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Abstract

The Portuguese healthcare sector is a very prominent field in our society, both socially and
economically. The National Health Service (NHS) is part of this sector, contributing to the Portuguese
populations’ protection regarding healthcare services. As Portugal slowly recovers from the 2010
economic and financial crises, there is increasing pressure on public administrations to do more with
less. Consequently, the NHS's structural reforms and implementing new health policies focused on
improving efficiency and reducing costs. However, besides cost evaluation approaches being a barrier
to creating public value, cost control without analysing health outcomes is counterproductive and
compromises long-term sustainability. Public value, being described as the value that an organisation
provides to society, along with costs, must define the structure of performance improvement in the health
system. Therefore, evaluating the healthcare sector's performance is critical to identifying both the
sources of inefficiency and the best practices so that decision-makers can act efficiently to enhance the
overall performance of the NHS. Thereby, this dissertation applies a value-based multi-criteria decision
analysis (MCDA) approach to analyse the effects of interactions between criteria, through the application
of the Choquet integral. This methodology comprises two significant steps: the construction of interval
scales and determining capacities. The Deck of Cards method provides the determination of such
capacities. Moreover, the goal of this dissertation is to build and implement an evaluation model using
an existing method, the DCM-Choquet. Afterwards, apply it in the Portuguese healthcare sector to

evaluate, certify and foster the creation of public value.
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Resumo

O setor da salde Portugués é uma area muito proeminente na nossa sociedade, tanto a nivel social
como economico. O Servico Nacional de Saude (SNS) faz parte deste setor, contribuindo para a
protecio da populacdo portuguesa em relacéo aos servicos de satide. A medida que Portugal recupera
lentamente da crise economica e financeira de 2010, hd uma pressdo crescente sobre as
administragfes publicas para fazerem mais com menos. Consequentemente, as reformas estruturais
do SNS e a implementacédo de novas politicas de saude focaram-se em melhorar a eficiéncia e reduzir
custos. No entanto, além das abordagens de avaliagcdo de custos constituirem uma barreira a criacao
de valor, controlar os custos sem analisar os resultados em saude é contraproducente e compromete
a sustentabilidade a longo prazo. O valor, sendo descrito como o valor que uma organizacao
proporciona a sociedade, juntamente com os custos, deve definir a estrutura de melhoria de
desempenho no sistema de salde. Portanto, avaliar o desempenho do setor de sadde é fundamental
para identificar as fontes de ineficiéncia e as melhores praticas, para que os decisores possam agir
eficientemente para aprimorar o desempenho do SNS. Logo, esta dissertacdo aplica uma abordagem
de analise de decisdo multicritério baseada em valor (MCDA) para estudar os efeitos das interacdes
entre critérios, através da aplicacdo do integral de Choquet. Esta metodologia compreende duas etapas
significativas: a construcdo de escalas de intervalo e a determinacdo de capacidades. O Método das
Cartas permite a determinacdo dessas capacidades. Além disso, 0 objetivo desta dissertacdo é
construir e implementar um modelo de avaliacdo usando um método existente. Posteriormente, aplica-

lo no setor da saude Portugués para avaliar, certificar e promover a criacéo de valor para a sociedade.

Palavras-Chave:

Desempenho; Valor Social; Servigo Nacional de Salde; Abordagem Multicritério; Integral de Choquet;
Método das Cartas.
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1. INTRODUCTION

This chapter aims to introduce the subject addressed throughout this dissertation, presenting four
sections. The first section, section 1.1, explains the motivations for the problem presented in this
dissertation, and its contextualisation. The second section, section 1.2, describes the objectives of this
dissertation. The third section, section 1.3, presents the research questions. The fourth and final section,

section 1.4, gives an overview of the development of this dissertation.

1.1 Contextualisation and Motivation

Portuguese society recognises that it has one of the most pronounced sectors, the healthcare sector. It
presents a health system based on three different systems: 1) National Health Service (NHS); 2) Health
Subsystems, which are social health insurance schemes for specific professional groups (e.g., civil
servants, bankers, and security forces); and 3) Private Voluntary Health Insurances (VHI) (Escoval et
al., 2016). The NHS emerged in 1979 and, nowadays, has a fundamental role in our society. It offers
high-quality care to the population and creates public value through greater access to health, health
promotion, and disease prevention (Ministério da Saude, 2018b). NHS expenditures represent around
56% of total health expenditures! and, in 2009, healthcare spending reached its maximum, in a series
between 2000 and 2018, at 9.9% of Gross Domestic Product (GDP)?. Even though the total per capita
expenditure on health increased every year between 1997 and 20122, it stabilised during an event, the
economic crises.

A crisis that originated in the United States of America (USA) in 2008, as a result of high-risk
mortgage loans, caused the insolvency of many banks and impacted on the global economy. It spread
to markets, affecting demand, supply, and public finances. Portugal’s external debt was until now mostly
composed of private debt, contracted by banks. With the spread of the crisis in the USA, Portugal saw
its situation aggravated. The debtor institutions’ lack of capacity to settle this debt required State
assistance and intervention. With no means to face the crisis, Portugal requested support from the
International Monetary Fund (IMF) (Lourtie, 2011). An economic adjustment program is then stipulated,
which requires measures to be implemented and complied with by the Government. However, it is
necessary to understand and consciously analyse the negative impact of this rationalisation of costs on
society and the dependents of public health services, plaguing with more social inequalities. Considering
the goal of economic growth and less public debt, it creates, in the short term, growing displeasure in
the population that needs access to essential services, which are increasingly scarce. The progressively
accentuated recognition of needs and inequalities causes notorious dysfunctions in society, weakening
social cohesion, and dissipation of potential economic growth (Varela et al., 2016).

Nowadays, and despite what happened during the economic crises, the Portuguese life
expectancy increased. Specifically, it exceeds 80 years old, higher than in the European Union (EU)
average, and over 75 years is beyond one million. Moreover, the number of births has decreased over
time, which means that Portugal has more old than young people living in the country. Actually, 21% of

1 Available at https://www.ine.pt/ngt_server/xst_loadimg.jsp?id=380746294. Last accessed on 20th April 2020.
2 Available at https://www.pordata.pt/Portugal/Despesa+corrente+em+cuidados+de+salude+em+percentagem+do+PIB-610.
Last accessed on 22th April 2020.



Portuguese are 65 or older, while 14% are under 15. Aged population causes demographic pressure,
increases the burden of chronic iliness, slows down economic growth, increases spending, and causes
balances and imbalances between provision, financing and regulation (Ministério da Saude, 2018b).
Besides, the increase or decrease in prices does not affect healthcare demand, since citizens are
insensitive to costs. Therefore, this generates an imperfect market, with demand higher than supply,
composing a barrier to creating public value (Marques & Carvalho, 2013).

Understanding and measuring public value is a problem that this sector has been dealing with for
several decades (Porter & Teisberg, 2006). Notwithstanding the patients’ apparent needs and their best
intentions, it has been challenging for healthcare organisations to improve their results (Porter & Lee,
2013). It traps them in a fragmented and ineffective system (Simdes & Marques, 2011). Consequently,
the healthcare system has achieved an unsustainable level, both in terms of quality and costs, that can
no longer satisfy the demands of an ageing population with numerous comorbidities.

Evaluating the healthcare sector's performance is critical to identifying both the sources of
inefficiency and the best practices. Thus, decision-makers can act efficiently to improve the overall
performance of the NHS. The performance evaluation of hospitals will be made by employing a value-
based Multi-Criteria Decision Analysis (MCDA) approach, through the application of the Choquet
integral and using the Deck of Cards method. This framework aims to evaluate, certify and foster the

creation of public value, as the ultimate goal of health systems.

1.2 Objectives

This dissertation intends to provide a detailed analysis of public hospitals' functioning in Portugal,
seeking to propose strategies for creating public value as the ultimate goal of health systems. Moreover,
it is essential to identify and apply a model to assess the Portuguese public hospitals’ performance and
compare them with the traditional methodologies. It is vital to recognise and characterise the problem
to be solved, carry out an extensive literature review, and develop a consistent methodology approach.

The organisation of the current dissertation intends to meet the following objectives:

— Recognise and describe the problem: This objective deals with research and contextualisation
of the state of the healthcare sector, and understands its importance, detailing the various
elements that constitute it. Also, to explain why the problem is relevant, describing the
implications it has in the real world and the existing literature. Ultimately, to understand the
usefulness that the MCDA approach has in the healthcare sector’s performance evaluation;

— Conduct a literature review: This literature review aims to study the concept of public value and
understand the importance of its creation and measurement, especially in the healthcare sector.
Also, to comprehend the concept of performance, as well as its measurement and respective
indicators applied in the healthcare sector. Finally, to review the applied MCDA methods to

measure performance in that same sector;

— Describe the methodology: This methodology aims to understand the current situation of the
MCDA methods and provide an overview of the selected method. This objective also recognises
the benefits and limitations of the selected method and compares it with MACBETH. Besides,



describe the methodology and explain the concrete steps to achieve the objectives of the
dissertation;

— Deliberate conclusions: The objective is to deliberate conclusions through the declaration and

interpretation of the obtained results and describe future studies.

1.3 Research Questions

Research questions (RQs) regarding validated theories should “reflect a problem-centred perspective
of those experiencing a phenomenon and be sufficiently broad to allow for the flexible nature of the
research method” (Birks & Mills, 2011). Based on the revealed contextualisation of the problem, the
research questions that merge for this dissertation are as follows:

— RQ1: How can a healthcare organisation evaluate its performance?
— RQ2: How to innovate and create public value in the healthcare sector?

— RQ3: Willit pay companies to invest in innovative projects that allow them to create public value
in their proposals?

Given these guiding questions, this dissertation studies the healthcare and the creation of public value,
together with a critical analysis of the Portuguese health system. The NHS has focused on cost
assessment approaches that constitute a barrier to creating public value and originate cost-control
measures that can be ineffective. Creating value for society is essentially the promotion of health and
the prevention of disease. Therefore, the central objective of any health system and any healthcare
provider. Lastly, this dissertation applies a value-based MCDA approach to measure Portuguese public
hospitals’ performance while building strategies to create value for society.

1.4 Dissertation’s Structure

Figure 1 represents the seven chapters inherent to this dissertation.

FIRST FOURTH FIFTH SIXTH
INTRODUCTION PROBLEM LITERATURE METHODOLOGICAL METHODOLOGY PRESENTATION, CONCLUSIONS
DEFINITION REVIEW APPROACH APPLICATION ANALYSISAND AND FUTURE
DISCUSSION OF WORK

RESULTS

Figure 1: Dissertations’ structure. Source: Own elaboration.

The first chapter, from page 1 to page 4, briefly introduces the context and motivation of the problem,
as well as the most relevant research questions. It also follows with a presentation of the objectives to
be achieved, and the structure adopted. The second chapter, from page 5 to 15, defines and exposes
the problem in question, providing an overview of the history and events experienced in the healthcare
sector, focusing on the NHS and public hospitals. The third chapter, from page 16 to 27, presents an

extensive and comprehensive review of the literature on the concepts of public value and performance,



both in a more general definition and, mainly, in the healthcare sector. The concept of public value
addresses its creation and measurement, mainly in the healthcare sector.

On the other hand, the concept of performance addresses its definition and presents the various
indicators used in the healthcare sector. It is also crucial to note that this section starts with the search
strategy, and it ends with a summary of the MCDA definition and modern methods used to evaluate
hospital performance. The fourth chapter, from pages 28 to 45, comprises a detailed characterisation of
MCDA methods and focuses on the method to be applied in this dissertation proposed by (Bottero et
al., 2018). Additionally, this dissertation highlights the points where this method showed an advantage
over others, taking into account the experts’ opinions. Moreover, an MCDA methodology is thoroughly
described. The fifth chapter, from page 46 to 63, implements the steps of the MCDA methodology,
presented in the fourth chapter, to a practical case study and for two different scenarios. The sixth
chapter, from page 64 to 78, demonstrates three possible ways to present and analyse the results. It
also interprets them depending on the final objective and the level of depth required. Subsequently, the
results are discussed, and some strategies are presented to address the main difficulties presented.
Additionally, it also states the objectives of this dissertation that have been fulfilled. The seventh and
last chapter, from page 79 to 80, highlights the main conclusions of this dissertation, including some
limitations as well as the main proposals for future developments.

Subsequently, the final references follow the citation style of the 7th edition of the American
Psychological Association (APA) Manual (APA, 2010).



2. PROBLEM DEFINITION

This chapter exhibits four sections. Section 2.1 characterises this study's problem, starting with a brief
overview of the healthcare sector. Afterwards, section 2.2 describes the Portuguese Health System
(PHS), emphasising the significant reforms and events that struck over the years. Section 2.3
characterises the NHS, together with a focus on its financing and sustainability. Afterwards, section 2.4
identifies the problem that this dissertation aims to overcome. Finally, section 2.5 provides a summary

of this chapter.

2.1 The Healthcare Sector

The healthcare sector is one of the most powerful drivers for social integration and stability, as well as
the generation of wealth and well-being (Ministério da Saude, 2018b).

Wealth is commonly known as the amount of money or goods that a person owns. Accurately, it
describes things people own and use to produce goods and services experience directly without
consuming them in the process (D’Ambrosio et al., 2019). On the other hand, well-being describes all
the things that are good for a person, contributing to a good life. It includes material well-being (i.e.,
income and wealth), physical and psychological well-being (i.e., health and happiness), education, and
the ability to participate in civil society (Deaton, 2013).

It is noteworthy that health systems and the determinants of their evolution are highly complex.
Health systems evolve under the pressure of continuous interests and points of view. For example, the
creation of public value in health is a fundamental concern. However, to ensure that purpose, health
spending has increased in the last few decades. Some of the reasons for this increase are improved life
expectancy, progressive population ageing, higher incidence, and prevalence of chronic diseases. All
of these reasons pose new challenges to health systems (Sousa, 2009).

Moreover, the economic recession brought a scarcity of resources and increased the difficulty of
financing the healthcare sector. When it is decisive to rebalancing countries’ expenditures, the
healthcare sector is a crucial field of spending, and its reduction is critical (OMS, 2010). Furthermore,
inefficient management of resources is giving rise to ineffective cost control measures and the
establishment of barriers to creating public value in health (Sousa, 2009).

Subsequently, the challenge is to reconcile the promotion and protection of people’s health, with
the need to encourage the community’s economic growth (Sousa, 2009). Since hospitals are critical
healthcare providers, evaluating their performance, and proposing strategies to create public value as

health systems’ ultimate goal is essential.



2.2 The Portuguese Health System

The PHS comprises a network of public and private entities, both supported by policies and strategies
defined by the Ministry of Health (MH) for the sector. In 1979, the creation of the NHS marked the
establishment of the PHS. PHS ensures universal, comprehensive, and free access to healthcare.
Nowadays, three coexisting systems divide the PHS: 1) NHS, 2) Health Subsystems, and 3) Private
Voluntary Health Insurances. Figure 2 represents its organisation (Escoval et al., 2016; Fernandes,
2014).
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Figure 2: PHS’ organisation. Adapted from Rodrigues (2018).

The NHS is a tax-financed universal system responsible for spreading free access to high-quality
healthcare to all citizens, regardless of their economic and social status (Major & Magalhaes, 2014). It
covers all institutions and official healthcare providers that are dependent on the MH and have their
statute. However, its management has frequently been mentioned as inefficient and unproductive
(Barros & Simdes, 2007). On the other hand, Health Subsystems are special health insurance schemes
providing coverage to certain professions or sectors. Finally, Private VHIs are complementary health
activities that support the NHS’s services and the health subsystems. Their characterisation involves
being private and usually voluntary, despite mandatory health insurance (Escoval et al., 2016;
Fernandes, 2014).

The current major challenge of the PHS is to control health expenditure costs (Barros, 2013a).
Chart 1, in Figure 3, shows that in 2017 current health expenses corresponded to 9,0% of the GDP, with
an increase of 3,6% compared to the previous year. The growth in this same expenditure is estimated
for 2018, reflecting 9,1% of the GDP (INE, 2019). It is important to note that two distinct categories are
part of health spending (INE, 2019):

— Current public expenditure, which corresponds to the expenditure borne by public financing
agents. These public financing agents comprise the NHS and the Regional Health Services of
Azores and Madeira, the public health subsystems, the other public administration entities, and

the Social Security funds;



— Private current expenditure comprehends the expenditure borne by families and private
financing agents generating and administering the voluntary financing schemes. Private
financing agents include societies (insurance and others), non-profit institutions serving families
(health and other subsystems), and families.

Then, Chart 2, in Figure 3, shows that the weight of current public expenditure was 66.3% in 2017. For
2018, is expected to grow to 66.5% (INE, 2019).

Chart 1 - Current health expenditure as a % Chart 2 - Current public health expenditure
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Figure 3: Representation of — current health expenditure and chart 2 — current public health expenditure.

Adapted from INE (2019).

Ultimately, it appears that the system with the highest expenditure on health is the NHS. Hence, the
problem of financial unsustainability in the NHS arises, which can trigger adverse changes throughout
healthcare progress. Changes in health and well-being, as well as in terms of equity, coverage, and
universality of the system. This further condition the generation and distribution of wealth in Portugal

and the financial sustainability of the PHS itself.

2.2.1 Evolution of the Portuguese health system
From the end of the 19™ century to the establishment of the NHS in 1979, three significant reforms and

one historical milestone stood out (Barros et al., 2011). Figure 4 shows a summary of these historical

marks.
1990 2010
Reform of Reform of The Law of the The economic
Ricardo Gongalves Fundamental and financial
Jorge Ferreira Principles Of crisis
Health
o ) o ® o R
1986 2002
Sanitary The Portugal’s entry New Public
Reform of April 25 Into the European Management
Trigo ?“3 Revolution Union (E.U.)
Negreiros

Figure 4: Scheme of the major milestones in the evolution of PHS and the NHS. Source: Own elaboration.

The Portuguese NHS has grown strongly and consistently during the last few decades. Therefore,
section 2.2.1 describes its evolution, highlighting the most notorious events between 1889 and the

present day (Ministério da Saude, 2018b).



2.2.2 Pre National Health Service period
Until April 25, 1974, the Portuguese NHS had the following public care agencies (Baganha et al., 2002):

— Houses of Mercy: Solidarity institutions that managed most Hospital Institutions and other health

Services;

— Health and social services: These services provided medical coverage given to beneficiaries of
the Federation of Pension Funds;

— Public health services: These services ensured health protection, such as maternal and child

protection, vaccinations, among others;

— State, general and specialised hospitals: The highest socio-economic groups were the
recipients of this type of service;

— Private services: They aimed at higher socio-economic groups.

This structure illustrates a very fragmented system and where the State had little intervention, aside
from the reality that neither universal access nor the demanding quality of access could be guaranteed
(Lima, 2015).

1899 — The reform of Ricardo Jorge

Ricardo Jorge’s reform appeared in 1899, reorganising the Directorate-General for Health and Public
Beneficence, although only in 1903 did its legislation begin to function. The General Sanitary Inspection,
the Higher Council for Public Health and the Central Hygiene Institute were created as fundamental
coordination structures. Healthcare delivery was restricted to private clinics, and the State only assisted
the poor (Ferrinho et al., 2013).

1945 — The sanitary reform of Trigo de Negreiros

Later, a second reform, also known as the health reform of Trigo de Negreiros, broke out in 1945, with
the development of a variety of institutions devoted to particular issues, such as tuberculosis and
maternal health (SNS, 2020). Two general directorates have been set up, Health and Assistance. The
general Health department presented guidance and inspection duties on health techniques and
educational and preventive action. On the other hand, the general directorate of Assistance had
administrative accountability for hospitals and sanatoriums (Ferrinho et al., 2013). A year later, Social
Welfare (later called Social Security) emerged. It adopted the Bismarckian model, which guarantees
healthcare delivery to part of the working community and their dependents by a disease prevention
scheme (Barros & Simdées, 2007).

1971 — Reform of Goncgalves Ferreira

In parallel with other Portuguese society transformations, significant reforms in the PHS were legislated
in the 1970s. The health reform legislated in 1971, known as the reform of Goncalves Ferreira, reduced
the barriers to accessing medical care, both in financing and accessibility, and extended the right to
health for the whole community. This reform also involved developing the first generation of Healthcare
Centres and provided an outline for the real NHS, established after 1974 (Lima, 2015; OPSS, 2001).



