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Foreword

The key to a successful business is understanding one’s customers – knowing what they
want and, more generally, how satisfied they are with one’s product or service. This book
describes how to construct such a key, and how to use it to unlock the door to understanding
one’s customers. It describes insights, introduces methodology, and outlines the cutting-edge
statistical tools necessary for effective customer management.

Customer satisfaction is complementary to actual purchase patterns. The latter will show
what the customers buy, but the former can show what they would like to buy. And a company
which does not think ahead, to discover and provide what the customers would like, is
a company destined for oblivion. Moreover, while traditionally considerable emphasis has
been placed on customer recruitment, recent years have seen a shift towards putting more
emphasis on the importance of customer retention. Retaining customers, reinforcing loyalty
by providing them with what they want, is cheaper than recruiting new customers. One also
has more information on existing customers than on those who ‘might’ become customers,
which means that one can construct much more accurate models of how the customers behave
and of what they want.

‘Satisfaction’ is a perfect example, like ‘happiness’ and ‘well-being’, of the sort of concept
which triggers debates about the feasibility of measurement in the social sciences. Such
attributes defy the traditional hard science notions of ‘representational’ measurement, in
which a formal mapping is established from the system being studied to a mathematical model.
Instead, one adopts so-called ‘pragmatic’ measurement, in which the precise property being
measured is defined simultaneously with the procedure for measuring it. Since such concepts
can be defined in multiple ways, one has to be very explicit about what exactly one means by
‘satisfaction’. The measurement of satisfaction also illustrates some of the other complications
with which measurement in the social sciences has to contend, including such things as the
dependence on context, how questions are worded, the reactive nature of human beings, and
even the time of day. Worse, intrinsic in its very definition is that fact that satisfaction is
subjective. There is no concrete property, existing out there in the ‘real world’, which we are
trying to measure. All of these complications add up to make measuring customer satisfaction
a difficult and challenging problem – which this book ably and comprehensively tackles.

Moreover, we are now faced with multiple ways in which data can be – and indeed is –
collected: the traditional face-to-face interview and postal surveys have been joined by tele-
phone surveys and web surveys of various kinds, as well as comprehensive monitoring of
customer behaviour via such things as loyalty cards. These new technologies present exciting
new opportunities, but also new challenges: selection bias can be a particular challenge. All
of this makes this book very timely. The breadth of statistical tools and models described in
this book illustrates perfectly what a rich area this has become.
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xviii FOREWORD

One of the particularly attractive features of this book is that it is about practical statistics.
It does not simply describe statistical tools which can be applied in an idealised setting, but
confronts the issues which all practicing statisticians have to face – of missing data, outliers,
measurement error, selection bias, differing definitions, outdated data, and so on. Its treatment
of such issues is cutting-edge. A second particularly attractive feature is its comprehensiveness:
it covers all aspects, from basic data sources to high-level statistical modelling. Put together,
these two attractive features make it a genuinely valuable book for all researchers concerned
with measuring customer satisfaction, be they academic or commercial. Indeed, one might
even say, more broadly, that it could serve as a valuable resource for statisticians who work in
customer-driven applications in general, and who intend their work to make a difference.

David J. Hand
Professor of Statistics, Imperial College, London

Past President, Royal Statistical Society
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Preface

All over the world, organizations are focusing on retaining existing customers while targeting
potential customers. Measuring customer satisfaction provides critical information on how an
organization is providing products or services to the marketplace. In order to measure customer
satisfaction, survey questionnaires are used, in which respondents are asked to express their
degree of satisfaction with regard to multiple aspects of the product or service. Statistical
analysis of data from these surveys is carried out and measures of various aspects and overall
satisfaction are computed. This data is, however, non-trivial to handle because of the subjective
nature of the observed variables.

