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Técnico-free. ”As Amigas”, grazie, for the best, crazy Erasmus experience I always wanted and the
beautiful, genuine friendship I know will last a lifetime. Isabel and Sofia, not only for being my gym
buddies and making me laugh but also for the huge support in everything during the last year, I’m so
glad you showed up in my life and became part of my inner circle. Filipe, Diogo, Padrinho, Manel, André,
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Abstract

The Portuguese SNS (Serviço Nacional de Saúde) was created to provide all citizens with universal,
equitable, and tendentiously free access to healthcare services. However, these services face big chal-
lenges, such as access barriers and the increase of the public health expenses. Several reforms were
implemented to counteract these issues, including the creation of Public-Private Partnerships (PPPs)
in healthcare, which implied the participation of private parties in the public health sector. This led to
questions about their ability to deliver health services with quality, which, in healthcare, is a complex
concept, but can be measured through different variables such as access, safety, and care appropriate-
ness. It is also important to assure disinvestment in certain areas does not jeopardize others. Hence,
it became apparent the need to compare PPP and publicly-managed hospitals regarding quality. This
study relies on a multiple criteria decision analysis approach, using the ELECTRE TRI-nC method. The
sample contains data from 2018, covering 30 hospitals, where three are PPPs, and ten criteria under
five points of view. Two different models were carried out, one including efficiency criteria and other
without, since some of the PPP hospitals did not provide this information. Under the first model, two
scenarios were analyzed, one with a social-oriented goal and the other with an efficiency-oriented goal,
where the weights of the criteria differed. The results obtained with the method show that there is no
evidence that one group of hospitals outperforms the other. In fact, there is margin for improvement for
both groups since their performances are not outstanding.

Keywords: Quality, SNS, Hospitals, Public-Private Partnerships, Multicriteria Decision Aiding,
ELECTRE TRI-nC
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Resumo

O SNS (Serviço Nacional de Saúde) foi criado para proporcionar a todos os cidadãos acesso univer-
sal, equitativo e tendencialmente gratuito aos serviços de saúde. Esses serviços enfrentam grandes
desafios e várias reformas e polı́ticas foram implementadas para enfrentar esses problemas, incluindo
a criação de Parcerias Público-Privadas (PPPs) na área da saúde. A entrada de entidades privadas no
setor público de saúde suscitou questões sobre a sua capacidade de prestar serviços de saúde com
qualidade. O conceito de qualidade em saúde é complexo, mas pode ser medido através de diversas
variáveis como acesso, segurança e adequação dos cuidados prestados. Também é importante garantir
que o desinvestimento em certas áreas não prejudique outras. Tornou-se, portanto, evidente a neces-
sidade de comparar PPPs e hospitais públicos nesse âmbito. Este estudo baseia-se numa abordagem
multicritério, usando o método ELECTRE TRI-nC. A amostra contém dados de 2018, abrangendo 30
hospitais, dos quais três são PPPs, e dez critérios sob cinco pontos de vista. Foram usados dois mo-
delos distintos, um com critérios de eficiência e outro sem, uma vez que alguns hospitais PPP não
forneciam essa informação. No primeiro modelo, foram analisados dois cenários, um com objetivo
social e outro com orientação para a eficiência, onde os pesos dos critérios diferiram. Os resultados
obtidos com o método ELECTRE TRI-nC mostram que não há evidências de que um grupo de hospitais
supere o outro, havendo margem para melhorias para os dois tipos de hospitais, uma vez que os seus
desempenhos são mediocres.

Keywords: Qualidade, SNS, Hospitais, Parcerias Público-Privadas, Apoio à Decisão, ELECTRE
TRI-nC
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SAMS Serviços de Assistência Médico Social .

xvii



SNS Serviço Nacional de Saúde.
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Chapter 1

Introduction

This introduction comprises five sections: the context, the motivation to develop this work, the objec-
tives set for this study, the methodology followed to achieve these goals and finally, the outline of the
dissertation.

1.1 Context

The ultimate goal of healthcare services is to improve patients’ satisfaction and quality of life (Ferreira
et al., 2018b).

Healthcare services in Portugal follow a Beveridge model and are provided by three coexisting sys-
tems: the National Health Service (SNS, standing for the Portuguese words Serviço Nacional de Saúde),
the private sector and the social sector, with whom the public sector has collaboration agreements.
When it comes to financing, the Portuguese health system also has a mix of public and private meth-
ods, being predominantly based on taxes, but with special social health insurance schemes for certain
professions and voluntary private health insurance also taking part (Simões et al., 2017).

The Portuguese SNS was created in 1979 and is composed of all public entities delivering primary
and secondary healthcare services to the population (Ferreira and Marques, 2019). It aims to provide
universal, appropriate, and equitable care to all citizens, regardless of their ability or willingness to pay
(Barata et al., 2012). However, these services face big challenges, such as access barriers (for instance
concerning waiting lines or availability of resources) (OECD/European Observatory on Health Systems
and Policies, 2017) and increase of the consumption of the public health expenses by the hospitals, as
a result of different factors (like aging population or technology evolution) (Ferreira and Marques, 2015).

For instance, in the year of 2018, about 9% of Portugal’s Gross Domestic Product (GDP) regarded
health expenses, more than the average of the Organization for Economic Cooperation and Develop-
ment (OECD), 8.8%, and approximately 18.3 billionCin total1 2. The evolution of these expenditures,
that will be further discussed in more detail, justifies this type of studies and the adoption of new health
measures. In general, healthcare services are not meeting the needs of the population when it comes
to the services provided. Hence, trying to face some of these challenges led to the implementation of
health reforms in Portugal, such as the attempt of employing private management tools in the public
sector, with the creation of Public-Private Partnerships (PPPs) (Nunes, 2018).

1 PORDATA - Despesa Corrente em Cuidados de Saúde em % do PIB
(https://www.pordata.pt/Portugal/Despesa+corrente+em+cuidados+de+sa%c3%bade+em+percentagem+do+PIB-610).
Accessed: 03/02/2020.

2 PORDATA - Despesa Corrente em Cuidados de Saúde
(https://www.pordata.pt/Portugal/Despesa+corrente+em+cuidados+de+sa%c3%bade-3010). Accessed: 03/02/2020.
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PPP hospitals have, then, emerged, and have become a well-known alternative to public service
delivery (Cruz and Marques, 2013b). As well as publicly-managed hospitals, these entities belong to
the SNS (although they are not financed using the same contracting terms) and, consequently, must
also deliver tendentiously free and universal care to any citizen. However, PPPs present disadvantages
(such as composing a big investment and being subject to demanding and uncertain forecasts) (Galea
and McKee, 2014), besides the advantages of shared roles, and, in Portugal, have been linked to conflict
of interests. Several questions, drawn by authors and government parties, have, then, risen. Are these
entities capable of providing the same level of quality and access as publicly-managed hospitals, con-
sidering that PPPs are managed by private partners, whose pursuit of profit can allegedly compromise
social performance?

Note that social performance has been defined as “a business organization’s configuration of princi-
ples of social responsibility, processes of social responsiveness, and policies, programs, and observable
outcomes as they relate to the firm’s societal relationships” by Wood (1991).

The State is a major stakeholder of both publicly-managed and PPP hospitals, and its interest should
focus on the improvement of the citizens’ health status (Ferreira and Marques, 2019).

However, hand in hand with the aforementioned challenges and questions, comes the concern that,
while trying to apply measures that improve efficiency and reduce the waste of resources, the quality
of services provided can be compromised, which is critical for achieving said citizens’ improved health
status.

1.2 Motivation

Ensuring access, quality, and efficiency should be sufficient to safeguard the sustainability of the SNS
(Nunes and Ferreira, 2019a). In fact, when it comes to resources allocation and payments, quality and
access should be considered, besides the efficiency of providers (Ferreira et al., 2019).

Several authors have evaluated the evolution of the efficiency of Portuguese hospitals, even though
it is not trivial (Ferreira and Nunes, 2019). Successive governments have been implementing measures
and new management rules. For instance, during the financial crisis, measures were implemented to,
among other objectives, achieve efficiency gains, which did not fully work (Nunes and Ferreira, 2019b).
Nevertheless, after the crisis, another government was capable of improving efficiency levels (Nunes
and Ferreira, 2019b).

However, according to Ferreira and Nunes (2019), although, in general, Portuguese hospitals are
considered efficient, some of them (particularly in the countryside) show lower indicators, with deficits of
hospital units and human resources, which is due to factors such as lower health literacy, lower access to
information/internet, and lower average income, resulting from geographical isolation. There is a limited
supply of medical and surgical services, in comparison to the Portuguese coastline, which leads to a
restricted access to products/drugs and services that are not covered by the SNS, promoting inequities
not only on access, but also in inefficiency levels (Nunes and Ferreira, 2019b).

In addition, the aforementioned increase of health expenditures and efficiency levels does not neces-
sarily mean high quality. In the same way that the increase in hospital costs can result from inefficiency,
a hospital can be efficient when it comes to using resources, but faulty when it comes to quality (for
instance, needing improvements in infrastructure or technology) (Ferreira et al., 2020). While invest-
ing in promoting efficiency, sometimes comes a disinvestment in access, equipment and infrastructures
(Nunes and Ferreira, 2019b).

Hence, it is mentioned a seemingly unavoidable “trade-off” between the efficiency and the quality of
services, as noted by Ferreira and Marques (2019). To answer this problem, we consider it is of utmost
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importance that the quality assessment of the Portuguese hospitals is put under scrutiny to find out
weaknesses and to find a way to, in the future, overcome the problems faced by the SNS.

Additionally, comparing publicly-managed hospitals with PPP hospitals in terms of quality seems
crucial to identify if these entities present, in fact, advantages over each other and if it makes sense to
either build more or end these partnerships. In fact, the process of the creation of PPP hospitals is linked
to uncertainty and risks and involves high costs, monetary and time-related, as well as the frequent need
of renegotiations due to unpredictability, which can result in additional charges for the State (Pereira
et al., 2020). Hence, it is relevant to understand if the results concerning their performance make up for
this investment.

Enlightening the limitations of the SNS and understanding where hospitals stand in terms of quality
and access is a start to help them to find better practices.

On the one hand, although there have already been previous studies concerning the assessment
of healthcare quality and performance, the majority of them have been tendentiously focused only on
outcomes or a few indicators, such as the ones developed by Benbassat and Taragin (2000) and Park
et al. (2016), or only on publicly-managed hospitals, such as Ferreira and Marques (2019), which turns
out not to be completely illustrative. On the other hand, while, for instance, Akdag et al. (2014) applied
Multiple criteria Decision Aiding (MCDA) to evaluate hospital’s service quality, but only in Turkey, Fer-
reira and Marques (2020) performed the comparison between Portuguese hospitals, but with another
methodology, Data Envelopment Analysis (DEA). Then, to the best of our knowledge, an assessment
that joins MCDA and both groups of Portuguese hospitals has yet to be done, to try to solve the evi-
denced problems and compare them to past results.

This thesis, then, aims to contribute to the literature in the topic of PPPs and the discussion of
whether they are a good alternative or not. It is inserted in the hSNS Project, whose main goal is to
develop and employ coherent healthcare provision services performance assessment models. With the
help of a polyvalent research team, it aims to contribute to the literature and provide robust tools to
improve the quality of the delivered Portuguese healthcare services. Consequently, it intends to support
management by monitoring and controlling performance indicators, to contribute to the benchmarking
of healthcare providers and better financing of the healthcare providers (according to their performance)
and to assign accountability, among others3.

1.3 Objectives

It has been increasingly important, from a political perspective, to evaluate several countries’ healthcare
systems’ performance and quality, including Portugal’s.

In fact, citizens want to achieve the best health state possible, since it is expected that their qual-
ity of life improves consequently. Moreover, governments want healthier populations, since they are
presumably more productive (Mosadeghrad, 2014).

“Healthcare performance” can be divided into social performance (ability to provide the best health-
care to the population, focusing on quality and access to healthcare) and economic-financial perfor-
mance (reducing waste and/or increasing the volume of services provided to the population).

Particularly, the aim of this dissertation is to evaluate and compare the quality of Portuguese hos-
pitals - publicly-managed and PPPs -, using decision support techniques, following on previous work
developed by Rocha (2019), while simultaneously contributing to the discussion on the topic of PPPs.

For this comparison to be accomplished, the ELECTRE TRI-nC multi-criteria model is chosen as
the supporting tool of this thesis. This method allows the incorporation of quantitative and qualitative

3 hSNS Project - About hSNS (https://hsns.eu/about/). Accessed: 25/03/2020.
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attributes, the attribution of different weights to criteria, different types of scale, several reference actions,
among others, which is very useful when assessing quality in health, since this is a hard subject to
evaluate that includes a lot of information (Almeida-Dias et al., 2012). Thus, various indicators regarding
health can be taken into account, together with families of criteria and variables that are found relevant in
this kind of evaluation. Bottom line, with the adoption of this method, flexibility and variability of options
are provided, helping the DM make appropriate decisions, and making the process easier and more
fluid.

Besides this, during the realization of this work and particularly regarding data acquisition, the goal
is to involve different parties to help to better understand and contextualize the problem, namely actors
that are a part of the ministry or of the regional health directorate of Lisbon and Vale do Tejo.

1.4 Methodology

To achieve its aim, a few steps were followed while developing this study, schematized in Figure 1.1.
Firstly, it is important to provide background regarding the Portuguese healthcare system, to better

define, understand and contextualize the problem. This is done with the support of past studies focusing
on this theme, including how the SNS works and the emergence of PPPs.

Afterwards, an extensive literature review, examining existing literature related to the main dimen-
sions that characterize quality and access in hospitals, and how it can be measured, will be conducted.

To establish the case study, books and papers will be consulted, regarding the concepts and goals of
MCDA, its application to healthcare, and some respective methods, including specifically the ELECTRE
TRI-nC method, which is the one used in this study.

Finished the theoretical basis, the collection of data relevant to the Portuguese case will be carried
out, along with the definition of other parameters, such as criteria and indicators. This is mandatory for
the next step, the creation of the model, using the ELECTRE TRI-nC method. Hence, composite indica-
tors that summarize the social and financial performance of the publicly-managed and PPP hospitals in
Portugal will be built, describing its development.

Finally, the analysis and discussion of the results obtained in the Portuguese case will be done,
allowing the withdrawal of conclusions and to point out final remarks, including future work.

Figure 1.1: Methodology’s Sequential Steps.
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1.5 Structure

In this work, eight chapters are presented, aligned with the aforementioned objectives.
The first one is composed by the introduction, concerning the motivation and objectives of the devel-

opment of this thesis.
The second chapter contextualizes the problem by understanding and giving needed background of

the Portuguese Healthcare System. It focuses on how it is structured, the SNS and PPPs.
A literature review is performed on the third chapter, providing theoretical basis on the definitions of

quality in healthcare, which is a non-consensual concept, as well as access to this type of services. It
then focuses on the importance of quality measurement and how it can be accomplished. The literature
review is expanded to the fourth and fifth chapters to provide context for the model used for this disser-
tation. They focus on composite indicators, the concept of MCDA, its contribution to healthcare and the
details of the ELECTRE TRI-nC method, which is the chosen one.

The sixth chapter comprises the case study in regards of the DM, the database and sample chosen
to carry out this analysis and the definition of variables needed for the method to be applied.

The seventh chapter is dedicated to the model implementation, providing examples of its application,
and the consequent results.

Finally, the eighth chapter is reserved to the conclusions drawn from the implementation of this
method to the case of Portuguese hospitals’ performance assessment and the limitations of this study.
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Chapter 2

The Portuguese Healthcare System

This chapter introduces the context where the problem is inserted, from general to specific. Firstly, there
is a description of the Portuguese healthcare system, how it is organized, financed, and the evolution
of expenditures regarding this sector through the years. Secondly, the characteristics of the Portuguese
SNS are described, including its major reforms. Finally, this chapter focuses on one of these reforms:
the creation of PPPs.

2.1 Overview

Health systems in developed countries are defined by three main frameworks: the national health model
(Beveridge model), the social insurance model (Bismarck model), and the private insurance model. In
the European Union, 77% of health spending is financed by public resources and compulsory insurance
(Meleddu et al., 2019).

In 2015, the United Nations declared the goal to achieve universal health coverage - the central
theme of global health policy nowadays - by 2030, “so that all people and communities receive the
quality services they need, and are protected from health threats, without suffering financial hardship”
(National Academies of Sciences, Engineering, and Medicine, 2018). The ultimate goal of healthcare
services is to improve patients’ satisfaction and quality of life (Ferreira et al., 2018b).

In Portugal, there is a mix of public and private health service providers, divided in three coex-
isting systems: the National Health Service (SNS), the private sector (for instance, clinics), and the
social sector, with whom the public sector has collaboration agreements (Oliveira and Pinto, 2005;
OECD/European Observatory on Health Systems and Policies, 2017).

According to PORDATA1, in 2018, about 9% of the Portuguese GDP regarded health expenses,
more than the average of the OECD, 8.8%. In fact, 17,839Cper capita were spent in this sector in 2018,
making a total of approximately 18.3 billion C2.

Figures 2.1, 2.2 and 2.3 exhibit the evolution of health expenditures from 2000 to 2017 (in the case
of hospitals) and from 2000 to 2018 (total health expenditure and percentage of GDP), using PORDATA
as the data source.
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As shown in Figure 2.1, there was a fluctuating variation in healthcare spending as a percentage of
GDP since 2000, but it is mostly a sustained increase. After 2010, due to economic recession and fiscal
consolidation measures, it was reduced by nearly one percentage point, from 9.8% to a steady 9%, that
has been constant since 2014 (OECD/European Observatory on Health Systems and Policies, 2017).

Figure 2.1: Total expenditures spent in healthcare as a percentage of GDP, from 2000 to 2018.

Figure 2.2 shows the total expenditures in the health sector, private and public. From 2000 to 2010
there was a significant increase in these expenditures. This period corresponds to the adoption of the
New Public Management (NPM) paradigm - which will be discussed again subsequently -, that aimed to
promote innovative private management models, but failed to achieve the reducing of costs within health
services (Ferreira et al., 2018a).

Figure 2.2: Total expenditures spent in healthcare, in thousand C, from 2000 to 2018.

Between 2011 and 2015, there was a reduction of those expenditures, linked to the signature of
the Memorandum of Understanding and implementation of the austerity measures, that brought several
cost containment measures, including in the health sector, aiming to control the expenditures of public
hospitals (which is also noticeable in Figure 2.3), to enhance efficiency (Nunes and Ferreira, 2019b).
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Figure 2.3: Total expenditures spent in hospitals, in thousand C, from 2000 to 2017.

The troika agreement ended in December of 2015, leaving a wider budget available for the healthcare
sector. In 2016, the Portuguese government introduced some health policies that resulted in the increase
of expenses with healthcare, holding the same share of GDP (Nunes et al., 2019).

Since then, these expenditures have kept growing, as a result of different factors such as demo-
graphic changes, technology evolution, healthcare advances, and aging population (Ferreira and Mar-
ques, 2019). Hospitals consume more than half of the public health expenses (Ferreira and Marques,
2015). For instance, in 2017, the value spent in healthcare was approximately 17.5 billion C, being that
around 11.6 billion C- a little over 66% - are public expenses. Hospitals accounted, in that year, around
7.4 billion Cof the latter expenditures, almost 64%1.

When it comes to financing the healthcare system, there are four main sources: taxes, social contri-
butions, copayments, and private insurance. Copayments and private insurance are voluntary payments,
as opposed to taxes and social contributions (Ferreira et al., 2018b; Simões et al., 2017).

There are special social health insurance schemes for certain professions (health subsystems, like
Serviços de Assistência Médico Social, SAMS, or Instituto de Proteção e Assistência na Doença, ADSE)
and voluntary private health insurance (like Médis) (Simões et al., 2017). Around 25% of the Portuguese
population is covered by health subsystems, 10% by private insurance and 7% by mutual funds (Barata
et al., 2012).

The public share of health expenditure accounts for 66% of total health financing, leaving approx-
imately 34% to be privately financed. Hence, it can be said that the Portuguese health system also
presents a mix of public and private financing, and that, in the European Union and the OECD, Portugal
constitutes one of the highest spenders in this sector (Oliveira and Pinto, 2005).

2.2 The Portuguese SNS

The Portuguese SNS was created in 1979, after a period of dictatorship that ended in 1974. SNS is
composed of all public entities delivering primary and secondary healthcare services to the population
(Ferreira and Marques, 2019).

The secondary healthcare services are constituted by singular hospitals, hospital centers (resulting
from horizontal merging), local health units (resulting from vertical merging), PPPs, oncology centers,
maternities, and psychiatric hospitals (Ferreira and Marques, 2020).

1 PORDATA - Despesa Corrente em Cuidados de Saúde: total e por tipo de prestador
(https://www.pordata.pt/Portugal/Despesa+corrente+em+cuidados+de+sa%c3%bade+total+e+por+tipo+de+prestador-
2958-248067). Accessed: 03/02/2020.
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In line with what was previously stated, the goal of the Portuguese SNS is to provide universal,
appropriate, and equitable care to all citizens, regardless of their gender, religion, ethnic origin, social
status, ability or willingness to pay. The Portuguese public healthcare services are also considered ten-
dentiously free since, although some co-payments have been introduced to reduce some unnecessary
demands for care services, the poorest population is free of charges (Ferreira and Marques, 2015; Crisp
et al., 2014). SNS follows a Beveridge model and is financed by general taxation (Ferreira et al., 2018b).

There were positive changes in the evolution of some health indicators in the following years after
the creation of the SNS, which, together with the overall improvements in the Portuguese population’s
general living conditions and the increased availability of healthcare brought impressive progress to the
country (Simões et al., 2017; Oliveira and Pinto, 2005). In the last 40 years, Portugal not only reduced
infant mortality rates remarkably but also increased life expectancy. As examples, in 1974 (before SNS),
the infant mortality rate was 37.9% and, in 2019, it was 2.8%2. Life expectancy went from 68.2 average
years of life in 1974 to 80.9 years in 20183. Finally, the percentage of GDP spent in the health sector
in 1974 was 4.1%, and, as previously seen, nowadays it rounds 9% (OECD, 2001; OECD/European
Observatory on Health Systems and Policies, 2017).

According to Ferreira and Marques (2015), the Central Government collects funds from citizens via
taxes, and distributes those funds by the different ministries, including the health one, which allocates
them to SNS institutions.

The Ministry of Health is a governmental department whose mission includes assuring the application
and sustainable utilization of the resources available and evaluation of the results. It is in charge of the
planning, organization and regulation of the health sector in Portugal, which includes the development
of health policies and running the SNS4. The activity of establishments providing healthcare is regulated
by Entidade Reguladora da Saúde (ERS) 5.

Consequently, it would be expected for the Portuguese health system to be financially sustainable,
especially when it comes to hospitals, which are included in the SNS institutions being financed and
consume more than half of the public health expenses, as seen above. Nonetheless, considerable
levels of waste, poor allocation of resources and inefficiency have already been reported among public
hospitals, exposing a theoretical financial unsustainability of the system (Ferreira and Marques, 2015;
Ferreira et al., 2018a; Ferreira and Marques, 2018; Ferreira et al., 2020).

Hospitals, in fact, are based on program-contracts (contractos-programa, in Portuguese), that are
negotiated between the ERS and the Ministry of Health, the Regional Health Administrations (RHA)
and the hospital in question (Ramos, 2006). These contracts follow a prospective payment system
where hospitals are financed according to their dimension, past expenditures and production (volume of
delivered services), and the model has shown structural weaknesses and constraints (Comissão para
a Sustentabilidade do Financiamento do Serviço Nacionalde Saúde, 2007). The service prices are
defined by clustering hospitals according to a set of size and complexity related variables. First, the
most efficient hospital among each cluster is found, and then, their associated unitary cost is assessed,
which is used as a reference value for all the others within the cluster (Nunes et al., 2019). However,
Ferreira et al. (2020) consider that the concept of efficiency used is not clear and that the criteria used for
clustering does not correctly reflect neither quality or environmental information of the services provided
by the hospitals, likely leading to inefficient payments.

The system is managed by the Central Administration of the Health System (Administração Central

2 PORDATA - Crude death rate and infant mortality rate (https://www.pordata.pt/en/Portugal/Crude+death+rate+and+infant+mortality+rate-
528-2950). Accessed: 28/05/2020.

3 PORDATA - Life expectancy at birth: total and by sex (https://www.pordata.pt/en/Portugal/Life+expectancy+at+birth+total+and+by+sex+(base+three+years+from+2001+onwards)-
418). Accessed: 28/05/2020.

4 SNS - Ministério da Saúde (https://www.sns.gov.pt/institucional/ministerio-da-saude/). Accessed: 24/05/2020.
5 SNS - Entidade Reguladora da Saúde (ERS) (https://www.sns.gov.pt/entidades-de-saude/entidade-reguladora-da-saude/).

