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Abstract

This paper provides a comparative analysis ofsdiesil methods to evaluate the consumer
perception about the quality of Services of Genéntdrest. The evaluation of the service
guality perceived by users is usually based ondust Satisfaction Survey data andean
post evaluation is then performed. Another approacmssbing in evaluating Consumers
preferences, supplies ar-anteinformation on Service Quality. Here, the ex-pagproach is
considered, two non-standard techniques - the Ra&umthel and the Nonlinear Principal
Component Analysis - are presented and the potesftiboth methods is discussed. These
methods are applied on the Eurobarometer Survey tdatssess the consumer satisfaction
among European countries and in different years.
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1. Introduction

A Service of General Interest’'s quality can be abered from different points of view and
from various angles. In this paper the Consumeoistpof view is analyzed. This is not an
easy task, especially when the context in quesi@omplex as the European one. In fact, the
size and characteristics of these services préiserirst problem. Services of General Interest
are managed and supplied differently in each Ewop8tate. Furthermore, in each State
conditions of management change with time. An exampthis is provided by the European
privatization process, implemented in a differeatyvin each State (Fiorio and Florio, 2007).
A second important problem is how to measure thegdeed quality of a Service. The classic
way to do this is by using Customer Satisfactionv8ys. In particular, Eurobarometer
Surveys conducted recently (Eurobarometer 20024,2@006), have included questions
concerning Services of General Interest. By usimgsé surveys and applying advanced
statistical methods, it is possible to evaluate <Domer satisfaction regarding different aspects
of the Service (accessibility, price, etc) as veslextract an evaluation of Service Quality.
The analysis of Customer Satisfaction Survey datalways performeeéx-postand gives
useful information to both legislators and serviteviders who require decision support in
order to improve Service Quality.

An other way to analyze Service Quality is to eatduthe preferences of the Consumer in
order to understand which aspects a Consumer @y teasurrender for the benefit of some
other aspects. Some ad hoc surveys in which tteestiaucture is obviously different to that
in Customer Satisfaction Surveys are required tist possible to estimate the usefulness of
the attributes of a Service by considering Consypneferences. In this way, the legislator or
supplier knowsx-ante upon which attributes of the Service to focusattention in order to
improve the Consumer’s opinion of the overall gyaliFor some applications of preferences
analysis techniques, such as Conjoint AnalysithénService Quality context see for example
Marcucci et. al. (2007), Barone et. al. (2004).

In this paper we deal with Service Quality accogdito the first approach, Customer
Satisfaction Survey data structure and methodstdostatistical analysis. In particular we
shall discuss non-standard methods of Customesf8eiion, which are useful in order to
assess the customer satisfaction and to draw casopar between different years and
Countries.

The paper is curried out as follows. Section 2adicated to Service Quality and Customer
Satisfaction, a critical description of CustometiSaction analysis is briefly presented and
Rasch Model (RM) and Nonlinear Principal Comporfemalysis (NLPCA) are introduced. In
Section 3 RM and NLPCA methods are applied to Eammineter data for years 2000, 2002,
2004, according to (Fiorio et al. 2007), The sm®i examined are Fixed Telephone,
Electricity, Gas and Water Supply Services. Finatlyne conclusions are given.



2. Measuring Service Quality: Customer Satisfaction Approach

In order to measure the quality of a Service byrsiséwo different approaches can be
followed: ex-postbased on Customer Satisfaction Surveyerrantebased on Customer
Preferences Survey. In this section two methodHeffirst approach are detailed.

It is generally accepted that Customer Satisfactike every subjective attitude, is a complex
concept that can not be directly observed but shaustead be measured using other
observed variables which are connected to diffeaspiects and to the level of satisfaction
itself.

In order to have a knowledge of Customer Satisfactsurvey questionnaires are used, in
which respondents are asked to declare their dexjreatisfaction with regard to different
aspects of the service or product. Hence, statlstinalysis of data from these surveys is
carried out and measures of each aspect or/andvefalb satisfaction are obtained.
Nonetheless this data is rather troublesome toledadmany different reasons related to the
specific and subjective nature of the observecdabies.

First of all, the relevance and/or weighting of thmanifest variables that contribute to
determining the level of satisfaction are unknowWwnaddition, these variables often have an
ordinal measurement scale which needs to be syi@ddlt with. Therefore, the level of
satisfaction is generally dependent on both exgieatand individual features of respondents
as well as on contextual variables (Fiorio et &006). Furthermore, surveys contain
subjective questions like "What do you think of tpeality of X services that you use?" or
"Would you say that price you pay for tKeis fair or unfair?". This leads not to objectivet
subjective variables instead that express whatlpegbmk or what people say. Measurement
errors may then emerge from the subjective natlitieeovariables and a cognitive dissonance
can affect data with undesired consequences oeftibetiveness of the results, as has already
been addressed (see for example Bertrand et &).200

With the objective to solve, or at least contrame of these problems, many different
methods to assess Customer Satisfaction have yeposed (for an interesting review see
Zanella, 2001). Two main approaches can be idedtifThe first one uses statistical models
to estimate the relationship between the latenalbe and the manifest variable and involves,
among others, the structured equation models byyiagp Partial Least Squares (PLS,
presented for example in Tenenhaus et al., 2005)Ioear Structured RELationship
(LISREL, see for example Joreskog, 1994). The stemproach does not assume any model,
but uses instead descriptive analysis by adoptingemisionality reduction methods, such as
for example: Factor Analysis (FA) or Principal Camgnt Analysis (PCA).

All of the above methods assume that the obseragdhles’ categories are numerical, so that
as a minimum, a Likert scale (Likert, 1932) is regd. But the manifest variables are
usually categorical ones even if they are measatedn ordinal level scale, so that the
(ordinal) categories need to be coded in pointgaoy out the analysis. Adopting this
method might be a good practice to make the deake subjectivebut it does not solve the
problem of ordinal data. In fact the numerical lakiadicate the rating of categories but not
their values. Consequently, the resulting distdretereen subsequent numerical labels cannot
be assumed to be actual. In addition many of tmesthods postulate linear relationships
between the variables, this assumption might beraatistic.