1974 — The April 25 Revolution

The dictatorial regime of the New State had been in force since 1933. To overthrow this regime, a
political and social movement occurred, called a revolution. This revolution became known as the April
25 Revolution or the Carnation Revolution. Then, a cycle began that would conclude with the
implementation of a democratic regime and with the entry into force of the new Constitution on April 25,
1976, characterised by a strong socialist orientation (Martinho, 2017). As a result, significant
developments emerged in Portugal, such as (Sousa, 2009): New social policies; Clear State interference
in the concept of health policy, planning and execution; and Intervention in the context of regional and
social asymmetries, with the recognition by all citizens of the right to health. This right was later enforced
by developing a universal, general, and free system, the NHS.

Furthermore, until 1974, only around 40% of the Portuguese population had been covered by
disease prevention programs, with health charges paid, partially or totally, by Social Security. The
remaining 60% of citizens supported all the costs of their healthcare (Simbes, 2008). In 1976, Arnaut
Dispatch expanded exposure to Social Security posts to all citizens, independent of their ability to
contribute (Ministério da Saude, 1979). The establishment of the NHS ensured the provision of
healthcare funded by the State and the right to fair access to healthcare free of charge for the whole
community, regardless each individual’'s socio-economic status (Ministério da Salde, 1979; OPSS,
2003).

2.2.3 National Health Service creation

The reforms of social policies, introduced after the 1974 revolution, have profoundly changed the State
intervention, the Social State concept, and, consequently, the recognition of the right to health. The
introduction and implementation of the NHS in 1979 was then related to the nation’s democratisation
(OPSS, 2001). The goals comprised universality, generality, and gratuity. The NHS also had
administrative and financial autonomy, including a decentralised structure, comprising central, regional,
and local bodies (Ministério da Saude, 2018b).

Although it allowed for significant coverage of the Portuguese population in health services over
a relatively short period, the social, economic, and political circumstances under which the NHS was

created have caused it to suffer from a significant set of function weaknesses (OPSS, 2003):

A weak financial base and lack of innovation in the organisation and management models;

— A considerable lack of transparency between the public and private interests;

Difficulties in access to public health services;

Low efficiency.

Therefore, a set of limitations strongly marked the evolution of the NHS. These limitations are related to

the situation where the NHS evolved and the State's inability to overcome weaknesses.



2.2.4 Post National Health Service period

The right to health and the duty to promote it are two constitutional principles introduced alongside the
NHS's creation. The NHS values are still in force and compel the State to provide the necessary
healthcare to the whole population.

1986 — EU integration

Portugal became a member of the European Economic Community (EEC) in 1986, now recognised as
the EU. This decision enabled access to European funds to growth social and economic infrastructures,
including the healthcare sector. There is the prospect of extending NHS facilities and equipment, to
ensure the allocation of a growing proportion of the country's wealth to health. Portugal's accession to

the EEC brought the following consequences (Sousa, 2000):

— Consolidation of the Portuguese democracy, which, between 1974 and 1986, endured
considerable political instability and increased economic difficulties arising from revolutionary

exaggerations;

— Benefits resulting from the integration acted as a "lever for economic development", enabling
inflation to be reduced to historical levels and improved the Portuguese’ living conditions. For
example, there was a significant increase in production, the growth of the Portuguese economy,
the integration of the Portuguese currency (EURO), a significant increase in international trade,

the opening of the financial system, among others;

— The approximation between Portugal and Spain. This approximation allowed for a multilateral
framework that otherwise would not be possible. Besides, this approximation also allows for an

active dialogue with Spain at the economic, social, and cultural levels.
1990 - Health Basis Law

In 1990, the Health Basis Law's publication allowed the registration of one of Portugal’s critical health
reform points. For the first time, health protection is seen as a right and as a joint responsibility for the

citizens, society, and the State (SNS, 2020). The main changes at this stage were (Ferrinho et al., 2013):

— The regionalisation of service administration, with greater autonomy and powers to coordinate

the activity of hospitals;

— The privatisation of sectors of care provision, where the State promoted the development of the
private sector and allowed the private management of public units. Also, the articulation of the

NHS with private units;

— The privatisation of care financing sector, with the granting of incentives to opt for private health

insurance and the possibility of creating alternative health insurance;

— The creation of health units. This creation aimed at bringing together hospitals and health
centres in one region.

The need for strategic and organisational changes to enhance the healthcare sector’s effectiveness and

efficiency has become apparent. Hence, the Government's implementation of moderating fees in the

NHS for access to specific healthcare stands out, excepting groups of risk, and economically
disadvantaged (Sousa, 2009).
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2002- New Public Management

Throughout past years, successive regulations have reinforced the promotion of access privileges, and
the goals of pursuing superior efficiency and quality results. In 2002, there was a high environment of
uncertainty regarding the evolution of the international economy. After a relatively favourable period of
the leading indicators of production, investment, consumption, and international trade, there was an
evident inflexion in its growth (Ferrinho et al., 2013). Hence, a desire to step away from the traditional
public management of health units emerged because of their inefficiencies, the high risk of
unsustainability, and the urgent need to reform the system (Ferreira et al., 2018).

In this context, a cautious reform process was adopted, centred on the New Public Management
(NPM) principles, and applied to the NHS’s reform. In addition to implementing a series of management
techniques, the NPM included the adoption of new values and result-oriented organisational culture,
fostering efficiency, and economy. This paradigm aimed to change institutions and to implement new
ways of delivering goods and services, having withessed a vast privatisation program and the opening
to the private initiative of sectors traditionally owned by the State. (Nunes & Ferreira, 2019).

Finally, the NPM has suggested that the healthcare sector should become a mixed system,
focused on cooperation between the public and private sectors, combining primary, secondary and long-

term care (Barros & Simoes, 2007).

2010 — The economic and financial crisis

The various reforms that took place in Portugal have not produced the desired results. They contributed
to a rise in healthcare costs and high debt to suppliers (Direcdo-Geral do Orcamento, 2012). This
scenario, combined with the global economic environment and the high budget deficit, has generated a
significant crisis in Portugal. The epicentre of the economic and financial crisis broke out in 2008 in the
USA. This crisis had repercussions for all economies in the globalised world, and it is the biggest
financial crisis faced since 1929, without clear perspectives on the resumption of new expansion cycles
(Fernandes, 2014). In Portugal, the recession started in 2009, leading to a financial crisis between 2010
and 2011. For Portugal to survive this crisis, Troika's external intervention was through the signing of a
Memorandum of Understanding (MoU). Troika designates the political regime formed by the
International Monetary Fund (IMF), the European Central Bank, and the European Commission, to
manage an entity. Thus, Troika introduced a reform process aiming at sustainability and based on the
promotion of resource management efficiency and waste reduction, with the following dimensions: 1)
health promotion, 2) regulation and governance, 3) long-term and palliative care, 4) primary and hospital
care, and 5) pharmaceutical market (UNHCR, 2011). One of the main impacts felt was on the

population’s mental health, due to unemployment, indebtedness, and poverty.

Post-crisis

In recent years, the economic crisis (which lasted until 2015) made Portuguese citizens more vulnerable
to the lack of accessibility, dehumanisation, and loss of quality of services. During this period, the weak
definition of public health policies, the lack of a strategic vision, and the lack of reforms and investment
in the sector have worsened health resources scarcity. All these factors aggravated the population’s

health status, manifested by severe health problems and inequalities in access (Portugal, 2015). After
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overcoming the financial crisis, although still subject to certain limitations, the Government soon decided
that it was necessary to recover the NHS'’s performance. Therefore, to reverse the situation, the post-
MoU Government has invested in policies to boost efficiency and expand access without endangering
the NHS’s viability. The new initiatives included (Nunes & Ferreira, 2019):

The reduction of fee rates, to shorten the waiting lists;

— The increase of capacity, to respond in new areas (oral, mental and visual health);

The promotion of public health through health education;

The adoption of anti-fraud measures.

Although it is not yet possible to determine the medium and long-term effect of these new initiatives and
reduce financial resources in the healthcare sector, it is clear that the decrease in the level of well-being,
the increase in unemployment and precariousness can compromise quality and access to healthcare.
The NHS has become more transparent and accessible to the citizens. Nonetheless, there is still a long

way to go in its recovery.

2.3 The Portuguese NHS and the Hospital Sector

As previously mentioned, the Portuguese NHS emerged with the measures of 1974 and 1975 and was
later made official and consolidated in 1979. The NHS consists of a group of professionals who seek to
provide appropriate health services for citizens in their daily lives (Varela et al., 2016). It is crucial to
briefly define the Portuguese NHS characteristics, the operation of its finances, and its sustainability,

directly related to the proper evaluation of its system and its hospitals.

2.3.1 Characteristics of the National Health Service

The NHS covers all official healthcare entities and services dependent on the Ministry of Health.
Secondary healthcare entities include health centre groups, hospital establishments, and local health
units (SNS, 2018). According to data from 2018, the hospital network in Portugal consists of 213
hospitals, of which 108 are private®. At the level of Primary Healthcare, there are 532 Family Health
Units, 263 Community Care Units and 376 Personalized Healthcare Units (Ministério da Saude, 2018a).
The NHS is supervised by the MH, which plans and regulates health strategies for the country. The
administration of the system is carried out by five Regional Health Administrations (RHA): 1) Northern
RHA, 2) Centre RHA, 3) RHA of Lisbon and Tagus Valley, 4) Alentejo RHA, and 5) Algarve RHA. They
are responsible for the health of the population in their geographical area of influence, the oversight of
hospitals, and primary care management. The RHA are also responsible for contracting services either
with public hospitals or private providers, for users of the NHS. They have financial responsibility for the
management of primary care. Hospitals have a budget specified by the Government, being responsible
for the management and contracting of services conditioned by the defined budget, that is, they have

the independence of procedures, but without financial autonomy (Barros et al., 2011).

3 Available at https://www.pordata.pt/Municipios/Hospitais+total+e+por+natureza+institucional-247-1141. Last accessed on 15th

May 2020.
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2.3.2 Financing

The financing of the Portuguese health system is based on public and private funds. Public funds are
financed through the payment of taxes by citizens and companies. In contrast, private funds are financed
by the contributions of users through co-payments or direct payments. Additionally, the workers' groups
finance subsystems (Barros, 2013b).

The MH receives from the Ministry of Finance a global budget. Then, the MH allocates this global
budget to the RHA and Hospitals based on a strategic and financial plan developed by the Central
Administration of the Health System. This Administration of the Health System is responsible for the
financial management of the MH. The distribution of the amount is based on the annual expensed and
capitation. In hospitals, financing relies on production goals and complexity of the activities carried out;
that is, they can receive financial compensations. The set of remuneration based on a contractual
production and a convergence factor boost such financial compensations. Compensations aim to
reimburse hospitals for the disparity between the production costs and contractual remuneration
production (Simd@es et al., 2007). Clustering hospitals specify contract values according to a set of
variables related to size and complexity. Firstly, the most effective hospital among each cluster is
selected, and, ultimately, their corresponding unit cost is calculated. One uses this unit cost as a
comparison value for all the others in the cluster (Nunes et al., 2019). Consequently, the focus for this
model is on resource allocation with motivation for efficiency. However, it must not affect the quality of
service or equity in access (Nunes, 2016).

In recent years, the NHS has exceeded the available budget. However, through extraordinary
funding approvals, the NHS continues to grow and generate revenue. This revenue comes mainly from
hospitals, insurance company payments and donations, representing 13.4 % of the global hospital
budget (Barros et al., 2011).

2.3.3 Sustainability

Throughout the current Portuguese economic situation, the NHS’s financial sustainability is
distinguished by the high weight in the budget deficit and the dependence on external financing. It relies
on the country’s financial situation since it is easier to secure public funds for financing in times of lesser
economic crisis than in times of more significant economic recession (Deloitte, 2011). Figure 5 presents
the problem areas of the healthcare sector.

The increase in average
life expectancy + the
aging of the population

The current model does
- not promote
T.:i;b::c,:‘ﬁi {::rr":' cooperation between For example, the
N The hospital market had bl primary care and shortage of integrated
More health spending sales growth of 9,5% hospital care information systems for

The implementation has
with the elderly between 2005 and 2009 several weaknesses L4

and challenges It can cause
Less active population provide zex
contributing to the care to achieve greater
financing of the system budgetary value
through taxes

providers, payers and
regulators.
itals to

Itis multiplied through
subsystems and private
health insurance when
most services are
available through the
NHS.

Lack of internal Lack of managers For example, long
coordination Poor management of capable of dealing with waiting times and
* available resources the complexity of the restricted access to
Underutilization of healthcare sector specialized care
information

Figure 5: Problem areas of the healthcare sector. Source: Deloitte (2011).
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Consequently, Barros (2013b) highlights some of the critical interventions to improve the financial

sustainability of the NHS:

1.

2.4

Seeking efficiency by preventing waste in treatments provided to the population: The aim is to
achieve more with the same resources or a better combination of them. Consequently, reducing
financial needs for the same volume of activity, through prioritisation on the detection and

elimination of excessive consumption;

Control new technologies both in their implementation and their periodic and systematic
assessment: It is up to the NHS to assess which technological solutions are most relevant and
how much is justified to pay for these innovations. The additional benefits from its use must

compensate for the associated costs;

Intervention in the population: in terms of their behaviour and adopting healthy lifestyles,

generating better health and less need for resources.

Identified Problem

Portugal’s healthcare system has focused on achieving efficiency gains in services since it was affected

by the economic crisis in 2010. Consequently, with increasing financial pressure when the demand for

health services increases, the performance and resilience of health systems are put to the test. This

pressure resulted in the following problems for the Portuguese health system:

The difficulty in managing quality and costs: the healthcare has achieved an unsustainable
level, that can no longer satisfy the demands of an ageing population with numerous

comorbidities;

The commitment of efforts exclusively to the search for operational efficiency: the Portuguese
health system is under enormous pressure to increase the efficiency of its services, but it cannot
be its only focus. Just focusing on increasing efficiency only causes the reduction of expenditure
in a limited period, not contributing to its long-term sustainability and creating a barrier to the

creation of public value;

Cost control without analysing the results: this is counterproductive. It can lead to short-term
savings, compromising the healthcare’s effectiveness and its medium and long-term
sustainability. Additionally, it also does not allow to understand the true public value. Although
costs are part of the health system debate, they must be analysed based on the benefits they

add in terms of better health outcomes;

The current organisational structures and funding models create obstacles to the system’s focus
on value: funding schemes, including payment by capitation and volume of services, do not
improve healthcare value. Capitation financing rewards services with lower costs, but does not
promote improved health outcomes. On the other hand, payment for services aligns financing
with aspects controlled by specific services, without including overall costs or results. In this
way, services are rewarded for increasing production volume, without necessarily increasing
the value they add.
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Therefore, this dissertation focuses on the fact that the Portuguese health system is having difficulty
balancing cost reduction and resources limitation, without jeopardising the creation of public value.
Public value must be the central objective of the health system. Thus, the need to orient the financing

model towards health outcomes is highlighted, in a perspective of continuity of the care cycle.

2.5 Chapter Summary

The objective of this chapter was to describe and contextualise the problem of this dissertation and
future dissertation. It is noteworthy that there are significant reforms in progress in the sector.

Although all the system’s financial lack of sustainability, the lack of strategic planning, and high
levels of inefficiency remain, the challenges confronting the PHS became much more urgent given the
period of crisis that Portugal has gone through. Therefore, ensuring the financial sustainability of the
PHS is a necessary condition for the defence of the social, solidarity, and universal model pursued.
More than a purely budgetary one, the issue of efficiency and effectiveness of the NHS is ethical. That
is, if the NHS is not efficient, then it would never be fair and flexible. To preserve a social, solidarity, and
universal model, one has to develop strategies to slow down public health expenditure growth and allow
the health system’s financial sustainability.

Thus, it is essential to evaluate the performance of Portuguese hospitals, which is the purpose of
the final dissertation.
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3. LITERATURE REVIEW

The health system of a country, its organisation, innovation, and sustainability are decisive in the health
status of its population (Tyrovolas et al., 2010). The Portuguese NHS has been using cost assessment
approaches and measures to obtain efficiency gains in services that constitute a barrier to the creation
of public value in health. Cost control without assessment of health outcomes is counterproductive.
Although it might result in potential short-term savings, it may limit effectiveness and compromise long-
term sustainability. The main problem remains with the traditional methodologies applied to evaluate the
performance of the Portuguese public hospitals. Indeed, they do not include qualitative variables in the
assessment, representing an issue in creating public value.

There is limited research on the performance of healthcare organisations. The majority of
published works focus on the public and private sectors to optimise health systems as a whole. While
these previous studies offer valuable insight by identifying public value dimensions, very few made
recommendations about how this influences the public value. However, for public managers, the
guestion remains about how to operationalise the measurement framework and practically apply it
(Thokala et al., 2016). This literature review aims to give an overview of the evolution of performance
measurement systems by highlighting some of the most significant changes and understanding their
impact on hospital performance and the creation of public value. The literature review is also essential
to understand the importance of creating and measuring public value, the relevance of measuring
performance (especially in the healthcare sector), and the main MCDA methods used.

This chapter has four sections. In section 3.1, this first part identifies the keywords and terms
covered in this dissertation and describes the primary research sources used. Section 3.2 defines public
value and describes its creation, measurement, and importance for the healthcare sector. Subsequently,
section 3.3 defines the concept of performance, describes ways to perform its measurement, and
characterises the most relevant performance indicators. Finally, section 3.4 highlights the principal
MCDA methods found in the literature used to evaluate health performance.

3.1 Search Strategy

This study’s search strategy started with establishing a literature review component outline, which
guided the keywords used in search databases. Keywords included but were not limited to

"Performance”, "Public Value", "National Health Service", "Multi-Criteria Approach", "Choquet Integral"
and "Deck of Cards Method”. No language, publication date, or publication status restrictions were
imposed to reach as many articles as possible. The research covered sources such as ScienceDirect,
CORE, PubMed, and Google Scholar to search for relevant information. Sources of information included
peer-reviewed journal articles, books, MSc dissertations and PhD dissertation. Moreover, the reference
section of this dissertation presents a subset of the recovered sources. These references identify the

most relevant sources for this study and provide the basis for the literature review.
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3.2 Public Value

The concept of public value was introduced in response to neoliberalism and described the value people
place in institutions and services, which means the value that an organisation provides to society
(Moore, 1995). According to Moore (1995), public values are personal judgments about social
standards, principles, and ethics to be pursued and supported by Government officials. Later in 2011,
Bennington & Moore (2011) stated that “Public value can be thought of in two main ways: First, what
the public values; Second, what adds value to the public sphere.”.

In contrast, for O’Connor (2017), all organisations (public, private, and voluntary) create public
value whenever they produce economic, social, or environmental benefits as part of their core activity.
Organisations create public value by complying with the qualities of good public services. Good public
services have several characteristics, such as: 1) ethical services, 2) high-quality services, 3) financial
efficiency and effectiveness, 4) responsive to people’s needs, 5) accountable to the taxpayer, 6)
equitable, and 7) ecologically sustainable. Benington & Moore (2011) affirm that “at its most basic level,
Public Value can be thought of as the value-added to the public sphere by any activity, service or
relationship, or any investment of human, financial or technical resources.”. Grigg & Mager (2005) stated
that public value describes the contribution made by public services. For Kelly et al. (2002), public value
refers to the value created by the Government through services, laws, regulations, and other actions.
When comparing them, it is noticeable that each one became narrower than the previous one (the first
one being the broadest and the last the most narrowed).

In conclusion, there is a great extent of different definitions of the term public value, making an
impact on descriptions of how public value can be created, measured, and sustained. Public value is a
philosophy of public management that encourages managers to think and act strategically to create
public value (Staples, 2010). This section contains three sub-sections. The first one presents content
on creating public value, the second on how to measure it, and the third on its application in the

healthcare sector.