Accessed: 24/05/2020.
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do Sistema de Saúde, ACSS) and by the five RHA (Norte, Centro, Lisboa e Vale do Tejo, Alentejo and
Algarve). Each of the RHA have their own health administration council, whose responsibilities include
strategic management of the services, control and supervision of hospitals, and they answer to the
Ministry of Health. Hence, all Portuguese public hospitals are under the authority of this Ministry, which
means that the hospitals are not autonomous in several issues, such as the purchase of innovative new
technologies, or the hiring of personnel. They are subject to the commercial/private law and financed
via annual prospective budgets 6 (Nunes, 2018).

As seen by Ferreira and Marques (2019), healthcare services in Portugal are also considered rival-
rous due to the limited availability of staff, beds and other hospital resources. Hence, the access of
one citizen may jeopardize the access of another one, increasing waiting lists and waiting times and
contributing to the existence of some access barriers. According to OECD/European Observatory on
Health Systems and Policies (2017), geographical disparities in the availability of services - since these
resources are unequally distributed across the country -, were the main barrier to access in Portugal
in 2017, joined by the aforementioned waiting times. They also refer to factors such as the increase of
average life expectancy, the aging population, and the higher incidence of chronic diseases as impellers
of big challenges to the healthcare services provided.

It is relevant to mention that several health reforms were introduced in the Portuguese SNS to reduce
the high expenditures and waste of public funds, and simultaneously improve the value for money, the
efficiency, and the effectiveness of healthcare providers. Some of these reforms include the corporati-
zation, the vertical and the horizontal merging of public healthcare providers, and the creation of PPPs
(Ferreira and Marques, 2015).

The first two, corporatization and hospital mergers, demonstrated the introduction of the NPM mea-
sure previously mentioned (Nunes and Ferreira, 2019b). The PPP reform will be discussed in the follow-
ing section.

Particularly, the corporatization was implemented in response to the increase of public health ex-
penditures, which challenged the traditional hospital model’s sustainability. As reported by Rego et al.
(2010), in 2002, 36 public hospitals (SPA) were converted into 31 State-owned hospital enterprises (SA),
which had more autonomy than SPA - especially in the contracting and acquisition of health equipment,
drugs, and human resources - and could use some private management related instruments, while still
being subjected to regulatory intervention by the Ministries of Health and Finance. Later, in 2005, all
SA companies were converted into corporate public entities (EPE) and, until 2009, the remaining SPA
hospitals gradually followed their example. This enabled the guarantee of the public nature of the SNS
hospitals, while also ensuring a greater level of strategic and supervisory intervention by the Ministries
of Health and Finance, reducing, consequently, the autonomy of these hospitals.

When it comes to the merging measure, it was instigated by the lack of communication between the
different levels of healthcare (primary and secondary) suffered by the Portuguese SNS (Nunes and Fer-
reira, 2019a). To articulate this and make this link more efficient and effective, there was a restructuration
in the organizational model (Ferreira et al., 2018a). Thus, some public hospitals were integrated with
primary or secondary healthcare centers, creating hospital centers (horizontal merging) and local health
units (vertical merging) (Entidade Reguladora da Saúde, 2015). In this period, the post-hospital care
(continued care) and end-of-life care (palliative care) were also created (Nunes and Ferreira, 2019b).

However, as presented in Figure 2.2, these reforms did not achieve the desired results in the health-
care sector, having even generated increased costs and high debt. This situation has also contributed
to the financial crisis that came in the following years (Nunes and Ferreira, 2019b).

According to Nunes (2018) and Perelman et al. (2015), the financial crisis (2009-2015) was charac-
terized by a poor definition of public health policies and a lack of strategic vision, reforms and investment

6 Portuguese Government - Decree Law number 22/2012.
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in the healthcare sector. The Portuguese population suffered inequalities regarding accessibility, wors-
ening of their health status and loss of quality of services. The government had to implement and rede-
fine measures promoting access, quality, and efficiency in the use of resources, to recover the country’s
SNS. Austerity-based policies included in the troika agreement also introduced a set of measures to
reduce costs and waste in the health system, as it was already seen in the previous section, to increase
the regulation of the pharmaceutical market, and to enhance the hospitals’ management, by reducing
contracted budgets with these entities (Sakellarides et al., 2014).

On the one hand, this resulted on a rationalization of resources, with efficiency gains namely in the
drug market and in the reduction of the debt of the SNS. On the other hand, these cuts in spending had
negative impacts, not solving the problems pre-existing in the SNS. Some were even aggravated, such
as loss of responsiveness, increment of barriers to access to healthcare, lack of investment in equipment
and infrastructures, and worsening of population health status (Nunes et al., 2019; Doetsch et al., 2017).
This led to the dissatisfaction of the patients and demotivating of health professionals, along with the loss
of quality of services.

Given the urgency of the situation, a new four-year strategy (2016–2019) was implemented, to reform
the SNS and ensure its long-term sustainability. This strategy had measures regarding the improvement
of the capacity to respond to citizens, the enhancement of the access of citizens to the appropriate and
timely care and the extending of the supply of continuous and palliative care (Nunes, 2018; Nunes and
Ferreira, 2019b). Since this period is the most recent and the measures are, at the time of writing, still
being applied, there is not enough information to conclude on their effectiveness, even though the results
are beginning to show. However, the SNS still faces many challenges, for instance being underfinanced
since the time of the crisis, which might compromise its efficiency, equity, access and quality (Nunes
et al., 2019).

2.3 Public-Private Partnerships

The concept of a Public-Private Partnership has emerged and become a well-known alternative to tra-
ditional ways of public service delivery in the past three decades. In recent years, the use of PPPs has
become increasingly popular, including in the healthcare sector (Torchia et al., 2015). However, because
of the little available activity history and of its long-term contracts, not many definitive evidence-based
conclusions can be drawn about their effectiveness (Parker et al., 2019; McKee et al., 2006).

According to the Portuguese decree law number 111/2012, a PPP is defined as follows: “Public-
private partnership means the contract or the merger of contracts whereby private entities, designated by
private partners, are obliged, in a lasting way, to a public partner to ensure, given previously negotiated
conditions, the development of an activity in order to satisfy a collective need, in which responsibility
for the investment, financing, exploitation, and associated risks is incumbent, in whole or in part, on the
private partner.”

This broad definition is applied not only for the health sector, but for a set of different ones such as
the security, transport (railways, roads, ports or airports), power (generation and distribution), social,
and governmental infrastructures (health, education, housing) sectors 7.

Firstly, a PPP establishes a long-term contract between the two parties. The private party is respon-
sible for maintaining the infrastructure, and for the management and control of the project, which adds
pressure not only to ensure a careful design and construction but also in terms of performance regard-
ing the administration of hospitals (Pereira et al., 2020). These are preliminary indicators that PPPs are

7 PPP Knowledge Lab - PPP Reference Guide (https://pppknowledgelab.org/guide/sections/8-how-ppps-are-used-sectors-
andservices/). Accessed: 02/03/2020
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expected to do better than regular public management in this sphere.
When it comes to Portugal, the Portuguese Government adopted PPP models for the same reasons

as other countries, such as dealing with financial constraints in the public sector while having to increase
health service spending, cost overruns in infrastructure investments and a political directive to increase
private sector involvement in the delivery of public services (Cruz and Marques, 2013b; Torchia et al.,
2015). In this way, it was believed that efficiency and effectiveness could be improved, and overall costs
in construction and operation of hospitals could decrease (Cruz and Marques, 2013a).

The Portuguese model of PPPs on the health sector is based on the United Kingdom version of
these partnerships, Private Finance Initiative (PFI). The main differences between the two are that PPPs
express a joint ownership, while PFI denotes a contractual arrangement, and that the Portuguese version
includes clinical services in the contract (healthcare provision and the equipment renovation), contrary
to the UK model, that only covers the infrastructural and logistic services (Barros and Martinez-Giralt,
2009; Pereira et al., 2020).

These contracts comprise two managerial components: the buildings’ development, maintenance,
and management are provided and operated by one company – in Portuguese, Entidade Gestora do
Edifı́cio -, over 30 years, while another company – in Portuguese, Entidade Gestora do Estabelecimento
- is responsible, over 10 years, for the provision of clinical services. These are, respectively, the entity
in charge of the hospital building that administers the infrastructures, and the entity responsible for the
hospital establishment that manages the clinical care provision 8. Payments are made by the public
sector to its private partners during the contract time. Since these two different entities have different
objectives, they will have distinct payment methods which will lead to two independent payment streams
(Simões et al., 2017).

The Portuguese PPP model in healthcare was applied to all of the four PPP hospitals from the
first wave. There are, currently, only three hospitals under a PPP format in Portugal, although the
construction of additional ones (under a different framework) has already been planned. These are
Hospital de Cascais, Hospital de Vila Franca de Xira, and Hospital Beatriz Ângelo (Loures). It is planned
that Vila Franca de Xira Hospital will no longer be under the responsibility of the private entity for clinical
exploration in 2021, when their contract ends.

As mentioned above, PPPs can simply privately manage an existing hospital or be a full-service
provision at all levels of care (European Commission, 2014). In the Portuguese case, the clinical man-
agement (e.g., staff, clinical devices, drugs) and soft facilities (e.g., laundry) are included in the project,
besides infrastructure and hard facilities management (Barros and Martinez-Giralt, 2009). This triggers
a few questions regarding its effectiveness. As publicly-managed hospitals, PPP hospitals also belong
to the Portuguese SNS, but they are not financed in the same contracting terms (Ferreira and Marques,
2020).

2.3.1 Advantages and Disadvantages

It is possible to outline advantages and disadvantages of the PPP measure.
In the managing context, the private sector is usually known for its competence (allegedly increasing

the quality of services provided) and efficiency in delivering projects (there is an earlier delivery of the
investment program, since PPPs can provide further funding) (Galea and McKee, 2014).

Hence, as stated by Ferreira and Marques (2020), Buse and Harmer (2004) and Torchia et al. (2015),
in this shared risk, rewards and roles between both public and private partners, the former (State) should
take advantage of the competitive potential, strategic skills and the higher efficiency in risk management

8 ACSS - Parcerias Público-Privadas na Saúde (http://www.acss.min-saude.pt/2016/10/12/parcerias-publico-
privadas).Accessed: 20/03/2020.
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of the latter; yet, it has shown a weak ability to do this, reflecting poor outcomes. As a consequence
of the innovation, know-how, and managerial/ technical efficiency provided by the private partner, these
partnerships are also expected to make a more rigorous and efficient selection of projects possible,
create jobs and incentives, deliver high quality secondary healthcare services to the citizens, among
other benefits.

Marques and Silva (2008) expose the advantages in the financial and economical context, including
the reduction and optimization of costs and time for project delivery. While during the planning of a public
hospital construction the price of the project is, in average, underestimated by around one fifth, and the
construction time is usually extended, for the case of PPPs these estimations are done much more
carefully since most of the risk falls on the private company, leading to significant loss in revenue. Also,
because there is a team dedicated to monitoring the fulfilment of the contracted services, the private
company must ensure the quality of such services, otherwise they incur in a financial penalty stipulated
by the contract.

Concerning disadvantages, they comprise a big investment (sometimes out of hands for the gov-
ernments), frequently based on economic interests rather than population needs and public interest,
being subject to opportunistic, unreliable behaviours (Johnston and Gudergan, 2007; Galea and McKee,
2014).

The fact that their forecasts, besides being demanding, are subject to great uncertainty, being very
hard to predict, is also an issue (Ferreira and Marques, 2020). There is, usually, an overestimation of
demand for healthcare, which sometimes is not met, imposing compensations to the private partner
(Cruz and Marques, 2013a).

These projects are also likely to face skimming effects, which happens when providers maximize
financial gains by selecting or transferring patients according to the risks involved (Yang et al., 2020).
Yang et al. (2020) hint that publicly-managed hospitals are less likely to fall under these circumstances
than profit-motivated hospitals. In addition, they are under rigid and incomplete contracts that are difficult
to elaborate and redact, since they need to be extremely clear and well defined for both parties, espe-
cially since contracts are created from scratch without many previous references (Marques and Silva,
2008).

2.3.2 Assessment

In some Portuguese political sectors, there have been some objections and maneuvering of public opin-
ion about the long-term consequences of PPPs. When it comes to the healthcare sector, specifically,
some parties believe that PPPs are not capable of providing equitable care as publicly-managed hospi-
tals, and these entities are often seen as a threat to accessibility.

Besides this, with the recent development of new technologies and medicines, renegotiations be-
tween the public sector and the private partner of the PPP are constantly happening. There is a regular
need to update tenders and policies, which turns out very costly (Ferreira and Marques, 2020).

A timely evaluation of management tools such as PPPs might bring benefits, since it allows the
comparison between public-managed hospitals and PPPs, which might later allow for corrections of
protocols and adjustment of measures, among others.

Since 2013, hospitals’ benchmarking dashboards have been used, to enhance the transparency and
sharing of information with the community to build a public market of healthcare providers, which aims
to improve the access and quality of services, and better detect aspects needing improvement. This is
based on the model developed by ACSS, and assesses the quality, productivity, and economic-financial
performance. Data are provided every month by each institution (Simões et al., 2017).

According to a study done by ERS in May of 2016, where the institutions analyzed were both publicly
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managed hospital entities (with the exception of psychiatric hospitals) and PPPs, the parameters most
complained about were the same for all types of hospitals. All the complaints are registered by the SNS
and, at the top of both lists, were waiting times followed by the focusing, or lack thereof, on patients as
well as their safety. However, it is important to notice that PPP hospitals are not obliged to reveal data
regarding expenditures, something EPEs are, which makes the comparison less accurate than it should
be9.

Therefore, if quality of the delivered care cannot be periodically and reliably monitored, a lot of
negative outcomes can happen, which can even harm patients’ health status. Ferreira and Marques
(2020) point this as a reason for questions to arise as far as the providing of clinical services by the
private partner is concerned. In fact, since private partners are known for wanting to maximize their
profit, there is a great concern that it can compromise the good conduct and quality of the services
provided, especially when considering such an important and demanding sector as healthcare.

In line with Cruz and Marques (2013b), to ensure the success of these reforms, it is possible to define
quality indicators and monitoring plans. However, it is complex to measure health services, especially
regarding quality standards, as will be discussed further, making it hard to keep these partnerships under
control. In general, PPPs have been under some criticism as evidence seems to suggest that they did
not achieve the desired goals, namely the public expenses reduction (Ferreira and Marques, 2019).

In general, what customers (patients) demand from the healthcare system, and should be the main
goal, includes: the delivery of effective and efficient services, equity on access, low waiting times, and
the exceeding of their expectations. Unfortunately, while presenting very good characteristics, the Por-
tuguese SNS has also been commonly associated with lack of quality and patient’s dissatisfaction, which
needs to be addressed (Oliveira and Pinto, 2005; Ferreira et al., 2018b).

However, an opportune question arises: what does a high-quality healthcare service constitute?

2.4 Summary

This chapter presented the background context where the problem under scrutiny is defined. First by
characterizing the overall Portuguese health sector, then, entering the domain of the SNS, and, finally,
focusing on PPPs.

The Ministry of Health is responsible for the planning, organization, and regulation of the health
sector in Portugal. The provision of healthcare is made by public entities (primary care centers, hospitals,
continued, and palliative care) and by some private partners (consultations, diagnostic and therapeutic
examinations, hospitals, and other private clinics). The financing of healthcare in Portugal is a mix of
public and private funds, being predominantly based on taxes – as a typical Beveridge model.

The SNS itself is characterized as a complex organizational structure, which provides universal,
appropriate, and equitable care to all citizens and has faced up and downs since its creation, in 1979.

The system is managed by the ACSS and by the five RHAs. Hospitals are financed under pro-
gram contracts and are the main healthcare providers, consuming more than half of the total of public
expenditures.

PPPs are long-term contracts between two parties: the public one, governments, and the private
partners. They emerged with the objective, among others, of reducing the financial pressure and con-
straints in the public treasury by creating shared roles, risks and rewards between parties.

In Portugal, PPP hospitals include, besides infrastructure and hard facilities management, clinical
services. They also belong to the SNS but are not financed in the same way as publicly-managed hos-

9 Entidade Reguladora da Saúde - Estudo de avaliação das Parcerias Público-Privadas na saúde
(https://www.ers.pt/pt/regula%C3%A7%C3%A3o/estudos/estudos/avaliacao-das-parcerias-publico-privadas-na-saude). Ac-
cessed: 30/03/2020.
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pitals. Besides the potential benefits to the health sector that these entities offer, many concerns have
been raised. It has been discussed whether PPP hospitals can deliver healthcare services with, at least,
the same level of social performance as publicly-managed hospitals, considering their management’s
private nature.

Obviously, it is of high importance to ensure the sustainability and efficient use of hospital resources,
while guaranteeing that patients can access and receive appropriate and timely care, with maximum se-
curity, and equitable manner. Thus, it is extremely important to contribute to closing the gap in literature
related to the capacity of PPP hospitals.

This makes understanding and assessing the quality of hospitals, publicly-managed and PPPs, con-
sidering their performance, a priority.
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Chapter 3

Quality in Healthcare

The concept of quality has been used in many different contexts, with different meanings, by different
authors. It is a complex concept in literature, especially when it is linked to healthcare, not existing
an official single definition to it. In this chapter, a literature review is carried out, exposing the multiple
definitions one comes across when trying to find out how to characterize quality in the area of healthcare.
The final goal is to settle on a definition of quality and its many dimensions in this domain, so that later
a comparison can be done between the Portuguese hospitals regarding this concept.

3.1 Definition of Quality in the Healthcare Sector

Quality, access, and efficiency should always be ensured for a health system to be sustainable. It is hard
for healthcare providers to maximize the quality and increase the quantity of their services and at the
same time contain their costs. Therefore, health systems capable of delivering services equitably and
efficiently are critical for achieving improved health status (World Health Organization, 2010; Ferreira
and Marques, 2019).

According to World Health Organization (2010), a health system consists of all the organizations,
institutions, resources and people whose primary purpose is to improve health and delivers preventive,
promotive, curative and rehabilitative interventions. The actions of the health system should be respon-
sive and financially fair, while treating people respectfully. It needs staff, funds, information, supplies,
transport, communications, and overall guidance and direction to function.

Interest in measuring and improving the quality of healthcare has been increasing as a consequence
of factors such as growing demand for healthcare, rising costs, constrained resources, an increasing
number of medical specializations, complex therapies and equipment, and disease burden, to name a
few (Campbell et al., 2000; Talib et al., 2015). As previously mentioned, a considered “efficient” health
provider does not necessarily imply a high quality delivered service, so it is important to understand what
“quality” means, in this context.

As found in literature, “quality”, “care”, and “quality of care” are non-consensual, multi-faceted and
universally-hard-to-define concepts.

One of the factors that make the definition of quality so difficult is the “distinct” feature, when it
comes to the healthcare industry characteristics - such as intangibility, heterogeneity and simultaneity.
”Heterogeneity”, for instance, can occur because different healthcare professionals provide services
differently (according to their individual experience, abilities and personalities) to patients with varying
needs (Mosadeghrad, 2014).

Besides, understanding these concepts can lead to a reduction of waste and delays, lower costs,
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higher market share, and a positive company image, which, by its turn, results in the increase of pro-
ductivity and profitability. In addition, satisfied patients are more likely to follow medical advice, which
is expected to improve their own quality of life (Mosadeghrad, 2014; Ferreira et al., 2018b). In general,
defects in the quality of healthcare deny populations the potential benefits of effective care (National
Academies of Sciences, Engineering, and Medicine, 2018).

For instance, National Academies of Sciences, Engineering, and Medicine (2018) defined quality as
“the degree to which health services for individuals and populations increase the likelihood of desired
health outcomes and are consistent with current professional knowledge”.

Other authors, instead of giving straightforward generic definitions, that are not easily operationaliz-
able since they lack sensitivity and specificity, follow disaggregated approaches which take into account
the complexity and multidimensionality facets of quality. In these approaches, each individual component
(dimension) provides, per se, an evaluation of quality. When combining all these dimensions, results a
more specific evaluation (Campbell et al., 2000).

For instance, Donabedian (2005) uses a Structure-Process-Outcome model to define quality, in
which structure denotes the attributes in which care occurs, like infrastructures and equipment, pro-
cess stands for the actions performed by the staff and their interactions with the patients, to deliver care
services, and outcomes express the effects of the care services delivered on patients’ quality of life.
There are subcategories, or dimensions, that can be introduced within outcomes and process, which
are care appropriateness, and clinical safety.

According to Ferreira and Marques (2019), on the one hand, care appropriateness regards the abil-
ity of delivering patient-centered care services supported by evidence-based guidelines (the services
provided are not considered appropriate unless they follow both of these mandatory characteristics).
The disrespect of this dimension can result in avoidable re-admissions after inpatient discharge and
excessive staying, i.e., long periods of permanence in hospital wards, which, in its turn, can increase
the probability of other diseases developing, such as septicemia or nosocomial infections. On the other
hand, the patients’ clinical safety is the capacity of preventing and reducing the risk of unnecessary
complications, harm or even deaths, during the process of care. There are medical complications that
can be considered preventable (e.g. bloodstream infections and post-op pulmonary embolisms), so its
occurrence and consequent effects on a patient are often linked to staff errors, which presupposes lack
of clinical safety during care. This leads to multiple problems both for the patients and for the provider
entity: patients are undeniably left uncomfortable and dissatisfied, there is a consequent loss of trust in
the healthcare system and, apart from all of that, additional care is needed to fix these problems, which
also can lead to more costs and, consequently, waste.

Care appropriateness and clinical safety are likely linked, since inappropriate provided care can result
in negative outcomes, which regards the safety of the patient.

Zineldin (2006), in its turn, suggests that “service quality” can be broken down into two distinct dimen-
sions, which are the technical dimension and the functional dimension. When related to the healthcare
sector, the technical dimension is defined primarily on the basis of the technical accuracy of the medical
diagnoses and procedures, while the functional dimension refers to the way the healthcare service is de-
livered to the patients, concerning the quality of the relationship between patients and the organization
(Talib et al., 2015).

Furthermore, Campbell et al. (2000) starts by defining healthcare, which consists on “a composition
of healthcare systems and actions taken within them, designed to improve health or well-being”. In line
with Donabedian (2005), those authors also distinguish between the structure of healthcare, the actual
care given (process), and the consequences of the interaction between individuals and a healthcare
system (outcome). In this case, however, it is suggested that outcome is not a component of care, but a
consequence of care. Similarly, structure is not considered a component of care but the conduit through
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which care is delivered and received.

When it comes to the definition of quality of care for individuals, however, Campbell et al. (2000) refers
to it as “whether individuals can access the health structures and processes of care which they need,
and whether the care received is effective”, being suggested two dimensions of quality: effectiveness
and access.

Firstly, according to Campbell et al. (2000), it is suggested that effectiveness, when related to in-
dividual patients, should refer to maximizing care and desired processes and outcomes based upon
need.

Secondly, it is considered that a citizen has access to a service if he/she can use it whenever nec-
essary and at his/her will. The most basic dimension of access to a health structure considered is
geographic/physical access, to which rurality or difficulty of access by disabled or elderly people are
examples of barriers that can arise. This is the issue of some regions in Portugal, as mentioned in the
previous chapters.

Hospitals, as complex structures composed of multiple services whose aim is to deliver timely, eq-
uitable, patient-centered, safe, efficient, and effective secondary healthcare services, have the duty to
reduce this type of barriers. In fact, the lack of access is likely to deteriorate the quality of those services.
Thus, it is equally important to guarantee access to healthcare and overcome these barriers as it is to
provide the best quality healthcare services (Ferreira and Marques, 2019).

Nonetheless, Campbell et al. (2000) adds that, even if patients show no problems physically ac-
cessing the facility, issues regarding availability can still be faced, i.e., the healthcare system can be
incapable of providing facilities and services that meet the needs of individuals.

Then, access can, per se, present multiple dimensions. Gulliford et al. (2002), for instance, takes
into account four different dimensions of access: service availability (available hospital resources);
personal barriers (capability of recognizing the need to seek specialized care); financial barriers (e.g.
cost and the distance between home and the healthcare service) and organizational barriers (e.g.
long waiting lists and waiting times). Meanwhile, Ferreira and Marques (2019), in their turn, divide it
into three categories: the timeliness of services (capacity of delivering healthcare services at the right
time whenever required); the services availability (existence of disposable resources to be used when
necessary) and the characteristics of the population at risk (propensity of individuals to use services,
own income/insurance coverage, community attributes, and need for healthcare).

As mentioned by Donabedian (2005), aspects such as prevention, rehabilitation, coordination, con-
tinuity of care, and patient-physician relationships are often forgotten when defining “quality”. It can be
concluded that healthcare quality is, indeed, a subjective, complex, and multi-dimensional concept.