In this paper two different approaches are propdseaissess Customer Satisfaction. These
approaches are able to take into account the afdeategories without establishing an
priori difference between them and can pick up on noatimelationships. They are: the
Rasch Model (RM) and the Nonlinear Principal Conmgus Analysis (NLPCA). The first
approach assumes a model entirely known excepghévalues of parameters which have to
be estimated. The second method is connected &dganthmic procedure instead, no data
generating process is assumed but the best reprgearof data is searched. In addition these
two methods can be used in a complementary wayH@eeari et al., 2005). To be precise RM
iIs a good tool for calibrating the questionnaireparly whilst NLPCA can be used
subsequently to quantify the variables’ categoaied weights of manifest variables in order
to set up a synthetic indicator of the level dfsfaction available for further analysis.

Both these methods allow an overall analysis ofgtablem and constitute a preliminary

study with the objective of emphasising the maiatdees of satisfaction and detecting

hotspots for the satisfaction itself. For a morefpund analysis we need to exam in detail the
single situations. Some suggestions for this vélgiven in the last paragraph.

2.1.Rasch Model

Rasch models (RM) are used for analysing data metufrom assessments performed to
measure things such as abilities, attitudes, ansbpality traits. RM are particularly used in
psychometrics but due to their general applicahitiiey are being used increasingly in other
areas, including the health profession and massgarch. In a recent paper the use of RM
was extended to quality and satisfaction measureniee Battisti et al. 2005). The
mathematical theory underlying Rasch models isomes respects the same as item response
theory (IRT) (Hambleton, 1991). However, Rasch n®deave a specific measurement
property that provides a criterion for successfuéasurement. This formal property
distinguishes Rasch models from other models usedddel people responses to items or
questions. Application of the models provides dasgiit information regarding how well the
criterion is met. Application of the models als@yides information about how well items or
questions in assessments work in measuring thiéyatnila latent trait.

The Rasch Model was introduced in the 60s in ordervaluate ability tests (Rasch
1960/1980). These tests are based on a set of @athshe assessment of a tested subject’s
ability depends on two factors: his relataeility and the item’s intrinsidifficulty. Through

the RM the two factors are measured by the paramétereferred to the subject and 3,

referred to the itemj. Their relationship is expressed by the differefée-5,). In a

deterministic sense a positive difference meantsth®asubjects’ abilities are superior to the
item’s difficulty and therefore an exact respons# always been given. In a probabilistic
perspective, as in the RM, this is not true sincgulgject that can intrinsically give a right
answer @ > f3,), can instead, for negative circumstances, giveag/response as, on the

contrary, a subject with lacking abilities can dexitally give a right answér

3in applying the Rasch model, item parameters asnafcaled first. This part of the process of sggis often
referred to as iteroalibration. In educational tests, the smaller the proportibcorrect responses, the higher the
difficulty of an item and hence the higher the i®rscale location. Once item locations are scdlexiperson
locations are measured on the scale.
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In Rasch dichotomous model, the probability of aect answerx; =1 by the subject of
ability § when he meets the itefn of difficulty g, is:

P{x =10.5}=exe(@-4)/ (+exe(@-5)) @)
while the probability of a wrong answey =0 is: P{)g]. = qa,ﬁj}: ]/(1+ ex;(@i -5 ))

In the dichotomous model data are collected inrthe score matrix with n rows andJ
columns, whose values are equal to O or 1. The dfugach rowr, :z;)gj represents the

total score of the subjedt for all the items, while the sum of each coluran= 2;4

represents the score given by all the subjectseotém j . These scores are given according

to a metric that, being nonlinear, produces som&cegtual distortion when you wish to
compare the row’s and column’s totals. Then, it@sessary to change these scores according
to a metric that is founded on the conceptual dista between subjects and items. The
transformation takes place through the logit:

|ogi

-p, (2)

where p; is the probability associated tq =1 and (1-p;) is the probability associated to

x; =0. It is possible to define the parametéfse S, in the same measurement unit of an
interval scale; consequently even the differegte 5, is gauged according to the same
measurement unit.

The Rasch dichotomous model has been extendedetecabe of more than two ordered
categories. The innovation of this approach isssume that between every category and the
next one there is a parameter threshold that “fiesilithe item position and specializes fhe

as a function of the difficulty presented by evanswer category So, the answer to every
thresholdk of the itemj depends on the valye+ 7, where the second term representskthe
th threshold of the item. The thresholds are orderetl. < ), because they reflect the
category order. Different politomous models haverberoposed, thus briefly described.

)] The Rating Scale Mode{RSM), presented by David Andrich (Andrich, 19784)
fundamental condition of the RSM, and also its tanon, is the equality of the
threshold values for all the items; that is, eviethé distance between a threshold and
another one can differ, the pattern of these distsuns constant for all the items.

i) The Partial Credit Model(PCM), proposed by Masters (Masters, 1982). Is thodel
the “difficulty” levels differ item by item and theubject receives a partial credit
(score for each item) equivalent to the relativeeleof difficulty of the completed
performance. The thresholds can differ freely ia #ame item or from an item to
another one.

We will consider modeli) in the version known a&xtended Logistic Mode(ELM),
proposed by Andrich (1988b). The ELM gives the jtulity that the subject responds to
item | through the answex; by the following equation:

P(X =x)=exp ,+% @ -4 )]/i exj ki + k@ -4 )



where X is the random variable which describesah®wer of the subjedt to item | ; x; =
0,1,...m is the number of ordered overtaken threshold]§; are the coefficients of each

categoryx for each itemj and they can be estimated considering thaf=«,, =0 (the
X

first and the last parameters are equal to zer@) twat: «;, :—Z r, (the category
k=1

coefficients are defined in terms of thresholds);is thek -th ordered threshold of item.