3.2.1 Creation of public value
Public value creation is the primary concern of public managers in today’s public sector organisations
(Sami et al., 2018). Moore (1995) presented a model of public management. According to this model,
strategies should create public value. Meanwhile, public managers play a vital role in designs, named
Strategic Triangle (Figure 6). He describes it as the dilemmas the public managers face and
encompasses three interdependent and essential processes. Firstly, the public value must be clearly
and explicitly defining its impacts as expected by the public. Secondly, there should be a legitimate
power to the public manager, and he should have full support from his colleagues and subordinates to
implement effective strategies. Finally, these strategies should be operationally achievable.

In summary, the strategic triangle ensures that the manager has a real understanding of what is
publicly valuable and a command to create it. Citizens must concede something for it, either in terms of

enforcement powers given to the State in return for greater security or in terms of taxes for services.
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Figure 6: The "strategic triangle". Adapted from Moore (1995).

Considering the Strategic Triangle presented in Figure 6, it is crucial to recognise the meaning of each
of the processes provided. The acknowledgement of “Public Value Outcomes” depends on what the
public values and considers valuable (Moore, 1995). However, just because something is deemed to be
desirable, it does not mean it is valuable. Therefore, Moore emphasises public sector managers'
pressure between delivering the public's current expectations of their public services and investing in
changes that benefit society in the long term. The key deliverables, which are the “Public Value

Outcomes” to obtain more value in health, are identified as follows (Ministério da Saude, 2015):
— A reduction of premature mortality (i.e., below 70 years);
— Animprovement in healthy life expectancy (i.e., at age 65);

— Adecrease in risk factors related to non-communicable diseases. Specifically, childhood obesity
and tobacco consumption and exposure.

After identifying the "Public Value Outcomes", it is essential to understand the "Authorizing
environment" in which public sector managers operate. An "Authorizing Environment" is a range of
stakeholders that public sector managers need to support and influence them in taking legitimate and
sustainable actions. These stakeholders can cover several groups, such as politicians, pressure groups,
communities, public, private, and third sector organisations. Nevertheless, these stakeholders may have
contradictory perspectives and requirements. Finally, "Operational Capacity" is related to the effective
management of all the resources (e.g., financial, people, technology, particular skills) that can contribute
to accomplishing the desired public sector outcomes (Moore, 1995).

Public value is one of the most debated issues of public management researchers, and their focus
is on creating public value. According to Moore (1995), the core function of public managers is to create
public value. For Kelly et al. (2002), the creation of public value is “the combination of strong public
sector institutions and competition from private and non-profit organizations” since it “achieves the best
balance of accountability, innovation and efficiency”to drive sustainable improvement. Additionally, they
state that the principles that measure the public value are the quality of customer service, how well the
public feels informed, and the available choice. Stoker (2006) suggests that networking within the public
sector organisations with other public and private sector organisations is crucial to creating public value.
For Morse (2010), an organisation’s leadership plays a vital role in solving problems, improving
effectiveness, efficiency, or fairness of public services, and, lastly, creating public value. However,

Thompson & Rizova (2015) claimed that the Government creates public value by encouraging stability
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and managing risks. Pandey et al. (2016) demonstrated that transformational leaders could directly
influence and introduce important public values to followers. It is noteworthy that, since Moore's (1995)
publication, the attention to creating public value at the organisational or program level increased.

An important step is to understand how, when, and why an individual may be in a position to
create public value. This position depends on each person’s context and its connection with the
organisation’s strategic objectives (Grant et al., 2014). Most important of all, to understand if value is
being created, it is necessary to be able to measure it. But how? The following sub-section focuses on
this theme and summarises how some authors approached it. Finally, it is important to highlight three
guestions that, according to Moore (2013), must be answered to create public value:

— Does the public value the purpose?
— Willit be politically and legally supported?

— Is it administratively and operationally feasible?

3.2.2 Public value measurement

One understands public value as the public administration’s ability to achieve and maintain an
equilibrium between the satisfaction of the community needs (e.g., decrease in unemployment) and the
public administration requirements (i.e., balanced revenues and expenditures). In terms of measuring
public value, Spano (2009) stated that any public measurement system should focus on promoting the
community’s needs and safeguarding the long-term interests of public administration. Correspondingly,
measuring public value must focus on the main benefits and sacrifices involved in the value creation
process (Moore, 2014).

According to Moore (1995), the relationships built in the Strategic Triangle demonstrated in the
previous sub-section, can also be mentioned as the Public Value Chain. This chain is a map of
organisational production, which includes inputs, outputs, activities or projects, client satisfaction,
partners, and outcomes, as shown in Figure 7. This map identifies blockage, ineffective systems, or
non-productive steps by measuring Public Value Creation at different points in the process. The

measurement of value in Figure 7 is through the difference between outputs (assessed at one level),

}

and outcomes (evaluated in a qualitatively different manner).

ACTIVITIES
PROCESSES
PROCEDURES
PROGRAMS
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PROCESSES
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Figure 7: "Public value chain". Source: Moore (2007).

Inspired by Moore, Faulkner & Kaufman (2018) conducted a literature review (from 1995 to 2016) on
public value measurement to identify and evaluate available measures. The study identified a broad

array of public value dimensions, including: public satisfaction; economic value (generating economic
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activity/employment); social and cultural value (social capital/cohesion); political value (democratic
dialogue, public participation); ecological value (sustainable development, reducing pollution, waste,
global warming); service delivery (take-up, satisfaction, choice, fairness, cost); financial performance
(revenues, expenditure value for money, efficiency); non-financial performance (efficiency, customer
satisfaction, service quality); social value from the user perspective, the tangible economic value from
the administration perspective, the intangible economic value from the administration perspective; trust

and legitimacy; protecting citizens’ rights. They combined these themes into four domains (Figure 8):

— Outcome achievement domain, which represents the extent to which a public body is improving
valued outcomes across a wide variety of areas. These outcomes can include social, economic,

environmental and cultural outcomes;

— Trust and legitimacy domain. This domain represents if an organisation and its activities are
trusted and perceived to be legitimate by the public (or stakeholders);

— Service delivery quality domain. This domain represents the provision of services in a high-
quality manner, considering the needs of users. When service users are satisfied, and when
they perceive the services to be accessible, convenient and responsive to their needs, they
maximise the quality of service delivery;

— Efficiency domain. It is the extent to which an organisation achieves maximal benefits with
minimal resources. Efficiency should be high when the benefits outweigh costs, one avoids

unnecessary bureaucracy, and the organisation offers value for money.

Finally, it appears that there is a connection between public value and organisational improvement,
which means that if organisational performance is poor, value creation is deficient. These two concepts

are entirely related. Due to that connection, section 3.3 covers the concept of performance.
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Social outcomes
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Suitable citizen engagement
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Value for money
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Benefits outweigh costs

Figure 8 : Public value measurement dimensions. Source: Faulkner & Kaufman (2018).




3.2.3 Public value in health

Nowadays, knowledge-based competitiveness for development, optimisation, and investment are the
focus of organisations. The same happens in the healthcare sector. The value in healthcare occurs
when there are clinical benefits achieved by the money invested and not by the volume of care (Yong
et al., 2010).

The healthcare sector is complex, due to the influence of four dimensions: medical dimension,
social dimension, cognitive dimension, and emotional dimension (Edgren, 1991). The medical
dimension reflects on the reason that led a user to seek clinical help. This dimension includes physical
and psychological or mental ilinesses. The social dimension reflects the health information received
from social interactions with family, friends, co-workers, or others who have contacted the health system.
These can provide information about health problems that influence the way the user perceives the
disease. The cognitive dimension includes the knowledge that the user has about his health problem
before seeking professional help. This knowledge is traditionally the outcome of previous experiences,
information pursued by the user, or through contacts with actors belonging to the social dimension.
Finally, the emotional dimension refers to the user’s rights (e.g., the right to be treated with respect and
dignity) and the response that services must provide (Edgren, 1991).

The healthcare sector has particular characteristics that make it possible to achieve improvement
by challenging the understanding of health value (Yong et al., 2010). Porter (2010) presented an
example in the article “What is Value in Healthcare?” about this subject. He stated that, in hospital
management, the service or the hospital analyses the indicators and expenses. However, the service is
too restricted, and the hospital is too broad. In most cases, different functions measure similar indicators,
and there is no consideration for assessing the total care cycle per patient. There is a focus on reducing
expenditure on each service intervention rather than maximising results over the entire period of care

provided. The author also identifies seven steps for providing value-based healthcare (Porter, 2009):

— The measurement and publication of clinical results must be mandatory for all care providers.
The results allow providers to focus on improving outcomes and efficiency, and helps patients

choose their providers;
— Reorganise strategies for promoting well-being, prevention, and routine services;

— Organise the provision of services by disease condition. Currently, patients visit multiple health

institutions, numerous services, and specialities;

— Payment system aligned with the interests of all stakeholders, and oriented to increase the value
for the patient;

— Authorise providers to compete for patients, allowing excellent providers to grow and serve more
patients. Providers need large volumes of cases to develop experience-based resource

competencies;

— Computerised record systems. The electronic registration is only worthwhile if it contemplates
the integrated filing of care throughout the user’s life and the clinical results obtained. It will also
only be useful if the information is available to all health professionals who assist the patient, at

the level of specialised care (hospitals) and primary care;
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— Users should be much more involved and should be held responsible for the state of their health
and care. Patients have to take responsibility for adopting healthy behaviours and adhering to

treatments, such as the smokers’ case.

Public organisations seeking to use public value as a principle must create a corporate culture where
they give a reward if employees pursue public value. The same is true with private companies, where
they offer compensation if employees seek value for shareholders. In public hospitals, service
management requires measurement and identification of the crucial indicators of managerial success.
The concept has been taken up by some public sector organisations (Coats & Passmore, 2008). It is
crucial to have a clear organisational mission and strategic plans so that public managers and politicians
can manage and create value simultaneously (Horner et al., 2006).

Additionally, although the public sector presents the possibility of creating public value, it can also
create public risk. Risks within hospitals include iatrogenic injury, nosocomial infection, and those
associated with overtreatment, like the ones due to a competitive hospital environment (e.g., financial
risks and inappropriate practices) (Fine, 2020). Hospitals remain in the rupture in public health
emergencies. Could it be done better and less costly?

Finally, the next section, section 3.3, deals with the concept of performance. As mentioned earlier,
there is a strict link between public value and the performance measurement of public organisations.
Moore's work confirms this claim, where he states that the creation of performance measures against
which public value must be measured represents an essential management technology (Bracci et al.,
2014).

3.3 Performance

Before exploring the existing literature regarding performance measurement systems, it is crucial to
clarify the notion of the concept performance. The term performance is a global concept that represents
the results of organisational activities, with two subcomponents, efficiency, and effectiveness (Szilagyi,
1988). According to the Lebas (1995) study, performance is not an objective, but a way of defining
where one wants to go. Therefore, it is directly related to the organisation’s vision and strategy, which
is up to the decision-maker. According to Walker & Dunn (2006), “the purpose of evaluating the
performance is to help managers establish whether they are doing the right things (if the objectives of
the services are meeting the established goals) and whether they are doing things well (achieving goals
efficiently).”.

Notwithstanding being essential to understand the meaning of this concept, it is also crucial to
measure it, since “if you can’t measure, you can’t manage” (Kaplan & Norton, 1996). Measurement
helps to prioritise opportunities for improvement and allows the evaluation of performance. It is the only
way to practice management and to make decisions based on facts. Several techniques conduct
performance measurement, such as listening to field experts and developing team indicators. This
amount of techniques allows a focus on activities of highest risk and importance (Marshall et al., 2004;
quoted by Castro, 2011). One should account for the chosen indicators, as they must be defined clearly
and precisely and, if necessary, to explain their mathematical formula. According to the same author,
Castro (2011), these “should have a supportive description that identifies the target of the measurement,
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how the measurement will be carried out and how the measurements can be affected or corrected.
Applied to the healthcare sector, the indicators should also describe their clinical significance and
describe their scientific validity.”.

When it comes to evaluating the performance, comparative information should be used. However,
itis necessary to do it carefully (e.g., admission fees, length of hospital stays, environmental standards).
Thus, besides measuring current and planned performance, to compare current performance with the
performance of historical or similar departments of other organisations is also useful. Thus, the
differences in objectives and standards should be considered in practical measurements, system
information, environmental factors, and resource constraints (Walker & Dunn, 2006). In conformity with
to the same authors,” a successful performance/productivity measurement system must follow some
important principles and take into account the unique characteristics of healthcare”, and” The application
of these measurement methods together with some creativity, initiative and cooperation among
employees, customers, and hospital consumers, they can improve healthcare management and
distribution at reduced costs and without loss of quality.”.

Currently, due to the autonomy granted to hospital institutions, it was expected that a new
management culture would emerge. Since it did not occur, there is a persistent strategic uncertainty,
non-existent planning, and a lack of transparency in decision-making processes. It leads to the absence
of responsibility as well as the absence of involvement by organisations (Ministério da Saude, 2010).
Also, the Health Ministry mentions that “The excessive concern with the increase in production, without
equal concern with the quality, adequacy, and relevance of the care provided, may even have
contributed to the budgetary slide that threatens the sustainability of the health system.”. There is also
an absence of information systems capable of producing consistent and reliable data and indicators,
persisting as one of the most significant limitations to both good clinical practice and management.
Consequently, it is not possible to adopt decision strategies based on evidence, compromising the
evaluation, the audit, and the quality control processes (Ministério da Saude, 2010).

The improvement in health systems’ performance has become a fundamental political issue in
most developed countries, so several initiatives are being implemented to measure it. The reasons for
improving the performance of health systems include the increase in the elderly population and the
prevalence of chronic diseases, the emergence of new and emerging medical technologies, the increase
in population expectations and the vast availability of the information available on the internet
(McLoughlin, 2001; quoted by Bankauskaite & Dargent, 2007). It is also essential to identify the target
users of the performance measures. There are generally three groups of potential users: 1) the
Government, 2) accreditation organisations, and 3) healthcare providers. These three groups’
expectations are quite different, which is why they must be taken into account (Bankauskaite & Dargent,
2007). Many methodological problems are related to selecting indicators, the definition of key indicators,
and the definition of the controllable variables of performance. Furthermore, it makes sense to analyse
what is controllable by decision-makers before selecting indicators, since the main goal is to measure
performance and control its variations (Bankauskaite & Dargent, 2007).

Finally, given the increasing restrictions imposed on the healthcare sector, the development of

management tools that enable the monitoring, evaluation, and communication of the level of satisfaction
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with which multiple aspects of the health system achieve the key objectives have become of importance
for the excellent functioning of health organisations (Leatherman, 2010). Information plays a critical role
in developing these management tools, thus constituting a vital resource for the management of the
organisation and control of the health system (Smith, 2005). So, it is crucial to define and describe the

performance indicators used in the healthcare sector.

Performance indicators in healthcare

Health Indicators (HI) are measurement instruments that reflect, directly or indirectly, relevant
information on the attributes and dimensions of health and the factors that determine it (Pereira et al.,
2004). Performance indicators measure particular elements of the performance of production units. The
partial nature of these performance indicators is often a limitation because it can lead to contradictory
conclusions depending on the performance indicators chosen. This limitation can be overcome by
aggregating several partial performance indicators. However, this procedure is not free of criticism since
the choice of the weightings of the various partial performance indicators in the aggregation is arbitrary
(Moreira, 2008).

Since the NHS’s implementation, Portuguese health indicators have improved substantially
(Arnaut, 2009; Mota, 2010; Ribeiro, 2009; Soares, 2010). However, until 2004, there was no culture of
establishing goals and objectives in the medium / long term, thus giving a political orientation towards
real national priorities in populations’ health. Therefore, in 2004, the first National Health Plan (NHP)
was defined, which would be monitored and evaluated by the High Commissioner for Health, based on
three strategic objectives; (Biscaia et al., 2008; Campos, 2008): 1) Obtaining health gains; 2) Centring
the change on the citizen; 3) Ensure adequate mechanisms for its execution. The analysis of the general
evolution of health in Portugal, to be complete, should take into account numerous indicators, many of
which the NHP does not even consider. The creation of the NHP follows guidelines from the
Organisation of Cooperation and Economic Development, the World Health Organisation (WHO), and
the EU. It directs towards areas in which prevention is a critical success factor for health (Campos,
2008).

For WHO, the concept of performance brings together the ideas of quality, efficiency, and health
services effectiveness. In this measure, it appears that the concepts of quality evaluation and
performance evaluation in health appear undoubtedly associated. Providers, consumers, politicians,
and whoever seeks to improve healthcare quality, must have accessible and reliable quality indicators.
They might use these indicators to identify/signal potential problems or successes, monitor trends over
time, and identify disparities between regions and providers (AHRQ, 2004). According to Donabedian
(1980), there are many defining attributes of excellent quality health services, many of which are difficult
or impossible to measure. The translation into an individualised attribute that is understandable to the
patient cannot happen if the attribute can be measured. Several authors or organisations have described
the concept of quality of care, according to a set of dimensions. The most frequent include effectiveness,
efficiency, equity, suitability, safety, time management, acceptability, patient-centredness, satisfaction,
gains (improvement) in health, and continuity of care (Legido-Quigley et al., 2008). Regarding the
dimensions of healthcare performance and considering the study carried out by the OECD (2006), the

dimensions most frequently used were as follows:
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— Effectiveness is the degree of achievement of desirable results, taking into account the correct
provision of healthcare based on evidence, to all who could benefit from it, and not to those who
could not do it;

— Safety consists of avoiding harm to patients resulting from care;

— User Satisfaction refers to how the system treats patients to satisfy their legitimate expectations

not related to health;

— Access consists of people’s ability to obtain healthcare in the right place, at the right time,

regardless of income, cultural background or physical location;

— Equity defines how the system deals with and treats all stakeholders;
— Efficiency consists of the optimised use of available resources to produce the maximum benefits

or results.

3.4 Multi-Criteria Decision Analysis Methods in Healthcare

One main problem present within organisations is that they have multiple objectives, which increases
the complexity of decisions. So, it is essential to search for techniques with the most significant number
of criteria to guide and influence decisions, reducing errors (Kahraman et al., 2015; Tanios et al., 2013).
Decision support methodologies, such as MCDA, have arisen to increase the reliability and creditability
of the chosen solution. They support the decision-making process, by minimising the responsibility of
the final decision-maker, and by assuring a solution that agrees with the criteria in question (Youngkong
et al., 2012). In the literature, MCDM (Multi-Criteria Decision-Making) is a synonym for MCDA. The
acronym MCDA, itself, is also sometimes alluded to as Multi-Criteria Decision Aid. MCDA considers the
distinctive institutional contexts, cultivating a comprehensive, steady, straightforward, and adaptable
approach. It quantifies evidence to recognise the best choices and helps eliminate inconsistencies
between stakeholders by organising the process of selection and evaluation of alternatives (Thokala &
Duenas, 2012). MCDA guarantees that social preferences, ethical values, and main epidemiological
concerns are not neglected within the decision-making process (Drake et al., 2017). Belton and Stewart
define MCDA as “an umbrella term to describe a collection of formal approaches, which seek to take
explicit account of multiple criteria in helping individuals or groups explore decisions that matter.” (Belton
& Stewart, 2002).

In the healthcare system, the decision-making criteria are complicated since they comprise not
only economic and technical issues but also the human factor. This factor can cause conflicts of interest
and delay the final decision, placing patients’ health and lives at risk (Tanios et al., 2013). It gets worst
when the decision has consequences that affect the whole chain of health services provided to society.
The significant distinction between health management and other areas is that health is a vital and
precious asset that directly impacts people (Diaby et al., 2013). For instance, Marsh et al. (2014)
demonstrate that a healthcare manager’s choice can benefit the treatment of a disease in several
patients and simultaneously worsen health for another group of patients.

Therefore, MCDA is a decision-making tool that can be applied in the healthcare sector due to
“‘comprehensive and consistent yet flexible and transparent methodology,” promoting collaboration
between the healthcare stakeholders (Thokala et al., 2016). Also, Marsh et al. (2014) state that MCDA
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has the potential to consider the criteria that stakeholders judge appropriate. Drake et al. (2017) find
that by measuring criteria apart from budget impact or cost-effectiveness (e.g., local health system
priorities and equity in patient access), MCDA guarantees that “social preferences, epidemiological
priorities, and ethical values are not neglected in the decision-making process.”.