3.2 Frameworks for Quality Assessment

Hibbard and Pawlson (2004) bring attention to the fact that, even though patients worry and care about
quality of medical care, they struggle to understand what it should entail when searching for it. The
authors believe that providing frameworks for understanding, measuring, and evaluating the quality of
medical care makes it easier for patients to understand the meaning and relevance of high-quality care.
Besides this, frameworks help the communication between healthcare providers and consumers, bring-
ing them together in the way that they understand quality.

Some of the existing studies rely on Parasuraman et al.’s (1985) model (SERVQUAL) to study health-
care quality in healthcare facilities around the world. According to Badri et al. (2009), Akdag et al. (2014)
and Talib et al. (2015), this model is a five-dimensional concept of service quality, the five concepts being:

Reliability: Ability to provide services accurately and dependably.
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Responsiveness: Willingness or promptness in responding to customers’ needs.

Assurance: Courtesy and knowledge of the employees and their ability to convey trust and confi-
dence (trustworthiness).

Empathy: Caring and individualised attention provided to customers.

Tangibles: Physical evidence in a service facility (e.g., personnel, equipment).

Zineldin (2006) expanded the aforementioned technical-functional and SERVQUAL quality models
into a five-quality dimension framework, the 5Qs model, which includes:

Quality of object - the technical quality;

Quality of processes - the functional quality;

Quality of infrastructure - the basic resources;

Quality of interaction - the measurement of the quality of information exchange;

Quality of atmosphere - the relationship and interaction process between the parties are influenced
by the quality of the atmosphere in a specific environment where they cooperate and operate.

This method is, according to that author, more comprehensive than SERVQUAL, incorporating es-
sential and multidimensional attributes that the latter does not (Badri et al., 2009; Talib et al., 2015).

However, it is believed that more appropriate optimization models shall be used instead.

In the 2018 reviewed version of Crossing the Global Quality Chasm, the Institute of Medicine (IOM)
put forth a framework where the quality dimensions identified are:

Safety: Avoiding harm to patients from the care that is intended to help them.

Effectiveness: Providing services based on scientific knowledge to all who could benefit, and re-
fraining from providing services to those not likely to benefit (that is, avoiding both overuse of inappro-
priate care and underuse of effective care).

Person-centeredness: Providing care that is respectful of and responsive to individual preferences,
needs, and values and ensuring that people’s values guide all clinical decisions. Care transitions and
coordination should not be centered on healthcare providers, but on recipients.

Accessibility, Timeliness, and Affordability: Reducing unwanted waits and harmful delays for
both those who receive and those who give care; reducing access barriers and financial risk for patients,
families, and communities; and promoting care that is affordable for the system.

Efficiency: Avoiding waste, including waste of equipment, supplies, ideas, and energy, as well as
the waste resulting from poor management, fraud, corruption, and abusive practices. Existing resources
should be leveraged to the greatest degree possible to finance services.

Equity: Providing care that does not vary in quality because of personal characteristics such as
gender, ethnicity, race, geographic location, and socioeconomic status (National Academies of Sciences,
Engineering, and Medicine, 2018).

Quality attributes such as timeliness, consistency, and accuracy are hard to measure beyond a sub-
jective assessment by the patient (Mosadeghrad, 2014).

This committee concludes that the global quality chasm at the time of the study was even larger than
the quality chasm identified by the Institute of Medicine in the United States in 2001, and much more
disturbing in terms of human costs.

It is possible to see that all the definitions and points of view presented in this section are correlated,
some of the dimensions even coinciding, suggesting their importance. Overall, high quality of care
needs to be safe, effective, centered on patient’s needs, accessible and given in a timely, equitable and
affordable manner.

Relevance is added to the existing need of effectiveness, access and quality to go “hand in hand”.
However, to achieve “universal quality care”, investment, responsibility, and accountability on the part of
health system leaders are required.
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As stated previously, earlier studies showed that quality improvements may lead to efficiency de-
terioration and hospital costs increasing. Trying to counteract this can jeopardize the patients’ clinical
safety.

In fact, hospitals consume financial resources and physical resources, which are considered inputs.
The first comprises, among others, expenses with staff, drugs, pharmaceutical products, clinical con-
sumables and outsourcing, and the second accounts for the workload of clinical staff, especially doctors
and nurses (Ferreira and Marques, 2019). For them to be considered “technically efficient”, they must
use the minimum number of inputs for a given number of outputs. This means that these entities can
be technically efficient simply by achieving a higher number of treated patients, no matter the damages,
whether it is disinvestment on the safety of the patients or in infrastructures and equipment. This results
in poor treatment, access barriers like long waiting lists and even more costly treatments (Nunes et al.,
2019).

This makes apparent, once again, the need for efforts to be made to improve efficiency without
sacrificing quality and the other way around (Ferreira and Marques, 2019).

3.3 Measurement of Quality in the Healthcare Sector

Measuring quality is essential and is a type of evaluation used in many industries. Currently, it has also
been increasingly common in the healthcare sector. It is considered crucial since, with the information
provided, it can help to evaluate the appropriateness of the health policies currently followed by health
systems (i.e, if the best results for the population are being achieved).

Although there is an extensive body of literature regarding healthcare quality dimensions, few tools
exist for assessing and managing healthcare quality (Badri et al., 2009). When it comes to this sub-
ject, there is also no consensus. This kind of assessment requires the ability to measure each of the
components of the system and their relationships with each other (Handler et al., 2001).

According to the Agency for Healthcare Research and Quality (AHRQ), a quality measurement tool
must be objective, be based on scientific evidence and not affect or distort results. Besides that, AHRQ
reinforces that, to use quality measurements, there needs to be a responsible entity that can be identi-
fied, held accountable for its observed behaviour, and has a reasonable degree of control over the aspect
of care being evaluated. They also refer that quality measurements imply that the approach followed is
rigorous, systematic and quantifiable, and that these measurements must be tested to ensure its relia-
bility, validation, and standardization. Ultimately, expert consensus is often used to achieve agreement
on definitions and measurement specifications when considering quality measurement in healthcare1.

According to Talib et al. (2015), measuring the quality of these services is important to understand
the clients’ (patients’) preferences, since they select the hospital to attend based on their previous ex-
periences. In fact, it is not only the latest medical equipment that matters to draw patients to the facility,
but indicators like general health services and the quality satisfaction are what matters most to build
their trust. Factors and events that affect the patients’ perception include technical, functional, infras-
tructural, interaction, political environment, healthcare quality, social perceptions, and information tech-
nology. Typical patient complaints include long waiting times, high costs, and unfriendly, apathetic and
uncaring staff. Consequently, most of healthcare institutions are going for a patient-centered attitude.

Meleddu et al. (2019) mentions Qin and Prybutok (2013), Anbori et al. (2014) and Kitapci et al. (2014)
as authors who found that five indicators (installations, product/service quality, staff professionalism, and
economic and non-economic costs) had a significant influence on consumer trust and satisfaction.

1 Agency for Healthcare Research and Quality - Understanding Quality Measurement
(https://www.ahrq.gov/professionals/quality-patient-safety/quality-resources/tools/chtoolbx/understand/index.html). Accessed:
09/05/2020.
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The control and revision on the domain of quality should be conjugated with management and strat-
egy. Nations, regions, and healthcare organizations should measure and report it routinely and trans-
parently to support learning, and promote accountability and trust in the healthcare system (Akdag et al.,
2014; National Academies of Sciences, Engineering, and Medicine, 2018).

Standardized indicators allow comparisons between countries and can help mutual learning (World
Health Organization, 2010).

3.3.1 The use of outcomes

Outcomes can be used to provide information about the system’s overall performance, including its
efficiency, effectiveness, and ability to achieve equity between populations, and have been frequently
used as an indicator of the quality of medical care (Handler et al., 2001; Donabedian, 2005).

For instance, some studies have found an association between hospital readmission (i.e., rehos-
pitalization within one, two, four, or 12 months of discharge) rates and inappropriate care during the
hospitalization, since better hospital and post-discharge care are associated with fewer readmissions.
However, data on global readmissions have a limited value in the assessment of quality of care, since
the length of stay, death, and unplanned readmissions were proved to be predicted mainly by age, sever-
ity, and comorbidity. Nevertheless, it raises concern, and efforts should be done to reduce those rates
(Benbassat and Taragin, 2000).

More recently, many studies have used patient satisfaction as an outcome to measure the perfor-
mance of healthcare institutions, since the main goal of service providers is to deliver high quality service
and stay competitive (Talib et al., 2015). The aim of measuring patients’ satisfaction is that providers can
then strategically reallocate resources with the goal of improving the patients’ experience. It constitutes,
nonetheless, a very subjective and emotional measurement, since their satisfaction can be influenced
by past bad experiences, their own personality, severity/complexity of their illness, too high expectations
and a number of non-health related factors that might not be connected to the quality of services. It is,
then, apparent that satisfaction itself is not a good proxy for quality, since one is unable to know whether
rating differences come from individual expectations or, indeed, the hospital performance (Ferreira et al.,
2018a).

Moreover, most of the information is obtained through surveys and questionnaires which, while rep-
resenting feedback and allowing an idea of overall healthcare statement at the hospital level, can also
show irregular behaviour of the patient while ranking the service. Hence, the scores obtained are usu-
ally not illustrative. In addition, there is the risk of loss of compliance, which can only be avoided if the
perception of quality of care for the hospital staff and patients is similar (Akdag et al., 2014; Kisliakovskii
et al., 2017).

The nature of a typical healthcare service also contributes to these statements. The customer expe-
rience consists of a series of service encounters or touchpoints, which involves setting up appointments,
reception, waiting, physician interaction, interactions with healthcare personnel, pharmacy, billing, and
other administrative personnel (Park et al., 2016). This can result in failures of communication and co-
ordination between the different providers and facilities, causing important health information to get lost
along the way and impairing patient experiences (National Academies of Sciences, Engineering, and
Medicine, 2018). Therefore, a negative experience at one of these multiple touchpoints can result in an
overall negative evaluation, even if all the other touchpoints resulted in a positive experience (Park et al.,
2016). This makes the healthcare system seem more of a collection of separate activities than a coher-
ent, self-conscious, purposefully designed system, in addition to giving more confirmation of the possible
unreliability of patients’ evaluation (National Academies of Sciences, Engineering, and Medicine, 2018).

One must also notice that outcomes (and other related factors) are affected by the context in which
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the system operates, i.e., its social, economic, and political environment, which are unrelated to medical
care (Handler et al., 2001). Besides this, while some of these metrics are easy to measure (death, for
instance), most of them are harder and depend on a wide set of external and nondiscretionary events,
including the health status prior hospitalization and the follow-up of medical indications and prescriptions
after discharge (Ferreira and Marques, 2020).

In summary, although outcomes can work as validators of the quality of medical care and have been
regularly applied, they must be used with precautions and discrimination if considered quality indicators
(Donabedian, 2005). Other, probably more relevant, indicators must be considered.

3.3.2 Other relevant variables

Considering the information present in the reviewed literature, it is evident that the mere supply of staff,
space, and other resources is essential, but it does not guarantee good quality. As seen above, fac-
tors like the adequacy and availability of facilities, technology and equipment, the qualifications, actions
and organization of clinical and non-clinical staff, the administrative structure and operations of pro-
grams/institutions providing care, might also influence the quality of medical care (Donabedian, 2005;
Ferreira and Marques, 2020).

Each country and health system needs to accommodate its approaches according to the needs of
its populations and its health strategy objectives (National Academies of Sciences, Engineering, and
Medicine, 2018).

The evaluation can be done using a set of indicators, where each of them is related to one of the
quality dimensions seen above. However, existing measures address some domains more extensively
than others. For instance, effectiveness and safety are commonly addressed, but only a smaller number
of measures assess timeliness and patient-centeredness, and even less consider the efficiency or equity
of care.

Different entities, such as AHRQ, IOM, OECD and WHO, have developed efforts towards validating
indicators to measure the quality of medical care provided by healthcare entities. In fact, more than
650 hospitals in OECD countries have adopted standard indicators capable of measuring quality, that
must be adapted to consider the appropriate context and provide helpful insights for patients, providers,
and policy makers. This is important since, even though having many quality indicators is good, the
conclusions might be wrong/biased if they are not contextually relevant (Ferreira and Marques, 2020).

Most current indicators are, then, mainly focused on structural and process inputs instead of out-
comes, since it was already seen that it is more difficult to have access to this information.

Some of the common quality related variables that are used are: the failure to rescue and risk-
adjusted in-hospital mortality, (acquired) infections due to medical care, readmissions, caesarean rate,
patients’ satisfaction, postoperative respiratory failure and sepsis, and inappropriate discharges (Fer-
reira and Marques, 2020). For instance, in this area of quality, the indicators assessed by ACSS are:
percentage of readmissions within 30 days, percentage of patients discharged with a length of stay
above the maximum threshold, percentage of outpatient ambulatory surgical procedures, percentage
of hip surgeries performed within the first 48 hours, percentage of deliveries by caesarean section, the
mean adjusted delay rate, and the adjusted mortality rate (Simões et al., 2017).

Ferreira et al. (2018b) consider hospital image (measured by its trustworthiness, know-how, concern
about patients and technological progress), facilities quality (in terms of cleanliness, comfort, conserva-
tion, and privacy protection) and waiting time for (and before) a medical appointment as the most valued
criteria for patients to be satisfied.
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3.4 Summary

In this chapter it was possible to see how many definitions and different dimensions the concept of
quality has been associated with, in literature. Many authors have paired quality with effectiveness and
access which also presents different dimensions within itself. It was also found in literature many models
regarding the study of quality, being the SERVQUAL model very common since 1985. However, it has
been expanded since then and, in agreement with the National Academies of Sciences, Engineering,
and Medicine (2018), quality can now be composed by even more dimensions. These are: safety, effec-
tiveness, person-centeredness, accessibility, timeliness and affordability, efficiency and equity. These
dimensions can be directly linked to the assessment of hospital’s quality, being very important.

When considering how such a complex concept can be measured, multiple variables have been
considered in literature. First, outcomes, which, although useful, can also be very hard to measure,
subjective and affected by external aspects, and then, other variables, standard adaptable indicators
shared by OECD countries.
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Chapter 4

Composite Indicators

In this chapter, the concept of composite indicators is presented, along with its definition and the main
methods used to create them. This is done with evidence found in literature of how they can be consid-
ered as a tool to carry a proper evaluation of quality in healthcare organizations.

4.1 Overview

Composite indicators are becoming increasingly important and accepted as a useful tool in a wide spec-
trum of fields such as the environment, economy, technology, and education, including monitoring and
comparing performances (Veillard et al., 2009). However, statisticians, economists, and other groups of
users remain skeptical and critical when it comes to its use, due to the lack of transparency of some
existing indicators, especially as far as methodologies and basic data are concerned, which affects its
relevance, credibility, and interpretability (OECD and JRC, 2008).

Overall, an indicator is a quantitative or a qualitative measure derived from a series of observed facts
that can reveal relative positions (e.g. of a country) in each area. When evaluated at regular intervals,
an indicator can point out the direction of change across different units and through time (El Gibari et al.,
2019).

A composite indicator is defined by OECD (2004) as what is formed “when individual indicators are
compiled into a single index, on the basis of an underlying model of the multi-dimensional concept that
is being measured”. Hence, since they are the mathematical combination of single simple indicators
that represent different dimensions of a concept (whose description is the objective of the analysis),
they are considered much easier to interpret than identifying a common trend across many separate
indicators. This single resulting index captures policy attention more easily, facilitates communication
– potentially enhancing accountability -, and ensures that, instead of focusing on a single aspect, a
rounded assessment of performance is presented (Veillard et al., 2009). In summary, they measure
multi-dimensional concepts that single indicators are not capable of capturing, providing a useful overall
summary of performance that can as well facilitate the comparison between similar organizations and
track particular services and units (Shwartz et al., 2015). Nevertheless, if poorly constructed and not
carefully and transparently treated, composite indicators can lead to misinterpretation, misleading policy
messages and potential manipulation (OECD and JRC, 2008; El Gibari et al., 2019).

The construction of a composite indicator involves making choices when combining criteria of differ-
ent natures, and it requires several steps in which the DM must make decisions, namely processes of
normalization, weighting, and aggregation. All the methodological choices made at each stage of con-
struction will influence their accuracy, reliability, and appropriateness, possibly even having a dramatic
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impact on the final results (Jacobs et al., 2005).
OECD and JRC have developed, together, a set of recommendations on how to design, develop

and disseminate a composite indicator. It is important to note that the quality of a composite indicator
depends not only on the methodology used in its construction, but primarily on the quality of the frame-
work and the data used (OECD and JRC, 2008). They should be based on a well-grounded theoretical
definition/framework which allows the selection, combination, and weighting of individual indicators to
be carried out in the appropriate manner for each measurement (OECD, 2004).

The steps to be followed, according to OECD and JRC (2008), involve, besides the theoretical frame-
work, the data selection, the imputation of missing data - to provide a complete dataset -, a multivariate
analysis - to study the overall structure of the dataset, assess its suitability, and guide the next step -,
normalization, weighting and aggregation, a robustness and sensitivity analysis, and finally the identifi-
cation of correlations to other variables, the visualization of results and the assurance of transparency,
by going back to “real data”.

It makes sense to extend this approach to the healthcare sector since healthcare performance quality
is, as it was already seen, multi-dimensional and thus not easily captured by a single measure, benefiting
from a composite/aggregate score that is concise and easy to report.

If quality scores are difficult to interpret, health professionals and managers might not be interested
in engaging with this approach. The truth is, unlike individual indicators, there is no single, simple way of
developing composite indicators for a group of quality indicators, existing several different techniques to
achieve it (Reeves et al., 2007). It is very important to study these different methodologies, since each
of them can yield different scores or produce different rank orders for provider organizations, making the
choice of method a critical step.

4.2 Methods to construct composite indicators

There are multiple methods to combine individual measures or domains into composite ones. When
narrowing the research to the healthcare sector, specifically evaluation of healthcare organizations,
the methods one comes across more often are linear combinations, latent trait modeling, opportunity
scoring, and the creation of patient-level composite end points such as the all-or-none composite. All
methods have advantages and disadvantages.

Just as an example, The US News & World Report Index of Hospital Quality - the basis for evaluating
hospitals in the magazine’s annual “Best Hospitals” report – evaluated 4,656 facilities, in which hospitals
receive a composite score based on data from multiple sources in 12 of the 16 adult specialty rankings
(exceptions are ophthalmology, psychiatry, rehabilitation, and rheumatology). They use indicators for
different components like volume for structure, reputation for process, 30-day mortality for outcomes,
a patient safety score, among others. Weights are determined using different methods for each type
of measure (for instance equal weighting or relying on an expert panel) and each component has its
own weight assigned as well, being obtained a raw score as a simple weighted sum of the four ranking
components (Olmsted et al., 2018). Other ways, found in literature, to compound a composite indicator,
are tabled below, from Table 4.1 to Table 4.7
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Table
4.4:

Literature
review

ofC
om

posite
Indicators

in
H

ealthcare
facilities

(continued)

A
uthor,Year

S
am

ple
Variables

M
ethods

C
onclusions

S
trengths

W
eaknesses

Jacobs
etal.

(2005)

117
E

nglish
acute

H
ospi-

tals

D
eaths

w
ithin

30d
of

surgery;
E

m
ergency

readm
issions

to
hospital

after
treatm

ent;
Per-

centage
of

patients
returning

hom
e

after
hospital

treatm
ent;

Percentage
of

patients
w

aiting
¡6m

o
for

an
inpatient

adm
is-

sion;
Percentage

of
patients

seen
w

ithin
13

w
ks

of
general

practitioner
w

ritten
referral

for
1st

outpatient
appointm

ent;
S

atisfaction
surveys;

S
um

m
ary

m
easure

of
H

ospital
E

pisode
S

tatistics
data

quality
for

N
H

S
trusts

w
ith

inpatient
activity;

Percentage
of

junior
doctors

w
orking

hrs
com

plying
in

full
w

ith
the

new
deal

on
junior

doctors’
w

orking
hrs;

A
m

ount
of

tim
e

lost
through

absences
as

a
percentage

of
staff

tim
e

available
for

directly
em

ployed
N

H
S

staff.

“S
im

ple
lin-

ear
fashion”

using
equal

w
eights

•
The

analysis
presented

in
this

article
suggests

that
a

degree
of

caution
is

re-
quired

w
hen

interpreting
the

results
of

com
posite

perform
ance

m
easures.

•
The

conclusions
draw

n
about

the
com

parative
perform

ance
ofhealthcare

organizations
are

subject
to

a
substantial

degree
of

uncertainty.

Linear
aggregation

and
equal

w
eighting:

U
se-

fulw
hen

allsub-indicators
have

the
sam

e
m

easure-
m

ent
unit

and
w

hen
fur-

ther
am

biguities,
due

to
the

scale
effects,

have
been

neutralized.

-
D

ifficult
to

draw
defini-

tive
conclusions

aboutthe
precise

levelofattainm
ent

of
an

organization
w

hen
m

easures
are

vulnerable
to

uncontrollable
random

factors.
-

E
xistence

of
overlap

along
m

uch
of

the
dis-

tribution
of

com
posite

scores
w

hen
uncertainty

intervals
around

them
are

estim
ated

by
repeated

sim
ulations.

-
Varying

the
w

eights
on

individualindicators
has

a
substantialim

pact
on

the
rankings

of
m

any
hospi-

tals.

S
hw

artz
etal.(2011)

1,006
H

ospi-
tals

A
dherence

to
processes

ofcare,
30-day

readm
ission

rates,
In-

hospitalm
ortality,E

fficiency,P
a-

tient
satisfaction

(For
acute

m
y-

ocardial
infarction,

congestive
heart

failure,
and

pneum
onia).

For
a

subset
of

hospitals,
tw

o
other

m
easures

are
exam

ined:
survey-based

assessm
ents

of
patient

care
quality

by
hospi-

talchief
quality

officers
and

by
frontline

clinicians.

S
um

m
ing

the
quin-

tiles
of

the
ranks

on
the

individual
m

easures

•
There

w
as

little
correlation

am
ong

the
publicly

avail-
able

m
easures.

•
There

w
as

notable
cor-

relation
betw

een
objec-

tive
m

easures
and

survey-
based

m
easures.

•
H

ospitals
that

perform
ed

w
ellon

a
com

posite
m

ea-
sure

w
ere

often
not

in
the

top
quintile

on
m

ost
indi-

vidualm
easures.

•
For

som
e

purposes,
a

com
posite

m
easure

is
necessary.

-
This

type
of

construct
m

inim
izes

the
im

pact
of

outliers;
-

It
allow

s
com

parisons
betw

een
perform

ance
on

the
com

posite
m

easure
and

perform
ance

on
the

individualindicators
m

ore
easily.
-

The
results

ofthis
study

lend
som

e
externalvalid-

ity
to

patient
satisfaction

m
easures,

show
ing

it
as

a
m

ore
valid

m
easure

of
perform

ance
than

any
of

the
objective

m
easures.

-
Q

uestionable
quality

of
the

inputdata
and

the
ad-

equacy
of(or

lack
of)

risk
adjustm

ent.
-

For
the

m
ortality

and
readm

issions
m

easures,
the

authors
did

not
use

the
risk-adjustm

ent
m

od-
els

m
ost

w
idely

used
to

generate
the

data.
-

30-day
m

ortality
data

w
ere

not
available

but
it

w
ould

be
better

than
us-

ing
in-hospital

m
ortality

m
easures

in
the

m
ortality

m
odels.
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It is possible to point out the common use of opportunity-based models, the indicator average model,
and latent variable models. However, since several variations of each method exist, it is difficult to
evaluate them flawlessly. Besides this, along this research, it was made obvious that the application of
each method depends strongly on the characteristics of the dataset used, whether it is homogeneous or
heterogeneous, if it is made of small or big samples, and even the kind of care provided.

When it comes to weighting, whatever method is used, there is no consensus, since all of them
present advantages and disadvantages. According to Nardo et al. (2005), it is very important that
assumptions used for each weighting system are made clear and transparent, posteriorly undergoing a
robustness analysis. Usually, when there is a lack of consensus, lack of statistical or empirical grounds,
or ignorance about the correct model to apply, simpler methods are chosen, such as equal weighting,
that can yield unreliable results (Greco et al., 2019). Other widely used methods, pointed out both by
Nardo et al. (2005) and Greco et al. (2019), were the expert judgement and the Analytic Hierarchy
Process (AHP), which can lead to cognitive stress if there are many indicators to consider or do not
reflect the ”general” opinion. Other weighting methods found were, for instance, the Benefit of the
Doubt, Budget allocation and Conjoint analysis, from which conclusions were hard to draw (Saisana and
Tarantola, 2002; Wind and Green, 2013).

Then, aggregation techniques have to be considered, next to the weighting methods. The most used,
additive aggregation, can range from simply summing up indicators (linear aggregation) to aggregating
weighted transformations of them. However, the most suggested aggregation methods fall into geometric
aggregations or non linear aggregations, like MCDA. In fact, in additive aggregations, weights do not
necessarily demonstrate the importance of the correlated indicator, which implies a compensatory logic,
not being highly recommended (Podinovskii, 1994). In both linear and geometric aggregation, weights
express trade-offs between indicators, with the former presenting constant compensability, while with
the latter, compensability is partial. When one is faced with a situation where different goals are evenly
legitimate and important, these methods may not be suitable (Nardo et al., 2005).