The defining property of Rasch models is their fafrar mathematical embodiment of the
principle of invariant comparison. RM embodies thisciple due to the fact that their formal
structure permits algebraic separation of the pessw item parameters, in the sense that the
person parameter can be eliminated during the psocé statistical estimation of item
parameters. This result is achieved through the afseonditional maximum likelihood
estimation, in which the response space is pargtioaccording to person total scores. The
consequence is that the raw score for an item@opds the sufficient statistic for the item or
person parameter. That is to say, the person sot@le contains all information available
within the specified context about the individualhd the item total score contains all
information with respect to item, with regard te tielevant latent trait.

The RM requires a specific structure in the respatista, namely a probabilistic Guttrfian
structure. In the RM, the Guttman response paitetime most probable response pattern for a
person when items are ordered from least diffimuthost difficult.

As mentioned the Rasch model isnadelin the sense that it represents the structuretwhic
data should exhibit in order to obtain measureménta the data; i.e. it provides a criterion
for successful measurement. It is therefore a midtie sense of an ideal or standard. The
perspective or paradigm underpinning the Rasch m@alistinctly different from the
perspective underpinning statistical modelling. Misdare most often used with the intention
of describing a set of data. Parameters are mdd#rel accepted or rejected based on how
well they fit the data. In contrast, when the Rasubdel is employed, the objective is to
obtain data which fits the model (Andrich, 2004heTrationale for this perspective is that the
Rasch model embodies requirements which must benratler to obtain measurement, in
the sense that measurement is generally understdbd physical sciences.

Nevertheless one has to expect a data divergeoce fihe model expectations. Various
techniques have been developed in order to cameotongruency between data and model.

As previously mentioned, the model has been employe the context of Customer
Satisfaction in recent years. The two factors bexaime subject’'s (Customer’s) satisfaction
and the item’s quality. The interpretation of datision and quality parameters changes when
compared to the interpretation of ability and diffty parameters. In particular, high values
for item parameters, which originally indicatedtigjfficulties, now indicate low quality. On
the other hand, the reading of subject parametmsains direct: originally high values

* A Guttman scale is a psychological instrument el using the scaling technique developed by 4 oui
Guttman in 1944 called Guttman scaling or scalogaaialysis. A primary purpose of the Guttman scailintp
ensure that the instrument measures only a singjle(é property called unidimensionality, a singlenension
underlies responses to the scale). Guttman's ingigh that for unidimensional scales, those wheeagyith a
more extreme test item will also agree with allegtreme items that preceded it.



indicating very skilful persons, now indicate vesgtisfied persons. Through calculation, a
ranking of the items with regard to their qualigndoe obtained from the coefficients. The

model presents a second series of paramefierghat express each person’s satisfaction; this
parameter can be considered as a Customer Satsfaotex.

2.2.Non Linear Principal Components Analysis

In order to achieve a suitable measurement offaatisn now, we assume the hypothesis
that the measure of Customer satisfaction can \Engby a synthetic indicator that reduces
the multiple items indicating the different aspeict® a univariate variable. In other words,

we assume that observations on the set of catedaariables for each respondent can be
mapped onto a single real number, that expresséisievel of satisfaction.

To reach this goal an appropriate tool presengdfits the form of NLPCA. This analysis

belongs to the so-called “Gifi system” and was psgd by the Data Theory Group of the
University of Leiden in 1990 and developed in theans following (see Gifi, 1990 and

Michailidis and De Leeuw,1998). It is a dimensiatyateduction method which is capable of
handling nominal, ordinal and numerical variable,at the same time, according to their
measurement level.

The adoption of NLPCA for data analysis of satistatseems particularly suitable because it
allows for the synthesis of observed variables ie@uced space, preserving measurement
levels of qualitative ordinal data without assumara priori difference between subsequent
categories. The latent dimension is derived aseati combination of the observed variables
characterized by an optimal quantification of thaidinal categories and of their weights in
the construction of the linear combination.

In NLPCA each of the m columns of threx m data matrix (each column is an variable and
each row is an object) is monotonically transforrmeduch a way that a reduced numperf
new continuous variables (components) optimally fite transformed data. Here variables
are the items of the questionnaire, objects aspamdents and only one continuous
component, the level of satisfaction, is needdekn p=1 and NLPCA can be formalized
as follows.

Let c; be thek;-dimensional vector containing the ordinal categ®rof thejth variable,

j1=1,2,...m, H the nxm matrix containing the observations of thevariables on the
objects, h; the jth column of the matribH, G; the nxk; indicator matrix such that

Gc; =h;. The target of NLPCA is to find the vectgy,,, of object scores (here interpreted
as respondents’ satisfaction measures) that miesritze following loss function:

o*fea;.8)== (x G,q,8) k-6 ,a,8) @)

where q; (j=1,... m) is the k; vector that contains optimal category quantifwasi for
variablej and B, is a scalar ofomponent loadinfpr variablej.

In order to avoid trivial solutions, identificatioconstraints are required. Usually, object
scores are standardized, so the following conditeme imposed:



X'X=n @

u'x=0
with uﬁ vector of ones of orden. Given the need to preserve the order of categjotie
further condition gq; € C;,being C; the convex cone of vectors with non-decreasing
elements, is imposed
The optimal solution is derived by means of anatiee algorithm calledhlternating Least

SquareqALS), conveniently adapted to this case to assueeabove condition regarding to
the order of quantifications (Michailidis, 1998)rofm the conditions (4) it follows that

t't =n andut =0 so that the transformed variables are also steirtat.