Several studies applying MCDA were conducted in the public and private sectors to optimise
health systems as a whole (Thokala et al., 2016). It appears that, compared to the application that the
MCDA has in other areas (e.g., construction, transport, defence, environmental protection, and finance
(CLG, 2009)), studies in the healthcare sector are limited (Thokala & Duenas, 2012). However, with an
increase in the number of researchers and practitioners aware of MCDA techniques, healthcare studies
have also increased (Diaby et al., 2013). The bibliometric survey carried out by Diaby et al. (2013)
analysed publications between 1960 and 2011. It confirmed the expansion in the use of multi-criteria
approaches to solving healthcare problems in the past 50 years. Multi-criteria methods such as MCDA,
AHP (Analytic Hierarchy Process), and the balanced scorecard, as well as statistical applications, such
as DEA, have been widely carried out. First, there was a literature search on the types of MCDA models
for hospital performance evaluation. After this research, several methods emerged (Liao et al., 2019).
Table 1 presents these methods and the respective authors.

Table 1: Comparisons between different MCDA methods for hospital performance evaluation.

Source: Own elaboration.
‘ REFERENCES

Liao et al. (2019) BWM
Torkzad & Beheshtinia (2019) Modified digital logic, AHP, TOPSIS & ELECTRE
Giménez et al. (2019) Global Malmquist-Luenberger index & Bipartite decomposition
Masoumi et al. (2014) Pabon Lasso model
Akdag et al. (2014) Fuzzy AHP & TOPSIS
Nikjoo et al. (2013) AHP
Davis et al. (2013) Balanced scorecard method
Ajami & Ketabi (2012) AHP
Tsai et al. (2010) Fuzzy AHP

Liao et al. (2019) applied a multi-criteria decision-making method named Best Worst Method (BWM).
BWM shows better performance than the AHP in reducing the times of pairwise comparisons and
maintaining the consistency between evaluation values. He studied BWM with cognitive-linguistic
information in the form of hesitant fuzzy linguistic term sets. Torkzad & Beheshtinia (2019) used four
hybrid methods to evaluate hospitals, such as Modified digital logic, AHP, TOPSIS & ELECTRE. A
limitation of this study comes from its application to only four hospitals. Giménez et al. (2019) used the
global Malmquist-Luenberger index, Bipartite decomposition, and combined static evaluation with
dynamic evaluations to analyse hospital performances evolution. Masoumi et al. (2014) employed the
Papen Lasso model to assess hospitals’ patient satisfaction. Akdag et al. (2014) used fuzzy AHP and
TOPSIS to evaluate hospital service quality. Nikjoo et al. (2013) applied AHP to rank and select hospital
performance indicators. Based on the balanced scorecard method. Davis et al. (2013) considered the
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hospital performance evaluation problem from three dimensions: efficiency, effectiveness, and equity
for the coordinated development of hospitals. Ajami & Ketabi (2012) used the AHP to assess the
performance evaluations of medical record departments. Tsai et al. (2010) studied the fuzzy AHP to

evaluate the organisational performances of hospitals.

3.5 Chapter Summary

This chapter introduced the concept of public value, its creation, measurement, and its importance in
the healthcare sector. Additionally, public value is directly related to the idea of performance. There was
a need to comprehend the concept of performance, how it is measured, and its indicators. Healthcare
performance indicators consist of several dimensions: effectiveness, safety, user satisfaction, access,
equity, and efficiency. The MCDA methods seem to be adequate to solve this problem since they deal
with the multiplicity of criteria. Furthermore, conducting research that understood which MCDA methods
exist to assess hospitals’ performance gave rise to the method used in this dissertation, the Deck of
Cards method for Choquet integral (DCM-Choquet). Finally, the fourth chapter studies the MCDA
methods and, especially, the Deck of Card method for Choquet integral, which was the method chosen

to carry out this dissertation.
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4. METHODOLOGICAL APPROACH

In the previous chapter, the concepts of public value and performance were analysed, as well as the
MCDA methods employed in healthcare. Therefore, to overcome some of the methodological limitations
currently recognised, this fourth chapter aims to explain the methodological bases that support the
model applied in this dissertation. Firstly, an overview of the literature and the research questions are
stated (section 4.1). The initial remarks are then given (section 4.2), which are essential for the
framework’s structure to be implemented in the fifth chapter. Subsequently, the features and
methodologies of the MCDA are described, and the chosen method to develop this dissertation is
presented, the Deck of Cards Method for Choquet integral (DCM-Choquet) (section 4.3). Afterwards, an
MCDA methodology is thoroughly described (section 4.4). Finally, a chapter summary with the main

conclusions is presented.

4.1 Overview and Research Questions

The recent economic crisis and the mandatory government corrective measures continue to conflict with
health policy. The system is grappling with dilemmas of a continuous increase in health demands and
the need to manage expenditure (Antunes et al., 2011). Currently, the quality of healthcare and its
financing are caught in a pendulum that oscillates between the need to minimise costs and ensure better
health, improving healthcare for its users (Figure 9) (Porter & Teisberg, 2006; Porter & Lee, 2013).
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Figure 9: lllustration of the pendulum that

oscilates between quality and financing in

healthcare. Source: Own elaboration.

When the budget shrank in the NHS, the MH reduced medicines’ costs and professionals’ remuneration.
Consequently, the pendulum fluctuated to the cost-reduction side or its allocation to other actors. On
the other hand, as media or social pressure (e.g., professional or patient policy) tightens, the pendulum
tends to be directed towards actions to improve healthcare. Usually, this occurs by recruiting additional
professionals and hospitals’ constructions (Porter & Teisberg, 2006; Porter & Lee, 2013). However, the
commitment of efforts exclusively to operational efficiency search only emphasises reducing
expenditure in a limited period. Porter (2009) stated that “Indeed, the only way to truly contain costs in
health care is to improve outcomes: in a value-based system, achieving and maintaining good health is
inherently less costly than dealing with poor health.” Therefore, it is of utmost importance to take public
value into account.

As previously mentioned in the literature review, public value is described as the results achieved
and of interest to users, on the cost of achieving those results. Therefore, improving public value means
improving results without increasing costs or reducing costs without affecting results. This explanation

is represented by the healthcare value equation, which is shown below (Porter & Lee, 2013):

Outcomes 1)
Value = ———
Costs
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In equation 1, the outcomes are the health results for a patient’s condition over the care cycle and track
their health status after care is completed. These outcomes should be measured by a medical condition
(e.g., diabetes) and not by speciality (e.g., podiatry) or intervention (e.g., eye examination). Porter & Lee
(2013) stated that “Measuring the full set of outcomes that matter is indispensable to better meeting
patients’ needs. It is also one of the most powerful vehicles for lowering health care costs.”. Furthermore,
it is essential to note that “By failing to consistently measure the outcomes that matter, we lose perhaps
out most powerful lever for cost reduction.” (Porter & Lee, 2013). Moreover, to determine value, it is also
necessary to measure costs at the medical condition level, tracking the expenses involved in treating
the condition over the full cycle of care. This process involves understanding the resources used in a
patient’s care, namely: 1) Personnel, equipment, and facilities; 2) The capacity cost of supplying each
resource; and 3) The support costs associated with care (e.g., IT and administration). The cost of caring
for a condition will then be compared with the outcomes achieved (Porter & Lee, 2013).

Nowadays, the structure of the health systems is not organised around the concept of value
creation. Systems recognise and promote reducing expenses, revenue sources, more services, and not
precisely, who provides the most valuable service to the patient (Porter, 2009). It should be recognised
that narrower and process-oriented goals, such as increasing access, cost-containing and meeting
standards do not succeed because increasing access to inadequate care or reducing costs by
decreasing quality does not create public value. As a result, these cost-assessment approaches pose
an obstacle to creating value in health and compromise the NHS’s long-term sustainability. In contrast,
the focus on public value offers tremendous benefits. In medical care, they are reflected in reducing
costs and people’s better health and satisfaction. In society, it becomes more innovate and,
consequently, healthier, more productive and resilient to future financial crises (Dias, 2016). Therefore,
measuring the set of indicators of interest for users is essential to meet people’s needs, but it is also
one of the most potent vehicles for reducing healthcare costs, recognising and rewarding the best
providers. Changing how the results produced are measured is the first step towards creating value for
the population and not to reduce costs at the expense of quality.

Ultimately, and since this dissertation’s final objective is to propose strategies for creating public
value in healthcare, it is necessary to measure it. Besides, it should be noted that no study has been
found that combines the performance evaluation of Portuguese public hospitals with the DCM-Choquet.
Therefore, this work aims to fill this gap, gathering the knowledge collected in the literature review, to
develop and implement a model capable of providing a tool to assess the NHS health institutions.
Subsequently, this assessment will allow the understanding and analysis of the factors that decrease
and affect each institution’s performance. With this information, we have all the necessary tools to create
strategies that contribute to improving these factors and consequently, the NHS, creating value for

society. Therefore, the following (now concrete) research questions emerge:
— RQ1: How can a healthcare organisation evaluate its performance?
— RQ2: How to innovate and create public value in the healthcare sector?

— RQ3: Will it pay companies to invest in innovative projects that allow them to create public value

in their proposals?
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4.2 Initial Remarks

This dissertation takes advantage of the benchmarking database available publicly on the Portuguese
Central Health System Administration (ACSS) website*. This website was selected because it is an
official source, which makes the data accurate and relevant. The benchmarking database’s key
objectives developed between the NHS hospitals were to: 1) Increase the transparency of its operations,
and 2) Boost economic performance. It has a total of 43 institutions divided in five groups (group B to F)
using hierarchical clustering, and a total of 35 indicators grouped in six benchmarking dimensions (i.e.,
access, assistance performance, volume and usage, productivity, safety, economic-financial).
Moreover, each health entity indicator and the respective value is organised by month and year of data
provision from January 2013 to November 2020. Therefore, in the first step of this proposed framework,
it is vital to choose the time interval to be studied. Only then, the MCDA methodology can be applied. It
should also be noted that, throughout this dissertation, whenever "ACSS benchmarking database" is

mentioned, it will refer to the one available on the ACSS website.

4.3 Multi-Criteria Decision Analysis and Deck of Cards Method for
Choquet Integral

This section briefly discusses the MCDA mentioned in the literature review and describes its
characteristics and methodologies. Then, the method chosen to develop this dissertation is presented,
the DCM-Choquet and the reasons behind this choice. It should be noted that the purpose of this
dissertation is not to create a new method or to modify an established one. Instead, it aims to build a

model for answering questions related to the problem using an existing method.

4.3.1 Multi-criteria decision analysis

MCDA is “an umbrella term to describe a collection of formal approaches, which seek to take explicit
account of multiple criteria in helping individuals or groups explore decisions that matter.”, as defined in
the literature review (Belton & Stewart, 2002).

MCDA deals mainly with three types of decision problems (Figure 10): ranking, sorting, and choice
problems. Ranking problems consist of hierarchically ordering all the alternatives from worst to best,
regarding the considered criteria’ evaluations. The sorting problems include assigning each option to a
predefined class and ranked in order of preference. Finally, the choice problems involve selecting the
subset of alternatives considered the best (Corrente et al., 2013)
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Figure 10: Types of MCDA problems. Adapted from
Mousseau & Slowinski (1998).

4 Available at https://benchmarking-acss.min-saude.pt/. Last accessed on 10th October 2020.
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Afterwards, and according to the type of MCDA problem, Belton & Stewart (2002) divided MCDA
approaches into two types (Figure 11): 1) Multi-Objective Decision Making (MODM), with a continuous
decision space, and 2) Multi-Attribute Decision Making (MADM), with a discrete decision space. Then,
they also divide these two approaches into three groups of MCDA models (Figure 11) (Belton & Stewart,
2002):

— The goal, aspiration, or reference-level models encompass the derivation of the alternative(s)
nearest to achieving the predefined desirable levels of accomplishment for each criterion
(Thokala & Duenas, 2012). These models include goal or aspiration methods based on linear
programming techniques (Thokala et al., 2016);

— Outranking models comprise making a pairwise comparison of alternatives on each criterion to
identify one alternative’s degree of preference over the other. They are then combined to
achieve a measure of support for each option, judged as the top-ranked alternative overall. It is
possible to have two options with the same score, although with opposite behaviour, and thus
incomparable (Belton & Stewart, 2002; Ishizaka & Nemery, 2013);

— Value measurement models aim at creating numerical scores that reflect the degree to which
there is a preference for a decision option over another. Scores are first developed for each
criterion and then aggregated into a global score. There is a trade-off between bad and good
scores in these models because there is a compensation for a bad score on one criterion for a
good one on another (Belton & Stewart, 2002; Ishizaka & Nemery, 2013).

MCDA Approaches MCDA Models MCDA Methods

MAUT

JMAUT
Value ANP
measurement WACEETH *
models S .
AHP.
— Outranking ELECTRE
mOdE“ls PROMETHEE
Goal prog ramming
Reference-level TOPSIS
models DEA
DEA

ﬁ

TOPSIS - Technique for Order of Preference by Similarity to the Ideal Solution; DEA - Data Envelopment Analysis;
ELECTRE - Elimination and Choice Expressing Reality; PROMETHEE - Preference Ranking Organisation METhod
for Enrichment of Evaluations; MAUT - Multi-Attribute Utility Theory; ANP - Analytic Network Process; AHP -
Analytic Hierarchy Process; MACBETH - Measuring Attractiveness by a Categorical Based Evaluation Technique.

Figure 11: Classification of MCDA problems. Adapted from Ishizaka & Nemery (2013).

In this dissertation’s context, considering that the focus is on analysing Portuguese public hospitals’
performance and proposing strategies for creating public value, it is suitable to use a value-based multi-
criteria approach (i.e., value measurement models). Therefore, this type of models have the following
steps (Costa et al., 2010):
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a) Structuring the problem: In this step, the generation of a finite set of alternatives and set of

criteria occurs. There is an assessment of this set of alternatives based on the set of criteria;

b) Value measurement tasks: 1) Calculation of the weights of the different criteria; 2) Preferences
in terms of individual criteria (i.e., the models that explain the relative significance of obtaining

different levels or performance values for each of the identified criteria) (Belton & Stewart, 2002);

¢) Aggregation model: This step focuses on choosing the type of aggregation model. These
models allow comparisons between different criteria and aggregate the preferences between
each one. They can be additive models, multiplicative models, and non-additive models. The
literature generally recommends additive models for this type of aggregation models, since they
are more natural and effective in relaying all the information to the decision-maker (DM), to
interpret and apply correctly (Choo & Wedley, 2008).
The additive and multiplicative models are forms of aggregating attractivity. Nonetheless, these models
have certain limitations, as they can only be applied if the criteria are preferably independent. Otherwise,
these models usually are not sufficient to integrate this condition if there are two ideally dependent
criteria. With the possible interaction between criteria, non-additive models have arisen that enable the
representation of interactions between criteria (Angilella et al., 2010), one being the Choquet integral
(Choquet, 1953).

4.3.2 Deck of Cards method for Choquet integral

A value-based multi-criteria method will be applied in this dissertation through the integration of the
Choquet integral. Choquet's integral provides an evaluation of the multidimensionality inherent in the
Portuguese NHS in a real-world context. Consequently, it was decided to apply the Deck of Cards
method to implement this two-stage integral. Irrevocably, the method is entitled to the Deck of Cards
method for Choquet integral.
4.3.2.1 Choquetintegral
Oliveira et al. (2017) stated that the Choquet integral is one of the most widely used nonlinear operators
in the MCDA. Schmeidler (1986) mathematically defined this integral, and later, Murofushi & Sugeno
(1989) used the concept introduced by Choquet (1953). The Choquet integral is a non-additive integral
of a function concerning a capacity or fuzzy measure (Ridaoui & Grabisch, 2016). Its main goal is to
determine the weight resulting from the combination of criteria, as this allows to model the existing
interaction between them (Tan & Chen, 2011). In addition to its initial application in potential theory and
statistical mechanics, it has become a useful tool for dealing with uncertainty in imprecise probability
theory, decision theory, and the study of cooperative games. The Choquet integral has applications in
finance, economics, and insurance (Candeloro et al., 2019). Nowadays, there is an existing ample and
highly developed literature that shows that this is a notorious model of preference. However, its
application in an MCDA context involves particular developments in the methodology. Bearing this in
mind, several authors have worked on developing these methodologies, such as Bottero et al. (2018),
who have established two new procedures:

1. The construction of interval scales to assign utility values on a standard scale to the criteria

performances;

2. The creation of a ratio scale for assigning numerical values to the Choquet integral capacities.
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Towards the making of a presentation and description of the method, this dissertation presents the
mathematical formulation details. Consequently, this chapter aims to clarify the chosen method’'s
fundamental concepts, centred on Bottero et al. (2018).

As previously mentioned, the Choquet integral depends on capacities, also known as fuzzy
measures. However, to understand this preference model’s definition, it is also imperative to know how
it works. Bottero et al. (2018) claim that the method assigns an overall weight (capacity), «(T), to each
subset, T, of the actual set of criteria. The capacity «(T) is the value assigned to a dummy project
corresponding to an action having completely satisfactory performances on the criteria belonging to the
subset T and completely unsatisfactory performances on the remaining criteria, G\T. If the overall
weight, x(T), is different from the sum of weights, pu({g;}), of the criteria belonging to the subset T, this
represents the product of some form of interactions between criteria. In reality, and according to Bottero

et al. (2018), the interaction between a pair of criteria g; and g;, can induce one of the following cases:
— u({gig;}) = ned) + u(g;h: no interaction between the two criteria, g; and g;;
- u({gig}) > ned) + ndgh: mutual-strengthening effect, usually called synergy;
- u({gig}) < ngd) + ndgh: mutual-weakening effect, usually called redundancy.

After specifying the individual criteria and identifying the interactions between peers, the model is
applicated based on the Choquet integral. Two steps involve its implementation: 1) The construction of
interval scales; and 2) The determination of capacities. The first stage aims at assigning utility values to
the performance of each action or alternative. In contrast, the second stage aims to determine a
numerical value for each criterion's capacities or set of criteria on a ratio scale. The chosen technique

for resolving these steps is the Deck of Cards method, proposed by Bottero et al. (2018).

4.3.2.2 Application of the Deck of Cards method for Choquet integral

In the Deck of Cards method, each scale level/dummy project is written on a card, with some additional
information if necessary. Successively, the analyst asks the DM to rank the cards, from the highest
weight/capacity to the lowest weight/capacity. Then, to measure the closeness between two successive
levels or dummy projects, the decision-maker is asked to add blank cards. This insertion aims to define
a gap between consecutive levels. This way, preference intensity can be modelled, necessary to build
both interval and ratio scales (Bottero et al., 2018). Figure 12 presents an example of the cards ranking

by applying this method.

Criterion name

Descripion

—

Figure 12: Example of the cards ranking using the Deck of Cards method.
Source: Own elaboration.
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Decision-makers who have experienced with this method found the application of the method intuitive
and easy to understand. However, the blank cards’ insertion can give rise to uncertainties and
disagreements between them. Moreover, it has the advantage of promoting discussion between them
to reach a consensus and allows analysts to clarify any arguments in the entire set of criteria chosen

(Prazeres, 2018). A detailed description of all these steps will take place during this dissertation.

4.3.2.3 Advantages and limitations of the Deck of Cards method for Choquet integral

The subject of this dissertation influenced the choice of this method, along with its advantages and
disadvantages. In this case, the method used to compare with DCM-Choquet is MACBETH, since both
methods build utility functions and capacities (Grabisch & Labreuche, 2016). Although the method
chosen is DCM-Choquet since it is the most suitable to solve this dissertation’s problem, it is neither
better nor worse than MACBETH. It is just a different option. Table 2 displays the differences between

these two methods, as recognised by Bottero et al. (2018).

Table 2: Comparison between DCM-Choquet and MACBETH. Source: Bottero et al. (2018).

DCM-Choquet

DCM-Choquet vs MACBETH

With n elements, it needs at most x — 1 pieces of
information, which are the number of blank cards
between equivalence classes plus the ration between
the evaluation of best and worst classes.