Some authors claim that, since MCDA - which will be discussed in further detail in the next chapter -
is a well-known branch of decision making that takes into account different criteria simultaneously, while
analyzing different alternatives, these techniques are highly suitable in multidimensional frameworks to
construct a composite indicator by aggregating single ones (OECD and JRC, 2008).

To do this, there are multiple methods available, and the final value provided by them is taken as the
composite indicator. The literature research conducted showed that most of the MCDA methods used
to construct composite indicators have been applied in the fields of sustainability and environment, with
TOPSIS being the most widely used method (El Gibari et al., 2019). For the healthcare field, Tables 4.5
and 4.7 show the application of DEA based methods and a value and utility based method (UTASTAR).
However, UTASTAR and DEA allow for full compensation among the criteria, i.e., there are trade-offs
among the different criteria, and adopt additive aggregation for constructing composite indicators. For
the weights to be interpreted as “importance coefficients”, one must rely on non-compensatory aggre-
gation procedures to construct composite indicators, which can be done using a non-compensatory
multi-criteria approach, based on the DM’s preferences (El Gibari et al., 2019). The examples that have
already been studied with this objective were the methods of the ELECTRE family and PROMETHEE,
which limit or completely prevent compensation since they allow veto thresholds and only ordinal com-
parisons among alternatives. However, there was not evidence found in literature of its application to
create composite indicators for the assessment of healthcare organizations’ quality.

ELECTRE was introduced by Roy (1991), and is applied to three main problems: choosing, ranking
and sorting. The concordance and discordance indices and threshold values are used in this method,
which will be further explained.

To construct a composite indicator using this method, the decision maker must associate the corre-
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sponding parameters (thresholds or pseudo-criteria) to each indicator, in addition to the weights. They
do not require a normalization before aggregating variables, since they use the original data for the
comparisons. Afterwards, each indicator is converted to a 0–1 scale (El Gibari et al., 2019).

4.3 Summary

A composite indicator is a mathematical combination of single simple indicators that can represent and
measure multi-dimensional concepts in a way single indicators can not, being much easier to interpret
than identifying a common trend across many separate indicators. However, they are also victims of
criticism, their relevance and credibility questioned, due to the lack of transparency of some poorly
constructed composite indicators, likely leading to misinterpretation, misleading policy messages and
potential manipulation.

OECD and JRC (2008) have developed a set of steps to be followed to enhance the building of this
type of measures, and they have already been used in multiple fields, namely the environment, economy,
technology and education.

There are several methods to combine individual measures into composite ones and for the weighting
and aggregating steps, each with advantages and disadvantages and rarely existing consensus regard-
ing the ”best” one. Examples of techniques found in literature, applied to healthcare, consist on linear
combinations, latent variable models, opportunity based models, the all-or-none approach and the indi-
cator average model. Multi-criteria approaches such as DEA and UTASTAR were also found in literature,
but they allow for full compensation, which may not be always suitable. Hence, in situations where there
are equally important different goals, one should rely on non-compensatory aggregation procedures to
construct composite indicators, such as methods of the ELECTRE family and PROMETHEE.

Composite Indicators also give a needed background for the next chapter, that introduces multi-
criteria decision aiding and the method used throughout this dissertation, the ELECTRE TRI-nC.
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Chapter 5

MCDA and ELECTRE methods

In this chapter, the definition and some of the most important concepts to characterize and understand
Multiple Criteria Decision Aiding are introduced, as well as the methodology and its application in the
healthcare sector. Moreover, it comprises a presentation of the method chosen for this dissertation,
ELECTRE TRI-nC, and its roots, followed by two sections focusing on information necessary for its
application, namely its concepts, definitions and notation and the assignment procedure. It is also
mentioned which software platform was used to help the application of the ELECTRE TRI-nC method.

5.1 Multiple Criteria Decision Aiding

For many years, problems regarding decision making were solved using a single objective function,
meaning only one point of view was considered, not taking into account that a situation involving a
decision typically presents a multidimensional character. Recently, interest in multiple criteria decision
aiding/making methods (MCDA/MCDM) has been growing rapidly, being applied to solving real world
problems in different areas, such as the financial area, energy planning and the creation of a telecom-
munications network (Greco et al., 2005). They are, nowadays, slowly starting to be more applied to the
healthcare sector. In this area, it is considered a natural extension of Evidence Based Medicine (EBM),
making use of different points of view and taking into account, in addition, the stakeholders’ preferences
(Marsh et al., 2017).

In this dissertation the term being considered is ‘decision aiding’, since, instead of the normative
and prescriptive perspectives present in ’decision making’, it reflects the constructive perspective of the
decision process (Figueira et al., 2012).

It is important to understand what it means to be in a “multiple criteria” domain, i.e, an approach
where more than one criterion is used. Firstly, a criterion can be defined as “a real-valued function on
the set A of alternatives, such that it appears meaningful to compare two alternatives a and b according
to a particular point of view on the sole basis of the two numbers g(a) and g(b)” (Bouyssou, 1990).
Using multicriteria methods, several criteria are built using many points of view, and each criterion is
considered independently from the others. Criteria are used for evaluating and comparing one or more
potential actions, according to a well-defined point of view and their performance according to each
criterion, which corresponds to a score and can be represented by a number, a verbal statement or a
pictogram. In addition, the quality of the MCDA method depends on the quality of the construction of the
criteria (Roy, 2016).

The main goal of these methods is to help Decision Makers, whose name or for whom this decision
aiding is to be given, make more consistent, transparent and robust choices by giving them more infor-
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mation, understanding and insight into the decision they face. This is done with the assistance of an
analyst, who is responsible for giving the decision aiding through developing the models and all the com-
putational skills of the process. These methods also take into account the preferences and values of the
DM, while incorporating multiple considerations, alternative courses of action and data on performance.
The analyst should also aid the DM in this step, and then help them understand and interpret the results
(Dolan, 2010; Tànfani and Testi, 2012; Figueira et al., 2012).

As reported by Marsh et al. (2017), this approach provides support and structure to the decision
making process, making explicit the criteria applied and the relative importance of it, consequently pro-
viding clarity for stakeholders, enhancing legitimacy, transparency, and accountability. Overall, MCDA
joins objective measurement and value judgement and attempts to manage subjectivity, helping the DM
deal with the organization and synthesis of all the complex information multiple criteria problems typically
face.

This author also mentions how it is important that these methods acknowledge frames (cognitive
bias that exist when individuals react differently to a criterion depending on how the information is rep-
resented), such that stakeholders can similarly understand the criterion.

Any MCDA method involves at least three steps: defining the decision problem, selecting the criteria
that reflect relevant values, and constructing the performance matrix, being the latter a central element.
The way the performance matrix is used defines the method as “qualitative MCDA”, “quantitative MCDA”
or “MCDA with decision rules” (Baltussen et al., 2019).

However, in general, these steps can always be included in two distinct phases defined as Problem
Structuring, which consists of identifying the main points of view, the objectives, stakeholders and
potential actions, developing a common understanding of the problem by all parties involved, and Model
Building, which involves constructing consistent representations of the DM’s values and value trade-
offs, and developing a framework for the evaluation of alternatives (Marsh et al., 2017). A redefinition
of the criteria and other aspects can also be done in this step. Afterwards, there is a translation of the
results of the model’s implementation into specific action plans (Belton and Stewart, 2002).

According to Figueira et al. (2012), the three major problematiques in MCDA are:
Choosing: Selecting a restricted number of the most interesting potential actions, as small as pos-

sible, which will justify to eliminate all others.
Sorting: Assigning each potential action to one of the categories among a family previously defined;

the categories are ordered, in general, from the worst to the best one. e.g:
C1: actions whose implementation is not advised;
C2: actions whose implementation could only be advised after significant modifications;
C3: actions whose implementation could only be advised after slight modifications;
C4: actions whose implementation is always advised without any reservation.
Ranking: Ranking of actions from the best to the worst, with the possibility of ties and incompatibili-

ties.
Previous studies have already shown that the implementation of MCDA is very useful in the health-

care sector, since it is a complex field that constantly faces hard decisions that involve different perspec-
tives. Examples of this application usually fall into the categories of finding the best treatment alternative
for a given patient, such as the ones carried by Chen et al. (2013) and Figueira et al. (2011), or appli-
cation in different departments of health management, such as resource allocation support. However,
there is still a lot of work to be done on the development of comprehensive MCDA approaches, since,
besides the fact that most of the models do not reflect all the important concerns and values, they are
still not that frequently used (Tànfani and Testi, 2012).

It is also worth noting that the literature found only includes studies that are self-described and
labeled as MCDA, which can explain the small number of evidence found of these methods being applied
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in healthcare. This shows that the existing literature should be redefined for it to be a more coherent and
complete set of studies.

According to Thokala and Duenas (2012), three broad methodologies are often distinguished: Value
Measurement, Goal Programming and Outranking Methods. These authors consider Value Measure-
ment as the most widely used and prevalent method, which develops quantitative measures and aggre-
gates preferences across criteria, to allow the DM to characterize the degree to which one alternative
program is preferred to another, to achieve the goal of the decision. Marsh et al. (2014) mention two
important steps that are part of each of these methodologies, which are the scoring and weighting steps.
Again, there is a panoply of methods to draw scores and weights, such as direct rating, swing weighting,
AHP, and Discrete Choice Experiments (DCEs). This is another gap found in the healthcare literature,
since the selection of techniques for scoring and weighting is not frequently justified, nor does guidance
for this selection exist.

MCDA methods can be either compensatory or non-compensatory. The former incorporate informa-
tion from all the decision criteria whereas the latter do not (Dolan, 2010).

Some of the methods mentioned in previous studies in the healthcare sector are, for instance, MAC-
BETH, PROBE and TOPSIS.

For instance, regarding MACBETH, its distinctive characteristic is that it requires only qualitative
judgements from the DM about differences in attractiveness (or value) between performance levels to
score programs on each criterion and to weight criteria. PROBE, in its turn, allows the DM to take
into consideration, in the selection of a portfolio, different forms of interdependence between programs
and also to analyze the robustness of a selection in face of uncertainty phenomena (such as imprecise
performance estimations or doubts about values and weights) (Tànfani and Testi, 2012). According to
Akdag et al. (2014), Hwang and Yoon have developed the TOPSIS method based on the assumption that
the best alternative should have the shortest distance from the positive ideal solution and the farthest
distance from the negative ideal solution.

Even though there have been successful applications of MCDA methods to healthcare problems and
medicine, they have not yet been widely applied to measure quality.

5.2 The ELECTRE TRI-nC method

5.2.1 Overview

There was a family of methods - ELimination and Choice Expressing the REality (ELECTRE) - developed
to answer the aforementioned main problematiques of MCDA. This family of methods was developed by
Roy and associates of the University of Paris and belongs to the set of methods based on outranking
relations. These models tend to focus in a small number of key criteria. However, each of these criteria
can be derived from a complex building of several subcriteria. These methods, although more fragile
than value functions, are considered more easily built (Belton and Stewart, 2002).

As reported by Figueira et al. (2012), the ELECTRE methods are based, in a certain sense, on the
reasons for (concordance) and the reasons against (discordance) of an outranking between two actions
and enable a veto threshold to be used. Some characteristics of this family of methods, that are also
strong features in comparison to others, are, for instance, the fact that they are able to handle quali-
tative performance scales of criteria, they can deal with heterogeneous scales, preserving the original
performances of the actions on the criteria, without the need of normalizing them, and they do not allow
for compensation of performances among criteria, that is, the degradation of performances on certain
criteria cannot be compensated by improvements of performances on other criteria (non-compensatory
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methods). They also allow taking into account the imperfect knowledge of the data and some arbitrari-
ness when building the criteria, through the introduction of the indifference and preference thresholds.

ELECTRE TRI-C was a method designed for sorting problems and dealing with decision aiding situ-
ations where each category from a completely ordered set is defined by a single characteristic reference
action. The characteristic reference actions are co-constructed through an interactive process involving
the analyst and the DM. ELECTRE TRI-C has also been conceived to verify a set of natural structural
requirements (conformity, homogeneity, monotonicity, and stability). The method makes use of two joint
assignment rules (ascending and descending rules), where the result is a range of categories for each
action to be assigned (Figueira et al., 2011).

ELECTRE TRI-C was then generalized to the ELECTRE TRI-nC method, a multiple criteria method of
ordinal classification where each category is defined by a set of several reference characteristic actions,
rather than one. When characterizing the categories, this provides a “particular freedom” to the DM by
allowing more narrow ranges of categories to which an action can be assigned to. Thus, the objective of
this new method is not to discover a pre-existing set of categories where the actions would naturally be
assigned to, but rather help DMs characterize an appropriate set of categories to receive these actions
(Figueira et al., 2012; Almeida-Dias et al., 2012). This is the one that will be applied to the resolution of
the problem presented in this dissertation.

A few advantages are outlined by Almeida-Dias et al. (2012), when comparing ELECTRE TRI-nC to
ELECTRE TRI-C. For instance:

• The DM can introduce several representative reference actions that she/he considers as appropri-
ate to be assigned to each category.

• It is offered the possibility of “approaching” a frontier between two consecutive categories.

• To do a merging operation, the DM can simply keep the union of the characteristic reference
actions of the two merged categories to define the new category.

In general, the ELECTRE TRI-nC method is ideal for situations characterized by three main aspects
(Costa and Figueira, 2016):

1. The set of categories, to which the assessed actions will be assigned to, are ordered;

2. For this assessment to be done, the actions’ performances are evaluated according to multiple
criteria;

3. When assessing actions, they are compared with characteristic reference actions that characterize
each category, providing the advantage of an absolute comparison rather than a relative compari-
son.

Nonetheless, this family of methods also presents limitations, not being necessarily the most ade-
quate method to every existing situation.

For instance, according to Costa and Figueira (2016), sometimes the DM feels that it is fundamental
to attribute a performance to an action, and all the scales of the criteria are quantitative. If so, it is
appropriate to choose other methods instead. However, even if all criteria are quantitative, ELECTRE
methods are still recommended if the user wants to use a non-compensatory method as well as the
concepts of concordance and discordance. If transitivity is defined, a priori, as a required property for
the preferences, this family of methods presents another weakness, even though, typically, methods
based on outranking relations do not have to satisfy this feature.
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5.2.2 Concepts, definitions and notation

In this subsection, the fundamental concepts of the ELECTRE TRI-nC method, definitions and notations
are presented, according to Almeida-Dias et al. (2012) and Costa and Figueira (2016).

Let A = {a1, a2, ..., ai, ...} be the set of potential actions, which can be known a priori, or can be
built progressively during the decision aiding process. Consider as well a certain criterion, g, which is
constructed to characterize the potential actions, according to a certain point of view. The characteriza-
tion of an action a, g(a), represents the performance of that same action according to the considered
criterion.

Thus, for this, a family of criteria is necessary, which is designated F = {g1, g2, ..., gj , ...gn} (with
n ≥ 3, otherwhise the concept of concordance is not really pertinent) and will characterize the po-
tential actions to assign them to a existing category, from a set of ordered categories, defined by
C = {C1, C2, ..., Ch, ..., Cq}, where q ≥ 2. C1 corresponds to the worst category and Cq to the best
one.

Notice that each criterion gj can also have a set of sub-criteria, Gj = {gj ,i , ..., gi,j , ..., gj ,nj
} where

j = 1, ..., n.
B = {B1, B2, ..., Bh, ..., Bq} is the set of characteristic reference actions that allow the definition of

the categories, and Bh = {brh, r = 1, ...,mh} is a subset of characteristic actions that characterize the
category Ch, such that mh > 1 and h = 1, ..., q.

Each criterion, gj , is considered a pseudo-criterion or criterion with thresholds, since it is associated
with a threshold of preference (pj) and a threshold of indifference (qj), such that pj ≥ qj ≥ 0. Note that
these thresholds are constructed to model the imperfect character of the data, as well as the arbitrariness
underlying the definition of the criteria. If pj = 0, any difference of performances in favour of one action
over another can be considered as significant for a strict preference on criterion gj .

– Preference threshold (pj): between the performances of two actions, corresponds to the smallest
performance difference that, when exceeded, the action with the best performance is considered
strictly preferable.

– Indifference threshold (qj): between the performances of two actions, corresponds to the great-
est difference in performance considered compatible, with a situation of indifference between two
actions, with different performances.

When two different actions a and a′ are considered, where, for a given criterion gj that is to be
maximized, gj(a) ≥ gj(a

′), and taking into account the definitions of the mentioned thresholds, it is
possible to establish the following binary relations for each criterion:

– |gj(a)− gj(a′)| ≤ qj , where a is indifferent to a′ according to criterion gj , represented by aIja′;

– gj(a) − gj(a′) > pj , where a is strictly preferable to a′ according to criterion gj , represented by
aPja

′;

– qj < qj(a) − qj(a′) ≤ pj , where the judgment is ambiguous, and there are no sufficient reasons
to conclude an indifference situation, nor a strict preference between the two actions. There is a
hesitation between indifference and strict preference, meaning that a is weakly preferable to a′,
represented by aQja′.

5.2.3 Definition of an outranking relation

The outranking relation, represented by aSja′ means that “action a is, at least, as good as action a′”,
according to criterion gj .
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According to Costa and Figueira (2016), to create an outranking relation, there are three basic con-
cepts that need to be addressed: concordance, non-discordance and degree of credibility:

– Concordance: For aSja′ to be accepted, a sufficient majority of criteria must be in favor of this
relation. The concordance of the aSja

′ affirmation is estimated by the global concordance in-
dex, c(a, a′), that associates each criterion to a weight wj , such that wj > 0, for j = 1, ..., n and∑j=1
n wj = 1 (assuming the sum of all weights is 1).

The global concordance index is defined by the following expression:

c(a, a′) =
∑

j∈C(aPa′)

wj +
∑

j∈C(aQa′)

wj +
∑

j∈C(aIa′)

wj +
∑

j∈C(aQa′)

wjϕj

where
ϕj =

pj − (gj(a
′)− gj(a))

pj − qj
∈ [0, 1[

The fact that this index takes the weights of each criterion into account contributes to validate the
statement ”a outranks a′”.

– Non-discordance: happens when none of the minority criteria that opposes aSja
′ exercises its

power to veto this statement. The discordance is estimated by the discordance index, that asso-
ciates each criterion gj to a veto power, vj , such that vj > pj . For each criterion, the veto effect is
estimated through the partial discordance index, dj(a, a′), with j = 1, ..., n, which is defined as:

dj(a, a
′) =


0 if gj(a)− gj(a′) ≥ −pj,

gj(a)−gj(a′)+pj
pj−vj if −vj ≤ gj(a)− gj(a′) < −pj,
1 if gj(a)− gj(a′) < −vj.

– Credibility index: The credibility index, σ(a, a′), reflects how the statement “a outranks a′” is justified
when the whole family of criteria, F, is considered. To estimate this index, the global concordance
index and the partial discordance index are considered, resulting in the following expression:

σ(a, a′) = c(a, a′)

n∏
j=1

Tj(a, a
′)

where Tj(a, a′) =

{
1−dj(a,a′)
1−c(a,a′) if dj(a, a

′) > c(a, a′),

1 otherwhise.

To convert fuzzy outranking relations into crisp ones, the level of credibility, λ, is used. λ is considered
to be the minimum credibility level of σ(a, a′), which is necessary for the DM to validate, or not, the
statement “a outranks a′”, taking into account all criteria from F. Typically, λ takes values between [0.5;
1.0[.

The level of credibility, λ, is compared to the credibility indexes of the different actions and to the set
of reference actions in each category, where σ({a} , Bh) = maxr=1,...,mh

{σ(a, brh)} and σ(Bh, {a}) =

maxs=1,...,mh
{σ(bsh, a)}, making possible the definition of four binary relations:

• λ-outranking: {a}SλBh ⇔ σ({a} , Bh) ≥ λ;

• λ-preference: {a}PλBh ⇔ σ({a} , Bh) ≥ λ ∧ σ(Bh, {a}) < λ

• λ-indifference: {a} IλBh ⇔ σ({a} , Bh) ≥ λ ∧ σ(Bh, {a}) ≥ λ

• λ-incomparability: {a}RλBh ⇔ σ({a} , Bh) < λ ∧ σ(Bh, {a}) < λ
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5.2.4 Assignment Procedure

The ELECTRE TRI-nC method makes use of two rules conjointly. These rules allow the assignment of
a possible category or a set of possible categories to an action, a, which is compared with the subsets
of the reference actions, Bh, taking into account a certain level of credibility, λ, previously chosen.

Firstly, they pre-select a category between two possible ones, and secondly they select an appropri-
ate category by using a function, ρ({a} , Bh), to which an action a can be attributed (Greco et al., 2005;
Costa and Figueira, 2016; Almeida-Dias et al., 2012).

The selection function is:

ρ({a} , Bh) = min {σ({a} , Bh);σ(Bh, {a})}

The two joint rules, ascending rule and descending rule, are presented below.
1. Ascending Rule
Choose a level of credibility, λ ( 12 ≤ λ ≤ 1) and increase the value of h, from zero to the first value,

k, such that σ(Bk, {a} , ) ≥ λ. Ck is called the ascending pre-selected category.

• For k = 1, select C1 as a possible category to assign action a.

• For 1 < k < (q + 1), if ρ({a} , Bk) > ρ({a} , Bk−1), then select Ct as a possible category to assign
action a; otherwise, select Ck−1.

• For k = (q + 1), select Cq as a possible category to assign action a.

2. Descending Rule
Choose a level of credibility, λ ( 12 ≤ λ ≤ 1) and decrease the value of h, from (q+1) to the first value,

t, such that σ({a} , Bt) ≥ λ. Ct is called the descending pre-selected category.

• For t = q, select Cq as a possible category to assign action a.

• For 0 < t < q, if ρ({a} , Bt) > ρ({a} , Bt+1), then select Ct as a possible category to assign action
a; otherwise, select Ct+1.

• For t = 0, select C1 as a possible category to assign action a.

Using these rules simultaneously, ELECTRE TRI-nC provides a possible assignment for each action.
A lowest and highest possible categories to which an action can be assigned are selected.

An action a can be assigned to:

– One category, when the selected minimum and maximum categories are the same;

– Two categories, when the selected categories are consecutive;

– A range of more than two consecutive categories, delimited by the two selected categories.

5.2.5 Application

In this dissertation, the tool used to help carrying the application of the ELECTRE TRI-nC method
was MCDA-ULaval, which is a software tool programmed in Java, developed at Universitè Laval, that
implements multi-criteria decision analysis algorithms and supports all the ELECTRE family methods.
This system is based on the concept of projects, allowing the users to create, edit and delete them,
containing different types of objects, including multiple datasets, actions, and criteria, which can result in
several performance tables, and decision configurations. It also has many benefits, such as allowing the
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association of constant, inversely or linearly variable thresholds, the use of criteria in ordinal and cardinal
scales, the possibility of importing and exporting data and the possibility of automatically normalizing
weights. It also enables the performance of a sensitivity analysis of the decision parameters and the
presentation of the analysis of the scenario using diagrams, graphs and charts for the data, for their
incorporation in the results1.

5.3 Summary

In this chapter, the concept of MCDA methods was presented. This approach takes into account the
multiple criteria dimension of a problem (more than one criterion is used), allowing different types of
information to be integrated, different points of view, as well as the preferences of DMs, being very
useful to solve decision making problems in a well informed way. They are a field that is increasingly
growing and attracting interest. The main goal of these methods is to help DMs make more consistent,
transparent and robust choices with the assistance of an analyst.

The MCDA process has two main phases: problem structuring, where the problem is identified,
along with the points of view, objectives, stakeholders and potential actions, and model building, where
a model that represents the problem is constructed. It also faces 3 main problematiques: choosing,
sorting and ranking.

This kind of approach has been applied to multiple fields and can be very useful in the healthcare
sector, since it is a complex one and constantly faces hard decisions that involve different perspec-
tives. Lastly, there are different types of methods and methodologies, such as value measurement, goal
programming and outranking methods.

This is an important introduction to provide background context for the method chosen throughout
this dissertation, the ELECTRE TRI-nC, which is one of the outranking methods available.

ELECRE TRI-nC is a MCDA method of ordinal classification that belongs to the ELECTRE family
and uses two rules of affectation (ascending rule and descending rule) conjointly, to select possible
categories (it can be a single category or a range of them) to assign a set of actions to, according to
the performance of each action in a set of criteria. This method can take into account several reference
actions to characterize each category, which differentiates it from its ancestor ELECTRE TRI-C.