The one dimensional solution yields the followirgext scores:
1

X=—

m

1
2Gjq;B; =, 25, (5)
J J

where t; is the nx1 vector of the transformed variable . Therefore, given the
standardisation conditions, it also follows thatmpmnent loadingsp; are correlations

between object scores and optimally quantifiedaldels and represent the weights of the
manifest variables on the common indicator.

By formula (5), a quantitative value, obtained asghited mean of transformed variabtes
with loadings B; as weights, is assigned to each respondent. The waof the ith

respondent is used as measure of her/his lestisfaction.

Before using the one-dimensional solution here nilesd¢ as a feasible indicator of
satisfaction, it is appropriate to evaluate itsdigf. For that the following conditions must be
verified:

a) the first eigenvalue of the NLPCA solution ideefively much larger than the
others and the solution itself fits well with thatd,

b) the signs of component loadings are coherent ;
c) the solution is stable.

With regard to point a), the first eigenvalue o tiLPCA constitutes a measure of goodness
of fit of the procedure. In fact, the goodnesswofindicator depends on the minimization of
the sum of the squared distances between the eltaoores and the data. In order to
evaluate the goodness of the procedure it is tbasilple to use the first eigenvalde of the
correlation matrix of transformed variables or,tbeta percentage ratio betwedn andm
(the number of variables in the dataset), knowthagpercentage of total variance accounted
for the first dimension: the larger the ratio, thedter the synthesis. Alternatively, Cronbach’s
a (Cronbach, 1951) can be determined. This coefficimtroduced as a tool for assessing
the reliability of scales, is strictly connectedttwil, (Heiser and Meulman, 1994) by the

> When some missing data are presenkm binary diagonal matriM, with entries 1 if the observatidnis
present for variablg¢ and 0 otherwise, is introduced in the loss fumci{8) (see. Michailidis and De Leeuw,
1998).
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miA, -1,
following: a = M , the nearer that is to 1 the better the solution.
(m '1)/]1
Regarding point b), since the vector of object esar is built as a simple linear combination
of quantified categories, each has to fulfil the mathematical conditions for iheex to be

valid, so that the higher the rank of observedaldes, the higher the value of the satisfaction
indicator, and this has to be true for each vaeiaflhis requires that the weights of
combinations have the same sign, specifically thatwe one.

Finally, for point c), it is also important to euvake the stability, with regards to sample

changes, of the produced outputs (i.e. eigenvalu@snponent loadings, category

quantifications and average scores). Resamplinghadst are useful for evaluating the

stability of a statistical output. In particulagmongst the various resampling methods, the
bootstrap serves the purpose well (Efron, 1979 ).

In the NLPCA context, the bootstrap method can umed to check the stability of all the
outputs. Here we are especially interested in yiegfthe stability of component loadings and
quantifications, used for setting up the indicatand of the average scores, needed for
comparison. An algorithm which consists of boogtiag samplesvith replacement from the
entire data set or from some subsets, accordirdifferent objectives, will be adopted and
bootstrap percentile Confidence Intervals (Cl) pictl (see for details Ferrari et al., 2007).

3. Application to Eurobarometer data

In this section after a brief description of theusture of Eurobarometer surveys, the RM and
NLPCA methods are applied in order to analyse #vellof satisfaction amongst European
citizens for some Services of General Interesty timain characteristics and the advantages
deriving from their application are discussed.

The results will be point out in according to thdferent objectives of the analysis. The first
one is connected with item interpretation, the sdoone deals with subjects or respondents,
and perceives the aim to measure the global |dveatisfaction of the respondents. Finally
other potential uses of the two techniques wilhighlighted and in particular we will discuss
the item calibration problem and further analysisatisfaction.

3.1.Eurobarometer data

Eurobarometer public opinion surveys (hencefort) Eave been conducted on behalf of the
Directorate-General for Education and Culture & Buropean Commission each Spring and
Autumn since the Autumn of 1973. They have inclu@@dece since the Autumn of 1980,

Portugal and Spain since the Autumn of 1985, theéo German Democratic Republic since
the Autumn of 1990 and Austria, Finland and Swefdem the Spring of 1995 onwards.

An identical set of questions is asked to a reprtasiwe sample of the population aged fifteen
years and over in each Member State. In each holdsehe respondent is drawn at random.
All interviews are face-to-face in people's homed m the appropriate national language. A
detailed analysis of the Eurobarometer data caioined on the official Eurobarometer Web
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site® The questions concern various aspects, includingpat and benefit for EU
membership, support for an EU constitution, satisdéa with EU democracy and the single
currency, general outlook on life and so on.

The regular sample in standard Eurobarometer sarieyl000 people per country except
Luxembourg (600) and the United Kingdom (1000 ire&rBritain and 300 in Northern
Ireland). In order to monitor the integration oétfive new Lander into unified Germany and
the European Union, 2000 persons have been sarmpl@drmany since the Eurobarometer
34: 1000 in East Germany and 1000 in West Germany.

In each of the 15 Member States, the survey isezhout by national institutes associated
with the “INRA (Europe) European Coordination O#ic This network of institutes was

selected by tender. All institutes are membershef tEuropean Society for Opinion and
Marketing Research” (ESOMAR) and comply with itarstards.

Each survey comes with a set of weights obtainsidgumarginal and intercellular weighting,
carried out on the basis of the population desorpprovided by EUROSTAT in the
Regional Statistics Yearbook (data for 1997 or 1996

In the years 2000, 2002 and 2004 the Eurobarorsatgeys included some questions relating
to Services of General Interest (henceforth, SGhe SGI considered are mobile telephone
services, fixed telephone services, electricity pbpservices, gas supply services, water
supply services, postal services, transport sesviwéhin towns/cities and rail services
between towns/cities. The criteria used to anallgese services asecessibility theprice of

the services, theuality’ of the services, the clarity of the information aeinat EU
Consumers, how fair the terms and conditions ofdbetracts applied to the services are,
Consumer complaints and how they are handled astb@er Service.