With n elements, it requires a number of n(n —
1)/2 qualitative pairwise comparisons.

DCM-Choquet requires less preference
information and it has a clear visual
interpretation for the DM.

The number of blanck cards is flexible and not
defined a priori.

The semantic categories are fixed and defined a
priori.

DCM-Choquet allows a superior and more
precise assessment and enhances the
intutiion of the DM

The different evaluations assigned to two
elements are proporcional to the number of cards

The value assigned to each element depends on
the whole set of the pairwise comparisons and
should maintain the order of the difference of

DCM-Choquet is easier to discuss, modify and
to improve the perception of the values by the
DM. However, it requires a more restrictive

between them plus one.

attractiveness supplied by the DM. coherence condition than MACBETH.

Table 2 shows that DCM-Choquet has several advantages due to the less volume of information it has
comparing to MACBETH. However, DCM-Choquet also features some drawbacks (Corrente et al.,
2020):

— Supplying the preference information related to a complete comparison table can be quite
requiring from a cognitive point of view. This pairwise compassion table provides visual support
represented by the cards, which can help the DM define and express his judgments and
preferences. However, the greater the number of criteria and alternatives, the greater the

number of pairwise comparisons, which can become burdensome for the DM;

— Providing the ratio z can be a difficult task for the DM. This ratio z represents the ratio between
the evaluations of two reference projects, being quite abstract. Additionally, it will be explained

in more detail in the next sections;

— The absence of a qualitative scale can be a restrictive constraint for the preference information
processed by this approach since MACBETH can be the method of choice for those who feel

most comfortable with these types of scales.

Despite these drawbacks, the DCM-Choquet is the most suitable because it is of an easy and
understandable nature, promotes decreasing cognitive effort to the DM and provides intuitive support to
handle the robustness concerns.
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4.4 Multi-Criteria Decision Analysis Methodology

The MCDA method is appropriate when the research aims to handle many conflicting goals, along with
different stakeholders within the decision-making process (Watrdbski et al., 2019). As outlined by
Youngkong et al. (2012), an MCDA approach is suitable when a researcher seeks to increase the
chosen solution’s reliability and credibility. It is also useful to support the decision-making process by
minimising the responsibility of the final decision-maker. Since this dissertation’s purpose is to analyse
the public hospitals’ performance in Portugal, which has complex decision-making criteria, an MCDA
approach is the most appropriate choice. According to Bouyssou et al. (2006), four parts divide the
decision aiding process: 1) Representation of the problem situation; 2) Problem formulation; 3)
Evaluation model; and 4) Final recommendations.

— The representation of the problem situation behaves towards: 1) The definition of the distinct
parts involved in the process; 2) The concerns of each of those parts; and 3) The degree of
dedication each part has to each concern. Moreover, the analyst and the DM can discuss
different representations of the problem that have arisen. However, this should not be perceived
as detrimental, but rather as a natural transition and part of harmonising expectations. In turn,
this discussion is vital to guarantee a successful sharing of information and achieve reliable

future outcomes and recommendations;

— The problem formulation corresponds to the phase responsible for defining the appropriate
strategy to approach and deal with the problem, affecting the final results or recommendations.
It is usually perceived as a translation of the decision-makers’ concerns and expectations into
a formal and functional language aided by the decision support language. This language is a
form of communication that decreases ambiguity, is autonomous of any area of expertise and
introduces rationality in the decision aiding activity. Frequently, this phase leads to improved
clarity of concepts and goals between the analyst and the DM. Furthermore, it aims to anticipate
some outcomes of the decision aiding process to verify if there is a correlation between their
type and the type predicted by the DM;

— The evaluation model is constructed by the analyst, considering a problem formulation, to
organise the available information so that it is conceivable to acquire a formal answer. The
analyst and the DM carry out the validation. It is a “crucial activity to establish the necessary
consensus between the decision-maker and the analyst, a consensus which (at least partially)
legitimates the model to be used within the decision process for which it was conceived.”
(Bouyssou et al.,, 2006). The development of this model involves the following steps: 1)
Identification of the alternatives to be evaluated; 2) Choice of the evaluation dimensions; 3)
Definition of the levels or degrees used to order or measure the evaluation dimensions; 4)
Selection of the criteria under which each alternative will be evaluated; 5) Definition of the
uncertainty structures to be applied to the dimensions or the criteria; and 6) The establishment
of a set of aggregation procedures including the necessary parameters. This last step allows for
a more precise evaluation through a comprehensive relation and function between the
alternatives. Furthermore, in each of these described steps, the decision-makers’ priorities must

be taken into account;
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— The final recommendations are a translation of both the conclusions of the decision aiding
process and the evaluation model’s output into a language the DM can comprehend and apply
to support and help him/her on his/her decision. Lastly, the final recommendations should be

technically sound, operationally complete and legitimated to obtain the desired outcome.

The proposed methodology uses a constructive approach to establish fundamental parameters by
cooperation between the analyst and the DM (Antunes et al., 2016). The next sub-sections present an

expansion of the previously stated parts of the decision aiding process.

4.4.1 Representation of the problem situation

The MCDA methodology to be followed requires establishing two entities, the analyst and the DM.
Firstly, the actor in the decision-making process is identified. According to Roy (1996), an actor is a
person or a group of individuals who, directly or indirectly, impact the decision on its value system. The
value system is understood as an implicit system that supports the basis of an individual or group’s
value judgments, both relative and absolute (e.g., better/worse or good/bad, respectively). Also, when
it comes to a group as a single actor, there should be no distinction of value systems between the
individuals who belong to it.

On the other hand, the different individuals involved in the process can present different value
systems, proposing different goals, often conflicting ones. Thus, a decision support problem requires a
decision agent, individual or collective. This decision agent is responsible for making decisions, and for
whom decision support is carried out, which is called the DM. The DM also has the power and
responsibility to ratify the decision, assuming the consequences (Ferreira, 2011). In this case, the DM
must thoroughly comprehend the decision problem. Otherwise, the multi-criteria decision model will not
be accurate and, consequently, no reliable decision support will be provided. Therefore, the DM must
have know-how in the healthcare sector and on performance evaluation.

Moreover, the analyst will be responsible for aiding the decision-making process, who has the
necessary expertise to carry out this support (Figueira et al., 2013). The analyst works as a facilitator,
contributing to enhancing communication and reaching a compromise between the actors. Additionally,
he must also maintain impartiality throughout the model’s analysis (Ferreira, 2011) and implement the
analytical model, analyse and present the results. Throughout this decision-making process, there may
also be other interested parties, called stakeholders. These can directly affect the process (i.e., making
their preferences prevail), or they can be third parties with a passive role in the decision (i.e.,their
preferences are considered).

Finally, the DM and the analyst must consider the different value systems involved and attempt
to form the process to align with all the actors (Roy & Vanderpooten, 1996). In the next sub-sections,

the specific interactions between the DM and the analyst will be further developed.

4.4.2 Problem formulation and adaptation of the value tree

This part of the decision aiding process aims to materialise the knowledge and information gathered
throughout the problem situation’s representation. Subsequently, a review and establishment of the
criteria to evaluate the different alternatives understudy the hospitals and hospital centres, will be carried
out. According to Bouyssou et al. (2006), a criterion is “any dimension to which it is possible to associate
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a preference model, even a partial one, such that the client should be able to make a choice along this
single dimension.”. Therefore, this part of the problem formulation is responsible for identifying potential
alternatives understudy and describing the decision analysis’s expected results.

There are currently several evaluation criteria in MCDA to evaluate health entities’ performance
domain (mentioned in section 3.3). However, they may not be the most appropriate, that is, they may
not accurately reflect the environment and the quality of the services provided, as well as the
management of the institutions. It should also be noted that health is an irreplaceable asset that directly
impacts individuals and creates public value (Longaray et al., 2016). Accordingly, a list of criteria will be
assembled by creating the value tree of this framework.

The value tree will facilitate the perception of all the elements considered and form the foundation
for developing the entire process. It will be categorised into two specific levels, from broader to narrower,
fundamental points of view (FPVs) and criteria. The FPVs depict the highest and broadest dimensions
of the performance concept, which when analysed and described with more detail, give rise to more
objective and intelligible criteria. In this case, the criteria are the lowest and most detailed branches of
the tree, enabling to be operationalised and robust enough to evaluate and, eventually compare, the

alternatives.

4.4.3 Evaluation model

The evaluation model is the third part of the decision aiding process. This model involves the following
stages: 1) ldentification of a set of alternatives to be evaluated; 2) Definition and operationalisation of
the coherent family of criteria (on which the alternatives will be evaluated and compared); and 3)
Implementation of the analytical model, by assigning numerical values to the Choquet integral capacities
for each of the criteria and constructing interval scales to assign utility values on their performances.

Subsequently, and after this evaluation model has been successfully applied, partial and global
scores result from different study alternatives. The partial scores will compare health entities’
performance (hospitals and hospital centres) on individual criteria. On the other hand, global scores will
allow comparing the overall performance of the evaluated health entities.

Finally, the analysis of the results and the final recommendations will rely primarily on the overall
scores, since they are perceived as the central and key outputs of this framework. All of these steps will

be described in depth in the following sub-sections.

4.4.3.1 Identification of the alternatives
In this step of the framework, the analyst and DM should identify the alternatives. The identification of
alternatives comprises the selection of public secondary healthcare providers from the 43 institutions

that initially composed the benchmarking database, as previously stated in section 4.2.

4.4.3.2 Criteria operationalisation
The criteria operationalisation is accomplished through the development and use of descriptors.
However, before focusing on this topic, it is essential to highlight that the phase corresponding to the
model structure is based on an educational, iterative and constructive process.

The purpose of this phase is to create a representation of the different components of the problem.

Firstly, it starts by recognising the key features of hospital performance’s, the criteria. Lastly, it is
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concluded after each criterion has been operationalised by combining a suitable descriptor. Afterwards,
the criteria defined will be used to evaluate alternatives in terms of attractiveness.

Finally, the performance of the alternatives in these same criteria will be converted into a score.
A specific method for that purpose will aid this score.

The criteria must guide the overall decision-making process and, as such, they must be as useful
as possible in the creation and evaluation of alternatives and the identification of decision-making
opportunities. A criterion must be consistent and meet the following properties (Keeney, 1992):

— Essential: indicates the consequences for fundamental reasons of interest in the context of the
decision-making situation;

— Controllable: identifies the implications and influence of each alternative;

— Complete: covers all the fundamental aspects for the evaluation of the decision alternatives;

— Measurable: defines the precise objectives and allows the assignment of values to determine
how they can be achieved;

— Operational: presents the required information with margin regarding the time and efforts
available;

— Decomposable: ensures the independence of criteria;

— Non-redundant: avoids the reconsideration of potential consequences;

— Concise: restricts the number of opportunities to consider only those that are relevant;

— Intelligible or Comprehensible: promotes the understanding of all defined criteria.

Subsequently, the need to define the performance descriptors for each of the presented criteria is
established. According to Bana e Costa & Beinat (2005), a descriptor is a scale associated with a given
criteria that contains an ordered set of impact levels. The descriptors are established to operationalise
the evaluation of the impacts of the alternatives in a criterion, to measure the degree to which the
criterion is satisfied. There is a wide diversity of performance descriptors regarding: 1) Relation to the
criterion, 2) Reading representation, and 3) Representation in terms of continuity and finitude. All these
types are presented in Figure 13.

RELATIONSHIP TO THE CRITERION

TYPE OF DESCRIPTORS DESCRIPTION

Direct or Natural The scale levels directly represent an effect that is Pt ived by all individual

Indirect or Proxy Indicate causes more that effects

Specifically developed for a certain decision context. It lists different characteristics
Constructed ) . .
considered important but which ,are preferably dependent on each other.

READING REPRESENTATION

TYPE OF DESCRIPTORS DESCRIPTION

Qualitative Uses words (qualitative scale) to describe the different impact levels

Uses numbers (indices and formulas) to describe the different impact levels. They can be
Quantitative " . )
classified as continuous or discrete

— Uses images to describe the different impact levels. This is employed when qualitative
ictoria

descriptors are difficult to make, or seen as difficult to comprehend

CONTINUITY AND FINITUDE

TYPE OF DESCRIPTORS DESCRIPTION
Continuous Itis represented by a continuous function throughout its domain
Discrete Itis represented by a finite set of impact levels

Figure 13: Types of performance descriptors. Adapted from
Bana e Costa & Beinat (2005).
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It is important to note that, whatever the descriptor’s typology, it must describe the impacts of the
alternatives in the most objective way possible, avoiding ambiguities.

Finally, it should be elaborated a coherent value tree. This value tree will facilitate the perception
of all the elements to be considered and form the foundation for developing the entire process. This tree
is developed interactively with the DM through two possible methodologies: 1) Top-Down approach; and
2) Bottom-Up approach. The Top-Down approach builds the value tree by disaggregating criteria. In
contrast, the Bottom-Up approach is performed by aggregating criteria (Bana e Costa & Beinat (2005)).
The chosen methodology to build this value tree will be presented in the next chapter (i.e., fifth chapter)

when implementing this framework.

4.4.3.3 The Choquet integral
The aggregation model most used in practice is the additive model due to its simplicity. This form of
model typically evaluates the effect of alternatives on distinct criteria and converts them into final scores
by multiplying the non-negative value of each criterion’s weight and determining the weighted sum of
those values. This type of model can only be employed when criteria are desirably independent (Keeney
& Raiffa, 1993). Therefore, with the likelihood of interaction between criteria, this model becomes
inaccurate or limited. Non-additive models are the most suitable to represent those interactions, such
as the Choquet Integral (Choquet, 1953), which is currently the best known in the literature (Bottero et
al., 2018). Choquet Integral (Cl) is “an aggregation function that permits the aggregation of utilities on
the considered criteria taking into account interactions among criteria”. Moreover, it is “based on the
concept of capacity or fuzzy measure”, and it requires the following: 1) “the assignment of a weight to
each subset of criteria by means of a function called capacity”; and 2) “that the evaluations or utilities of
each action on the considered criteria are expressed on the same scale” (Bottero et al., 2018).

The subsequent sections detail the fundamental analytical and theoretical concepts related to the
Cl, determine the capacities and build interval scales. All of this is based entirely on the research paper
provided by Bottero et al. (2018, p.8-13).

Let A denote a set containing m alternatives, 4 = {ay, ..., a;, ..., a,}, and G a set with n criteria,
G = {94, .-, 9i, - gn}. FOr an alternative, a, and criterion, g;, g;(a) is the performance of alternative a
on criterion g;, and ui(gi(a)) is the utility of performance g;(a). This utility is going to be simplified to
u;(a). Moreover, a capacity is a set function, u: 2 — [0, 1], on the power set, 2¢ (all subsets of G)

satisfying the following properties:

i) Boundary conditions: u(@) = 0 and u(G) = 1;

i) Monotonicity condition: VS ST < G u(S) < u(T).
Logically, for any subset T € G, the value, u(T), depict the capacity (or weight) of the criteria of the
subset T. This should be understood as the utility value of an alternative with entirely satisfactory
performances (utility value of 1) on the criteria belonging to the subset T, and with entirely unsatisfactory
performances (utility value of 0) on the remaining criteria.

Since in any situation u(@) = 0 and u(G) = 1, the values u(S) (capacities of the set S) assigned

by the capacity u to all other 2!¢! — 2 subsets S of G have to be defined. Given an alternative a € 4 and

a capacity u on 2¢, the Cl can be defined as follows:
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Cula) = Z (u(i) (@) = ug-p (a)) 1(Gy), @

i=1
In equation 2, u, ..., U, are the utilities of criteria from G, reordered in such a way that u;y(a) < -+ <
up(@ < < upy(@), and G; = {(D), ..., ()}, fori =1, ...,n, with u)(a) = 0.
In this regard, the concept of M&bius transformation is provided and the CI is reformulated
correspondingly. Given a capacity u on 2¢, its Mobius representation is a function m : 26 — R, such
that, for all S € G,

u) = Y m), ©
T<S
we have that,
m©) = ) (ORI, @
TES

where the properties mentioned above are now reformulated as follows:
i) m(@) =0, Xree m(T) =1,
iiVi€eGand VR <G\ {i}, m({ih+ Xreg m(T U {i}) > 0.

The CI can now be expressed in terms of the Mobius representation m of the capacity u as follows,

Cu(@) = ) m(T) minfu,@)} ©

TSG

As previously mentioned, the Cl has a significant advantage: it considers a flaw presented in the
literature review, the interaction between criteria. Additionally, two forms of interaction are perceived:
the mutual-strengthening and the mutual-weakening effect (Figueira et al., 2009). Bottero et al. (2018)
state that “a mutual-strengthening effect between two criteria is present when the overall weight of these
two criteria is greater than the sum of the weight of the two criteria considered separately” and, in
contrast, “a mutual-weakening effect between two criteria is present when their overall weight is less
than the sum of the weight of the two criteria considered separately”.
The Cl assigns an overall weight or capacity, u(S), with S each subset of the actual set of criteria,
G. This capacity must be assigned to a dummy project, which corresponds to satisfactory performance
on the criteria of the subset S and unsatisfactory performances in the remaining criteria of the G\ S
group. In a situation where u(S) does not correspond to the sum of the total weights u({g;}), the criteria
belonging to the subset S must be interpreted as the result of some form of interaction among criteria
(Bottero et al., 2018). When taking into account a pair of criteria, g; and g; one of the following cases
may occur:
— Synergy between criteria, in which both are strengthened by interaction. In this case, u({i,j}) >

ul{@}) + uj}), represented in terms of Mobius by m({i,j}) > 0 ;

— Redundancy between criteria, in which both are weakened by interaction. In this case,
ul{i,jh < ul{@}) + u{j}), represented in terms of Mobius by m({i, j}) < 0;
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— No interaction between the two criteria g; and g;. In this case, u({i,j}) = u({i}) +u({(j}),
represented in terms of Mébius by m({i, j}) = 0.

In this context, where it is considered only interactions between pairs of criteria g; and g; € G, rather

than interactions for any subsets of criteria, m({i, j}) contains all the related information needed. Taking

into account the latter and simplifying the nomenclature, m; will be used instead of m({i}) for all i € G

and m;; will be used instead of m({, j}) for all {i,j} € 0. The same applies to y; and ;. Let O denote

the set of interacting pairs of criteria, {i,j}; thus, for all S € G we have

WS = ) m@ + > m@, ©
iesS {i,j}csfijleo
and,
S = ) miN+ Y. m@H =1, @
LEG {i,j}eo

culminating in the reformulation of the CI as:

Cul@) = Y miu(@ + Y m({i Hminfu (@), (@} ®
i€G {i,j}€0
The group of specialists must specifically define and pick the existing pairs of interacting criteria.
Moreover, it is also essential to identify the type of these interactions (mutual-strengthening or mutual-
weakening). It should be noted that this step must be performed as the latest stage in the adaptation of
the value tree, considering that the number of interactions should be minimal. Otherwise, the problem
will become too complicated, compromising the communication between the group of experts and the

analyst.

4.4.3.4 Determining the capacities

The Deck of Cards method was chosen as a methodology to support this problem’s construction. This
method was proposed by Jean Simos, in 1994, to determine the criteria weights in a context of
outranking methods. Later, Figueira & Roy (2002) proposed an adaptation to this model to build other
ratio scales and interval scales. Subsequently, Bottero et al. (2018) used Figueira & Roy (2002)
extension to build ratio scales, by determining the capacities, u, of the different criteria and their
interactions. In this context, there must be a dialogue between the analyst and the group of experts.

This process should contain the following steps:

1. The analyst provides the experts with the first deck of cards. This set of cards must have many
cards as criteria and respective interactions. Each card represents a criterion, referred to as

objects;

2. The analyst provides another set of cards containing only blank cards, wide enough to execute

the following steps;

3. At the analyst’s request, the group of experts must rank the first set of cards from the objects

they consider to have the highest to the lowest weight/capacity. Note that if two cards are tied
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(in terms of preference level between objects), they should be considered at the same ranking
position, side by side;

4. Afterwards, the analyst must mention to the experts the fact that consecutive positions in the
ranking can be more or less close, noticing that the equidistance between the different levels is
not mandatory. Subsequently, the experts are asked to model this disparity between objects
with the blank cards’ support. They must do this by placing the number of blank cards they find
appropriate between consecutive positions;

5. Finally, in the preceding steps, the analyst must decide and fix the value of the ratio z. This ratio
represents how many times the value/capacity of the project in the first position is greater than
the value/capacity of the project in the last position of the ranking.