The application of ELECTRE TRI-nC starts with the definition of the problem and, then, outranking
relations are defined by comparing the level of credibility with the credibility index, calculated between
each action and the set of reference actions in each category. Afterwards, the simultaneous application
of the descending and ascending rules is carried out to assign each potential action to one of the defined
categories. Its application extends to several decision support contexts, in the most diverse areas, but
each situation must be thoughtfully considered and obey to certain conditions to make sure it is the most
adequate and recommended method.

To apply this method to a data set, a platform is required; specifically, in this dissertation, the MCDA-
ULaval software tool was chosen.

1 MCDA-ULaval (https://cersvr1.fsa.ulaval.ca/mcda-ulaval/?q=en).

44



Chapter 6

Case Study

In this chapter, the DM and the relationship with him throughout this dissertation is presented, alongside
with details of the database and sample chosen. Moreover, the inputs to be used for the ELECTRE TRI-
nC method are exposed, including the criteria, indicators and actions. It is also introduced the Simos
Roy Figueira (SRF) procedure for criteria weighting and the other elements of the model, namely the
reference actions and thresholds considered.

6.1 Decision Maker

Due to the COVID-19 pandemic, we were not able to resort to the DM initially planned, which was an
expert working in the Ministry of Health. Thus, the DM of this dissertation was, instead, an expert in
the healthcare sector, that possesses know-how in the area and has several published work concerning
performance assessment of quality and efficiency.

The DM was present during different steps of this study, cooperating in tasks such as the treatment
of the benchmarking data. Particularly, the DM accompanied the selection of indicators that structured
the criteria, the weighting procedure and the definition of thresholds and reference actions assigned to
each category.

6.2 Database

As seen in Section 2.3.2, with the objective of improving economic performance, access and quality of
services, and to increase the transparency for the population by publicly providing information, there are
hospitals’ benchmarking dashboards available since 2013. ACSS has particularly developed a website
which includes monthly reports from the hospitals of the SNS. As an official source, the data is con-
sidered reliable and substantial and can be easily assessed using the website (https://benchmarking-
acss.min-saude.pt/) and exporting excel files of the data, making it suitable as the main database for this
dissertation.

6.3 Sample

When it comes to the time interval, there was data available from every month of 2013 to, in some
dimensions, the beginning of 2020.
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The data chosen for this analysis was the year of 2018, i.e., data from every month since January of
2018 until December of 2018, since this was the most recent completed year, enabling a more exhaustive
investigation and a possible comparison between each month.

The year of 2019 was excluded due to lack of data provided by some of the institutions under scrutiny
and the fact that, in the efficiency dimension, data were not available for months later than September.

Besides this, it is important to note that the PPPs Loures Hospital and Cascais Hospital did not pro-
vide information for the efficiency and productivity dimensions in any year whatsoever, which includes
data for indicators such as ”Inpatient per FTE (Full-Time Equivalent) doctor/nurse” and economic ex-
penses per inpatient.

Hence, it was decided to carry through two models for the year of 2018:

• Model 1: Includes all criteria, contemplating Vila Franca de Xira Hospital as the only PPP element.

• Model 2: Excludes efficiency-related criteria, including all three PPP hospitals.

In the cases where an institution presented lack of data in one or more months in one of the other
dimensions, the values were extrapolated applying a linear regression, through other high correlated
variables. Each health entity in each month was considered as a separate unit from the previous month.

Concerning the healthcare providers, the benchmarking data includes 43 health institutions, so it
was necessary to select the ones relevant to this study. The clustering groups in which the entities were
divided and presented on the website were not considered, since one wanted hospitals to be treated as
individual institutions in this analysis. We excluded:

– The three oncology centers (IPO Coimbra, IPO Porto, IPO Lisboa), since these present specific
technology of production (directed to cancer);

– All eight local health units, since comparing them with PPPs, public hospitals and hospital centers
in indicators of the efficiency and productivity dimensions would lead to unreliable results due to
their different structure and paying system;

– Figueira da Foz District Hospital and Santa Maria Maior Hospital, since they do not perform birth
deliveries which is one of the dimensions under scrutiny (see below).

Concerning the ACSS indicators, in the website there is a total of 34 indicators grouped in six bench-
marking dimensions (Access, Performance Assistance, Safety, Volume and Usage, Productivity, and
Economic-Financial). It was decided that the adopted method would not consider dimensions, combin-
ing indicators and handling them as criteria in the same level, in line with a similar study, Jorge (2019).
To select the ones to be used in this dissertation, it was important to take into account the integrity of
the data and the DM perspective. Thus, only the considered most representative indicators for this study
were chosen, which means that some indicators were excluded or merged.

Nonetheless, some considerations on this point are noteworthy:

– The indicators of the dimension ”Volume and Usage” were all excluded, since these are specific to
some entities, existing lack of data concerning the others;

– The Annual occupancy rate indicator was converted into the absolute difference in inpatient bed
annual occupancy rate to a reference value of 85%, considered ideal for this rate, since the original
indicator could not be maximized or minimized due to the trade-off between the Productivity and
Access dimensions;
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– The indicators considered the most relevant ones of the ”Efficiency” dimension, Expenses with
staff, Expenses with pharmaceutical products, Expenses with drugs, Expenses with clinical con-
sumption material and Expenses with supplies and external services per standard patient were
merged, for practicality reasons, in an individual indicator, Operational Expenses per standard
patient ;

– Since almost all their values are null, most childbirth related indicators are not considered due to
the lack of relevance of the data. The most relevant one was selected;

– The indicator standard patient per FTE nurse was excluded since it is highly correlated to the
indicator standard patient per FTE doctor (with a correlation coefficient of 0.73), being enough to
evaluate just one of the indicators.

6.4 Actions

In this case study, the actions are represented by the health entities (PPPs, hospitals or hospital centres)
under scrutiny. The final list of the actions included in this study, with its corresponding notation, is shown
on Table 6.1.

Table 6.1: Health Institutions/actions under scrutinity.

EPEs
PPPs

Hospitals Hospital Centres (HC)
a12 - Senhora da Oliveira, Guimarães Hospital a1 - Médio Ave a28 - Vila Franca de Xira Hospital

a13 - Santarém District Hospital a2 - Oeste a29 - Cascais Hospital
a18 - Braga Hospital a3 - Póvoa do Varzim/Vila do Conde a30 - Loures Hospital

a19 - Espı́rito Santo de Évora Hospital a4 - Barreiro/Montijo
a20 - Fernando Fonseca Hospital a5 - Leiria
a21 - Garcia de Orta Hospital a6 - Setúbal

a7 - Baixo Vouga
a8 - Entre Douro e Vouga

a9 - Médio Tejo
a10 - Tâmega e Sousa

a11 - Cova da Beira University
a14 - Tondela-Viseu

a15 - Trás-os-Montes e Alto Douro
a16 - Algarve University

a17 - Vila Nova de Gaia/Espinho
a22 - Lisboa Ocidental
a23 - Coimbra University
a24 - Lisboa Central

a25 - São João University
a26 - Porto University

a27 - Lisboa Norte University
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6.5 Construction of the Criteria Tree

Considering the literature review carried out in previous chapters, the benchmarking dimensions and the
DM’s input, it was possible to identify different points of view, under which ten criteria were later defined,
described by the elected indicators.

6.5.1 Points of View (POV)

The points of view considered were:

• Access: Evaluates the system’s ability of providing care services to any citizen whenever neces-
sary and at his/her will. This dimension includes aspects such as availability (available hospital
resources), timeliness (capacity of delivering healthcare services at the right time whenever re-
quired, presenting short waiting lists and waiting times), accessibility (the cost and distance be-
tween home and the healthcare service), among others (Institute of Medicine, 1993; Campbell
et al., 2000; Gulliford et al., 2002; Doetsch et al., 2017).

• Care Appropriateness: Measures the ability of delivering patient-centred care services supported
by evidence-based guidelines. An intervention or service is considered appropriate if the expected
health benefits for the patient (e.g., increased life expectancy, pain relief, improved functional ca-
pacity) beat its expected health risks (e.g., mortality, morbidity, pain caused by the intervention,
inaccurate diagnoses) by a wide enough margin to make the intervention or service beneficial
(Naylor, 1998; Robertson-Preidler et al., 2017; National Academies of Sciences, Engineering, and
Medicine, 2018). The disrespect of this dimension can result in avoidable re-admissions after
inpatient discharge and excessive staying, which, in its turn, can increase the probability of the
development of other diseases (Ferreira and Marques, 2019).

• Safety: Measures the capacity of preventing and reducing the risk of complications, harm, injuries
or even deaths happening to patients during the process of care (Pronovost et al., 2005; Hughes,
2008; Emanuel et al., 2009; Ferreira and Marques, 2019).

• Caesarean Appropriateness: Just like care appropriateness, caesarean appropriateness is re-
lated to the ability of delivering patient-centered care services supported by evidence-based guide-
lines, in this case in caesarean sections. According to Betrán et al. (2016), Queenan (2011), Rob-
son et al. (2013), and Robson (2018), a caesarean section, when required and medically justified,
can effectively prevent and decrease maternal and perinatal mortality and morbidity. However,
otherwise, there is no evidence describing the benefits of this procedure for women or infants.
Caesarean sections can cause significant and sometimes permanent complications, disability or
even death, especially in situations related to lack of prepared facilities and/or capacity to properly
conduct safe surgery and deal with surgical complications. Nonetheless, the rates of caesarean
delivery have increased over time in most OECD countries and globally. WHO reported that, an-
nually, more than six million caesarean sections are linked to inappropriate care (Betrán et al.,
2016).

• Efficiency: Concerns the system’s capacity of treating patients with the available resources, with
the minimum waste, and regardless of the occurrence of complications, deviations from evidence-
based medicine guidelines, or even in-hospital mortality episodes (Jacobs et al., 2006). It usually
considers the ratio between outputs (health outcomes) and inputs (expenditures, staff and other
resources) (Mitropoulos et al., 2013; Bem et al., 2014; World Health Organization, 2016; Blatnik
et al., 2017). The main goal of the health providers should be a financially sustainable management
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of the resources, while at the same time delivering the best care possible, being cost-effective.
However, a hospital being technically efficient does not necessarily mean the best practices are
being followed, since it can be a reflection of lack of investment on safety, care appropriateness and
access, to increase the quantity of treated patients (Guven, 2007; Ferreira and Marques, 2019).

6.5.2 Criteria and indicators

After establishing the Points of View, it was possible to outline one or more important criteria within each
of them, which are described by specific indicators.

Note that several recent studies, which also intended to evaluate Portuguese healthcare services,
and have already been mentioned throughout this dissertation, have relied on some of these indicators
as well, adapting them according to their specific goals. For instance, take Nunes et al. (2019), Ferreira
and Marques (2019), Ferreira et al. (2019), Jorge (2019), Rocha (2019), Ferreira and Marques (2020),
and Ferreira et al. (2020).

In accordance with the Section 6.3, the indicators described below were selected in consonance with
their relevance for this particular study, and are available to be assessed in the ACSS benchmarking
website.

In the POV of Access, two main criteria were identified:

– First medical appointments timeliness, g1: As previously mentioned, for a healthcare service to
be considered accessible, it needs to treat its patients in a fairly timely manner, whenever required.
The indicator that represents this criterion is the Number of non-urgent first medical appointments
performed in adequate time per 100 first medical appointments, which is the amount of first medical
appointments that occur in guaranteed maximum response times compared to the total number of
first medical appointments, and the goal is for it to be maximized;

– Occupancy Rate, g2: This criterion takes into account the occupancy rate of the healthcare ser-
vices. The number of hospital beds measures the resources available to provide the necessary
care to inpatients, which is associated with accessibility and equity of the services provided. 85%
is referred to as the ideal value for occupancy rate. Considering this assumption, the values used
to measure hospitals’ performance were the absolute of the difference of the values available by
the indicator Occupancy rate to the aforementioned ideal value. This difference is to be minimized.

In the POV of Care Appropriateness, the considered most representative criteria were:

– Minor surgeries appropriateness, g3: This criterion is directly related to care appropriateness,
since it concerns the possibility of some major surgeries being executed as minor procedures, with-
out harming the patient. The corresponding indicator to this criterion is the Number of outpatient
surgeries per 100 potential outpatient procedures, and is to be maximized;

– Avoidable re-admission in 30 days after discharge, g4: This criterion is treated as a representa-
tive one under this POV since it can be a direct consequence of lack of appropriate care, provided
before or after discharge. Evidently, it must be minimized, and is described by the indicator Number
of re-admissions in 30 days after discharge per 100 inpatients.

For the Safety POV, the following three criteria were chosen, taking into account that all of them are
considered preventable occurrences that harm the patients and, consequently, are seen as a sign of
inadequate clinical safety. Their related indicators must, then, all be minimized.
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– Bedsores, g5: Can be assessed employing the indicator Number of bedsores per 100 inpatients,
which represents the percentage of bedsore episodes related to the episodes where exclusion of
bedsore has occurred;

– Postoperative pulmonary embolisms or thrombosis, g6: The indicator used to measure this
criterion corresponds to the Postoperative pulmonary embolism/deep venous thrombosis cases
per 100 surgical procedures, which represents the percentage of postoperative pulmonary em-
bolism/deep venous thrombosis episodes related to the episodes where exclusion has occurred;

– Postoperative septicaemia, g7: To assess this criterion, one uses the indicator Postoperative sep-
ticaemia cases per 100 inpatients, which represents the percentage of postoperative septicaemia
episodes related to the episodes where exclusion has occurred.

Under the POV Caesarean Appropriateness, only one criterion was selected: Caesarean sections
in UCFTPs (Unifetal, Cephalicand Full-term Pregnancies), g8. As previously mentioned, the perfor-
mance of caesarean sections in UCFTPs can be related to inadequate care, thus, it must be minimized,
through the indicator Number of cesarean sections in UCFTPs per 100 sections in UCFTPs, which
represents in percentage the number of cesarean sections in UCFTP, considering all deliveries.

Two main criteria were identified under the POV of Efficiency, where one of them is described by the
merge of various indicators.

– Operational Expenses, g9: This criterion includes expenses with staff, drugs, pharmaceutical
products, clinical consumables, supplies and external services, which were all grouped together.
All of these expenses, both individually and joined, are related to efficiency, since they all constitute
resources that must be carefully managed. Thus, the value of this criterion must be minimized,
without compromising the patients’ health and care. It can be measured through the indicator
Expenses with staff, drugs, pharmaceutical products, clinical consumables, supplies and external
services per standard patient, which is represented in C;

– Inpatient per FTE doctor, g10: ACSS provides this information in the FTE unit, that measures the
workload of employed people in a way that makes them comparable in different contexts1. The
presence of doctors in healthcare services’ providers is obviously critical and, for the best possible
quality of care to be achieved, these doctors must exist in an adequate number and properly
distributed in a hospital. This criterion could be evaluated from both the Access or Efficiency points
of view. In the Access POV, it is recommended a low number of patients per doctor. However,
under the Efficiency perspective (output/input), to which it is assigned in this study, doctors are
seen as resources (inputs) needed to achieve the patients’ health status (outputs). Thus, a higher
number of patients treated per doctor is wanted, maximizing the standard patient per full time
equivalent doctor indicator.

A Criteria Tree could, then, be created, taking all of the previous information into account and com-
piling it on Table 6.2.

1 Eurostat - Glossary: Full-time equivalent (FTE) (https://ec.europa.eu/eurostat/statistics-explained/index.php/Glossary:Full-
time equivalent (FTE)). Accessed: 21/09/2020.

50



Table 6.2: Points of view, criteria, corresponding indicators and direction preferences.

Points of View Criteria Indicators Direction

Access

g1:
First medical
appointments timeliness

Number of first medical
appointments performed in adequate
time per 100 first medical appointments

Maximize

g2: Occupancy Rate
Absolute difference in inpatient bed annual
occupancy rate to a reference value of 85%

Minimize

Care
Appropriateness

g3:
Minor surgeries
appropriateness

Number of outpatient surgeries in the
Total of Scheduled Surgeries (GDH)
for ambulatory procedures
per 100 potential outpatient procedures

Maximize

g4:
Avoidable re-admission in
30 days after discharge

Number of re-admissions in
30 days after discharge per 100 inpatients

Minimize

Safety
g5: Bedsores Number of bedsores per 100 inpatients Minimize

g6:
Postoperative pulmonary embolisms
or thrombosis

Postoperative pulmonary embolism/
deep venous thrombosis
cases per 100 surgical procedures

Minimize

g7: Postoperative septicaemia Postoperative septicemia cases per 100 inpatients Minimize

Caesarean
Appropriateness

g8: Caesarean sections in UCFTPs
Number of cesarean sections
in UCFTPs per 100 sections
in UCFTPs

Minimize

Efficiency
g9: Operational Expenses

Expenses with staff, drugs, pharmaceutical
products, clinical consumables,
supplies and external services per standard patient

Minimize

g10: Inpatient per FTE doctor Standard patient per full time equivalent doctor Maximize

6.6 Elements of the model

Different preference parameters need to be established before applying the method. This step is done
with the cooperation of the DM, and includes defining categories and their reference actions, criteria
weights and thresholds. Finally, performance tables are constructed to be part of the inputs.

6.6.1 Categories and Reference actions

For the criteria, the DM was able to establish different reference actions per category, to later apply the
ELECTRE TRI-nC method.

To achieve this, the DM defined five categories a priori :

– C1: Very Weak performance;

– C2: Weak performance;

– C3: Neutral performance;

– C4: Good performance;

– C5: Very Good performance.
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Then, for each of them, one or more characteristic reference actions were defined, as well as their
performance in every criterion (see Table 6.3). For instance, for an action to be considered ”Very Good”,
at least 95 out of the 100 first medical appointments would be performed in adequate time; the absolute
difference between the inpatient bed occupancy rate to the reference value would be, at most, 0.1; there
would be performed at least 90 outpatient surgeries out of 100 potential outpatient procedures for ambu-
latory procedures; there would be no more than three re-admissions in 30 days after discharge, per 100
patients; there would be no cases of bedsores, postoperative pulmonary embolisms or thrombosis, and
postoperative septicaemia per 100 inpatients, and a maximum of eight caesarean sections performed,
per 100 deliveries. Finally, the operational expenses would not surpass 2700 C, and a minimum of 7.5
inpatients per FTE doctor would be expected.

Table 6.3: Categories, reference actions and their performance for each criteria.

Category Performance g1 g2 g3 g4 g5 g6 g7 g8 g9 g10

C1 b1
1

Very Weak 55 15 70 10 0.8 0.85 3 45 3800 4
C2 b1

2,1 Weak 65 12 75 8 0.65 0.7 2 35 3500 4.5
b1
2,2 70 9 75 8 0.5 0.7 1.5 30 3500 4.5

C3 b1
3

Neutral 80 5 80 6 0.3 0.5 0.7 25 3250 5
C4 b1

4,1 Good 85 3 85 4 0.15 0.3 0.3 15 3000 6
b1
4,2 90 2 85 4 0.1 0.2 0.15 10 3000 6.5

C5 b1
5

Very Good 95 0.1 90 3 0 0 0 8 2700 7.5

6.6.2 Criteria Weighting: the SRF procedure

Several methods can be used to give an appropriate value to the weights of criteria.
In 1994, Simos proposed a very simple procedure that allowed the indirect determination of numerical

values for weights, using a set of cards. This procedure, the Simos’ deck of cards method, has been
applied to different real-life contexts over the years.

In 2002, the modified SRF procedure was proposed, consisting on a revision of the aforementioned
method, allowing additional information to be included, concerning the ratio between the weights of the
most important criterion and the least important one in the ranking, and interval scales.

This was the method chosen in this dissertation to achieve this step of the analysis. As an implemen-
tation of the revised Simos’ procedure, the SRF software can also be applied to determine the weights of
criteria in the ELECTRE type methods and must allow any DM to easily think about and express a rank-
ing of criteria and to introduce some complementary information in the software to obtain the weights of
the criteria (Figueira and Roy, 2002).

The SRF procedure considers two phases. The first one consists on a meeting with the DM to collect
all the information needed for the application of the method, after the definition of the criteria, and the
second regards the calculation of the weights of each criterion, which will be performed in the DecSpace
platform 2.

In the first phase, four steps are followed, being that the fourth one is introduced by the revised SRF
procedure.

1. The user (DM) is given a set of cards, where, in each card, the name of each criterion is written.
Therefore, we have n cards, n being the number of criteria of a family.

2 DecSpace (Pre-Alpha) - A multi-criteria decision analysis framework
(http://app.decspacedev.sysresearch.org/?fbclid=IwAR2hJjgp2z49JEZH78nOxM9VdMgt6jixu4INIvtQO6bLz5xGoxDslsbEV w#/).
Accessed: 09/07/2020
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2. The user is asked to rank these cards (or criteria) from the least important to the most important.
So, the user will rank in ascending order, the first criterion in the ranking is the least important and
the last criterion in the ranking is the most important one. In the case of criteria having the same
importance (same weight), they are grouped together.

3. The user is asked to introduce white cards between two successive cards. The greater the differ-
ence between the mentioned weights of the criteria, the greater the number of white cards. No
blank card added means that the difference of two consecutive levels is one unit; one blank card
means the difference of importance is two units, and so on.

4. The user is asked to state how many times the last criterion is more important than the first one
in the ranking. The value of this ratio is designated z. This software allows the user to introduce
different values concerning the ratio z (between the weight of the most important criterion and the
weight of the least important one in the ranking) since it is very difficult to express this ratio using
a single constant value (Figueira and Roy, 2002).

Moving on to the second phase, the DecSpace website is used as support to execute the SRF
procedure. Firstly, a DCM-SRF project is created, enabling the implementation of the revised Simos’
procedure. The information previously gathered with the DM, including the criteria, ranking of the criteria,
the blank cards and the value of the ratio-z, is then inserted. The software allows the user to choose
the number of decimal places (one or two) and the weight type (normalized, non-normalized or both
displayed), in our case we chose one decimal and the normalized weight type.

One has to address, once again, the two models already mentioned: the one that includes all crite-
ria, Model 1, and the other which excludes efficiency-related criteria (”Operational Expenses”, g9, and
”Inpatient per FTE doctor”, g10), Model 2.

Besides this, within Model 1, two scenarios were examined, one where the objective of the DM was
social, i.e, the goal was to minimize adverse effects and improve access, thus the criterion ”Operational
expenses” was considered one of the least important ones; and another where this criterion was, in-
stead, considered the most important one, since the goal was efficiency-oriented. The orders chosen
by the DM in both scenarios of Model 1 are represented on Tables 6.4 and 6.5, while the order chosen
considering Model 2 is represented on Table 6.6. The value picked for the ratio z was 2.5. Note that
the ranks were ordered numerically, so the higher number (6/7) represents the most important ranked
criteria and the lower number (1) represents the least important ranked criteria.
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Table 6.4: Ranking of criteria and white cards
considering Model 1 and the social-oriented
goal scenario.

Rank Cards and White Cards
7 g6, g7

0
6 g4

0
5 g5

1
4 g2, g3, g10

1
3 g1

1
2 g9

2
1 g8

Table 6.5: Ranking of criteria and white
cards considering Model 1 and the efficiency-
oriented goal scenario.

Rank Cards and White Cards
7 g9

1
6 g6, g7

0
5 g4

0
4 g5

0
3 g2, g3, g10

1
2 g1

2
1 g8

Table 6.6: Ranking of criteria and white cards considering Model 2.

Rank Cards and White Cards
6 g6, g7

0
5 g4

0
4 g5

1
3 g2, g3

1
2 g1

2
1 g8

The results obtained applying this method to both scenarios of the first model are represented on
Tables 6.7 and 6.8 and to the second model on Table 6.9.

Table 6.7: Weights of the criteria considering all criteria and the social-oriented goal scenario (Model 1).

Criteria g1 g2 g3 g4 g5 g6 g7 g8 g9 g10

Weights(%) 8.6 10 10 12.1 11.4 12.8 12.8 5.1 7.2 10

Table 6.8: Weights of the criteria considering all criteria and the efficiency-oriented goal scenario (Model
1).

Criteria g1 g2 g3 g4 g5 g6 g7 g8 g9 g10

Weights(%) 7.6 9.1 9.1 11.3 10.6 12.1 12.1 5.4 13.6 9.1
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Table 6.9: Weights of the criteria excluding the efficiency-related ones (Model 2).

Criteria g1 g2 g3 g4 g5 g6 g7 g8

Weights(%) 9.6 11.7 11.7 14.9 13.9 15.9 15.9 6.4

6.6.3 Thresholds

As previously noted on Chapter 5, thresholds exist to acknowledge and attenuate the imperfect knowl-
edge of data and the underlying arbitrariness of the criteria definition. Hence, each criterion is associated
with a threshold of preference (pj) and a threshold of indifference (qj). The veto threshold (vj) is also
important to diminish compensatory effects.

Taking into account that all criteria are described in quantitative scales of levels and that it is possible
to assign different reference actions per category, the thresholds presented on Table 6.10 were defined.

Table 6.10: Preference, indifference and veto threshold values for each criterion.

