case of large dominance

of the j-th group even only on one or few groups (reward effect), while we are not interested in

including a penalty effect in computation of the overall score. In the 4× 4 table of thep-values,

the minimum (0.113) 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, because thep-values related to the two directional tests of these

groups (0.373 and 0.627) 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 equal to 5.284), whose normalized value

is then equal to 1. The second greatest combined score is 3.699 and corresponds to the group
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female-freshmen. The normalized satisfaction orMRS of this group is then 0.700, namely the

satisfaction of female-freshmen is equal to 70% of the satisfaction of male-freshmen. TheMRS

of female-others is equal to 0.253 and finally, the less satisfied group is male-others with aMRS

equal to 0.152.

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 factor affecting students’ behavior

is thehousing condition, hence it is useful to distinguish between residents, offsite students (who

usually reside in another city but live in Ferrara during the study period) and commuters. Thus

by jointly consideringgenderandhousing conditionwe 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 8.6%. The major users of the urban bus service correspond to the group of female-

commuters (13.8%); the minor users are the group of male-commuters (4.2%)(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 1=worst evaluation(maximum dissatisfaction) to 10=best 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 male-offsite and male-commuters), cleanliness and geo-

graphical distribution (given by the group male-commuters). The best evaluation (8.7) is related 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 the 6× 6 table of the

p-values, the minimum (0.025) corresponds to the test which compare the satisfaction of male-

residents and that of female-offsite for testing if the former is greater than the latter. At significance

α level 0.05, this is the only significant test together with the one regarding the comparison between

female-commuters and female-offsite. The most similar satisfactions concern the couple of groups

female-resident and male-offsite. The most satisfied group is that of male-residents (combined

score equal to 9.836), whose normalized value is then equal to 1. The second most satisfied group

is that of female-commuters and presents a very similar combined score (9.436), that is theMRS is

equal to 0.959 or, in other words, their satisfaction is 95.9% of the maximum observed satisfaction.

The minimum satisfaction (MRS= 0.106) is that of female-offsite.

5. CONCLUSIONS

For the problem of computing the overall satisfaction of different 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 suitablep-value 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
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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 location/scale problem (see Marozzi 2009b, 2013).
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Linköping, Sweden.

Gallo, M., Ciavolino, E. (2009). Multivariate statistical aproaches for customer satisfaction into

the transportation sector.Global and Local Economic Review, 13, 2, 55–70.

Gallo, M., D’Ambra, A., Camminatiello, I. (2009). The evaluation of passenger satisfaction in

the local public transport: a strategy for data analysis.Global and Local Economic Review, 13, 2,

71–86.

Geoffrion, A.M., Dyer, J.S., Feinberg, A. (1972). An interactive approach for Multi-Criterion Op-

timization, with application to the Operation of an Academic Department.Management Science,

19, 4, 357–368.

Hochbaum, D.S., Levin, A. (2006). Methodologies and Algorithms for Group-Rankings Decision.

Management Science, 52, 9, 1394–1408.

19
ACCEPTED MANUSCRIPT

D
ow

nl
oa

de
d 

by
 [

St
ef

an
o 

B
on

ni
ni

] 
at

 0
4:

10
 0

6 
Ju

ne
 2

01
5 



ACCEPTED MANUSCRIPT

ISO - International Organization for Standardization (2009).Selection and use of the ISO 9000

family of standards. Geneve: ISO Central Secretariat.

Jen, W., Hu, K.C. (2003). Application of perceived value model to identify factors affecting pas-

sengers’ repurchase intentions on city bus: a case of the Taipei metropolitan area.Transportation,

30, 307–321.

Keener, J.P. (1993). The Perron-Frobenius Theorem and the Ranking of Football Teams.Society

for Industrial and Applied Mathematics, 35, 1, 80–93.

Keeney, R., Raiffa, H. (1976).Decisions with Multiple Objectives: Preferences and Value Trade-

offs. New York: Wiley.