The construction of a ratio scale for capacities considers a specific set of objects called (fictitious)
projects. The reference set of cards will be composed by n and |0| projects. The n projects must be as
many as the number of criteria. On the other hand, the |0| projects must be as many as the number of
interactions between pairs of criteria). The n projects’ cards must have the highest evaluation (utility
value 1) on one criterion and the lowest evaluation on the others.

Hereafter, the n projects will be denoted by p;, for all j € G and the |0| interacting criteria will be
denoted by p, = p;;,k =n+1,..,n+ 0|, forall {i,j} € 0. Ageneral project p; is defined by a vector of
the form (0, ...,0,%;(p;) = 1,0, ...,0), depicting a project with the highest evaluation on criterion j and the
lowest elsewhere. On the other hand, a general project p, is characterised by a vector of the form
(0,...,0,u;(p) = 1,0,...,0,u;(p;) = 1,0, ...,0), representing a project with the highest evaluation on criteria
i and j, and the lowest elsewhere.

The computation of Cl needs to evaluate the capacity, u, as well as its Mdbius representation, m.
The proposed method to assess that capacity can be represented and outlined as follows: The set of all
the reference projects will be defined as P = {p;,p5, ..., P, .-, P} (Where t = n + |0|) and R denotes the
ranking of projects provided by the group of experts, R = {Ry, ..., Ry, ..., R,}, Wit R, containing the
project(s) with the highest weight/capacity and R, , containing the project(s) with the lowest
weight/capacity. Let r;, denote a project representative of projects in the equivalence class R;,h =
1, ..., v, this means all the projects in class R, will have the same value as r;,. Additionally, e, will denote
the number of blank cards between the equivalence classes R, and Ry, h =1, ...,v — 1. It is essential
to note that there are as many units between the first and the last position as the total number of blank
cards plus the number of intervals in the ranking (no blank cards equals one unit level between
equivalence classes).

Subsequently, the information mentioned above must be collected from the decision-makers,
precisely the set of ranked reference projects R and the number of blank cards between the equivalence
classes e,,. This information should then be used as an input to run the software SRF (an acronym for
Simos-Roy-Figueira). This software will use the revised Simos’ procedure Deck of Cards method to
return the value w(py) for each project (criterion or interaction). It is necessary to compute, for k =

1, ..., t, the Mobius coefficients, m,, from the following equation,
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_ W) 9)
= S wpy)’

and the capacities, y,

w(py) (10)
B = ST =~
* 2521 w(p;)
Where the modified values, w(p,), are calculated through the w(p,) values, using one of the following

equations:

(11)
- w(pr) = w(py), ifk =1 € (i.e., acriterion);

- wpe) = wlp) — wp) — w(p;), if pe = pij. {i,j} €0, for k =n +1 (i.e., an interaction). (12)

Finally, it is vital that the Mdbius coefficients, m,, comply with conditions i’) and ii’) and are consistent
with the sign of interactions (positive values for mutual-strengthening cases and negative values for

mutual-weakening cases). These conditions are crucial to prevent non-conformity cases.

4.4.3.5 Building interval scales

A procedure is required to translate the original scales of the criteria into a single standard scale.
However, this procedure “should account for the intensity of preferences between consecutive intervals
of the scale.” (Bottero et al., 2018). Therefore, Bottero et al. (2018) used another extension of the Deck
of Cards method (Figueira & Roy, 2002), as mentioned in the previous sub-section, to determine interval
scales (applied to express utilities on the deemed criteria). Considering that the utility values of the
Choquet integral represent “the levels of a common interval scale, in general, within the range [0,1].”,
the procedure described here will produce a scale within that range (Bottero et al., 2018).

Additionally, the construction of an interval scale must specify at least two reference levels for
anchoring the computation, rather than the definition of z, as in ratio scales. If more than two reference
levels are established, the procedure can be replicated for every two consecutive reference levels. The
construction of scale intervals for each of the criteria is performed based on the following steps,
proposed by Bottero et al. (2018):

1. A discrete scale of a g criterion is considered, with E; = {l;,l,, ..., I, ..., [}, where levels are
ordered by preference, [; <, <+ <[, <+ <[, —1< 1, (< means “strictly less preferred
than”);

2. Define two reference levels, for example, [, and [,, and their respective utility values. Usually,
u(lp) =0 as minimum and u(l;) =1 as maximum. If more than two reference levels are
defined, the procedure described is replicated for every two consecutive ones;

3. Introduce in the ranking the number of blank cards, e,, between every two consecutive levels
of the already ranked scale, [, and .1, k =1,..,t — 1: Lie; e, .. lyexliyr - Li_1€_1ls;

4. After, consider only the level between [, and [, (in between levels [, and [, ., there are ey,

units). To compute the utility valuation per unit:
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u(lq) u(l, )

(13)
where h represents the number of units between levels [,, and [;:
q-1
k=p
5. The utility value for each level u(l;),k = 2, ..., t, is calculated as follows:
k-1
u(ly) =ull_,) + aZ(ej + 1) . (15)
j=1

However, these previous steps are performed only for discrete scales. If the scale is numerical

(continuous), it is applied the following equation, with g]l- <gj<gj:

uf(gj)=uj(g})+§§ ( ,(92) - (9h)) (16)

Therefore, in this case, the utility values associated with each of the alternatives’ performance are

defined by linear interpolation.

4.4.4 Final recommendations

The evaluation model (previously described) will produce an output displayed in the decision support
language. However, this output must be translated into the client’s language, as part of this framework’s
final step, the final recommendations. Therefore, the final recommendations should convert the
evaluation model’s conclusions into a presentation that the decision-makers can use to make their
decision simpler or more informed. Moreover, the final recommendations should satisfy the following

essential features (Bouyssou et al., 2006):

1. Technically soundness, that is, verify that incorrect or redundant procedures have not been
applied;
2. Operational completeness, that is, make sure the client understands the recommendations and

can apply them in a given context;

3. Legitimation, by verifying how the recommendation is implemented and presented to the other
actors involved. Additionally, also ascertaining its context at an organisational, ethical and
interpersonal level, since they are not necessarily considered in the formulation and construction

of the model.

However, the final results may not be fully in line with the client’'s concerns or the decision-making
process for which the support request was requested (Bouyssou et al., 2006). For this reason, the results
must be submitted to a rigorous set of analysis and tests before final recommendations are made. In
the end, itis crucial to have a consensus between the group of decision-makers and the actors involved.

Lastly, it should be noted that the presented recommendations are not obligations, just
suggestions. They are only a tool for the DM to be more prepared to address complex decisions and
select an alternative prudently and rationally. The DM or group of experts will always have the final

decision.
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4.5 Chapter Summary

After presenting the research questions underpinning this work’s motivation and revealing the MCDA

approach used in this dissertation, the eight sequential phases of this framework were introduced

throughout this chapter. The eight steps will be performed in the subsequent chapters by the following

order:

CHOICE OF THE TIME
INTERVAL
15

2nD
IDENTIFICATION OF
THE DM

IDENTIFICATION OF
THE ALTERNATIVES
am

CHAPTER 5

4
ADAPTATION OF THE
VALUE TREE

SCORING THE
ALTERNATIVES
M

&
CRITERIA
OPERATIONALISATION

APPLICATION OF THE
EVALUATION MODEL
7m0

CHAPTER 6

am

PRESENTATION,
ANALYSIS AND
DISCUSSION OF THE
RESULTS

Figure 14: Framework steps. Source: Own elaboration.

The proposed framework’s first seven steps will be applied to a concrete case study during the fifth

chapter. The final step will be performed in the sixth chapter.
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5. METHODOLOGY APPLICATION

This chapter aims to implement the MCDA methodology steps, presented in the fourth chapter, to a
practical case study. Additionally, each sub-section represents one of the steps in the framework. The
selected case study applies to the health sector, more specifically, to evaluate the Portuguese public
hospitals’ performance. Afterwards, the final results are presented, considering that all steps have been
entirely performed and detailed. Lastly, it is noteworthy that these results are crucial to answer the

research questions.

5.1 Choice of the time interval (first step)

The time interval established to the subject of this analysis was 2019. Although the ACSS benchmarking
database already contains data until November 2020, many entities were not available. In contrast, the
data of 2019 was far more complete, and it is the most recent finished one. Furthermore, the
benchmarking database’s information is provided in months, yet it is simple to produce each institution’s

accumulated results per year.

5.2 Identification of the decision-maker (second step)

A decision support problem requires a decision agent, individual or collective (as mentioned in sub-
section 4.4.1). In this case, an individual decision agent was chosen, also known as DM. Bearing in
mind that the DM decisions are based on his values, preferences and beliefs, he must have know-how
in this dissertation’s central themes, specifically the health sector and performance evaluation.
Therefore, the DM selected to be part of this dissertation fulfils all of these requirements. He is an expert
on the topics presented and in more specific fields, such as healthcare administration and management.
Consequently, having an honourable source is crucial to: 1) Help the analyst avoid uncertainty or bias
throughout the study; and 2) Present more legitimate, reliable and safe results. Finally, it is worth

mentioning that the DM was involved in several steps of this methodology, identified in Figure 15.

DECISION-MAKER

SUPPORTED

AND PROVIDED HIS

VALIDATED PREFERENCES

The choice The choice of The choice of The criteria To determine

of time N FPVs. criteria N . .
. alternatives o operationalization the capacities
interval and indicators

Figure 15: Scheme of the methodology steps where the DM was
involved. Source: Own elaboration.

46



5.3 lIdentification of the alternatives (third step)

Identifying the alternatives comprises selecting public secondary healthcare providers from the 43
institutions that initially composed the ACSS benchmarking database. These institutions are divided into
five groups (group B to F), as previously mentioned in the “Initial Remarks” section. The excluded

institutions from the sample and the respective reasons for doing so were as follows:

— Local Health Units (LHU): all eight LHU have been removed since they result from vertical
integration between one hospital and various primary healthcare centres. Therefore, comparing
them to hospitals and hospital centres would be dishonest and biased (Fernandes et al., 2019);

— Public-Private Partnerships (PPP): all four PPP have been removed since they had an

incomplete data set, which has no use for this analysis;

— Group D: one institution was excluded from this group, Fernando da Fonseca Hospital, CPE.
This institution did not have the values for the indicator referred to as operating expenses per

standard patient, for the time interval under study;

— Group F: all three institutions in this group have been removed from the sample. They all are
Portuguese Institutes of Oncology (P10O), which makes them public hospitals. However, they are
specialised and present a specific production technology (directed to cancer) (Ferreira et al.,
2018).

Finally, this led to 27 institutions (six hospitals and 21 hospital centres) distributed across four groups
(group B to E). However, the clustering groups are not considered in this analysis because the study
objects are hospitals as individual institutions. The Portuguese public hospitals and hospital centres
under assessment and the corresponding alternatives notation, a;, with i =1, ...,27, are presented

below, in Figure 16.

ALTERNATIVES

ay — Médio Ave Hospital Centre, CPE; a4, — Senhora da Oliveira (Guimardes) Hospital, CPE; @19 — Algarve University Hospital Centre, CPE;

a, — Pévoa do Varzim / Vila do Conde Hospital Centre, CPE; a4, — Baixo Vouga Hospital Centre, CPE; azq — Garcia da Orta Hospital, CPE;

a; — Figueira da Foz District Hospital, CPE; ay, — Entre Douro e Vouga Hospital Centre, CPE; ayy - Espirito Santo de Evora Hospital, CPE;

a, — Santa Maria Maior Hospital, CPE; ay3 — Médio Tejo Hospital Centre, CPE; ay, — Porto University Hospital Centre, CPE;

a; — Oeste Hospital Centre, CPE; ay4 — Santarém District Hospital, CPE; a,3 — Sao Jodo University Hospital Centre, CPE;

ag — Barreiro / Montijo Hospital Centre, CPE; a5 — Tamega e Sousa Hospital Centre, CPE; ay4 — Coimbra University Hospital Centre, CPE;

a, — Cova da Beira University Hospital Centre, CPE; ay — Vila Nova de Gaia/Espinho Hospital Centre, CPE; ~ @as— Lisboa Central Universily Hospital Centre, CPE;
ag - Leiria Hospital Centre, CPE; ay7 — Trés-os-Montes e Alto Douro Hospital Centre, CPE; @2 — Lisboa Ocidental Hospital Centre, CPE;

aq — Settibal Hospital Centre, CPE; a4 — Tondela - Viseu Hospital Centre, CPE; a7 — Lisboa Norte Hospital Centre, CPE;

Figure 16: The twenty-seven institutions selected to be part of this case study. Source: Own elaboration.
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5.4 Adaptation of the value tree (fourth step)

In this case, the benchmarking database already presented the indicators. Therefore, the bottom-up
approach was selected (Figure 17). Keeney (1992) states that this is a traditional approach and calls it
“alternative-focused thinking (AFT)” since it generates criteria through the study of alternatives. Firstly,
the indicators are selected. Then, and based on the selected indicators, the criteria were defined. Finally,
these criteria were grouped and added to suitable areas or fundamental points of view (FPVs). It should
be noted that the selection of criteria was not developed in a fully independent way, as it still took into

consideration the ones presented in the literature review.

Figure 17: Scheme of the bottom-up approach
to building the value tree. Source: Own
elaboration.

5.4.1 Indicators

Itis necessary to select the indicators of interest, among the 34 displayed in the benchmarking database.
The indicators are categorised in six dimensions: Access (two indicators), Assistance Performance
(eight indicators), Volume and Usage (six indicators), Productivity (four indicators), Safety (six
indicators) and Economic-Financial (nine indicators). These six dimensions are different from the ones
presented in the literature review. Thereby, there was a need to select the indicators bearing in mind
that they would later be integrated into those previously presented dimensions. Moreover, the
completeness of data is also essential for the selection of the indicators. Thus, the indicators excluded

from the sample were as follows:

— Volume and Usage dimension: all six indicators of this dimension were removed for two reasons.
Firstly, the presented values were almost null. Secondly, since all indicators are specific, they

would add little information to hospital performance and consequent comparison;

— Assistance Performance dimension: One indicator was removed, as it has almost no data to
compare. This indicator was the percentage of vaginal deliveries after caesarean section in

unifetal, cephalic and full-term pregnancy (UCFTP);

— Economic — Financial: this dimension has nine indicators. Four were removed because their
sum represents an indicator already present in this group, the operating expenses per standard
patient. Those removed were as follows: 1) Personnel expenses per standard patient; 2)
Expenditures on pharmaceutical products per standard patient; 3) Drug expenses per standard

patient; and, 4) Expenditure on medical consumables per standard patient.
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Finally, this resulted in the selection of 23 indicators presented in six dimensions according to the ACSS.
However, there are still many indicators to be applied in the evaluation model, as stated by the DM. This
considerable amount of indicators can become heavy when eliciting the value functions and capacities
of the Choquet integral. Therefore, it is of utmost importance to reduce this number before applying the
evaluation model. Consequently, only eight of the twenty-three indicators were selected, taking into
account the study carried out by Pereira (2018). This author faced the same situation, having performed
a statistical correlation test in MATLAB program, to eliminate the highly correlated variables.

Consequently, the author’s study’s resulting indicators will be used in this dissertation, but not in
its complete state. The indicators did not all have the same preference direction. Some were meant to
maximise and others to minimise. However, this dissertation uses the Choquet integral, an aggregation
operator, which makes it impossible to aggregate criteria with different preference directions. Therefore,
the criteria g,, 9,, g¢, g, and gg were changed, so that all the criteria have the same preference
direction, which is minimisation. The list of those indicators was approved by the DM and is described
below:

— Number of non-urgent first medical appointments not performed in adequate time per 100 first
medical appointments: an indicator that expresses in percentage value the proportion of
referenced users for the first external consultation, not provided within the maximum guaranteed
response time (MGRT), in the total of first external consultation provided, in the period under
analysis. This criterion was defined in the ACSS benchmarking database as Number of non-
urgent first medical appointments performed in adequate time per 100 first medical
appointments. Consequently, it had to be changed since its preferred direction was
maximisation;

— The absolute difference in annual occupancy rate to a reference value of 85%: an indicator that
measures how far the occupancy of inpatient beds is for a reference value of 85%. This criterion
was defined in the ACSS benchmarking database as in-hospital annual occupancy rate and

presented a chromatic rating scale (Figure 18).

80% < Occupancy rate < 90% O

75% < Occupancy rate < 80% and 90% < Occupancy rate < 95% O

Occupancy rate < 75% and Occupancy rate > 95% .

Figure 18: Chromatic classification system for the indicator of the in-hospital
annual occupancy rate. Source: ACSS benchmarking database.

Figure 18 shows that there is a trade-off between productivity and access. Consequently, for an
annual occupancy rate greater than 95%, the institution is almost full, and for less than 75%, it
is considered inefficient. Finally, and having changed the indicator for criterion g, to the absolute
difference in annual occupancy rate to a reference value of 85%, it is now possible to choose

the preferred dimension, which is minimisation;

— Average waiting time before surgery: an indicator that expresses the average number of days
between the hospitalisation date and the surgery date for episodes of homogeneous diagnostic

groups (HDG) of scheduled hospitalisations that occurred in the period under analysis;
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— Number of inpatients staying more than 30 days per 100 admissions: an indicator that expresses
in percentage value the proportion of hospitalisations with a delay more significant than 30 days,
in the total of hospitalisation episodes with discharge, occurred in the period under analysis;

— Number of readmissions 30 days after discharge per 100 inpatients: an indicator that expresses,
in percentage value, the number of hospitalisation episodes that occurred in the 30 days after

discharge in the total of episodes of internment;

— Number of outpatient surgeries not performed per 100 potential outpatient procedures: an
indicator that expresses in percentage value the proportion of outpatient episodes not performed
in the total scheduled outpatient and inpatient episodes, for surgical procedures identified by
the National Commission for the Development of Outpatient Surgery (NCDOS) as most
frequently performed in outpatient clinics, occurred in the period under analysis. In the ACSS
benchmarking database, this criterion was defined as Number of outpatient surgeries performed
per 100 potential outpatient procedures. Consequently, it had to be changed since its preferred

direction was maximisation;

— Number of hip surgeries not performed in the first 48 hours per 100 hip surgeries: an indicator
that expresses in percentage value the proportion of hip fractures with surgery not performed to
users aged 65 years or older, in the first 48 hours after admission, in the total of hip fractures
with surgery performed to users older than or equal to 65 years. This criterion was defined in
the ACSS benchmarking database as Number of hip surgeries performed in the first 48 hours
per 100 hip surgeries. Consequently, it had to be changed since its preferred direction was
maximisation;

— Operating expenses per standard patient: an indicator that expresses, in euros, the value of
operating expenses per standard patient. This indicator only presented data In the ACSS
benchmarking database until November 2019 (and not until December 2019 like the rest), so

an extrapolation was performed to obtain data for December 2019.

Finally, it must be emphasised that the benchmarking dimensions presented on the ACSS
benchmarking database will not be used in this study, since that is not the objective of building this value
tree. The objective is to delegate each of these indicators to a criterion, as shown in the following sub-

section.