3.2.Prelimary Analysis

In this application, in accordance with Fiorio &t (@007) we consider four Services: fixed
telephone, electricity supply, gas supply, watgrpdprand for each Service we examine three
aspectsaccessibility price andquality.

A preliminary descriptive analysis of this data dsncurried out distinguishing by year, by
country, by service, by aspects of service. Fongla in Special Eurobarometer 219 Wave
62.1, for each aspect a distribution plot distimgservice are produced, in Figure 1 the aspect
quality is shown: the fist two and the last two categoaiescollapsed.

® http://europa.eu.int/‘comm/public_opinion/

" With quality we refer to the questiorDverall, what do you think of XXX service that ys@ipresents in
Eurobarometer Survey.
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To users : Overall, what do you think of the guality of ... that you
use? % EU "Very & Fairly"

BGood OEBad gDk

alectricity supply services EI
gas supply services ﬁ

watersupply services I

fixed telaphone services ml

ma bile telapho ne services ml

postal services ml

transport services within towns/cities ml
rail services betwaan towns/cities I

1

0% 00%

Figure 1. Special Eurobarometer 219 Wave 62.1 - TNS Opi&i@ocial — pag. 51

A comparision among years is done, but a singlee@sfs always considered and the
categories are again collapsed. See Figure 2.

Quality of the services - "Fairly bad and very bad”
2000 & 2002 : % if access & 2004 : % among users

0 EE 53 04-05/2000 D@ EE 58: 09-10/2002 B EB&2: 102004

26%
16%
8%
T T T T T T

railservices  transport services  postalservices  mobiletelephone  fixed telephone water supply electricity supply gas supply
between within towns/cities senvices services SEfvices services Services
townsicities

Figure 2. Special Eurobarometer 219 Wave 62.1 - TNS Opi&i@ocial - pag. 52

A comparison among Country is also realized, witthifeerent graphic for each service and
for each aspects of service. See for example €igur
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Overall, what do you think of the quality of ... that you use?
“mobile telephone servicas”

mvery good B Fairly good O Fzirly bad Bmvery bad ook

ELRE

EUE
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4% ]
1
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H
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[ 4% |
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E
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Figure 3. Special Eurobarometer 219 Wave 62.1 - TNS Opigi@ocial - pag 54

This approach leads an appropriate and detailelysaasaf the information contained in the
data and produces a lot of useful statistical twalaad graphics but misses a global and
synthetic view of the situation and makes lesscéitfe a comparative analysis. Moreover it
does not take into account the different roleas¥/ges and aspects of service in the overall
satisfaction. Finally all the categories are noiveals considered and that lead some
information missing.

The two methods described above RM and NLPCA allewior an overall analysis of the
complex problem, constitute a preliminary studyhwtite objective of emphasising the main
features of satisfaction, detecting hotspots andhipag to establish the role played by the
different services and aspects of service in coesignsatisfaction.

In particular the RM allows a ranking of items t® dbtained, from one with the best quality
to one with the worst, an overall consumer satigfacmeasure and some indications as to
how to calibrate the questionnaire. Whilst the NI&Pallows for suitable quantification of the
categories and weights for observed variablesstoliiained and for a satisfaction indicator
to be defined. Provided that the vector of the ¢tieations and the vector of the weights are
stable, they can be used to establish a commorofankasurement for use when comparing
the level of satisfaction in subsets differentiabgdfactors which can influence the level of
satisfaction. To show the potential of the approhehe proposed the data related to three
years (2000, 2002, 2004) is pooled and the anaigsigrried out on the entire data set in
order to obtain a comparison between countries yeats. Hence the final data set is
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structured in the following way: the rows (nearG0Q) represent the respondents belonging
to different Countries (near 15.000 for each yeaqguestion), the columns refer to items (12
dimensions): theccessibilityof the fixed telephone service (SGlaccT), #doeessibilityof
the electricity supply service (SGlaccE), tlaecessibility of the gas supply service
(SGlaccG), theaccessibilityof the water supply (SGlaccW), tipeice of the fixed telephone
service (SGlpriT), theorice of the electricity supply service (SGIpriE), thece of the gas
supply service (SGIpriG), thgrice of the water supply (SGlaccW), tlygality of the fixed
telephone service (SGlquaT), tlgeality of the electricity supply service (SGlquaE), the
quality of the gas supply service (SGlquaG), tluality of the water supply (SGlquaWw). For
the statistical analysis and to facilitate intetatien, all the item categories are ordered
according to the same polarity, in particular thghbr the category the higher the level of
satisfaction. So that we have three levelsaforessibility(not accessible, difficult to access,
easy to access), three levels fioice (excessive, unfair, fair) and four levels tprality (very
bad, fairly bad, fairly good, very good).

It is important to say before the presentation le# tesults that Rasch diagnostic indices
frankly show that the structure of the data com®d does not completely satisfy the Rasch
statement, in fact the overafl is 4572 with 84 degrees of freedom and the p-vise000,

so the null hypothesis is rejecte@he assumption that there is a one dimensionil tirat
summarizes individual Services and individual atpet a Service might not be realistic or
else some items may not be well defined, in whigbecthe questionnaire probably needs a
calibration analysis. More detail about this wile lpresented in the paragraph 2.4.5.
Fortunately the value of Pearson Separation [hdex).876, so the further analyses that
consider Rasch parameters are justified.

On the other hand the data structure makes the WRURCticularly suitable for the analysis.
In fact the first eigenvalue is by far the highese, the Cronbach Index assume a high value
(0.815), the sign of component loadings are colieaew the stability of the component
loadings and quantifications are very good. Sahallconditions required are fulfilled and the
common indicator can be calculated. This is theseduo measure the satisfaction level and
allows for comparison of different situations.