Thresholds g1 g2 g3 g4 g5 g6 g7 g8 g9 g10

qj (Indifference) 0.5 2 1.5 1 0.05 0.1 0.2 2 1000 0.1
pj (Preference) 1 4 3 2 0.1 0.2 0.3 4 3000 0.2
vj (Veto) 10 15 15 6 0.6 0.5 2 15 20000 3

As for the credibility level, λ, it was seen on Chapter 5 that it represents the minimum level of credibil-
ity needed for the DM to validate, or not, an outranking relation, considering all criteria (Tervonen et al.,
2009). In this study, an interval of values, from 0.55 to 0.65, was tried out.

6.6.4 Performance Tables

For each year, 24 performance tables were created, 12 for each model, one for each month. On Tables
6.11 and 6.12, performance tables of January are displayed, with and without the efficiency-related
criteria, as an example.

Table 6.11: Performance table for January, considering all criteria (Model 1).

g1 g2 g3 g4 g5 g6 g7 g8 g9 g10

a1 67.2 16.40 82.4 7.14 0.00 0.00 0.00 28.1 2441 5.4
a2 52.6 15.46 82.0 4.23 0.00 0.00 0.84 25.0 3005 5.2
a3 96.8 6.99 77.1 7.09 0.00 0.00 0.00 32.3 2777 5.6
a4 79.9 8.32 77.7 8.05 0.20 0.00 0.00 37.3 3142 6.0
a5 49.3 7.42 84.8 10.70 0.00 0.00 0.00 38.4 1742 10.6
a6 73.8 4.65 84.3 8.63 0.00 0.00 0.61 27.6 2645 7.5
a7 63.1 8.08 83.8 7.57 0.14 0.00 0.00 37.1 3047 5.6
a8 65.5 10.61 90.9 6.27 0.00 0.32 0.00 24.7 3006 7.2
a9 84.6 17.73 84.3 9.95 0.00 0.00 0.00 30.2 2917 7.9
a10 42.0 20.37 88.6 5.64 0.00 0.00 0.00 25.9 2476 8.1
a11 65.0 1.77 73.8 9.53 0.00 0.59 1.19 29.3 3496 6.8
a12 57.1 37.43 84.0 8.03 0.00 0.00 0.51 29.7 2975 6.4
a13 69.1 4.53 78.9 10.76 0.00 0.45 0.00 32.3 3868 6.1
a14 73.2 9.44 95.2 8.66 0.10 0.45 0.43 27.3 2538 5.1
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a15 61.8 6.36 85.6 10.73 0.10 0.00 0.93 45.5 2289 7.6
a16 71.8 11.59 82.7 6.65 0.00 0.00 0.69 23.2 2940 6.0
a17 50.7 10.93 85.5 7.41 0.13 0.64 0.00 35.4 2848 6.5
a18 73.9 12.14 86.9 7.03 0.24 0.64 0.62 27.1 2519 8.7
a19 56.3 4.08 73.7 5.04 0.00 0.00 0.89 34.3 3028 6.6
a20 61.1 9.65 80.7 7.00 0.00 0.57 1.95 32.0 2715 6.8
a21 90.4 7.18 89.4 7.65 0.13 0.38 1.13 23.5 2611 9.3
a22 66.7 0.52 78.7 8.14 0.00 0.81 0.26 24.3 2787 7.7
a23 63.3 1.10 76.6 9.12 0.05 0.00 0.27 41.6 2792 7.3
a24 79.4 9.39 81.4 7.37 0.07 0.23 1.48 26.6 3424 6.0
a25 53.3 7.46 83.3 8.08 0.00 0.48 0.32 24.6 2556 8.2
a26 71.0 16.98 81.9 7.93 0.00 0.77 0.24 29.5 2565 7.9
a27 65.0 8.89 81.1 10.53 0.00 0.32 1.47 42.1 3192 7.5
a28 76.8 17.33 85.7 8.11 0.00 0.00 1.11 27.2 2589 6.8

Table 6.12: Performance table for January, excluding efficiency-related criteria (Model 2).

g1 g2 g3 g4 g5 g6 g7 g8

a1 67.2 16.40 82.4 7.14 0.00 0.00 0.00 28.1
a2 52.6 15.46 82.0 4.23 0.00 0.00 0.84 25.0
a3 96.8 6.99 77.1 7.09 0.00 0.00 0.00 32.3
a4 79.9 8.32 77.7 8.05 0.20 0.00 0.00 37.3
a5 49.3 7.42 84.8 10.70 0.00 0.00 0.00 38.4
a6 73.8 4.65 84.3 8.63 0.00 0.00 0.61 27.6
a7 63.1 8.08 83.8 7.57 0.14 0.00 0.00 37.1
a8 65.5 10.61 90.9 6.27 0.00 0.32 0.00 24.7
a9 84.6 17.73 84.3 9.95 0.00 0.00 0.00 30.2
a10 42.0 20.37 88.6 5.64 0.00 0.00 0.00 25.9
a11 65.0 1.77 73.8 9.53 0.00 0.59 1.19 29.3
a12 57.1 37.43 84.0 8.03 0.00 0.00 0.51 29.7
a13 69.1 4.53 78.9 10.76 0.00 0.45 0.00 32.3
a14 73.2 9.44 95.2 8.66 0.10 0.45 0.43 27.3
a15 61.8 6.36 85.6 10.73 0.10 0.00 0.93 45.5
a16 71.8 11.59 82.7 6.65 0.00 0.00 0.69 23.2
a17 50.7 10.93 85.5 7.41 0.13 0.64 0.00 35.4
a18 73.9 12.14 86.9 7.03 0.24 0.64 0.62 27.1
a19 56.3 4.08 73.7 5.04 0.00 0.00 0.89 34.3
a20 61.1 9.65 80.7 7.00 0.00 0.57 1.95 32.0
a21 90.4 7.18 89.4 7.65 0.13 0.38 1.13 23.5
a22 66.7 0.52 78.7 8.14 0.00 0.81 0.26 24.3
a23 63.3 1.10 76.6 9.12 0.05 0.00 0.27 41.6
a24 79.4 9.39 81.4 7.37 0.07 0.23 1.48 26.6
a25 53.3 7.46 83.3 8.08 0.00 0.48 0.32 24.6
a26 71.0 16.98 81.9 7.93 0.00 0.77 0.24 29.5
a27 65.0 8.89 81.1 10.53 0.00 0.32 1.47 42.1
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a28 76.8 17.33 85.7 8.11 0.00 0.00 1.11 27.2
a29 64.3 7.57 85.6 4.70 0.97 0.33 1.80 25.6
a30 73.3 12.05 85.3 7.67 0.00 0.00 3.79 17.9

6.7 Summary

In this chapter, major elements of the case study were introduced, such as the DM, the database source
(ACSS benchmarking website) and the sample chosen. 30 hospitals, HCs and PPPs (27 publicly-
managed hospitals/HCs and three PPPs) were selected, from which data was analyzed through the
year of 2018.

A criteria tree was built, according to the literature review, comprising five points of view - Access,
Care Appropriateness, Safety, Caesarean Appropriateness, and Efficiency -, each of them with one or
more criteria under it. This resulted in a family of ten criteria, measured by indicators present in the
chosen database.

Then, the variables of the model were defined, necessary to carry out the method presented in the
previous chapter.

Firstly, five categories were defined a priori, from C1 to C5. Then, characterizing each of them,
and considering every criterion, reference actions were delineated. The criteria weights were assigned
resorting to the SRF procedure, done along with the DM through the DecSpace software. In this chapter,
the steps followed to perform this action and its final results are exposed.

Besides this, to mitigate imperfect knowledge, indifference, preference and veto thresholds were
established by the DM for every criterion.

Finally, the last input needed was displayed, which were the performance tables. 12 performance
tables were built for each model and another 12 for the second scenario of the first model, but in this
chapter the only ones portrayed are the ones representing the performance values per action of the
month of January, considering both models.

Having all the variables and inputs needed to execute the method, one can move on to its implemen-
tation and the results obtained. Both steps are described on the next chapter.
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Chapter 7

Model Execution and Results

This chapter comprises, firstly, the steps followed to execute the model whose elements were defined
on the last chapter, through the implementation of an example of a project.

Besides this, the results of the 36 implementations needed to achieve the goal of this dissertation
are presented and interpreted. It comprises a range of results that include two models (with and without
efficiency criteria) and two scenarios within the first model, differentiated by the criteria weight.

A Robustness Analysis is also processed using these two scenarios and different values of the
credibility level. Conclusions are drawn regarding the results obtained and the sensitivity of the model.

7.1 Execution of the ELECTRE TRI-nC method

For each month of 2018, the method had to be applied three times - two times for Model 1 (with the
social-oriented and efficiency-oriented goals scenarios), and one time for Model 2 -, which implied the
creation of three projects per month. Since this leads to 36 individual projects, only an example of this
implementation will be given in this chapter, corresponding to the Model 1, with the social-oriented goal
scenario weights, for January. Note that what changes between them are the values of the weights and
sizes of the action set, performance table and reference actions table.

The inputs needed to execute a project are the alternative set (actions), the criteria set, the perfor-
mance table and the decision configurations, where weights, thresholds, categories, reference actions
and the index of credibility are comprised. All of these elements were defined and exposed in the previ-
ous chapter.

Firstly, the list of actions is inserted, and as the Model 1 is the one being exemplified, this corresponds
to a set of 28 health institutions, illustrated in Figure 7.1. For Model 2, two extra actions are included
(Cascais and Loures Hospitals).

Then, criteria are added to the criterion set, shown in Figure 7.2. In this case, all ten criteria are
included, and for each of them, the type of measure had to be defined (ordinal or cardinal). Note that,
if Model 2 was being considered, criteria g9 and g10 wouldn’t be included and, besides this, in this
dissertation, all criteria are cardinal measures.

The third step is the definition of the performance table, which was already prepared in an excel file
and was imported in a csv format. The performance table used for this implementation is displayed in
the previous chapter on Table 6.11 and corresponds to the performance of each action of the alternative
set, on every criterion, during the first month of 2018. This step is presented in Figure 7.3.
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Figure 7.1: Introduction of the alternative set (actions).

Figure 7.2: Introduction of the criterion set.

Figure 7.3: Introduction of the performance table of January, for Model 1.

Next, one must choose the method to be executed by adding a ”decision configuration” tab and
selecting the option intended. In this analysis it was the ELECTRE Tri-nC method, as shown in Figure
7.4.
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Figure 7.4: Choosing the method.

Following the choice of the method, the introduction of parameters within the ”decision configuration”
tab is the next step and is presented in Figures 7.5 and 7.6. This includes the weights, thresholds and
credibility level, the categories and the reference actions, all previously described on Chapter 6. The
latter is presented as another performance table, which was also imported as a csv file. Note that the
best category (”Very Good”) must be at the top, which one considered C5, and the worst (”Very Weak”)
must be at the bottom, which corresponds to C1. This order of numbers also applies for the reference
actions.

Figure 7.5: Introduction of the weights, thresholds and credibility level.

Figure 7.6: Introduction of the Categories and Reference Actions.

Finally, the project can be executed, which is accomplished following the example of Figure 7.7,
which leads to the window in Figure 7.8, and allows the display of the results. In the case of spotted
errors in any of the parameters, the software exhibits a warning message.
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Figure 7.7: Execution of the project. Figure 7.8: Execution window.

7.2 Results

As seen on Chapter 5, the output of the ELECTRE TRI-nC method consists on a range of possible
categories that an entity can be assigned to or, if the two categories are the same, the one category
the entity is assigned to. For limitations of space and very extensive results, it was chosen to present
only an example by selecting the results for the month of January in both models, which can be seen on
Table 7.1. The cells marked in grey represent the modifications, from one model to the other, between
assignments of an action. Note that the Model 1 results presented (which considers efficiency criteria)
only take into account the social-oriented goal scenario, since the weights are coherent with Model 2,
making a comparison between the two possible. Throughout this chapter, there will only be portrayed
tables concerning the results for the month of January for the reasons mentioned above. However, the
remaining tables can be consulted in Appendix A.

Table 7.1: Results of January 2018, for Model 1 and Model 2.

Model 1
(social)

Model 2

Min Max Min Max
a1 C3 C3 C3 C3

a2 C2 C3 C2 C3

a3 C3 C4 C4 C4

a4 C3 C3 C3 C3

a5 C2 C5 C2 C3

a6 C3 C4 C3 C4

a7 C3 C3 C3 C3

a8 C3 C3 C3 C3

a9 C3 C3 C3 C3

a10 C1 C4 C1 C4

a11 C2 C2 C2 C2

a12 C1 C3 C1 C3

a13 C2 C2 C2 C2

a14 C3 C4 C3 C3

a15 C3 C3 C3 C3

a16 C3 C4 C3 C4

a17 C2 C3 C2 C3
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a18 C3 C4 C3 C3

a19 C3 C3 C3 C3

a20 C2 C2 C2 C2

a21 C4 C4 C4 C4

a22 C3 C3 C2 C3

a23 C3 C3 C3 C3

a24 C3 C3 C3 C3

a25 C2 C3 C2 C3

a26 C3 C3 C2 C2

a27 C2 C3 C2 C2

a28 C3 C4 C3 C4

a29 C2 C2

a30 C3 C3

Looking at every month’s results, it is possible to draw conclusions concerning the hospitals with best
and worst performances. The considered ”best” hospitals were the ones that, in the majority of months,
were assigned to the categories ”Very Good” or ”Good”. The ”worst” hospitals were the ones assigned
to the categories ”Very Bad”, ”Bad” and within ”Very Bad” and ”Neutral”, in the majority of the months.
Note that every entity is analyzed individually each month, thus an analysis per group is not included in
this discussion.

Hence, for a credibility level of λ=0.65, the ”best” hospitals, for Model 1, were a4, a14 and a21, which
correspond to Barreiro/Montijo HC, Tondela-Viseu HC and Garcia de Orta Hospital. When considering
Model 2, Póvoa do Varzim/Vila do Conde HC, a3, also figures in this set. This happens because this hos-
pital showed performance values within the categories ”Bad” and ”Neutral” for the efficiency criteria, g9
and g10, thus, when removing these parameters, these values are not accounted for and the categories
to which this action is assigned to change for the better.

For the same data, the considered ”worst” hospitals for Model 1 were a2, a25 and a26, corresponding
to Oeste HC, São João University HC and Porto University HC, respectively. However, when looking
at the results for Model 2, a25 and a26 are no longer joined by a2, but a27 becomes part in this set
(Lisboa Norte University HC), as well as a PPP, Cascais Hospital, a29. These alterations can be justified
by the fact that a2 shows worse results in the efficiency criteria, so when they are removed, so is this
action from the worst performing hospitals. The opposite happens with a27, which showed Neutral/Good
performance in the efficiency criteria, so when these are not accounted for, this hospital is assigned to
worse categories.

It is also worth noticing that, even hospitals labeled as the ”best” ones, present months where their
performance was worse, and vice-versa. For instance, a4 in August was assigned to the interval of cat-
egories between C1 and C3. Besides this, both ”best” and ”worst” hospitals show ”Neutral” performance
in some of the months of the year.

Focusing on PPPs - Vila Franca de Xira Hospital, Cascais Hospital and Loures Hospital -, the only
hospital standing out - negatively - in this study is Cascais Hospital. Comparing to publicly-managed
hospitals, none of the other PPPs is considered one of the ”best” or one of the ”worst” hospitals, falling
in the middle classification. However, in a monthly analysis, more changes can be seen.

When considering Model 1, only Vila Franca de Xira Hospital can be analyzed, and it performed well
(Neutral/Good performance) in a couple of months. Likewise, it fell into the worst performing hospitals in
one month, September.

Without efficiency criteria, for Model 2, the other two PPPs can also be scrutinized. Cascais Hospital
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was in the worst performing hospitals in a few months, only reaching a Neutral/Good performance in
September. Finally, Loures Hospital was considered one of the best ones (Good performance) in only
one month and one of the worst ones (Bad performance) in two.

In conclusion, it is hard to make a clear comparison to a29 and a30 since they do not provide efficiency
data, which as we have seen has the power to put or take an hospital from a classification, being
significant in the whole picture. Besides this, the way hospitals perform in certain months individually is
not an indicator of its overall performance. There is, then, no clear evidence that one group outperforms
the other.

However, the profile of the entities considered the best performing hospitals can be used for bench-
marking purposes, allowing other hospitals to seek improvement (Augusto et al., 2008).

7.2.1 Robustness Analysis

In MCDA, one of the main concerns is the robustness of its methods (Rangel-Valdez et al., 2018).
According to Rosenhead and Mingers (2001), Robustness Analysis is ”a method for evaluating initial

decision commitments under conditions of uncertainty, where subsequent decisions will be implemented
over time.” The robustness of an initial commitment measures the flexibility that decision will leave for
useful future decision choice, thus an analysis allows measuring the capacity of a model for resisting
vague approximations and/or zones of ignorance derived from its initial representation (Rosenhead and
Mingers, 2001; Rangel-Valdez et al., 2018).

In short, this kind of analysis is important to verify the stability or sensitivity of the results, by changing
preference parameters and seeing how the results behave. For this to be accomplished, one can vary
the credibility level and the weights assigned to the criteria. As previously seen, this dissertation takes
into account two scenarios under Model 1, distinguished solely for their weights. This already allows the
robustness to be tested but, in addition, one also varied the credibility level in both models to test the
evolution of the assignments, considering λ=0.55, 0.60, 0.65.

7.2.1.1 Changing the credibility level

This analysis was made for three different credibility levels, λ=0.55, 0.60, and 0.65. It is likely that, when
increasing the credibility level, both ascending and descending rules converge in terms of the assigned
category, possibly originating an unique category.

An example of the changes in assignments for different credibility levels is shown on Table 7.2, which
displays the results for January, considering Model 1. The cells that represent modifications are marked
in grey. The analysis for the remaining months can be consulted in Appendix B.

Table 7.2: Results of Model 1 for January 2018, considering different λ values.

Model 1
(social)

Model 1
(efficiency)

λ=0.55 λ=0.60 λ=0.65 λ=0.55 λ=0.60 λ=0.65
Min Max Min Max Min Max Min Max Min Max Min Max

a1 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a2 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3

a3 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4

a4 C3 C4 C3 C4 C3 C3 C3 C4 C3 C4 C3 C3

a5 C2 C5 C2 C5 C2 C5 C2 C5 C2 C5 C2 C5

a6 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4
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a7 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a8 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a9 C3 C4 C3 C3 C3 C3 C3 C4 C3 C3 C3 C3

a10 C1 C3 C1 C4 C1 C4 C1 C3 C1 C4 C1 C4

a11 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a12 C1 C3 C1 C3 C1 C3 C1 C3 C1 C3 C1 C3

a13 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a14 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4

a15 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a16 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4

a17 C2 C2 C2 C3 C2 C3 C2 C2 C2 C3 C2 C3

a18 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4

a19 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a20 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a21 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4

a22 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a23 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a24 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a25 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3

a26 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a27 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3

a28 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4

The total percentages of assignments to each category were calculated and shown on Tables 7.3
and 7.4.

Table 7.3: Comparison of the total percentages
of assigned categories for different λ values,
considering the social-oriented goal scenario
of Model 1.

Min Max λ=0.55 λ=0.60 λ=0.65
C1 C2 0.89% 0.89% 0.60%
C1 C3 2.68% 2.38% 2.68%
C1 C4 0% 0.30% 0,30%
C1 C5 0.30% 0.30% 0.30%
C2 C2 14.58% 13.10% 10.71%
C2 C3 14.29% 14.88% 16.96%
C2 C4 0.30% 0.60% 0.60%
C2 C5 0.60% 0.60% 0.60%
C3 C3 43.45% 43.45% 44.35%
C3 C4 11.01% 11.01% 10.31%
C3 C5 0,30% 0,30% 0.30%
C4 C4 11.31% 11.90% 11.01%
C4 C5 0.30% 0% 0%
C5 C5 0% 0.30% 0.30%

Table 7.4: Comparison of the total percentages
of assigned categories for different λ values,
considering the efficiency-oriented goal sce-
nario of Model 1.

Min Max λ=0.55 λ=0.60 λ=0.65
C1 C2 1.79% 1.79% 1.19%
C1 C3 3.27% 2.98% 3.57%
C1 C4 0% 0.30% 0.30%
C1 C5 0.60% 0.60% 0.60%
C2 C2 16.67% 14.58% 12.80%
C2 C3 15.77% 15.77% 16.67%
C2 C4 2.08% 2.68% 2.68%
C2 C5 0.60% 0.60% 0.60%
C3 C3 38.39% 39.29% 40.77%
C3 C4 9.82% 9.82% 9.82%
C3 C5 0.60% 0.60% 0.60%
C4 C4 10.42% 11.01% 10.42%

It can be verified that, for smaller credibility levels, there are stronger assignments, i.e., a bigger
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percentage of actions in an unique category, such as C2 and C4.
However, in cases of actions assigned to C2, they go to the interval of categories immediately above,

being within C2 and C3. The same is verified for some actions that were assigned only to C3, but in
higher credibility levels change to an interval of categories, between C3 and C4.

In cases of actions in C4, there are three cases (in 336) in the first scenario and one in the second
scenario, in which the actions lower their category, being assigned to an interval of categories, C3 and
C4.

The percentages of actions changing to stronger assignments (from intervals of categories to an
unique one) were 35.3% and 39% in the first and second scenarios, respectively.

Hence, although higher credibility levels are linked to weaker assignments in this study, they are also
more accurate. The ”best” and ”worst” hospitals, in general, are maintained.

Overall, for the first case, comparing λ=0.55 and λ=0.60, only 4.76% of the assignments have
changed, while for λ=0.65, 5.36% of the assignments have changed. For the second case, 7.14%
of the assignments have changed when changing from λ=0.55 to λ=0.60, and 5,06% to λ=0.65.

The same process was applied to Model 2, which is represented on Table 7.5.

Table 7.5: Comparison of the total percentages of assigned categories for different λ values, considering
Model 2.

Min Max λ=0.55 λ=0.60 λ=0.65
C1 C2 0.83% 0.83% 0.83%
C1 C3 2.50% 1.94% 1.67%
C1 C4 0% 0.55% 0.83%
C2 C2 20.56% 16.67% 14.44%
C2 C3 12.22% 15.45% 15.56%
C2 C4 0% 1.11% 1.94%
C3 C3 46.39% 44.72% 44.17%
C3 C4 6.94% 10.00% 10.56%
C4 C4 10.28% 9.72% 9.72%
C4 C5 0.30% 0% 0%
C5 C5 0% 0.30% 0.30%

Overall, comparing λ=0.55 and λ=0.60, 12.5% of the assignments have changed, while for λ=0.65,
only 8% of the assignments have changed.

In general, the changes between credibility levels are the same as previously demonstrated on Table
7.3. However, it can be noticed that, in this model, less categories are covered. For instance, although
with a low percentage, in Model 1, actions were assigned to very broad intervals of categories, such as
between C1 and C5 and C3 and C5, which does not happen in this model, suggesting the existence of
more oscillations in the efficiency criteria.

With both examples it is possible to conclude that the model is robust, since the percentages of
changes are not high enough for it to have a significant impact in the rough results.

7.2.1.2 Changing the weights of the criteria

For this part of the robustness analysis, it is enough to carry a comparison between the two considered
scenarios of Model 1, differentiated by their goals (social goal or efficiency goal), to which weights were
assigned resorting to the SRF procedure, as seen on the last chapter. Once again, an example of the
results is given only for one month, January, and is displayed on Table 7.6. For this analysis, λ=0.65.
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Table 7.6: Comparison of the assigned categories for different scenarios, using January 2018 and
λ=0.65.

Social-oriented
goal scenario

Efficiency-oriented
goal scenario

Min Max Min Max
a1 C3 C3 C3 C3

a2 C2 C3 C2 C3

a3 C3 C4 C3 C4

a4 C3 C3 C3 C3

a5 C2 C5 C2 C5

a6 C3 C4 C3 C4

a7 C3 C3 C3 C3

a8 C3 C3 C3 C3

a9 C3 C3 C3 C3

a10 C1 C4 C1 C4

a11 C2 C2 C2 C2

a12 C1 C3 C1 C3

a13 C2 C2 C2 C2

a14 C3 C4 C3 C4

a15 C3 C3 C3 C3

a16 C3 C4 C3 C4

a17 C2 C3 C2 C3

a18 C3 C4 C4 C4

a19 C3 C3 C3 C3

a20 C2 C2 C2 C2

a21 C4 C4 C4 C4

a22 C3 C3 C3 C3

a23 C3 C3 C3 C3

a24 C3 C3 C3 C3

a25 C2 C3 C2 C3

a26 C3 C3 C3 C3

a27 C2 C3 C2 C3

a28 C3 C4 C3 C4

Analyzing every month, of a total of 336 assignments, 50 actions change categories (14.88%), in
which 13 - 26% - changed to stronger assignments (from an interval of categories to an unique one), up
or down, 14 started to include intervals with higher categories (28%), and 21 started to include intervals
with lower categories (42%) and two included a lower and higher category (4%). The changes for lower
or higher categories are expected since ”Operational Expenses”, g9, criterion’s weight increased, which
means the actions that had bad values for this criterion are likely to change to a worse category, and
vice-versa.