Kemeny, J.G., Snell, J.L. (1962). Preference ranking: axiomatic approachMathematical Models

in the Social Sciences. Boston: Ginn.
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Table 1: Types of criteria defined in the PROMETHEE method, described in Brans and Vicke
(1985)
criterion type kajr condition relation
usual criterion 0 fk(dj) − fk(dr) < 0 dj is dominated bydr

0 fk(dj) − fk(dr) = 0 indifference
1 fk(dj) − fk(dr) > 0 dj dominatesdr

quasi-criterion 0 fk(dj) − fk(dr) < −l d j is dominated bydr

0 −l ≤ fk(dj) − fk(dr) ≤ l indifference
1 fk(dj) − fk(dr) > l d j dominatesdr

linear preference 0 fk(dj) − fk(dr) < 0 dj is dominated bydr

0 fk(dj) − fk(dr) = 0 indifference
fk(dj )− fk(dr )

m 0 < fk(dj) − fk(dr) < m dj dominatesdr

1 fk(dj) − fk(dr) ≥ m dj strictly dominatesdr

level criterion 0 fk(dj) − fk(dr) < −l1 dj is dominated bydr

0 −l1 ≤ fk(dj) − fk(dr) ≤ l1 indifference
0.5 l1 < fk(dj) − fk(dr) ≤ l2 dj dominatesdr

1 fk(dj) − fk(dr) > l2 dj strictly dominatesdr

linear preference 0 fk(dj) − fk(dr) < −l1 dj is dominated bydr

and indifference area 0 −l1 ≤ fk(dj) − fk(dr) ≤ l1 indifference
[ fk(dj )− fk(dr )]−l1

l2−l1
l1 < fk(dj) − fk(dr) < l2 dj dominatesdr

1 fk(dj) − fk(dr) ≥ l2 dj strictly dominatesdr

gaussian criterion 0 fk(dj) − fk(dr) < 0 dj is dominated bydr

0 fk(dj) − fk(dr) = 0 indifference

1− e
−[ fk(dj )− fk(dr )]2

2σ2 fk(dj) − fk(dr) > 0 dj dominatesdr
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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 ofusers

size n % price punctuality times comfort cleanli-geograph.
ness distrib.

female-freshmen 24 8 33.3 5.5 4.5 5.1 6.3 5.5 5.6
male-freshmen 25 12 48.0 5.4 5.3 5.8 6.1 4.8 5.9
female-others 85 36 42.4 5.0 4.7 5.0 5.0 4.1 5.2
male-others 70 29 41.4 4.5 4.1 5.1 5.7 4.2 5.0

Total 204 85 41.7
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Table 3: Matrix of multivariate pairwise comparisonp-values and satisfaction scores for the public
rail service

female- male- female- male- combined normalized
freshmen freshmen othersothers score score(MRS)

female-
freshmen 1 .641 .197 .196 3.699 0.700

male-
freshmen .359 1 .125 .113 5.284 1.000
female-
others .803 .875 1 .373 1.339 0.253
male-
others .804 .887 .627 1 0.805 0.152

Table 4: Users of the urban bus service and mean satisfaction for the six considered aspects
Group Sample Users Mean satisfaction ofusers

size n % price punctuality times comfort cleanli-geograph.
ness distrib.

female-residents 54 7 13.0 5.4 6.9 5.6 7.0 6.6 6.6
female-offsite 134 11 8.21 5.4 5.5 5.5 6.0 6.0 5.5
female-commuters 109 15 13.8 6.7 7.2 7.2 6.6 6.5 6.7
male-residents 54 3 5.6 5.7 7.3 8.0 8.7 7.0 7.7
male-offsite 121 9 7.4 5.3 6.7 6.2 6.2 6.9 6.2
male-commuters 95 4 4.2 5.3 5.8 6.3 7.8 5.3 5.3

Total 567 49 8.6
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Table 5: Matrix of multivariate pairwise comparisonp-values and satisfaction scores for the urban
busservice

female- female- female- male- male- male- combined normalized
resid. offsite commut. resid. offsite commut. score score(MRS)

female-
residents 1 .183 .736 .811 .443 .378 4.001 0.407
female-
offsite .817 1 .970 .975 .791 .574 1.047 0.106

female-
commuters .264 .030 1 .617 .115 .142 9.436 0.959

male-
residents .189 .025 .383 1 .128 .231 9.836 1.000

male-
offsite .557 .209 .885 .872 1 .342 2.410 0.245
male-

commuters .622 .426 .858 .769 .658 1 2.162 0.220
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