3.3.Items analysis

With item analysis we mean a study that evidendastwitems (service or aspects of service)
are more important for the Consumer (NLPCA) andcihof these are perceived by the
Consumer to be of a high or low quality (RM).

8 The item-trait test-of-fit examines the consistentyevery item parameters across the subject mesisdata
are combined across all items in order to give aerall test-of-fit. This shows the overall agreemtar all
items across different subjects. The observed anglisdribution is compared to the expected answer
distribution, calculated with the logistic functidmy means of thg® criterion. We examine thg probability (-
valug for the whole item set; there is not a well-defifower limit defining a good fit (minimum accebiy
level); a reference level might be 5%. The null dtyyesis is that there is no interaction betweepareses to the
items and locations of the subjects along the. trait

® The Separation Index is the Rasch reliability esitmeomputed as the ratio (true/(true+error)) vargawhose
estimates come from the model. A value of 1 indisa lack of error variance, and thus full religpilThis
index is usually very close to the classic Cronbadoefficient computed on raw scores. The power sif ¢é&
fit, based on the Separation Reliability of 0.8i86j00d.
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By sorting the item parameters estimated by the"RMis possible to obtain a ranking of
items from the one with the best quality scorelte one with the least, according to the
interpretation of the scale given in the previoasagraph. In our case we can observe that the
item with the best quality score &cessibility of water supplgnd the item with the least
quality score isprice of fixed telephone servias it is shown in Table 1.

Iltems |Location Parameters Thresholds
SGlaccW -1.899 -3.074 -0.725
SGlaccE -1.804 -2.866 -0.742
SGlaccT -1.473 -2.062 -0.884
SGlaccG -1.179 -1.85 -0.509
SGlquaE 0.277 -1.667 -0.673 3.171
SGlquaG 0.443 -1.214 -0.669 3.213
SGlquaw 0.587 -0.915 -0.503 3.18
SGlquaT 0.68 -0.921 -0.411 3.372
SGlpriG 0.929 0.156 1.703
SGlpriE 1.045 0.237 1.853
SGlpriw 1.052 0.403 1.7
SGlpriT 1.342 0.546 2.137

Table 1 Items sorted by Rasch Item Location Parametegrecdfrom the best to the worst
quality.

Table 1 shows also the non-centred thresholds, eaexpect for the choice dExtended
Logistic Modelthe thresholds are not the same for every item andligtance between the
thresholds is not constant. In order to facilitinéerpretation of the scale of the item
parameter in Figures 4 and 5 the Category Probaldlurves are plotted. The Pearson
location is shown on the horizontal axis and th&bpbility related to each response category
on the vertical axis. Figure 41 shows the Catedwopability Curves related to the item with
the best effective quality (smaller value of looatitem parameter). We can observe that,
apart from person location and therefore apart fsatisfaction level, the bigger categories of
response are more probable. On the contrary, Flgstews the Category Probability Curves
related to the item with the worst effective qualibigger value of location item parameter).
We can observe that, apart from person locationthacefore apart from satisfaction level,
the smaller categories of response are more prebabl

10 We use the Politomous Rasch Model, in particulaiktended Logistic Modésee paragraph 2.2), available
in the computer program RUMM (Rasch Unidimensiok@asurement Models) by Andrich, Sheridan, Lyne
and Luo (2000). It makes scale-free customer measamd sample-free item quality (Andrich 1988; Wirignd
Masters 1982). Items are calibrated from bad todgamed customer measures are aligned, on the satfee sc
from lower to higher.
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Figure 4. Category Probability Curves for the it@ocessibility of water supply
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Figure 5. Category Probability Curves for the itgamice of fixed telephone service

Similar analysis is carried out by NLPCA. Componémadings and quantifications of
categories are determined. The component loadiagsyted in Table 2, assume the meaning
of weights of the manifest variables in defining thdicator of satisfaction. So a low weight
means a small relevance of the corresponding itedeiermining the level of satisfaction and
detects an incoherent behaviour of the item it§elble 2 highlights thadccessibility of gas
supplyhas a low loading, and then a further analysis ithagstigates the reasons is required
(see Fiorio et. Al.,, 2007). The obtained quanrdifiens are reported in Figure 6 (on the
vertical axis) in conjunction with the ordered gaiges (on the horizontal axis). It can be
notice that the hypothesis of equal distance betwedegories does not hold and for some
items a few categories are redundant in a way, usecéhey load to the same level of
satisfaction. That happens for example with catedo (very bad) and 2 (fairly bad) of
guality gas supplyand ofquality water supplylt is interesting to note that for the same items
the thresholds estimated by the RM are also versec(see Table 1).

Items accT accE| accG| accW  priT| prig priG priw  qudT  quaE ua@ | quaW

Componentl 4o | o g63| 0188 061 0478 0563 0478 0521 068747 | 0.603| 0.721
Loadings

Table 2 Component Loadings
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Figure 6. Quantifications of item categories

3.4.Subjects analysis

With subject analysis we mean a study that evidetioe level of satisfaction of respondents.

By the 4, i=1,...n, Rasch coefficients related to the persons we taairoa ranking of the
subjects from the most satisfied to the least. efbis, in general, an analysis of residuals is
suggestetl. As mentioned the Rasch person parameter can teepieted as a global
customer satisfaction index that summarises allsteices and all the aspects of a service.
Figure 7 shows a comparison of satisfactionCountry. Italy and Portugal have the lowest
level, Ireland and Denmark the highest.

1 If the mean and the standard deviation (SD) ofesitsatisfaction overlap the mean and the SD @ftdm quality, the
targeting of the scale is good. The subject aveszgisfaction (3.009) is greater than the item meaality (0) and the
subject’s SD (1.743) is greater than the item’s (3[22). Therefore, the targeting of the scale segowd. When data
perfectly “fit” the model the subject residuals agpected to have zero mean and SD close to ludrcase the subject
residual means are quite good, -0.692 and the ashjesidual SD is not so bad (1.305).
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Similar scores are obtained by NLPCA. They arectlet in Figure 8 where for each
European country the average score in conjunctitih ¥ bootstrap percentile confidence
interval are reported. The Cl is obtained by boafspercentile method; the average scores by
European countries are ordered from the highasietdowest.