It is also noteworthy that almost half of the identified changes (48%) happened in only one month,
April. This was a month where a lot of fluctuations on the categories were spotted, with the change in
weights making a lot of difference.

Overall, taking into consideration the percentage of changes obtained, changing the importance of
this one criterion does not have a major impact in the assignments, reinforcing the robustness of the
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model.
Additionally, one made small changes on the reference actions, making them less strict, and the only

difference spotted was that there were more actions going from C3 to reaching category C4.
Comparing the results to the ones obtained by Jorge (2019), whose analysis was made for the same

year and using most of the same actions, one of the best (Póvoa de Varzim/Vila do Conde HC) and
two of the worst (Oeste HC and Lisboa Norte University HC) hospitals are coherent, but not the others.
However, it is important to note that, even though the criteria are structured in the same way, unlike
Rocha (2019) who uses a hierarchical way that can’t be compared, the criteria considered by Jorge
(2019) are different than the ones in this study, as well as the weights assigned to each of them and
reference actions considered to each category. Besides this, his analysis considers yearly data, while
this one is done monthly, making the comparison rather insignificant.

7.3 Summary

In this chapter, the model was implemented and an example of the steps required to execute a project
was given, using the month of January. These steps were repeated three times for each month: the
first using a model with efficiency criteria and a first set of weights, the second using the same model
with a different set of weights and finally using a model without efficiency criteria, including all three PPP
hospitals.

The results of all these implementations were presented for the same month, but an analysis was
carried out taking into account every month. The considered best entities were the ones who were
assigned to categories ”Very Good” and ”Good” in the majority of the months, and the worst entities
were the ones who were assigned to the categories ”Very Bad”, ”Bad” or within ”Very Bad” and ”Neutral”
in the majority of the months.

For Model 1, the best ones were Barreiro/Montijo HC, Tondela-Viseu HC and Garcia de Orta Hospital,
and the worst ones Oeste HC, São João University HC and Porto University HC.

For Model 2, the best ones were Barreiro/Montijo HC, Tondela-Viseu HC, Garcia de Orta Hospital
and Póvoa do Varzim/Vila do Conde HC, and the worst ones São João University HC, Porto University
HC and Lisboa Norte University HC.

The differences are due to the fact that when efficiency criteria are excluded, the hospitals who
perform better in these two criteria compared to others worsen their assigned categories and vice-versa.

A Robustness Analysis was done by changing two parameters, the credibility level, λ, and the criteria
weights, which had already been changed for the general analysis.

It was noticed that those variations did not provoke major alterations in the rough results.
In fact, when changing the credibility level, it was verified that, for the first scenario of Model 1,

comparing λ=0.55 and λ=0.60, only 4.76% of the assignments changed, while for λ=0.65, 5.36% of the
assignments changed. For the second scenario, 7.14% of the assignments changed when substituting
λ=0.55 for λ=0.60, and 5.06% for λ=0.65. For Model 2, more modifications were found, with 12.5% of
different assignments between λ=0.55 and λ=0.60, and 8% for λ=0.65.

When analyzing both scenarios, where one had an efficiency-related goal, with the ”Operational
Expenses” criterion as the one with the highest weight, 14.88% of the initial assignments shifted, and
almost half of these changes happened in only one month, April.

Overall, taking into consideration the percentage of changes obtained in both adjustments, changing
the values of λ was not significant, suggesting that the model is robust. Likewise, the importance of this
criterion, ”Operational Expenses”, did not have a major impact in the assignments, reinforcing the robust
characterization of the model.
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Chapter 8

Conclusion, Limitations and Future
Work

In this last chapter, the main conclusions drawn from the results obtained are exposed, as well as the
limitations faced while conducting it.

8.1 Conclusions

Recently, Portuguese healthcare services are not meeting the needs of the population when it comes to
the services provided. They are considered rivalrous due to the limited availability of staff, beds and other
hospital resources, being linked to geographical disparities in the availability of services, long waiting
times and long waiting lists. Besides this, factors such as the increase of average life expectancy, the
aging population, and the higher incidence of chronic diseases contribute to the lack of responsiveness
and overall challenges faced by the SNS.

In response to some of these issues and also to try to reduce the high expenditures and waste of
public funds in the healthcare sector, while improving the efficiency and the effectiveness of health-
care providers, health reforms were implemented in Portugal, such as the attempt of employing private
management tools in the public sector, with the first wave of PPPs emerging.

However, it is common for measures based on cost containment and efficiency improvement to jeop-
ardize the quality of the provided services.

The main goal of this dissertation was to evaluate and compare the quality of publicly-managed
Portuguese hospitals to the PPPs currently operating (Vila Franca de Xira Hospital, Cascais Hospital
and Loures Hospital), while trying to find out if one of the groups outperformed the other and whether
PPPs are a better alternative or not. This was done following on previous work and using decision
support techniques through the application of the ELECTRE TRI-nC multi-criteria model. Using this
method, one could incorporate various indicators regarding health, attribute different weights to criteria,
use several reference actions, among other characteristics that proved to be very useful when assessing
quality in the health sector.

To draw significant conclusions, the methodology used in this study is characterized as being robust,
which was confirmed through the performance of tests.

As of the main focus of this work, the main conclusion was that both groups, publicly-managed
hospitals and PPPs, present similar performances regarding the criteria chosen to represent the access,
care appropriateness, safety, caesarean appropriateness and efficiency points of view. In terms of ”best”
and ”worst” performers, both classifications belonged mainly to EPEs, although Cascais Hospital also
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figured in the ”worst” set in one of the models.
Despite the fact that there is not a significant difference between both groups’ performance, this does

not mean they fail and/or succeed in the same areas or levels, thus both groups need to improve their
delivered services in general.

Other authors have reached similar conclusions, such as Ferreira and Marques (2019) and Entidade
Reguladora da Saúde (2016), using different methodologies.

Both ERS and Ferreira and Marques (2019) relied on DEA, as well as Nunes and Matos (2017), to
compare EPE hospitals to those under the PPP regime.

In the first case, Entidade Reguladora da Saúde (2016) considered four components in their study,
which were technical efficiency, effectiveness, clinical quality and regulatory costs. For instance, regard-
ing quality, which takes into account safety, infrastructures and equipment, and patient satisfaction, PPP
hospitals showed, on average, more satisfying results than publicly-managed hospitals. But, in general,
the results were mixed for different indicators and no obvious conclusion could be taken concerning the
comparison between both groups’ performance.

Ferreira and Marques (2019) used data from 2012 to 2017 and indicators of access and quality from
the ACSS benchmarking website as well, through DEA and a Benefit of the Doubt approach. The results
from this study showed that publicly-managed hospitals and PPPs exhibit similar social performances,
none of them being better social performers (delivering timelier, safer or more appropriate healthcare
services) than the other.

Nunes and Matos (2017), in their turn, used the DEA methodology for data of the years 2013, 2014
and 2015, in which four PPP hospitals were analyzed. Three of them showed good efficiency levels
during the period under analysis, and one of them was considered inefficient. Overall, most of the
PPP hospitals were considered efficient when compared both within their group and with the other EPE
hospitals, but not all of them and not always, as expected.

In their study, Ferreira and Marques (2019) expose how their results can implicate policymakers,
regulators, citizens, hospital managers, clinical staff, academics, project managers, operational re-
searchers, and others, and it can also be applied in this case, since both studies are, overall, similar.

For instance, as one mentioned at the beginning of this dissertation, one of the biggest arguments
in the public opinion against PPPs is that these entities are not capable of delivering the same level of
quality and access as publicly-managed hospitals, since being managed by private partners would likely
lead them to an ultimate goal: maximizing profit.

The findings of this study do not support this hypothesis, since PPPs seem to be capable of providing
health services as good as publicly-managed hospitals, no matter the profit.

In general, there is no evidence that one group outperforms the other in terms of access, safety or
appropriate care. However, it is important to notice that the major categories Portuguese hospitals were
assigned to were between ”Bad” and ”Neutral” levels, which suggests that Portuguese hospitals, overall,
show substantial performance problems and plenty of room for improvement.

The results from this research can help hospitals and their clinical staff to improve their performance
through benchmarking, comparing their practices to others better classified and employing new tech-
niques.

When it comes to the political and management points of view, it can also be useful. Since, based on
this study’s findings, PPPs seem to exhibit a quality of performance at least equal to publicly-managed
hospitals, policymakers, whose responsibilities include deciding if new contracts should be created, if an
ending contract should be renewed or if the management of a PPP hospital should be assigned fully to
the public party, can use it as support to make this kind of decisions.

Particularly, the results obtained through this dissertation would not suggest changing the private/public
management of these entities, which would only be a costly and unworthy process, considering the ab-
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sence of differences in their performances.

Moreover, the aforementioned applications go in line with the goals of the hSNS Project, which aimed
for these results to be useful to improve the quality of the delivered Portuguese healthcare services,
support management by monitoring performance indicators and improve hospitals’ financing according
to their performance.

The main objectives of this dissertation were achieved, with a successful application of a MCDA
approach in assessing the quality of the Portuguese hospitals. The fact that the results meet what had
already been found in the literature regarding other methods, validates the implementation of the model
chosen, ELECTRE TRI-nC, to reach this dissertation’s goals.

8.2 Limitations and future work

It is important to outline the limitations of this study.

To achieve the goal of analysing and comparing EPE and PPP hospitals, it was necessary to circum-
vent some obstacles, such as missing data. In some cases, approximations resorting to correlations and
linear regressions had to be done to cover the lacking information. Because the PPPs do not provide
information regarding efficiency and productivity dimensions, two distinct models had to be created and
implemented, where one did not comprise all PPP hospitals but included these criteria, and other where
three PPP hospitals were under scrutiny but two criteria were not considered. These issues suggest that
efforts should be made for these entities to become more attentively regulated, with reports including
the information that is currently not provided becoming available, which would facilitate these types of
comparisons and studies that intend to analyze both groups of hospitals accurately in a benchmarking
perspective.

Besides this, only a few criteria were considered, even regarding all the indicators present in the
ACSS benchmarking website. A more complete research could be carried out if more criteria and
indicators were to be analyzed.

Even though the criteria employed in this study were considered important under the chosen points
of view, these results should be compared with future results that take into account other quality and
access related criteria. In fact, according to the literature review conducted prior to the definition of the
model, other types of variables, that were not comprehended in this dissertation, were pointed out as
relevant. It would be interesting to include information concerning facilities and infrastructures, patient
satisfaction, and other outcomes.

If the sample evaluated comprised more years than an unique one (2018), the results could be more
complete and robust.

The thresholds (indifference, preference and veto) have been considered as constants throughout
this analysis, but they can vary, so it could also make sense to modify this in future studies.

Finally, this process was done from a subjective point of view, since the parameters and variables
were decided between the Analyst and the single DM. This includes, for instance, the selection of criteria
and the definition of reference actions, thresholds and weights. If more than one DM were involved, it
would be possible to see the differences on opinions and considerations and the way this would reflect
on the results.

The framework detailed through this study can have multiple applications in different areas and sce-
narios, especially based on ranking projects using sets of indicators. This can be used not only on a
social point of view but also financial, environmental, etc.

It is really important to consider quality and access to make sure patients are being properly cared for,
which involves timely, equitable, safe and appropriate healthcare. Thus, when assessing and investing
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in the SNS and health sector in general, studies of this nature could be very useful.
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Entidade Reguladora da Saúde (2016). Estudo De Avaliação Das Parcerias Público-Privadas Na Saúde.
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Superior Técnico, Universidade de Lisboa.

Kisliakovskii, I., Balakhontceva, M., Kovalchuk, S., Zvartau, N., and Konradi, A. (2017). Towards a
simulation-based framework for decision support in healthcare quality assessment. Procedia Com-
puter Science, 119:207–214.

Marques, R. C. and Silva, D. (2008). As parcerias público-privadas em Portugal. Lições e
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Appendix A

Tables of Results

Table A.1: Results of February 2018, for Model
1 and Model 2.

Model 1
(social)

Model 1
(efficiency) Model 2

Min Max Min Max Min Max
a1 C3 C3 C3 C3 C3 C3

a2 C2 C3 C2 C3 C2 C3

a3 C3 C3 C3 C3 C3 C4

a4 C4 C4 C4 C4 C4 C4

a5 C2 C3 C2 C4 C2 C4

a6 C3 C4 C3 C3 C3 C3

a7 C3 C3 C3 C4 C3 C4

a8 C3 C3 C3 C3 C3 C4

a9 C3 C4 C3 C4 C3 C4

a10 C1 C3 C1 C3 C1 C3

a11 C1 C3 C1 C3 C1 C3

a12 C2 C3 C2 C3 C2 C3

a13 C3 C3 C3 C3 C2 C3

a14 C3 C3 C3 C3 C3 C3

a15 C3 C3 C3 C3 C3 C3

a16 C3 C3 C3 C3 C3 C3

a17 C2 C3 C3 C3 C3 C3

a18 C3 C4 C3 C4 C3 C3

a19 C3 C3 C3 C3 C3 C3

a20 C2 C2 C2 C2 C2 C2

a21 C4 C4 C4 C4 C4 C4

a22 C3 C3 C3 C3 C3 C3

a23 C2 C3 C2 C2 C2 C2

a24 C3 C3 C3 C3 C3 C3

a25 C2 C3 C2 C3 C2 C3

a26 C2 C2 C2 C2 C2 C2

a27 C2 C3 C2 C3 C2 C3

a28 C4 C4 C4 C4 C3 C4

a29 C3 C3

a30 C3 C3

Table A.2: Results of March 2018, for Model 1
and Model 2.

Model 1
(social)

Model 1
(efficiency) Model 2

Min Max Min Max Min Max
a1 C2 C2 C2 C2 C2 C3

a2 C2 C2 C2 C2 C2 C3

a3 C3 C4 C3 C4 C4 C4

a4 C4 C4 C3 C3 C4 C4

a5 C3 C3 C2 C3 C3 C3

a6 C3 C3 C3 C3 C3 C3

a7 C3 C3 C2 C3 C3 C3

a8 C3 C4 C2 C4 C3 C4

a9 C3 C3 C3 C3 C3 C3

a10 C2 C4 C2 C4 C2 C4

a11 C3 C3 C2 C3 C3 C3

a12 C3 C3 C2 C3 C3 C3

a13 C3 C4 C3 C3 C3 C3

a14 C3 C3 C3 C3 C3 C3

a15 C3 C3 C2 C3 C3 C3

a16 C3 C3 C3 C3 C3 C3

a17 C2 C2 C2 C2 C2 C2

a18 C3 C4 C3 C4 C3 C3

a19 C3 C3 C2 C2 C3 C3

a20 C3 C3 C3 C3 C3 C3

a21 C4 C4 C4 C4 C3 C3

a22 C2 C2 C2 C2 C2 C2

a23 C3 C3 C2 C3 C3 C3

a24 C3 C3 C3 C3 C3 C3

a25 C2 C2 C2 C2 C2 C2

a26 C3 C3 C3 C3 C3 C3

a27 C2 C3 C2 C2 C2 C3

a28 C3 C3 C3 C3 C3 C3

a29 C3 C3

a30 C3 C3
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Table A.3: Results of April 2018, for Model 1
and Model 2.

Model 1
(social)

Model 1
(efficiency) Model 2

Min Max Min Max Min Max
a1 C3 C3 C3 C3 C3 C3

a2 C2 C2 C2 C3 C2 C2

a3 C4 C4 C2 C3 C4 C4

a4 C3 C3 C2 C4 C3 C3

a5 C3 C4 C2 C4 C3 C3

a6 C1 C3 C1 C5 C1 C3

a7 C2 C3 C2 C2 C2 C3

a8 C2 C3 C3 C3 C2 C3

a9 C3 C4 C1 C3 C3 C4

a10 C2 C3 C2 C3 C2 C3

a11 C3 C3 C1 C2 C3 C3

a12 C2 C3 C2 C4 C2 C3

a13 C3 C3 C1 C2 C3 C3

a14 C4 C4 C2 C4 C4 C4

a15 C2 C3 C1 C3 C2 C3

a16 C3 C3 C2 C2 C3 C3

a17 C3 C3 C3 C3 C3 C3

a18 C3 C3 C3 C5 C3 C3

a19 C3 C3 C2 C2 C3 C3

a20 C3 C3 C3 C4 C3 C3

a21 C5 C5 C4 C4 C5 C5

a22 C3 C3 C2 C3 C3 C3

a23 C3 C3 C2 C4 C3 C3

a24 C3 C3 C1 C3 C3 C3

a25 C2 C2 C2 C4 C2 C2

a26 C2 C2 C3 C3 C2 C2

a27 C3 C3 C1 C3 C3 C3

a28 C3 C3 C3 C3 C3 C3

a29 C2 C2

a30 C4 C4

Table A.4: Results of May 2018, for Model 1
and Model 2.

Model 1
(social)

Model 1
(efficiency) Model 2

Min Max Min Max Min Max
a1 C4 C4 C4 C4 C4 C4

a2 C3 C3 C3 C3 C3 C3

a3 C4 C4 C4 C4 C4 C4

a4 C3 C3 C3 C3 C3 C3

a5 C3 C4 C3 C4 C3 C4

a6 C3 C3 C3 C3 C3 C3

a7 C2 C2 C2 C2 C2 C2

a8 C2 C3 C2 C3 C2 C3

a9 C3 C3 C3 C3 C3 C3

a10 C3 C4 C3 C4 C3 C4

a11 C2 C2 C2 C2 C2 C2

a12 C3 C3 C3 C3 C3 C3

a13 C3 C3 C3 C3 C3 C3

a14 C4 C4 C4 C4 C4 C4

a15 C3 C3 C3 C3 C3 C3

a16 C3 C3 C3 C3 C3 C3

a17 C2 C2 C2 C2 C2 C3

a18 C3 C3 C3 C3 C3 C3

a19 C3 C3 C3 C3 C3 C3

a20 C3 C3 C3 C3 C3 C3

a21 C4 C4 C4 C4 C3 C4

a22 C3 C3 C3 C3 C3 C3

a23 C2 C3 C2 C3 C2 C3

a24 C3 C3 C3 C3 C3 C3

a25 C2 C2 C2 C2 C2 C2

a26 C3 C3 C3 C3 C3 C3

a27 C3 C3 C3 C3 C3 C3

a28 C3 C3 C3 C3 C3 C3

a29 C3 C3

a30 C3 C3

Table A.11: Results of December 2018, for Model 1 and Model 2.

Model 1
(social)

Model 1
(efficiency)

Model 2

Min Max Min Max Min Max
a1 C3 C4 C3 C4 C3 C4

a2 C1 C3 C1 C3 C1 C3

a3 C2 C3 C2 C3 C2 C4

a4 C4 C4 C4 C4 C4 C4

a5 C3 C3 C3 C3 C3 C3

a6 C3 C4 C3 C4 C3 C4

a7 C3 C3 C3 C3 C3 C3

a8 C2 C5 C2 C5 C2 C3

a9 C4 C4 C4 C4 C4 C4

82



a10 C3 C3 C3 C3 C3 C3

a11 C2 C3 C2 C3 C2 C3

a12 C2 C3 C2 C3 C2 C3

a13 C3 C3 C3 C3 C3 C3

a14 C4 C4 C4 C4 C4 C4

a15 C2 C3 C2 C3 C2 C3

a16 C1 C2 C1 C2 C1 C2

a17 C3 C5 C3 C5 C3 C3

a18 C3 C3 C3 C3 C3 C3

a19 C2 C3 C2 C3 C2 C2

a20 C3 C3 C3 C3 C3 C3

a21 C4 C4 C4 C4 C4 C4

a22 C3 C3 C3 C3 C3 C3

a23 C1 C3 C1 C3 C2 C3

a24 C2 C2 C2 C2 C2 C2

a25 C2 C2 C2 C2 C2 C2

a26 C2 C2 C2 C2 C2 C2

a27 C1 C5 C1 C5 C1 C2

a28 C2 C3 C2 C3 C2 C3

a29 C2 C2

a30 C2 C2
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Table A.5: Results of June 2018, for Model 1
and Model 2.

Model 1
(social)

Model 1
(efficiency) Model 2

Min Max Min Max Min Max
a1 C4 C4 C4 C4 C4 C4

a2 C2 C2 C2 C2 C2 C2

a3 C4 C4 C4 C4 C4 C4

a4 C3 C3 C3 C3 C3 C3

a5 C3 C3 C3 C3 C3 C4

a6 C4 C4 C4 C4 C4 C4

a7 C3 C3 C3 C3 C2 C3

a8 C3 C3 C3 C3 C3 C3

a9 C3 C3 C3 C3 C3 C3

a10 C3 C3 C3 C3 C3 C3

a11 C3 C3 C3 C3 C3 C3

a12 C3 C3 C3 C3 C3 C3

a13 C2 C2 C2 C2 C2 C2

a14 C4 C4 C4 C4 C4 C4

a15 C2 C3 C2 C3 C2 C4

a16 C3 C4 C3 C4 C3 C4

a17 C3 C3 C3 C3 C3 C3

a18 C3 C3 C3 C3 C3 C3

a19 C3 C3 C3 C3 C3 C3

a20 C3 C3 C3 C3 C3 C3

a21 C4 C4 C4 C4 C4 C4

a22 C3 C3 C3 C3 C3 C3

a23 C3 C3 C3 C3 C3 C3

a24 C4 C4 C4 C4 C3 C4

a25 C2 C2 C2 C2 C2 C2

a26 C3 C3 C3 C3 C3 C3

a27 C3 C3 C3 C3 C3 C3

a28 C3 C3 C3 C4 C3 C3

a29 C2 C2

a30 C3 C3

Table A.6: Results of July 2018, for Model 1
and Model 2.

Model 1
(social)

Model 1
(efficiency) Model 2

Min Max Min Max Min Max
a1 C3 C3 C3 C3 C3 C3

a2 C2 C3 C2 C3 C2 C3

a3 C2 C3 C2 C3 C2 C4

a4 C4 C4 C4 C4 C4 C4

a5 C2 C3 C2 C3 C2 C3

a6 C3 C4 C3 C4 C3 C4

a7 C3 C3 C3 C3 C3 C3

a8 C2 C3 C2 C3 C2 C3

a9 C3 C3 C3 C3 C3 C4

a10 C2 C2 C2 C3 C2 C3

a11 C3 C4 C3 C4 C3 C4

a12 C3 C3 C3 C3 C3 C3

a13 C3 C3 C3 C3 C3 C3

a14 C4 C4 C4 C4 C4 C4

a15 C3 C3 C3 C3 C3 C4

a16 C3 C3 C3 C3 C3 C3

a17 C2 C3 C2 C3 C2 C3

a18 C3 C3 C3 C3 C2 C2

a19 C3 C3 C3 C3 C3 C3

a20 C3 C3 C3 C3 C3 C3

a21 C3 C3 C3 C3 C3 C3

a22 C3 C4 C3 C4 C3 C4

a23 C3 C3 C3 C3 C3 C3

a24 C3 C3 C3 C3 C3 C3

a25 C1 C2 C1 C2 C1 C2

a26 C3 C3 C3 C3 C3 C3

a27 C2 C3 C2 C3 C2 C3

a28 C3 C3 C3 C4 C3 C3

a29 C2 C2

a30 C3 C3
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Table A.7: Results of August 2018, for Model 1
and Model 2.

Model 1
(social)

Model 1
(efficiency) Model 2

Min Max Min Max Min Max
a1 C3 C3 C3 C3 C3 C4

a2 C3 C3 C3 C3 C3 C32
a3 C1 C3 C1 C3 C1 C4

a4 C1 C3 C1 C3 C1 C3

a5 C1 C3 C1 C3 C1 C4

a6 C3 C3 C3 C3 C3 C3

a7 C3 C3 C3 C3 C3 C3

a8 C2 C3 C2 C2 C2 C2

a9 C4 C4 C4 C4 C4 C4

a10 C2 C3 C2 C3 C2 C3

a11 C3 C4 C3 C4 C3 C4

a12 C3 C3 C3 C3 C3 C3

a13 C3 C3 C3 C3 C3 C3

a14 C3 C4 C3 C4 C3 C4

a15 C2 C3 C2 C2 C2 C2

a16 C3 C3 C3 C3 C3 C3

a17 C3 C3 C3 C3 C3 C3

a18 C4 C4 C4 C4 C3 C3

a19 C3 C3 C3 C3 C3 C3

a20 C3 C3 C3 C3 C3 C3

a21 C4 C4 C4 C4 C3 C3

a22 C3 C3 C3 C3 C3 C3

a23 C2 C3 C2 C3 C2 C3

a24 C3 C3 C3 C3 C3 C3

a25 C2 C2 C2 C2 C2 C2

a26 C2 C2 C2 C2 C2 C2

a27 C3 C3 C3 C3 C3 C3

a28 C3 C3 C3 C3 C3 C3

a29 C3 C3

a30 C3 C4

Table A.8: Results of September 2018, for
Model 1 and Model 2.