5.4.2 Criteria

This sub-section presents the family of criteria that belongs to each indicator mentioned above. The

resulting family of criteria, denoted g,,, forn = 1, ...,8, are the following:

— Timeliness of first medical appointments, g,: this criterion is crucial for: 1) Transparency in the
scheduling of the first hospital speciality consultation in the NHS; 2) Clinical screening in
hospitals with the attribution of levels of privacy appropriate to the users’ situations; 3)
Standardisation of the treatment of information on access to the first hospital speciality
consultation; 4) More efficacy and efficiency in the response of the institutions providing care

and facilitate communication between health professionals; and 5) Better guidance for users to
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consult the speciality they need (Ministério da Salde, 2016). The indicator corresponding to this
criterion is the Number of non-urgent first medical appointments not performed in adequate time

per 100 first medical appointments, and it is essential to minimise it;

Occupancy, g,: the objective in measuring this sub-criterion is to effectively improve the
accessibility of patients in healthcare by optimising the resources of hospitalisation in the
institution, in this particular case, managing beds. The management of beds can be defined as
a process of organisation, programming and regulation of admissions and hospital beds,
respecting quality criteria. So, this is one of the critical points for hospital efficiency (Carneiro,
2012). For Collins et al., (2010) due to the existing financial limitations, the acute demand for a
bed for an inpatient and the absolute need to ensure efficiency in the use of healthcare
resources, made it increasingly necessary to rationalise the existing beds in the hospital, to
combat bedlessness. The indicator corresponding to this criterion is The absolute difference in
inpatient bed annual occupancy rate to a reference value of 85%, and minimisation is ideal for

the difference to be as close as possible to the ideal value;

Waiting time before surgery, g,: waiting lists and waiting times above clinically acceptable limits
are a reality in several Organisation for Economic Cooperation and Development (OECD)
countries. Consequently, it is often not possible to perform surgical procedures for patients on
the recommended dates. These waiting times above clinically acceptable limits cause several
adverse effects on the patient, such as the disease’s progression, and the decrease in future
treatment results. This call into question not only the patient’s well-being but his own life (Reis,
2014). Therefore, inappropriate waiting times may indicate barriers to access, of an
organisational nature, due to poor planning of resources and inefficient use of existing capacity.
The indicator corresponding to this criterion is the Average waiting time before surgery, and itis

vital to minimise it;

Bed-blockers, g,: the prolongation of a patient’s stay in a hospital causes a delay in his transfer
to the community which, due to medical decision, is discharged but still occupies a bed. This
phenomenon is called bed-blocking, and the patients who cause it are known as bed-blockers.
This phenomenon can have several harmful psychological and physical effects and, increase
the risk of hospital infections and cause high economic losses (Gaughan et al., 2017). The
indicator corresponding to this criterion is the Number of inpatients staying more than 30 days

per 100 admissions, and it is essential to minimise it;

Readmissions in 30 days, gs: hospital readmission is defined as a new hospitalisation that
occurred within a certain period, in this case, 30 days after being discharged. Nowadays, high
readmission rates are related to increased expenses in the health sector, with a decrease in
healthcare quality and high hospital mortality rates. Consequently, reducing hospital
readmissions rates reduces hospital costs and improves the quality of treatments (Sousa-Pinto
et al., 2013). The indicator corresponding to this criterion is the Number of readmissions 30 days

after discharge per 100 inpatients, and it is crucial to minimise it;
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— Outpatient surgeries suitability, g4: interventions in outpatient units include small and medium-
sized surgeries, under local or regional anaesthesia, and different specialities. These outpatient
surgeries have the following advantages: 1) Avoid or reduce the risk of hospital infection; 2)
Collaborates in reducing preoperative anxiety, both for the patient and his family; 3) Provides a
faster return to the home and social environment; and 4) Reduces costs for the patient and the
institution (Pereira et al., 1998). The indicator corresponding to this criterion is the Number of
outpatient surgeries not performed per 100 potential outpatient procedures, and it is vital to
minimise it;

— Hip surgery timeliness, g,: many studies show that the delay in performing the surgical
procedure is one of the main factors related to the increase in the mortality rate. For patients
without acute comorbidities, clinical studies indicate that surgery should be performed within the
first 24 to 48 hours, to reduce the risk of complications. Therefore, it is crucial to increase the
number of hip surgeries in this period and, consequently, evaluate this surgical intervention
(Ono et al., 2010). The indicator corresponding to this criterion is the Number of hip surgeries

not performed in the first 48 hours per 100 hip surgeries, and it is essential to minimise it;

— Operating expenses, gg: the efficiency of each institution is determined by the cost ratio with the
“standard patient” measure. The calculation of this is based on “the transformation of the
hospital activity, by heterogeneous nature, into a production unit in order to allow the exercise
of comparison between entities.”. However, “the calculation of the standard patient may not
include all private individuals and the entire service portfolio of hospital entities, so it may be
considered a more in-depth analysis at the micro level.”. The indicator corresponding to this

criterion is the Operating expenses per standard patient, and it is crucial to minimise it.

Conclusively, it is notable that each indicator has an associated criterion. In the next sub-section, each

criterion will be placed in a group of FPV, based on those indicated in the literature review.

5.4.3 Fundamental points of view

The selection of these FVPs represents the final phase that remains to complete the value tree.
Therefore, taking into account the selected indicators and respective criteria, the following four groups
of FPVs, denoted FPV,,, forn = 1, ...,4, emerged:

— Access, FPV, : Access is a multi-dimensional concept and is concerned with “helping people to
command appropriate health care resources to preserve or improve their health.” (Gulliford et
al., 2002). It measures the system’s ability to provide care services to any citizen whenever
necessary or intended. Moreover, accessible health care services exhibit appropriate levels of
resources per user or per requested care and operate to sustain or enhance their health.
Additionally, to measure access, specific dimensions should be considered, such as services
availability, timeliness of services and affordability. Services availability regards the existence
of disposable resources to be used when required. Timeliness of services refers to the capacity

of delivering healthcare services. Finally, affordability applies to the user’s willingness to pay

5 Availble at https://benchmarking-acss.min-saude.pt/. Last accessed on 19th October 2020.
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(for example, fees applied to users by the medical or nursing act) (Ferreira & Marques, 2018;
Gulliford et al., 2002; National Academies of Sciences, Engineering, and Medicine, 2018). The
criteria pertaining to this FPV are g,, g, and gs;

Care Appropriateness, FPV,: Care appropriateness is a quality-related area whose criteria
correspond to a specification of process quality (Ferreira et al., 2017). Moreover, Ferreira &
Marques (2018) identify care appropriateness as an indicator of outcomes and process quality
that can provide patient-centred care services supported by evidence-based medicine or
scientific knowledge. It is expected that, when following evidence-based guidelines, the
intervention or service results in health benefits (e.g., increased life expectancy, improved
functional capacity, pain relief) exceeding the expected health risks (e.g., mortality, morbidity,
pain resulting from the intervention) by a wide fair enough margin to take the intervention or
service worth doing (National Academies of Sciences, Engineering, and Medicine, 2001). If the
healthcare services are not adequate, poor resolution of the patient’s problem can occur. In turn,
this poor resolution results in an excessive delay of stay, which can result in the appearance of
other diseases (e.g., pressure ulcers and hospital-acquired infection, unstable therapy at
discharge, unsuitable post-discharge care and of course the last scenario readmission of the
patient) (Ferreira & Marques, 2018). The criteria belonging to this FPV are g, and gs;

Patient Safety, FPV;: Patient safety is “the absence of preventable harm to a patient and
reduction of risk of unnecessary harm associated with health care to an acceptable minimum”
(WHO, 2020). Nowadays, this FPV represents one of the significant challenges for healthcare.
However, its improvement is essential to reduce illness and damage, decrease treatment and
hospital stay, improve or maintain the patient’s functional status, and increase the patient’s
sense of well-being. In patient safety, surgical care is one of the main components. Surgical
intervention on public health systems continues to grow as traumatic injuries, cancers and
cardiovascular disease continue to rise. Although these surgical procedures are intended to
save lives, unsafe surgical care can substantially harm, and even be at the core decision
between life and death (WHO, 2020b). The criteria affiliated to this FPV are g, and g,;
Efficiency: Measures the system’s ability to achieve the objectives concerning the resources
consumed, meaning it bears in mind the various costly consume inputs (e.g., labour and capital)
to produce values outputs. The healthcare systems providers have a genuine interest in seeking
out best practices and identifying scope for improvement. However, there are some cases where
health care providers are technically efficient not because the best practices are being followed,
but because they divest on safety, care appropriateness and access to increase the number of
treated patients mitigating the lack of investment. The health entities’ primary goal should be
financially sustainable management of the resources, and delivering the best care possible
being cost-effective. Therefore, it is expected that an efficiency analysis covers aspects as the
purchasing organisations, hospitals, physician practices and individual physicians and their
ability in avoiding waste, including waste of equipment, supplies and energy (Jacobs et al., 2006;
National Academies of Sciences, Engineering, and Medicine, 2018). The criterion associated to
this FPV is gg.
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5.4.4 Final representation of the value tree

Table 3 shows all the FPVs, criteria and indicators selected in the previous sub-sections, which together

form the complete value tree. Additionally, the preferred direction for each criterion is also represented.

Table 3: FPVs, criteria and indicators with minimisation as the preferred direction.
Source: Own elaboration.

INDICATORS

PREFERENCE DIRECTION

Number of non-urgent first
N ) . medical appointments not
g1 Timeliness _offlrst Medical performed in adequate time Minimisation o
Appointments . 3
per 100 first medical
appointments
The absolute difference in
FPV A
1 coess gz QOccupancy annual occupancy rate to a Minimisation o
reference value of 85%
g5 Waltlnngme Before Average waiting time before Minimisation o
urgery surgery
Number of inpatients staying
N Bed-Blockers more than 30 days per 100 Minimisation o
Care admissions
FPV, | Appropriateness
Number of readmissions 30
gs Readmissions in 30 Days days after discharge per 100 Minimisation o
inpatients
Outpatient Surgeries Number of outpatient surgeries o
gs s not performed per 100 Minimisation o
Suitability ) .
potential outpatient procedures
FPV; Patient Safety
Number of hip surgeries not
g7 Hip Surgery Timeliness performed in the first 48 hours Minimisation °
per 100 hip surgeries
. . Operating expenses per N
FPV, Efficiency gs Operating Expenses standard patient Minimisation o

5.5 Scoring the alternatives (fifth step)

The performance table represents each alternative’s score for each criterion, including 27 institutions

and eight criteria. Consequently, it results in a matrix with 216 entries (Table 4). The values for criteria

93, 94 and gs were taken directly from the ACSS benchmarking database, and criteria g, g,, 9¢, g7 and

gs Were recalculated using Microsoft Excel, with the proper modifications (Appendix A).

Table 4: Performance table. Source: Own elaboration with data from ACSS benchmarking database.

CRITERIA a as az ay as ag az ag Qg (2T) agy A a3 @y
g1 19.46 7.79 25.96 13.63 45.20 13.08 28.06 43.39 33.92 51.98 28.31 26.51 23.28 38.70
gz 213 4.67 10.11 832 0.85 1.60 5.47 0.04 0.39 2.54 1.34 7.32 6.53 2.28
gs 0.80 0.58 0.82 0.48 0.90 1.04 0.72 0.71 0.96 0.57 0.44 0.57 0.70 1.03
N 4.42 1.03 292 1.76 2.74 4.59 4.26 271 3.27 4.12 2.84 2.77 3.72 3.34
gs 6.37 6.11 8.67 8.08 7.87 7.75 7.51 8.57 8.36 7.87 6.72 7.30 9.68 10.39
e 11.87 29.21 14.18 14.81 24.89 23.94 21.58 9.94 11.51 18.08 19.72 15.63 17.64 9.24
g7 80.61 14.40 40.83 60.75 70.62 72.40 50.00 63.21 43.68 53.63 24.92 83.09 78.81 77.78
gs 4171 3891 3337 2416 4186 3838 4754 3487 4232 3725 3997 3657 4573 4193
CRITERIA a5 A16 a7 18 19 azo az1 22 az3 azq azs 26 azz
g1 32.12 48.54 43.66 23.61 29.37 22.85 30.04 25.68 48.55 39.34 28.82 30.68 38.10
gz 9.93 231 459 432 6.47 8.17 1.31 10.67 2.47 6.66 4.08 5.82 4.66
gs 0.63 0.83 1.02 1.78 1.38 1.16 0.35 0.71 0.97 1.35 1.30 1.42 0.98
N 3.38 3.77 2.68 4.07 5.95 4.88 3.50 4.04 4.34 432 4.65 5.37 4.45
gs 6.49 7.48 11.63 5.61 7.44 7.27 5.44 6.69 8.15 8.63 6.97 6.47 9.36
e 14.66 18.15 14.03 5.82 14.23 9.31 26.84 18.16 26.17 18.17 17.18 2213 16.46
g7 41.50 46.37 36.57 64.06 85.67 85.06 83.47 70.03 40.71 54.81 69.96 67.86 61.37
gs 3387 3428 3644 3655 4304 3232 3505 3509 3305 3682 4244 4000 4025
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5.6 Criteria Operationalisation (sixth step)

The operationalisation of criteria is a necessary step to be able to assess the attractiveness of each
alternative. Therefore, as mentioned in sub-section 4.4.3.2, this operationalisation is carried out by
combining suitable performance descriptors for each criterion. Consequently, three steps are necessary:
1) Select the type of performance descriptor; 2) Choose and assign performance levels; and 3) Define
the preferred direction.

Firstly, it should be noted that all the performance descriptors presented below are of the type
direct, quantitative and continuous. Secondly, it is crucial to define each criterion’s preferred direction,
since it exhibits “the direction to which the preferences increase along the scale” (Bernard Roy, 2005).
Consequently, this has already been defined in Table 2, with minimisation as the preferred direction.

Along this section, the final scale of each criterion already operationalised is exhibited. The tables
contain the different level values and respective description used by the scale, as well as the
corresponding mathematical formulation.

5.6.1 Access

Criterion g,: Timeliness of first Medical Appointments

It evaluates the poor timeliness of the first medical appointments heald at the health institutions.

Table 5: Operationalisation of criterion g,. Source: ACSS benchamarking database.

g1: Timeliness of first Medical Appointments
Preference Mathematical Formulation Level | Level
Direction Value
Linax 5
F =(1 N@ of first external consultations provided within the MGRT % 100 Ly 15
Minimize 1) = Total of first external consultations provided in the period under analysis L, 25
L3 35
Lmin 45

In this case, the maximum value referring to the unit utility represents the number of non-urgent first
medical appointments not performed in adequate time per 100 first medical appointments of 5%. On the

other hand, the minimum value referring to the minimum utility (i.e., zero) is 45%.

Criterion g,: Occupancy

It evaluates the occupancy that a health institution presents compared to a reference value of 85%,

which is considered an optimal occupancy value in the ACSS benchmarking database.

Table 6: Operationalisation of criterion g,. Source: ACSS benchamarking database.

g2 Occupancy
Prc_-zfere_nce Mathematical Formulation Level Level
Direction Value
Linax 1
N2 of acute hospitalisation days Ly 3
o F,(x) = [0.85 — x 100
Minimize N@ of acute beds X 30.4375 x N2 of accumulated months L, 5
Ls 8
Lnn | 10

In this case, the maximum value referring to the unit utility represents the absolute difference in annual
occupancy rate to a reference value of 85% of 1. On the other hand, the minimum value reffering to the

minimum utility is 10.
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Criterion g.: Waiting Time Before Surgery

It evaluates the waiting time that occurs before surgery in a health institution. This time goes from the

date of the patient’s hospitalisation to the actual date of the surgery.

Table 7: Operationalisation of criterion g;. Source: ACSS benchamarking database.

g3: Waiting Time Before Surgery

Prc_efere_nce Mathematical Formulation Level st
Direction Value
Lyax 04
Ly 06

Total n? of days to surgery in scheduled inpatient surgical HDG episodes

Minimi F. = L 0.8
nmize 5(*) Total scheduled inpatient surgical HDG episodes L2 ]
3
Lmin 1.4

In this case, the maximum value referring to the unit utility represents an average waiting time before

surgery of 0.4 days. On the other hand, the minimum value referring to the minimum utility is 1.4 days.

5.6.2 Care Appropriateness

Criterion g,: Bed-Blockers

It evaluates the number of patients hospitalised in a particular health institution for more than 30 days.

Therefore, they have been occupying a bed for more than 30 days (i.e., bed-blockers).

Table 8: Operationalisation of criterion g,. Source: ACSS benchamarking database.

g.: Bed-Blockers

Preference Mathematical Formulation Level | Leve!
Direction Value
Linax 2
N ) . L Ly 3
L N2 of hospitalisation episodes with hospitalisation time greater than 30 days
Minimize | Fy(x) = —— . - - - - x 100 Ly 4
Total hospitalisations episodes with discharge in the period I 5
3
Lmin 6

In this case, the maximum value referring to the unit utility represents a number of inpatients staying
more than 30 days per 100 admissions of 2%. On the other hand, the minimum value referring to the

minimum utility is 6%.

Criterion g-: Readmissions in 30 days

It evaluates the number of patients’ readmissions in an institution that occurred 30 days after discharge.

Table 9: Operationalisation of criterion gs. Source: ACSS benchamarking database.

gs: Readmissions in 30 days

Prc_efere_nce Mathematical Formulation Level Level
Direction Value
Linax 6
N of readmissi in30d fter discl (dif f t calend ) Ly !
2 of readmissions in ays after discharge (dif ferent calendar years
Minimize | Fy(x) = o aays g g ‘ near years) w100 | 1, 8
Total hospitalisation episodes discherged in the period
(4] Ly 9
Lonin 10

In this case, the maximum value referring to the unit utility represents a number of readmissions 30 days
after discharge per 100 inpatients of 6%. On the other hand, the minimum value referring to the minimum

utility is 10%.
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5.6.3 Patient Safety

Criterion g.: Outpatient Surgeries Suitability

It evaluates the lack of performance of outpatient surgeries. In other words, it evaluates the number of

surgical procedures that could have been performed in an ambulance, but for some reason, did not

Ooccur.
Table 10: Operationalisation of criterion g,. Source: ACSS benchamarking database.
ge: Outpatient Surgeries Suitability
Pr:efere_nce Mathematical Formulation Level Level
Direction Value
Linax 10
Neof Lepisodes with d Ly 15
L _(4_ 2 of outpatient surgical episodes with outpatient procedures
Minimize | Fs(x) = (1 Ne of surgical inpatient and outpatient episodes with outpatient pracedures) x 100 L 20
(] Ls 25
Lunin 30

In this case, the maximum value referring to the unit utility represents a number of outpatient surgeries
not performed per 100 potential outpatient procedures of 10%. On the other hand, the minimum value

referring to the minimum utility is 30%.

Criterion g,: Hip Surgery Timeliness

It evaluates the poor timeliness of the hip surgeries heald at the health institution. Notably, it evaluates

the number of hip surgeries that were not performed in the first 48 hours in a specific health institution.

Table 11: Operationalisation of criterion g,. Source: ACSS benchamarking database.

g7: Hip Surgery Timeliness

Preference . . Level
Direction Mathematical Formulation Level Value

I‘nmx 20

Total isod i 65 ith { d h 48 F i it Ly 0

tal users episodes age: oars or, with surgery pe od in the first safte s
Minimize | £y = [1— otal users episodes aged 65 years af over, with surgery erJiormu in the firs hours after admission 100 | I 50
Total users episodes aged 65 or over, with surgery performed i o0
3
Loni 70

In this case, the maximum value referring to the unit utility represents a number of hip surgeries not
performed in the first 48 hours per 100 hip surgeries of 20%. On the other hand, the minimum value

referring to the minimum utility is 70%.

5.6.4 Efficiency
Criterion g,: Operating Expenses

It evaluates the high operating expenses per standard patient that occur in a particular health institution.

Table 12: Operationalisation of criterion gg. Source: ACSS benchamarking database.

gs: Operating Expenses

Prc::fere_nce Mathematical Formulation Level .
Direction Value
Lonax 2800
Ly 3250
N Operating expenses

Minimize - ¢ - L 3400

o Fa(2) Standard Patient x100 z
L3 3550
Lpyin 3800

In this case, the maximum value referring to the unit utility represents a value of operating expenses per
standar patient of €2800. On the other hand, the minimum value referring to the minimum utility is €3800.

57



5.7 Application of the evaluation model (seventh step)

The application of the evaluation model requires the use of an aggregation function, the Choquet
integral. Accordingly, as mentioned in chapter four, two fundamental steps are necessary to employ this
function: 1) Determine the criteria’s capacities; and 2) Build the interval scales for each criterion.

5.7.1 Determining the capacities

The Deck of Cards method described in section 4.3 is used to determine the capacities of the criteria.
Then, following the steps inherent to this method (described in sub-section 4.4.3.4), a deck of cards was

first delivered to the DM. Figure 19 represents one of these cards presented to the DM.