First of all, as described by Ferrari and Manzi (Quality Technology and Quantitative
Management, Vol. 7, No. 2, pp. 117–133, 2010), the relevance correct weighing of the variables
that determine the level of satisfaction are unknown. In addition, these variables often have
an ordinal measurement scale which needs to be suitably dealt with. Moreover, the level
of satisfaction is generally dependent on both expectations and individual characteristics of
respondents as well as on contextual variables. Surveys also contain measurement errors caused
by the subjective nature of the variables and by cognitive dissonance that can affect data, with
undesired consequences on the reliability of the results. With the objective of handling, or
at least to controlling, some of these problems, many different methods to assess customer
satisfaction have been proposed in the literature. Modern Analysis of Customer Satisfaction
Surveys presents, in two parts and an appendix, basic and advanced methods for the analysis of
customer satisfaction survey data. We have gathered together contributions from world-class
authors who are leading the field with new techniques and innovative ideas.

Most of the chapters include an application of various techniques to a standard set of
data collected from 266 companies (customers) participating in the ABC Annual Customer
Satisfaction Survey (ACSS). The data refers to a questionnaire consisting of 81 questions.
The ABC Company is a typical global supplier of integrated software, hardware, and service
solutions to media and telecommunications service providers. The ACSS questionnaire was
designed to provide feedback on all company touch points and interactions with customers. It
covers topics such as equipment, sales support, technical support, training, supplies, software
solutions, customer website, purchasing support, contracts and pricing and system installation.
Information on customers includes: country, industry segment, age of ABC’s equipment,
profitability, customer seniority and position of respondent.

The first part of the book consists of nine chapters. The first two chapters introduce the
basics of customer satisfaction survey data analysis. The remaining chapters cover topics
such as: sampling, surveys and census; measurement scales; integrated analysis; web surveys;
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customer satisfaction and customer loyalty; missing data and imputation methods; and outliers
and robustness for ordinal data.

The second part of the book consists of 12 chapters with new and innovative techniques and
models. They include: causality models; Bayesian networks; log-linear models; CUB models;
Rasch models; decision trees; partial least squares models; nonlinear principal component
analysis; multidimensional scaling; multilevel models for ordinal data; control charts applied
to customer surveys; and fuzzy methods.

Our interest in statistical analysis of customer satisfaction data has followed different
paths. Ron has worked on real problems of customer satisfaction for several decades, doing
consulting and academic research on methods designed to generate high-impact conclusions
and recommendations. Silvia first dealt with the topic during her studies at the Department of
Statistics of the Catholic University of Milan. She then dealt with the evaluation of the quality
of education services on multiple projects in her current department at the Faculty of Political
Science of the University of Milan. Many of her teachers and supervisors, from the Catholic
University of Milan and the University of Milan, have contributed to this book as authors or
as reviewers.

The seed for this book was planted on 22 July 2005 when a project to investigate the
application of non-standard techniques to survey data was launched at the Department of
Statistics and Applied Mathematics of the University of Torino under the auspices of the
Diego de Castro Foundation and the strong support of Professor Roberto Corradetti, the
head of the department and the foundation general secretary. The late Professor Diego de
Castro combined an interest in the development of statistical methodology and its appli-
cation to business and industrial problems. We believe that this work is well in line with
his many contributions to statistics, demography, economics and jurisprudence. Professor
Corradetti showed vision and constancy of purpose in making sure that the project we
started in 2005 matured and produced important publications. Some of these publications ap-
peared in two special issues of the international journal Quality Technology and Quantitative
Management.

One of the key participants in the first meetings of this project was Professor Ennio Isaia
from the Department of Statistics and Applied Mathematics of the University of Torino, who
unfortunately passed away in February 2010. Ennio was a gifted statistician with a unique
capability of combining theoretical knowledge, interest in applied problems and a great ability
to program in R and other software languages. In a sense, this book is designed to have similar
characteristics.