5,000 -

Mean of Rasch Person Parameter

Country

Figure 7. Mean Customer Satisfaction Index by Country.

ElU15 Average

Object scores confidence bounds

Countries

Figure 8. 95% bootstrap Cl of Average Satisfaction in ofdaean Countries

In order to analyse in major detail the level otigaction, we consider the average
satisfaction distinguished by year and countryuFeég9 shows the results for both methods:
RM and NLPCA. First of all we can see, for examplleat Ireland has a high average overall
satisfaction but it is decreasing over the yearsilstv Portugal has a low average overall
satisfaction but seems to show improvement in 2@804important remark is that for most

countries the two methods show a similar trend,that does not happen for example with
Greece and Finland, pointing them out as hotspbtshaneed specific investigation.
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3.5. Further Analysis

As mentioned the RM model is frequently used ineottd calibrate the questionnaire (De
Battisti et. al 2006). In Figure 10 the frequendagtribution of raw scores is shown. The
distribution is asymmetric in the right. The majgmf subjects show a raw score in the 27-36
range respectively the first and the third quarttéh a minimum of 1 and a maximum of 40.
This is the first indication that probably someamgepresent one or more redundant answers,

Figure 9. Average Satisfaction by Country and by Year (2G1D2, 2004)

as proven in the comments regarding the qualiboatiof NLPCA.
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Figure 10. Frequency distribution of raw scores

Figure 11 shows the “Rasch ruler” (also called ‘them map”) obtained for analysed data.
Items and customers share the same linear measuremiés (logits, left column). Subjects
are represented on the left of the line with X sgmbhresholds (before and after the dot
symbol respectively) are on the right of the litem. The range of items does not entirely
match the range of satisfaction scores. There am@yraubjects at the upper end of the scale
but there are no subjects at the lower end. Thudpes not seem that the item quality is
appropriately targeted to subjects satisfactionitifeumore item thresholds are not well
spanned and spaced throughout the continuum. TErisbe taken as an indicator of low
accuracy. With the “same” increase in the satigfadevel there is not the “same” increase in
the total raw score. In particular it can be nateat the items at the bottom of the map, in
which there is no subject are 1,2,3,4 i.e the itefated to theaccessibility Moreover, the
thresholds at the bottom of the map have low val8esn a calibration intentioaccessibility
should be formulated in a different way or sepatateom the other aspects and the
measurement scale would have to be rescored.
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Figure 11 Item Map Overall Model (the map considers alsottiresholds)

We will now consider a further contribution of inmpance supplied by NLPCA. Once the
optimal quantification and weight are determined anlidated, one can consider the m
matrix of transformed variables correspondingnto m matrix of the original variables and
use these values and relative weights for furthetissical analysis, for example for
comparing different services or different aspects.

We recalled that the level of satisfaction depeodsndividual and contextual variables.
That makes the comparison among countries diffioettause of the presence of these effects.
Nonetheless the component loadings and quantiicsitobtained with NLPCA allow this
comparison. Table 3 shows the average overallfaatign of each country with relative rank
(column 2) and the average satisfaction of eachicgewith relative ranks betweercountries
andwithin country). So we can see that Denmark has the sighverall level of satisfaction
(rank 1) but not for its gas supply (rank 5). A gam situation is present in Sweden and
Finland. An opposite situation is observed in Netherlands (rank 6 versus rank 1). In Italy
dissatisfaction is spread across all services.

The comparison of services within a country seaarsiqularly interesting because in this
case the effects of individual and contextual \@es is avoidable and a direct comparison is
meaningful. Table 3 stresses, once more, the veittsation of the gas supply in Greece. A
similar situation is also present in Sweden whhig dissatisfaction is more evident in light
of the high level of satisfaction for the otherwees. Figure 12 makes evident this finding
and the peculiar case of gas supply service.

Finally, in Table 4 the weighted averages of eagpect are reported in conjunction with
their ranks. First of all we can note the non-ralee ofaccessall values are quite near to
zero.Price andquality are instead more important, see Figure 13. Onpibiist, it is evident
that in the countries with low or high satisfactiewels,quality rather than th@rice makes
the difference. That seems to suggest that an sinaf/the preferences of users amongst a set
of options might give useful indications for the pravement of the service from the
viewpoint of its users. For this issue tve-anteapproach mentioned in the Introduction and
an ad-hoc data structure could be useful. Our future resesrowill be devoted to this
application.
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Country Overall Satisfactior] Fixed Telephone ElediSupply Gas Supply Water Supply
Denmark 0.180 (1) 0.170 (2) [3] 0.226 (1) [1] 0.054 (5) [4] 0.209 (2]
Ireland 0.157 (2) 0.119 (5) [3] 0.194 (2) [1] 0.115 (3) [4] 0.184 (2]
Luxembourg 0.146 (3) 0.138 (4) [3] 0.168 (3) [1] 0.105 (4) [4] 0.162 (2]
Sweden 0.131 (4) 0.174 (1) [2] 0.109 (5) [3] -0.218 (12) [4] 0.23B) (1]
Great Britain 0.125 (5) 0.125 (3) [3] 0.141 (4) [1] 0.129 (2) [2] 0.105 (4]
Netherlands 0.125 (6) 0.108 (6) [3] 0.106 (6) [4] 0.146 (1) [1] 0.141 (@)
Austria 0.075 (7) 0.043 (7) [4] 0.075 (7) [2] 0.047 (6) [3] 0.125 (8]
Belgium 0.006 (8) 0.002 (10) [3] -0.003 (9) [4 0.025 (7) [1] 0.003) (2]
Finland -0.011 (9) 0.006 (8) [2] 0.000 (8) [3] -0.205 (11) [4] 0.038) (1]
France -0.037 (10)|  -0.022 (11) [3] -0.018 (10) [2 0.004 (8) [1] -03011) [4]
Germany -0.079 (11) 0.006 (8) [1] -0.096 (11) [3 -0.086 (9) [2] -0.1423) [4]
Greece -0.126 (12)|  -0.109 (12) [2] -0.165 (13) [3 -0.263 (15) [4] 063 (10) [1]
Spain -0.130 (13) -0.152 (13) [4] -0.143 (12) [3 -0.116 (10) [2] 109 (12) [1]
Portugal -0.216 (14)|  -0,206 (14) [1] -0.214 (14) [2 -0.220 (13) [3] 220 (14) [3]
ltaly -0.245 (15)|  -0.239 (15) [2] -0.269 (15) [4 -0.223 (14) [1] 288 (15) [3]