Model 1
(social)

Model 1
(efficiency) Model 2

Min Max Min Max Min Max
a1 C3 C4 C3 C3 C3 C3

a2 C2 C3 C2 C3 C2 C3

a3 C4 C4 C3 C3 C3 C4

a4 C4 C4 C4 C4 C4 C4

a5 C2 C3 C2 C3 C2 C4

a6 C3 C3 C3 C3 C3 C3

a7 C2 C2 C2 C3 C2 C3

a8 C2 C3 C2 C3 C2 C3

a9 C3 C4 C3 C4 C3 C4

a10 C2 C3 C2 C3 C2 C3

a11 C3 C4 C3 C4 C3 C4

a12 C2 C2 C2 C2 C2 C2

a13 C3 C3 C3 C3 C2 C3

a14 C4 C4 C4 C4 C4 C4

a15 C3 C3 C3 C3 C3 C4

a16 C3 C3 C3 C3 C3 C3

a17 C2 C3 C2 C3 C2 C3

a18 C3 C3 C3 C3 C3 C3

a19 C2 C2 C2 C3 C2 C3

a20 C2 C2 C2 C2 C2 C2

a21 C4 C4 C4 C4 C4 C4

a22 C3 C3 C3 C3 C3 C3

a23 C3 C3 C3 C3 C3 C3

a24 C3 C3 C3 C3 C3 C3

a25 C2 C3 C2 C2 C2 C3

a26 C2 C2 C2 C2 C2 C2

a27 C2 C2 C2 C2 C2 C2

a28 C2 C2 C2 C2 C2 C2

a29 C3 C4

a30 C2 C2
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Table A.9: Results of October 2018, for Model
1 and Model 2.

Model 1
(social)

Model 1
(efficiency) Model 2

Min Max Min Max Min Max
a1 C3 C3 C3 C3 C3 C3

a2 C2 C2 C2 C2 C2 C3

a3 C3 C4 C3 C4 C4 C4

a4 C3 C3 C3 C3 C3 C3

a5 C3 C3 C3 C3 C3 C3

a6 C3 C3 C3 C3 C3 C4

a7 C2 C3 C2 C3 C2 C3

a8 C2 C3 C2 C3 C2 C3

a9 C3 C3 C3 C3 C3 C3

a10 C3 C3 C3 C3 C3 C3

a11 C3 C3 C3 C3 C3 C3

a12 C2 C3 C2 C3 C2 C3

a13 C3 C3 C3 C3 C3 C3

a14 C4 C4 C4 C4 C4 C4

a15 C3 C4 C3 C4 C3 C4

a16 C3 C3 C3 C3 C3 C3

a17 C2 C3 C2 C3 C3 C4

a18 C4 C4 C4 C4 C3 C3

a19 C2 C2 C2 C2 C2 C2

a20 C3 C3 C3 C3 C3 C3

a21 C4 C4 C4 C4 C4 C4

a22 C2 C2 C2 C2 C2 C2

a23 C3 C4 C3 C4 C3 C3

a24 C2 C2 C2 C2 C2 C2

a25 C2 C3 C2 C3 C2 C2

a26 C3 C3 C3 C3 C3 C3

a27 C2 C3 C2 C3 C2 C2

a28 C3 C3 C3 C3 C3 C3

a29 C2 C2

a30 C3 C3

Table A.10: Results of November 2018, for
Model 1 and Model 2.

Model 1
(social)

Model 1
(efficiency) Model 2

Min Max Min Max Min Max
a1 C3 C4 C3 C4 C3 C4

a2 C2 C3 C2 C3 C2 C3

a3 C3 C4 C3 C4 C4 C4

a4 C4 C4 C4 C4 C4 C4

a5 C3 C3 C3 C3 C3 C3

a6 C3 C3 C3 C3 C3 C3

a7 C2 C3 C2 C3 C2 C3

a8 C2 C3 C2 C3 C2 C3

a9 C3 C4 C3 C4 C3 C4

a10 C3 C3 C3 C3 C3 C3

a11 C4 C4 C4 C4 C4 C4

a12 C2 C3 C2 C3 C2 C3

a13 C3 C3 C3 C3 C3 C3

a14 C4 C4 C4 C4 C4 C4

a15 C3 C4 C3 C4 C3 C4

a16 C3 C3 C3 C3 C3 C3

a17 C2 C3 C2 C3 C2 C3

a18 C3 C4 C3 C4 C3 C3

a19 C3 C3 C3 C3 C2 C2

a20 C3 C3 C3 C3 C3 C3

a21 C4 C4 C4 C4 C4 C4

a22 C2 C3 C2 C3 C2 C3

a23 C3 C3 C3 C3 C3 C3

a24 C2 C3 C2 C2 C2 C2

a25 C2 C2 C2 C2 C2 C2

a26 C2 C2 C2 C2 C2 C2

a27 C2 C3 C2 C2 C2 C2

a28 C3 C3 C3 C3 C3 C3

a29 C2 C3

a30 C2 C3
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Appendix B

Robustness Analysis

Table B.1: Results of Model 1 and Model 2 for February 2018, considering different λ values.

Model 1 (social) Model 1 (efficiency) Model 2
λ=0.55 λ=0.60 λ=0.65 λ=0.55 λ=0.60 λ=0.65 λ=0.55 λ=0.60 λ=0.65

Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max
a1 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a2 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3

a3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C4

a4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4

a5 C2 C3 C2 C4 C2 C3 C2 C3 C2 C4 C2 C4 C2 C3 C2 C4 C2 C4

a6 C3 C4 C3 C3 C3 C4 C3 C4 C3 C4 C3 C3 C3 C3 C3 C3 C3 C3

a7 C3 C3 C3 C4 C3 C3 C3 C3 C3 C4 C3 C4 C3 C3 C3 C4 C3 C4

a8 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C4 C3 C4

a9 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4

a10 C1 C3 C1 C3 C1 C3 C1 C3 C1 C3 C1 C3 C1 C3 C1 C3 C1 C3

a11 C1 C3 C1 C3 C1 C3 C1 C3 C1 C3 C1 C3 C1 C3 C1 C3 C1 C3

a12 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3

a13 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C2 C3 C2 C3 C2 C3

a14 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a15 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a16 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a17 C2 C3 C3 C3 C2 C3 C2 C3 C2 C3 C3 C3 C2 C3 C2 C3 C3 C3

a18 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C3 C3 C3 C3 C3

a19 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a20 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a21 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4

a22 C3 C3 C3 C3 C3 C3 C2 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a23 C2 C3 C2 C3 C2 C3 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a24 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a25 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C2 C2 C3 C2 C3

a26 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a27 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3

a28 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C3 C4

87



a29 C3 C3 C3 C3 C3 C3

a30 C3 C3 C3 C3 C3 C3
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Table B.2: Results of Model 1 and Model 2 for March 2018, considering different λ values.

Model 1 (social) Model 1 (efficiency) Model 2
λ=0.55 λ=0.60 λ=0.65 λ=0.55 λ=0.60 λ=0.65 λ=0.55 λ=0.60 λ=0.65

Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max
a1 C2 C2 C2 C2 C2 C2 C2 C2 C3 C2 C2 C2 C2 C2 C2 C3 C2 C3

a2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C3 C2 C3

a3 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C4 C4

a4 C4 C4 C4 C4 C4 C4 C3 C3 C3 C3 C3 C3 C4 C4 C4 C4 C4 C4

a5 C3 C3 C3 C3 C3 C3 C2 C3 C2 C3 C2 C3 C3 C3 C3 C3 C3 C3

a6 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a7 C3 C3 C3 C3 C3 C3 C2 C2 C2 C3 C2 C3 C3 C3 C3 C3 C3 C3

a8 C3 C3 C3 C4 C3 C4 C2 C3 C2 C4 C2 C4 C3 C3 C3 C4 C3 C4

a9 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C4 C3 C3 C3 C3 C3 C3

a10 C2 C4 C2 C4 C2 C4 C2 C4 C2 C4 C2 C4 C2 C3 C2 C3 C2 C4

a11 C3 C3 C3 C3 C3 C3 C2 C2 C2 C2 C2 C3 C3 C3 C3 C3 C3 C3

a12 C3 C3 C3 C3 C3 C3 C2 C2 C2 C3 C2 C3 C3 C3 C3 C3 C3 C3

a13 C3 C4 C3 C4 C3 C4 C3 C3 C3 C3 C3 C3 C3 C4 C3 C3 C3 C3

a14 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a15 C3 C3 C3 C3 C3 C3 C2 C3 C2 C3 C2 C3 C3 C3 C3 C3 C3 C3

a16 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a17 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a18 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C3 C3 C3 C3 C3

a19 C3 C3 C3 C3 C3 C3 C2 C2 C2 C2 C2 C2 C3 C3 C3 C3 C3 C3

a20 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a21 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C3 C3 C3 C3 C3 C3

a22 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a23 C3 C3 C3 C3 C3 C3 C2 C3 C2 C3 C2 C3 C3 C3 C3 C3 C3 C3

a24 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a25 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a26 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a27 C2 C3 C2 C3 C2 C3 C2 C2 C2 C2 C2 C2 C2 C3 C2 C3 C2 C3

a28 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a29 C3 C3 C3 C3 C3 C3

a30 C3 C3 C3 C3 C3 C3
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Table B.3: Results of Model 1 and Model 2 for April 2018, considering different λ values.

Model 1 (social) Model 1 (efficiency) Model 2
λ=0.55 λ=0.60 λ=0.65 λ=0.55 λ=0.60 λ=0.65 λ=0.55 λ=0.60 λ=0.65

Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max
a1 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a2 C2 C2 C2 C2 C2 C2 C2 C3 C2 C3 C2 C3 C2 C2 C2 C2 C2 C2

a3 C4 C4 C4 C4 C4 C4 C2 C3 C2 C3 C2 C3 C4 C4 C4 C4 C4 C4

a4 C3 C4 C3 C4 C3 C3 C2 C4 C2 C4 C2 C4 C3 C3 C3 C3 C3 C3

a5 C3 C3 C3 C3 C3 C4 C2 C4 C2 C4 C2 C4 C3 C3 C3 C3 C3 C3

a6 C1 C3 C1 C3 C1 C3 C1 C5 C1 C5 C1 C5 C1 C3 C1 C3 C1 C3

a7 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C3 C2 C3

a8 C2 C2 C2 C3 C2 C3 C3 C3 C3 C3 C3 C3 C2 C2 C2 C3 C2 C3

a9 C3 C4 C3 C4 C3 C4 C1 C2 C1 C2 C1 C3 C3 C4 C3 C4 C3 C4

a10 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3

a11 C3 C3 C3 C3 C3 C3 C1 C2 C1 C2 C1 C2 C3 C3 C3 C3 C3 C3

a12 C2 C3 C2 C3 C2 C3 C2 C4 C2 C4 C2 C4 C2 C3 C2 C3 C2 C3

a13 C3 C3 C3 C3 C3 C3 C1 C2 C1 C2 C1 C2 C3 C3 C3 C3 C3 C3

a14 C4 C4 C4 C4 C4 C4 C2 C4 C2 C4 C2 C4 C4 C4 C4 C4 C4 C4

a15 C2 C3 C2 C3 C2 C3 C1 C3 C1 C3 C1 C3 C2 C3 C2 C3 C2 C3

a16 C3 C3 C3 C3 C3 C3 C2 C2 C2 C2 C2 C2 C3 C3 C3 C3 C3 C3

a17 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a18 C3 C3 C3 C3 C3 C3 C3 C5 C3 C5 C3 C5 C3 C3 C3 C3 C3 C3

a19 C3 C3 C3 C3 C3 C3 C2 C2 C2 C2 C2 C2 C3 C3 C3 C3 C3 C3

a20 C3 C3 C3 C3 C3 C3 C3 C4 C3 C4 C2 C2 C3 C3 C3 C3 C3 C3

a21 C4 C5 C5 C5 C5 C5 C4 C4 C4 C4 C4 C4 C4 C5 C5 C5 C5 C5

a22 C3 C3 C3 C3 C3 C3 C2 C3 C2 C3 C2 C3 C2 C3 C3 C3 C3 C3

a23 C3 C3 C3 C3 C3 C3 C2 C4 C2 C4 C2 C4 C2 C4 C3 C3 C3 C3

a24 C3 C3 C3 C3 C3 C3 C1 C3 C1 C3 C1 C3 C3 C3 C3 C3 C3 C3

a25 C2 C2 C2 C2 C2 C2 C2 C4 C2 C4 C2 C4 C2 C2 C2 C2 C2 C2

a26 C2 C2 C2 C2 C2 C2 C2 C3 C2 C3 C3 C3 C2 C2 C2 C2 C2 C2

a27 C3 C3 C3 C3 C3 C1 C3 C1 C3 C1 C3 C3 C3 C3 C3 C3 C3 C3

a28 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a29 C2 C2 C2 C2 C2 C2

a30 C4 C4 C4 C4 C4 C4
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Table B.4: Results of Model 1 and Model 2 for May 2018, considering different λ values.

Model 1 (social) Model 1 (efficiency) Model 2
λ=0.55 λ=0.60 λ=0.65 λ=0.55 λ=0.60 λ=0.65 λ=0.55 λ=0.60 λ=0.65

Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max
a1 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4

a2 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a3 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4

a4 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a5 C3 C4 C3 C4 C3 C4 C3 C3 C3 C4 C3 C4 C3 C3 C3 C4 C3 C4

a6 C3 C3 C3 C3 C3 C4 C3 C4 C3 C4 C3 C3 C3 C3 C3 C3 C3 C3

a7 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a8 C2 C3 C2 C3 C2 C3 C2 C2 C2 C2 C2 C3 C2 C2 C2 C2 C2 C3

a9 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a10 C3 C4 C3 C4 C3 C4 C3 C3 C3 C3 C3 C4 C3 C3 C3 C3 C3 C4

a11 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a12 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a13 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a14 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4

a15 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a16 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a17 C2 C3 C2 C3 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C3 C2 C3

a18 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a19 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a20 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a21 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C3 C4

a22 C3 C3 C3 C3 C3 C3 C2 C3 C3 C3 C3 C3 C2 C3 C3 C3 C3 C3

a23 C2 C3 C2 C3 C2 C3 C2 C2 C2 C3 C2 C3 C2 C2 C2 C3 C2 C3

a24 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a25 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C3 C2 C3

a26 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a27 C3 C3 C3 C3 C3 C3 C2 C3 C2 C3 C3 C3 C2 C3 C2 C3 C3 C3

a28 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C4

a29 C3 C3 C3 C3 C3 C3

a30 C3 C3 C3 C3 C3 C3
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Table B.5: Results of Model 1 and Model 2 for June 2018, considering different λ values.

Model 1 (social) Model 1 (efficiency) Model 2
λ=0.55 λ=0.60 λ=0.65 λ=0.55 λ=0.60 λ=0.65 λ=0.55 λ=0.60 λ=0.65

Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max
a1 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4

a2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a3 C4 C4 C4 C4 C3 C4 C3 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4

a4 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a5 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C4 C3 C4

a6 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C3 C4

a7 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C2 C3 C2 C3 C2 C3

a8 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a9 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a10 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a11 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a12 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a13 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a14 C4 C4 C4 C4 C3 C4 C3 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4

a15 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C4 C2 C4

a16 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4

a17 C3 C3 C3 C3 C3 C2 C3 C3 C3 C2 C3 C3 C2 C3 C3 C3 C3 C3

a18 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a19 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a20 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a21 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4

a22 C3 C3 C3 C3 C3 C3 C2 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a23 C3 C3 C3 C3 C3 C3 C2 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a24 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C3 C4 C3 C4

a25 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a26 C3 C3 C3 C3 C3 C3 C2 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a27 C3 C3 C3 C3 C3 C3 C2 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a28 C3 C4 C3 C4 C3 C3 C3 C4 C3 C4 C3 C4 C3 C3 C3 C3 C3 C3

a29 C2 C2 C2 C2 C2 C2

a30 C3 C3 C3 C3 C3 C3
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Table B.6: Results of Model 1 and Model 2 for July 2018, considering different λ values.

Model 1 (social) Model 1 (efficiency) Model 2
λ=0.55 λ=0.60 λ=0.65 λ=0.55 λ=0.60 λ=0.65 λ=0.55 λ=0.60 λ=0.65

Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max
a1 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a2 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3

a3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C4

a4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4

a5 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3

a6 C4 C4 C4 C4 C3 C4 C4 C4 C4 C4 C3 C4 C3 C4 C3 C4 C3 C4

a7 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a8 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3

a9 C3 C3 C3 C3 C3 C3 C3 C4 C3 C3 C3 C3 C3 C3 C3 C4 C3 C4

a10 C2 C2 C2 C3 C2 C2 C2 C2 C2 C2 C2 C3 C2 C2 C2 C2 C2 C3

a11 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4

a12 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a13 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a14 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4

a15 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C4 C3 C4

a16 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a17 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3

a18 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C2 C2 C2 C2 C2 C2

a19 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a20 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a21 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a22 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4

a23 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a24 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a25 C1 C2 C1 C2 C1 C2 C1 C2 C1 C2 C1 C2 C1 C2 C1 C2 C1 C2

a26 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a27 C2 C2 C2 C3 C2 C3 C2 C2 C2 C3 C2 C3 C2 C2 C2 C3 C2 C3

a28 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a29 C2 C2 C2 C2 C2 C2

a30 C3 C3 C3 C3 C3 C3

93



Table B.7: Results of Model 1 and Model 2 for August 2018, considering different λ values.

Model 1 (social) Model 1 (efficiency) Model 2
λ=0.55 λ=0.60 λ=0.65 λ=0.55 λ=0.60 λ=0.65 λ=0.55 λ=0.60 λ=0.65

Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max
a1 C3 C4 C3 C4 C3 C3 C3 C4 C3 C4 C3 C3 C3 C4 C3 C4 C3 C4

a2 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a3 C1 C3 C1 C3 C1 C3 C1 C3 C1 C3 C1 C3 C1 C3 C1 C3 C1 C4

a4 C1 C3 C1 C3 C1 C3 C1 C3 C1 C3 C1 C3 C1 C3 C1 C3 C1 C3

a5 C1 C3 C1 C3 C1 C3 C1 C3 C1 C3 C1 C3 C1 C3 C1 C4 C1 C4

a6 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a7 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a8 C2 C2 C2 C2 C2 C3 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a9 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4

a10 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3

a11 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C4 C4 C3 C4 C3 C4

a12 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a13 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a14 C4 C4 C4 C4 C3 C4 C4 C4 C4 C4 C3 C4 C4 C4 C4 C4 C3 C4

a15 C2 C2 C2 C2 C2 C3 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a16 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a17 C2 C3 C2 C3 C3 C3 C2 C3 C3 C3 C3 C3 C2 C3 C3 C3 C3 C3

a18 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C3 C3 C3 C3 C3 C3

a19 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a20 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a21 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C3 C3 C3 C3 C3 C3

a22 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a23 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3

a24 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a25 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a26 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a27 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C2 C3

a28 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a29 C3 C3 C3 C3 C3 C3

a30 C4 C4 C3 C4 C3 C4
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Table B.8: Results of Model 1 and Model 2 for September 2018, considering different λ values.

Model 1 (social) Model 1 (efficiency) Model 2
λ=0.55 λ=0.60 λ=0.65 λ=0.55 λ=0.60 λ=0.65 λ=0.55 λ=0.60 λ=0.65

Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max
a1 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C3 C3 C4 C3 C4 C3 C3

a2 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3

a3 C3 C4 C4 C4 C4 C4 C3 C3 C3 C3 C3 C3 C3 C4 C3 C3 C3 C4

a4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4

a5 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C4 C2 C4

a6 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a7 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C3 C2 C2 C2 C2 C2 C3

a8 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3

a9 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4

a10 C2 C2 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3

a11 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4

a12 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a13 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C2 C3

a14 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4

a15 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C4 C3 C4

a16 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a17 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3

a18 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a19 C2 C2 C2 C2 C2 C2 C2 C2 C3 C2 C3 C2 C2 C2 C3 C2 C3

a20 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a21 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4

a22 C3 C3 C3 C3 C3 C3 C2 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a23 C2 C3 C2 C3 C3 C3 C2 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a24 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a25 C2 C2 C2 C2 C2 C3 C2 C3 C2 C3 C2 C2 C2 C3 C2 C3 C2 C3

a26 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a27 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a28 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a29 C3 C3 C3 C4 C3 C4

a30 C2 C2 C2 C2 C2 C2
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Table B.9: Results of Model 1 and Model 2 for October 2018, considering different λ values.

Model 1 (social) Model 1 (efficiency) Model 2
λ=0.55 λ=0.60 λ=0.65 λ=0.55 λ=0.60 λ=0.65 λ=0.55 λ=0.60 λ=0.65

Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max
a1 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C3

a3 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C4 C4

a4 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a5 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a6 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C4 C3 C4

a7 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3

a8 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C2 C2 C3 C2 C3

a9 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a10 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a11 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a12 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C2 C2 C2 C2 C3

a13 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a14 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4

a15 C3 C3 C3 C3 C3 C4 C3 C3 C3 C4 C3 C4 C3 C3 C3 C4 C3 C4

a16 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a17 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C4 C2 C4

a18 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C3 C3 C3 C3 C3 C3

a19 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a20 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a21 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4

a22 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a23 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C3 C3 C3 C3 C3

a24 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a25 C2 C3 C2 C3 C2 C3 C2 C2 C2 C2 C2 C3 C2 C2 C2 C2 C2 C2

a26 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a27 C2 C2 C2 C2 C2 C3 C2 C2 C2 C3 C2 C3 C2 C2 C2 C2 C2 C2

a28 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C4 C3 C3 C3 C3

a29 C2 C2 C2 C2 C2 C2

a30 C3 C4 C3 C3 C3 C3
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Table B.10: Results of Model 1 and Model 2 for November 2018, considering different λ values.

Model 1 (social) Model 1 (efficiency) Model 2
λ=0.55 λ=0.60 λ=0.65 λ=0.55 λ=0.60 λ=0.65 λ=0.55 λ=0.60 λ=0.65

Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max
a1 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4

a2 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3

a3 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C4 C4

a4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4

a5 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a6 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a7 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3

a8 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C2 C2 C2 C2 C3

a9 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4

a10 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a11 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4

a12 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3

a13 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a14 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4

a15 C3 C3 C3 C4 C3 C4 C3 C3 C3 C4 C3 C4 C3 C3 C3 C4 C3 C4

a16 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a17 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3

a18 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C3 C3 C3 C3 C3

a19 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C2 C2 C2 C2 C2 C2

a20 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a21 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4

a22 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3

a23 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a24 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a25 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a26 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a27 C2 C2 C2 C2 C2 C3 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a28 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a29 C2 C2 C2 C3 C2 C3

a30 C3 C3 C3 C3 C3 C3
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Table B.11: Results of Model 1 and Model 2 for December 2018, considering different λ values.

Model 1 (social) Model 1 (efficiency) Model 2
λ=0.55 λ=0.60 λ=0.65 λ=0.55 λ=0.60 λ=0.65 λ=0.55 λ=0.60 λ=0.65

Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max
a1 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4 C3 C4

a2 C1 C2 C1 C2 C1 C3 C1 C2 C1 C2 C1 C3 C1 C3 C1 C3 C1 C3

a3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C4

a4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4

a5 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a6 C3 C4 C3 C4 C3 C4 C3 C3 C3 C3 C3 C4 C3 C4 C3 C4 C3 C4

a7 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a8 C2 C5 C2 C5 C2 C5 C2 C5 C2 C5 C2 C5 C2 C3 C2 C3 C2 C3

a9 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4

a10 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a11 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3

a12 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3

a13 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a14 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4

a15 C2 C3 C2 C3 C2 C3 C2 C2 C2 C3 C2 C3 C2 C2 C2 C3 C2 C3

a16 C1 C2 C1 C2 C1 C2 C1 C2 C1 C2 C1 C2 C1 C2 C1 C2 C1 C2

a17 C3 C5 C3 C5 C3 C5 C3 C5 C3 C5 C3 C5 C3 C3 C3 C3 C3 C3

a18 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a19 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C2 C2 C2 C2 C2

a20 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a21 C3 C4 C4 C4 C4 C4 C3 C4 C4 C4 C4 C4 C3 C4 C4 C4 C4 C4

a22 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3 C3

a23 C1 C3 C1 C3 C1 C3 C1 C3 C1 C3 C1 C3 C2 C2 C2 C2 C2 C2

a24 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a25 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a26 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2

a27 C1 C5 C1 C5 C1 C5 C2 C2 C2 C2 C2 C2 C1 C2 C1 C2 C1 C2

a28 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3

a29 C2 C2 C2 C2 C2 C2

a30 C2 C2 C2 C2 C2 C2
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