In preparing this book we have enlisted the participation of external reviewers who gave
us invaluable feedback. They all deserve sincere thanks. The reviewers were: Anthony Atkin-
son, Mojca Bavdaž, Maurizio Carpita, Enrico Ciavolino, Benito Vittorio Frosini, Salvatore
Ingrassia, Patrik Mair, Monica Pratesi, Matteo Pessione, Susanne Raessler, Christersen Rune
Humbo, Marco Scrutari, Roberta Siciliano, Pierpaolo d’Urso, Richard Paul Waterman and
Silvia Figini. We are also extremely grateful to Professor David Hand for taking the time to
write a foreword that ably summarizes the aims of this book and the challenges of the topics
covered. Readers should begin with this foreword which is where the book really starts.

The book provides background for both basic and advanced methods for analysing cus-
tomer satisfaction survey data. The book chapters are supported by R applications so that
practitioners can actually implement the methods covered in the book. The book’s website
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(www.wiley.com/go/modern_analysis) provides the data sets and R scripts used in
the book.

The authors who contributed have helped us present the state of the art in the analysis of
customer satisfaction surveys. We thank them for their work and professionalism. While we
retain responsibility for any typos and mistakes that may have sneaked in, the chapter authors
deserve full credit.

Ron S. Kenett
KPA Ltd., Israel and University of Turin, Italy

Silvia Salini
University of Milan, Italy
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Irena Ograjenšek Associate Professor of Statistics, Faculty of Economics, University of
Ljubljana, Slovenia.

Barbara Pacini Associate Professor of Statistics, Department of Statistics and Applied
Mathematics, University of Pisa, Italy.

Giovanni Perucca Research assistant, Polytechnic University of Milan, Italy.

Domenico Piccolo Professor of Statistics, Department of Theory and Methods of Human
and Social Sciences, Statistical Sciences Unit, University of Naples Federico II, Italy.

Carla Rampichini Professor of Statistics, Department of Statistics, University of Florence,
Italy.

Marco Riani Professor of Statistics, University of Parma, Italy.

Donald B. Rubin John L. Loeb Professor of Statistics, Department of Statistics, Harvard
University, USA.

Silvia Salini Assistant Professor of Statistics, Department of Economics, Business and
Statistics, University of Milan, Italy.

Gabriele Soffritti Associate Professor of Statistics, Department of Statistical Sciences,
University of Bologna, Italy.

Nadia Solaro Assistant Professor of Statistics, Department of Statistics, University of
Milano-Bicocca, Milan, Italy.

Francesca Torti Division of Statistics, Faculty of Economics, University of Parma, Italy.

Sergio Zani Professor of Statistics, University of Parma, Parma, Italy.

Diego Zappa Associate Professor of Statistics, Department of Statistical Sciences, Catholic
University, Milan, Italy.



P1: TIX/XYZ P2: ABC
JWST108-c01 JWST108-Kenett October 13, 2011 23:56 Printer Name: Yet to Come

Part I
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DATA ANALYSIS
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1

Standards and classical techniques
in data analysis of customer
satisfaction surveys

Silvia Salini and Ron S. Kenett

Customer satisfaction studies are concerned with the level of satisfaction of customers,
consumers and users with a product or service. Customer satisfaction is defined as ‘The
degree of satisfaction provided by the goods or services of a company as measured by
the number of repeat customers’ (www.businessdictionary.com). Customer satisfaction there-
fore seems to be an objective and easily measured quantity. However, unlike variables such as
revenues, type of product purchased or customer geographical location, customer satisfaction
is not necessarily observed directly. Typically, in a social science context, analysis of such
measures is done indirectly by employing proxy variables. Unobserved variables are referred
to as latent variables, whilst proxy variables are known as observed variables. In many cases,
the latent variables are very complex and the choice of suitable proxy variables is not immedi-
ately obvious. For example, in order to assess customer satisfaction with an airline service, it
is necessary to identify attributes that characterize this type of service. A general framework
for assessing airlines includes attributes such as on-board service, timeliness, responsiveness
of personnel, seating and other tangible service characteristics. In general, some attributes are
objective, related to the service’s technical characteristics, and others are subjective, dealing
with behaviours, feelings and psychological benefits. In order to design a survey questionnaire,
a set of observed variables must be identified.