Table 3 Averages satisfaction: overall and for each serwith countries ranks (.) and
within country ranks [.]

Country Access Prices Quality
Denmark 0.024 (3) [3] 0.161 (3) [2] 0.390 (1) [1]
Ireland 0.006 (5) [3 0.148 (5) [2] 0.346 (3) [1]
Luxembourg 0.025 (2) [3] 0.184 (2) [2] 0.246 (5) [1]
Sweden -0.036 (8) [3] 0.125 (6) [2] 0.358 (2) [1]
Great Britain 0.041 (1) [3] 0.210 (1) [1] 0.135 (7) [2]
Netherlands 0.024 (3) [3] 0.150 (4) [2] 0.205 (6) [1]
Austria -0.070 (12) [3 0.051 (7) [2] 0.271 (4) [1]
Belgium -0.037 (9) [3 -0.030 (10) [2] 0.089 (8) [1]
Finland -0.091 (15) [3] 0.018 (8) [2] 0.065 (9) [1]
France 0.002 (6) [1] -0.074 (11) [3] -0.043 (10) [2]
Germany -0.101 (14) [7] -0.010 (9) [1] -0.122 (11) [3]
Greece -0.060 (11) [1] -0.121 (13) [2] -0.215 (12) [3]
Spain -0.033 (7) [1 -0.083 (12) [2] -0.281 (13) [3]
Portugal -0.057 (10) [1] -0.160 (14) [2] -0.450 (15) [3]
Italy -0.085 (13) [1 -0.266 (15) [2] -0.399 (14) [3]

Table 4. Averages satisfaction: for each aspect with aoestranks (.) and within country

ranks [.]
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Figure 14. Averages overall satisfaction for each year
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In Figure 14 and in Figure 15 the satisfaction ede are plotted year by year. More
specifically in Figure 14 the average overall $atson is reported while in Figure 15 the
average satisfaction is disaggregated by servidebgnaspect of services. It seems evident
that some countries do not have the same perfomnianihe three years. It is interesting the
opposite trend (Figure 14) of Belgium where satisen is increasing and Finland where at
the contrary satisfaction level is decreasing. igufe 15 it is one more marked the strange
behaviour of gas supply with respect to the otleevises, therefore the disaggregated view
make evident the role of tHerice in the improvement of satisfaction level in Belgi, while

the worsening of satisfaction level in Finlandreeegyeneralized.
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Figure 15. Averages satisfaction for each year, each sergmeh aspect of service

4. Conclusions

Our starting point is the Consumers’ perceptionsefvice quality. First we consider the
customer satisfaction survey as a measuring ingntiraf service quality and examine the




Eurobarometer survey data. With this goal in mindio different techniques are proposed,
both able to take into account the order of categowithout establishing aa priori
difference between them and both able to pick upramlinear relationships as well. They
are: the Rasch Model (RM) and the Nonlinear Priaicfpomponents Analysis (NLPCA). The
first assumes a model entirely known except forvhkeies of parameters which have to be
estimated; the second is instead connected togorithimic procedure, no data generating
process is assumed but the best representaticat@isisearched. The two methods allow us
a ranking of items to be established, on one hasgd on the perceived quality and on the
other based on the importance. Moreover they aftawsynthetic indicators of the level of
satisfaction to be provided for subsequent furtealysis. The NLPCA analysis shows that
the service aspects play different roles in theoRean countries evaluation, the analysis of
preferences using for example Conjoint Analysishbéque (Green and Srinisavan, 1978)
could be a helpful approach in measuring and impgpthe quality of a Service of General
Interest as perceived by its users. In our featesearches we intend to realize a simulation
study that explains the potential of conjoint gse in the context of service of general
interests. The most difficult task in this casdhe definition of service options. Usually a
careful review of existing levels of service andealatives can identify and define the
appropriate commodity for the study. In generagparratory activities and focus groups can
uncover important features of the selected seit®ns.

The RM model results suggest that the Eurobaronggtestionnaire presents some measuring
problems, and therefore a recalibration couldrberder or else a different way to measure
the Service’s quality. In particular for a betteeasure of accessibility aspect, the question in
the survey could be formulated differently (see ctigdeEurobarometer 226 / Wave 63.1 —
TNS Opinion & Social realized for the 10 New EurapeMember State). The fact that
consumers that have no thecesdo the service do not give an answerqulity andprice
may generate a sample selection bias, statistietliads have to consider this problem.

As a future prospective useful for economist thargiative variables obtained (of RM and
objective scores for NLPCA) can be used as respeensables in interpretative model instead
of 12 qualitative variables or a simple aggregawbrihese (linearity, equidistance between
categories and equal weight for the different agpace implicitly assumed in this case).
Covariates in the model could be individual vamgbl(income, sex, etc.) and macro
economical variables (GDP, privatization, etc.)raBiorio et. al (2007).
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