In practice, many of the customer satisfaction surveys conducted by business and industry
are analysed in a very simple way, without using models or statistical methods. Typical reports
include descriptive statistics and basic graphical displays. As shown in this book, integrating
a basic analysis with more advanced tools, provides insights into non-obvious patterns and

Modern Analysis of Customer Surveys: with applications using R, First Edition. Edited by Ron S. Kenett and Silvia Salini.
© 2012 John Wiley & Sons, Ltd. Published 2012 by John Wiley & Sons, Ltd.

3
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4 STANDARDS AND CLASSICAL TECHNIQUES

important relationships between the survey variables. This knowledge can significantly affect
findings and recommendations derived from a survey.

After presenting classical customer satisfaction methodologies, this chapter provides a
general introduction to customer satisfaction surveys, within an organization’s business cycle.
It then presents standards used in the analysis of survey data. Next it gives an overview on the
techniques commonly used to measure customer satisfaction, along with their problems and
limitations. Finally, it gives a preview and general introduction to the rest of the chapters in
this book.

1.1 Literature on customer satisfaction surveys

Survey questionnaire design, data collection approaches, validation of questionnaires, sam-
pling problems, descriptive statistics and classical statistical inference techniques are covered
in many books and papers. This book presents such topics, but also provides a large range of
modern and non-standard techniques for customer satisfaction data analysis. Moreover, these
various techniques are compared by applications to a common benchmark data set, the ABC
2010 annual customer satisfaction survey (ACSS). For details on the benchmark data set and
the ABC company, see Chapter 2.

A non-exhaustive list of relatively advanced books dealing with customer satisfaction data
analysis includes Grigoroudis and Siskos (2010), Jacka and Keller (2009), Hayes (2008),
Allen and Rao (2000), Johnson and Gustafsson (2000), Vavra (1997) and Biemer and Lyberg
(2003). Grigoroudis and Siskos (2010) describe service quality models and the Multicriteria
Satisfaction Analysis (MUSA), with examples of satisfaction barometers. Hayes (2008) gives
special attention to reliability and validity of questionnaires with a link to customer loyalty.
The book by Allen and Rao (2000) is most comprehensive in terms of statistical methods.
Although not written by statisticians, it provides a useful and well-written description of
techniques of descriptive analysis of univariate, bivariate and multivariate data; it also describes
dependent models (linear and logistic regression), explanatory techniques (factor analysis,
principal component analysis), causal models (path analysis), and structural equation models.
Appendix C of Johnson and Gustafsson (2000) presents an interesting comparison of alternative
data analysis methods, in particular considering (1) gap analysis, (2) multiple regression,
(3) correlation, (4) principal component regression and (5) partial least squares (PLS). Vavra
(1997) covers theories of customer satisfaction and loyalty with several examples of scales,
analytic procedures and best practices. Biemer and Lyberg (2003) provide a comprehensive
treatment of classical design and analysis of sample surveys.

This book is focused on statistical models for modern customer satisfaction survey data
analysis. It addresses modern topics such as web surveys and state-of-the-art statistical models
such as the CUB model and Bayesian networks (BN). The book chapters, written by leading
researchers in the field, use practical examples in order to make their content also accessible
to non-statisticians. Our ultimate goal is to advance the application of best practices in the
analysis of customer satisfaction survey data analysis and stimulate new research in this area.
As stated in the book foreword by Professor David Hand, we aim to make a difference.

1.2 Customer satisfaction surveys and the business cycle

Statistical analysis is a science that relies on a transformation of reality into dimensions that
lend themselves to quantitative analysis. Self-administered surveys use structured questioning