/ PROJECT1 (py) \

Timeliness of 1% medical
appointments

BEST PERFORNANCE LEVEL

. J

Figure 19: Representation of the project 1 card (p,).
Source: Own elaboration.

The deck of cards represents a set of projects with as many projects as there are existing criteria (in this
case, there are eight criteria, so there must be eight projects) plus the possible interactions between
criteria. Therefore, it was requested that the DM indicated the existing interactions among the selected
criteria, being the following:

— Interaction 1: p, , — interaction between criteria g, (Occupancy) and g, (Bed-Blockers). Since
both are weakened by interaction, they are expected to have a mutual-weakening effect or

redundancy. The card of this interaction will be entitled “Project 9”;

— Interaction 2: p;, — interaction between criteria g; (Waiting time before surgery) and g, (Hip
surgery timeliness). It is expected that they will have a mutual-weakening effect, such as

interaction 1. The card of this interaction will be designated “Project 10”;

— Interaction 3: p5 ¢ —interaction between criteria g5 (Readmissions in 30 days) and gg (Operating

expenses). It is expected that they will have a mutual-weakening effect, such as interactions 1
and 2. The card of this interaction will be named “Project 11”.

These effects will be verified later when calculating w(p,). As an example, Figure 20 shows the card of

project p,, presented to the DM.
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( PROJECT 3 (p;.4) \

Occupancy Bed-blockers

BEST PERFORMANCE LEVEL

\_ J

Figure 20: Representation of the project 9 card (p, 4).
Source: Own elaboration.

This deck of cards represents a set of eleven projects, P = {pl,pz,p3,p4,p5‘ p6,p7,p8,p2‘4,p3,7,p5’8},
where the first eight projects denote the maximum utility or performance (utility value of 1) for a particular
criterion and the minimum utility or performance (utility value of 0) for all the remaining criteria. For
example, in Figure 19, project p, has the maximum utility for criterion g, (timeliness of first medical
appointments) and the minimum utility for all the remaining criteria. Moreover, the other three projects
(P24, 03,7, Psg) represent the set of interactions between criteria. These have the maximum utility or
performance in a specific pair of criteria and the minimum utility or performance for all the remaining
criteria. For example, in Figure 20, project p, , has the maximum utility in both criteria g, and g, and the
minimum utility for all the remaining criteria. The full deck of cards lies in Appendix B.

Then, another set of cards was delivered to the DM, only with blank cards. Figure 21 shows a
replica of one of these blank cards.

BLANCK

Figure 21: Representation of a blank card.
Source: Own elaboration.

Ultimately, the DM had two decks of cards in his possession, one deck of projects and another deck
with only blank cards. Subsequently, the DM was invited to order the projects according to his
preferences and place a certain number of blank cards among the ranking positions. During this step, it
was noted that:
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Two or more projects can occupy the same position in the ranking, as long as the DM considers
that they are equally preferable;

The placement of blank cards between the ranking positions allows not only to distinguish
preference between levels but also set a number for the ratio z. This ratio depicts how many
times the value/capacity of the project in the first position is greater than the value/capacity of

the project in the last position of the ranking.

When the DM was performing the ranking, he faced a dilemma. Criterion g4 (Operating expenses) could

be considered either the with the highest or the lowest capacity, depending on the point of view to be

applied. Therefore, it was decided between the analyst and the DM to evaluate the following scenarios:

Scenario 1 — Financial Sustainability: this scenario focuses on the NHS’s sustainable point of
view. The NHS’s sustainability is based on three responsibilities: 1) Social responsibility; 2)
Environmental responsibility; and, 3) Economic responsibility. Nowadays, financial sustainability
remains one of the biggest challenges for the NHS, depicting a persistent economic imbalance.

So, the criterion gg becomes essential for this scenario;

Scenario 2 — Societal Value: this scenario focuses on the societal perspective of the NHS. This
perspective expects to improve the health and well-being of society as a whole. Thus, it
represents “all the effects impacting patients, their families, the public, and government
expenditures for a healthcare intervention” (Polimeni et al., 2013). As a result, the criterion gg

becomes the least crucial for this scenario.

Consequently, two rankings were obtained (one for each scenario) with cards referring to the projects,

R, = {R4, ..., Ry }, ranked from having the highest (R;) to lowest value/capacity (R;), including the blank

cards, e,. Tables 13 and 14 portray the ranking for scenarios 1 and 2, respectively.

Table 13: Ranking of projects with the blank cards and value of ratio z for scenario 1. Source: Own elaboration.

R R
1 ey R, e; | Rz | e3 | Ry | ey | Rs | e5 | Rg | eg 4 z
(highest capacity) (lowest capacity)
Ds, p p p
Pa 3 2| Bl 1l 22| 2 Da 3
Ps P37 P3 P24

Table 14: Ranking of projects with the blank cards and value of ratio z for scenario 2. Source: Own elaboration.

Ry e, R, e; | Rz | e3 | Ry | ey | Rs | e5 | Rg | eq Ry z
(highest capacity) (lowest capacity)
ps, p p
> o | Bl |2 [P |2 3 Pe 3
Pe P37 D3 D24

Finally, the Simos-Roy-Figueira (SRF) software® was used in order to obtain the values corresponding

to the capacities, y,, for each criterion and interactions between pairs of criteria (Figueira & Roy, 2002).

Appendix C contains the figures that represent all the steps performed in the software.

6 Available at DecSpace: http://decspace.sysresearch.org/index.html. Last accessed on 20th November 2020.
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Consequently, the values obtained directly from the SRF correspond to the normalised weight value,
w(py), for each criterion and interactions. Hence, it becomes possible to calculate the modified weight
values, w(p,), (equation 11 if it is a criterion or equation 12 if it is an interaction) and, finally, the Mobius
coefficients, m;, and the capacities, y,, by equations 9 and 10, respectively. Tables 15 and 16 (for
scenario 1 and 2, respectively) show the results obtained through these calculations, employing
Microsoft Excel.

Table 15: Values obtained for w(py), w(py), m, and y, for all criteria and
interactions of scenario 1. Source: Own elaboration with data from SRF?.

SCENARIO 1: SUSTAINABILITY

CRITERIA NORMALISED WEIGHT VALUE MODIFIED WEIGHT VALUE MOBIUS COEFFICIENTS CHOQUET CAPACITIES

w(pi) w(pK) my Hic
g1 6.5 6.5 0.139186 0.139186
gz 7.7 7.7 0.164882 0.164882
g3 7.7 7.7 0.164882 0.164882
' 4.7 4.7 0.100642 0.100642
gs 10.1 10.1 0.216274 0.216274
de 11.8 11.8 0.252677 0.252677
' 8.9 8.9 0.190578 0.190578
gs 14.2 14.2 0.304069 0.304069
G214 6.5 -5.9 -0.126338 0.139186
937 10.1 -6.5 -0.139186 0.216274
gss 11.8 -12.5 - 0.267666 0.252677
CONDITION i'): 1
CONDITION ii'): 1

Table 16: Values obtained for w(py), w(py), m, and y, for all criteria and
interactions of scenario 2. Source: Own elaboration with data from SRF?.

SCENARIO 2: SOCIETY

CRITERIA NORMALISED WEIGHT VALUE MODIFIED WEIGHT VALUE MOBIUS COEFFICIENTS CHOQUET CAPACITIES

w(pi) w(pg) my Hi
g1 7.8 7.8 0.152047 0.152047
g2 8.8 8.8 0.171540 0.171540
g3 8.8 8.8 0.171540 0.171540
g4 6.2 6.2 0.120858 0.120858
gs 10.9 10.9 0.212476 0.212476
ge 12.4 12.4 0.241715 0.241715
g7 9.9 9.9 0.192982 0.192982
gs 4.1 4.1 0.079922 0.079922
924 7.8 -7.2 - 0.140351 0.152047
gz 10.9 -7.8 - 0.152047 0.212476
gss 12.4 -26 - 0.050682 0.241715
CONDITION i'): 1
CONDITION ii"): 1

Irrevocably, itis crucial to verify whether the Mébius coefficients and the capacities previously calculated
support the conditions of both properties ((i") and ii’)) of sub-section 4.4.3.3, and the sign of the
interactions (positive or negative values, depending on the type of interactions), to prevent disparity
cases. Hence, all of this is confirmed below and corroborates in Tables 14 and 15.

¥ Condition i’): my + my + mg + my + mg + mg + m; + mg+my,, + my, =1,
v Condition ii): py + f, + 3 + fty + pis + ptg + pty + ptg + (pyy — 1y — 1) = 1;

¥ Sign of interactions: the m, values were all negatives for criteria g,4, 937, 9sg, Which is

consistent with what was theoretically expected for mutual-weakening interaction.
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5.7.2 Building interval scales

The interval scales’ construction is a fundamental step to obtain the utility values associated with each

of the alternatives’ performance (Table 17). These utility values, uj(gj), were obtained using equation

16. Therefore, the performance table values and the levels associated with each criterion’s interval scale

were crucial, taking advantage of Microsoft Excel.

Table 17: Criteria’s utility value for all

-

alternatives. Source: Own elaboration.

CRITERIA a; az a3 ay as ag az ag ag aip ay a a3 ayy
'R 0.639 0.930 0.476 0.784 4] 0.798 0.424 0.040 0277 (1] 0.417 0.462 0.543 0.158
gz 0.874 0.592 o] 0.187 1 0.933 0.503 1 1 0.829 0.962 0.298 0.386 0.858
g3 0.600 0.820 0.580 0.920 0.500 0.360 0.680 0.690 0.440 0.830 0.960 0.830 0.700 0.370
N 0.395 1 o770 1 0.815 0.353 0.435 0.823 0683 0.470 0.790 0.808 0.570 0.665
gs 0.908 0.973 0.333 0.480 0.533 0.563 0.623 0.358 0.410 0.533 0.820 0.675 0.080 0
9s 0.907 0.040 0.791 0.760 0.256 0303 0.421 1 0.925 0.596 0.514 0.719 0.618 1
g7 0 1 0.583 0.185 4] [} 0.400 0.136 0.526 0327 0.902 o o] 1]
g8 0 o 0.463 1 4] 0 4] 0.313 0 0.075 0 0.143 0 1]
CRITERIA a5 @16 a7 e ) a9 @20 az 22 23 @24 @25 @26 az7
g1 0322 o 0.034 0.535 0.391 0.554 0374 0.483 o 0.142 0.405 0.358 0173
gz 0.008 0.854 0.601 0.631 0.392 0.203 0.966 o 0.837 0371 0.658 0.464 0.593
g3 0.770 0.570 0.380 0 0.020 0.240 1 0.690 0.430 0.050 0.100 0 0.420
N 0.655 0.558 0.830 0.483 0.013 0.280 0.625 0.490 0.415 0.420 0338 0.158 0.388
g5 0.878 0.630 0 1 0.640 0.683 1 0.828 0.463 0343 0.758 0.883 0.160
g6 0.767 0.593 0.799 1 0.789 1 0.158 0.592 0.192 0.592 0.641 0.394 0.677
g7 0.570 0473 0.669 0119 o o o o 0586 0304 0.001 0.043 0173
ga 0413 0372 0.156 0.145 o 0.568 0.295 0.291 0.495 0118 0 o o

5.8 Overall Scores

The last step of this methodology involves the calculation of the overall scores. This calculation involves

equation 8, together with the Mdbius coefficient, m,, and the utility values for each level, ; (g,-). Tables

18 and 19 present the overall scores of the evaluation model. Appendix D shows the calculations in

detail performed in Microsoft Excel.

Table 18: Alternatives’ overall score

— scenario 1. Source: Own elaboration.

Alternatives a, az a, ay a. ay a; a; a
Criteria - . - -
i | e [ | £ v | | e | 2 | | o | e [ £ | 2t o | e |
A 0.139186 | 0.639 | 0089 | 0930 | 0.129 | 0476 | 0.066 | 0784 | 0.109 | 0 0 | 0798 | 0111 | 0424 | 0059 | 0.040 | D.006 | 0277 | 0.039
o 0.164882 | 0.874 | 0.144 | 0592 | 0.098 | 0 0 0187 [ 0031 | 1 | 0165 | 0.933 | 0.154 | 0503 | 0083 | 1 | 0165 | 1 | 0.165
g 0.164882 | 0.600 | 0.099 | 0.820 | 0.135 | 0.580 | 0.096 | 0.920 | 0.152 | 0.500 | 0.082 | 0.360 | 0.059 | 0.680 | 0.112 | 0690 | 0.114 | 0440 | 0.073
9 0.100642 | 0.395 | 0.049 | 1 | 0101 | 0.770 | 0.077 | 1 | 0.101 | 0.815 | 0.082 | 0.353 | 0.036 | 0435 | 0044 | 0.823 | 0.083 | 0683 | 0.069
a 0216274 | 0.908 | 0.196 | 0973 | 0.210 | 0.333 | 0.072 | 0.480 | 0.104 | 0.533 | 0.115 | 0.663 | 0.122 | 0.623 | 0135 | 0.358 | 0.077 | 0.410 | 0.089
s 0252677 | 0.907 | 0.229 | 0.040 | 0.010 | 0.791 | 0.200 | 0.760 | 0.192 | 0.256 | 0.065 | 0.303 | 0.077 | 0421 | 0106 | 1 | 0.253 | 0925 | 0234
a 0190578 | o0 0 1| 0191 | 0583 | D111 | 0185 | 0035 | O 0 0 D | 0400 | 0076 | 0136 | D026 | 0526 | 0.100
s 0304069 0 | © 0 | 0 |0463 | 0141 | 1 | 0304 | 0O 0 0 0 0 0 | 0313 0095 0 0
21 0126338 - | -0.050 0075 | - 0 - |-0024| - 0103 - |-0045| - | 005 | - |-0M04| - | 0086
957 0.139186| - 0 0114 - | -no8t 0026 | - 0 - 0 - |08 | - |-0019 -0.061
950 0267666 - 0 - 0 - 0089 | - |-0128| - 0 - 0 - 0 _ o084 | - 0
Total 1 el LIl Crorell EUEC Y Cverall RUETVY Cverall Rptgy Cverall IETLy Cverall gIELIRY © 0612 [EAEE 0620
a a s ay s ay q
Sl vy | Fo | gy | Fined Final | ey | ol | g | sl | e | Fimal || Final || Final
| e " | Score scors | T | score Score Score Score W | Score
a0 0.139186 0417 | 0.058 | 0.462 | 0.064 | 0543 | 0.076 | 0.158 | 0.022 | 0.322 | 0.045 | 0 0 | 0.034 | 0.005 | 0535 | 0.074
a 0.164882 0962 | 0159 | 0298 | D049 | 0386 | 0064 | 0BS5S | D141 | 0008 | 0001 | 0BS54 | 0141 | 0601 | 0099 | 0631 | 0104
a 0.164882 | 0960 | 0.158 | 0.830 | 0137 | 0700 | 0.115 | 0.370 | 0.061 | 0770 | 0.127 | 0.570 | 0094 | 0380 | 0.063 | O 0
a 0.100642 | 0.470 | 0.047 | 0.790 | 0.080 | 0.808 | 0.081 | 0570 | 0.057 | 0.665 | 0.067 | 0.655 | 0.066 | 0.558 | 0.056 | 0.830 | 0.084 | 0483 | 0.049
as 0216274 | 0.533 | 0115 | 0.820 | 0.177 | 0.675 | 0.146 | 0.080 | 0.017 | 0 0 | 0878 | 0.190 | 0630 | 0136 | 0 0 1] 0216
s 0252677 | 0.596 | D151 | 0514 | 0130 | 0719 | D182 | 0618 | 0156 | 1 | 0253 | 0767 | 0194 | 0593 | 0150 | 0799 | 0202 | 1 | 0253
9 0.190578 | 0.327 | 0.062 | 0902 | 0.472 | © 0 0 0 0 0 | 0570 | 0.109 | 0473 | 0.090 | 0669 | 0.127 | 0.119 | 0.023
s 0.304069 | 0.075 | 0.023 | 0 | 0 | 0143 | 0044 | 0 0 0 0 | 0413 | 0125 | 0372 | 0.113 | 0.156 | 0.048 | 0.145 | 0.044
™ 0126338 - | -0059 00| - |-0038| - |-0048| - | 0084 | - |-0001| - | -0070| - |-0076 - | -0.081
957 0139186 - | -0046 0128 | - 0 - 0 - 0 - |-oore| - |00es | - |-0083 | - o
950 0267666 - | -0.020 0 ~ 00 0 - 0 — [0110| - [-0100 | - 0 0.039
Total 1 0547 [kl 0708 (AR 0627 [l 0437 | 0460 [Abddll 0666 [ 0544 i 0498 [kl 0663
Alternatives aje az ay; a, a; a a; azy
Criteria
. Fi - i . Fi i 1] _ Final _ Final
i | om0y | |y | Dy | | 0wy | v | 0wy | |
a0 0.139186 | 0.391 | 0.054 | 0564 | 0.077 | 0.374 | 0.052 | 0483 | 0.067 | 0 0 | 0142 | 0.020 | 0.405 | 0056 | 0.358 | 0.050 | 0.173 | 0.024
o 0.164882 | 0.392 | 0.065 | 0.203 | 0.034 | 0.966 | 0.159 | 0 D | 0837 | 0138 | 0.371 | 0.061 | 0.658 | 0.108 | 0464 | 0.077 | 0593 | 0.098
o 0.164882 | 0020 | D003 | 0240 | 0040 | 1 | D165 | 0690 | 0114 | 0430 | D071 | 0.050 | 0008 | D100 | D016 | O 0 | 0420 | 0089
A 0.100642 | 0.013 | 0.001 | 0280 | 0.028 | 0625 | D.063 | 0490 | 0.049 | 0415 | 0.042 | 0420 | 0.042 | 0.338 | 0034 | 0.158 | 0.016 | 0388 | 0.039
as 0216274 | 0.640 | 0.138 | 0683 | 0.148 | 1 | 0.216 | 0.828 | 0.179 | 0.463 | 0.100 | 0.343 | 0.074 | 0.758 | 0.164 | 0.883 | 0.191 | 0.160 | 0.035
s 0252677 | 0.789 | 0199 | 1 | 0.253 | 0.158 | 0.040 | 0.592 | 0.150 | 0.192 | 0.048 | 0.592 | 0.149 | 0.641 | 0162 | 0.394 | 0.099 | 0677 | 0.171
a 0190578 | 0 0 0 0 0 0 0 0 | 0588 | 0112 0.043 | 0.008 | 0173 | 0.033
9 0304069 |0 0 | 0668 | 0.173 | 0295 | 0.090 | 0291 | 0.088 | 0.495 | 0.150 0 0 0 0
924 0126338 - | -0.002 0026 | - | 0019 - 0 - |-0082 - |-0020] - [-0040
957 0.139186| - [ o - 0 - 0 - |-00e0 | o | - |00
85 0267666 -0.152 0079 - o - o
Total {’s""“’" 0.421 0.3%6
core Score
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Table 19: Alternatives’ overall score — scenario 2. Source: Own elaboration.

& = 5 c 5 — [— z o
Criteria ’ Final | Final | o Final | yeoo | Finel | Final | o Final | g Final o | Final | o | Final
and ™ VOB | goore | VI | geore | VU | goorg | VI | gegrg | VU | gogre | VWY | gopre | VU | gogre | VY | gogre | UEY | goar
a0 0.152047 | 0.639 | 0.097 | 0930 | 0.141 | 0.476 | 0.072 | 0784 | 0.119 | 0 0 | 0798 | 0.121 | 0424 | 0064 | 0.040 | 0.006 | 0277 | 0.042
g 0.171540 | 0.874 | 0.150 | 0.592 | 0.102 ] o 0.187 | 0.032 1 0.172 | 0.933 | 0.160 | 0503 | 0.086 1 0.172 1 0.172
s 0.171540 | 0.600 | 0.103 | 0.820 | 0.141 | 0.580 | 0.099 | 0.920 | 0.158 | 0.500 | 0.086 | 0.360 | 0.062 | 0.680 | 0.117 | 0.690 | 0.118 | 0440 | 0.075
as 0.120858 | 0.395 | 0.048 | 1 | 0.121 | 0.770 | 0.093 | 1 | 0.121 | 0.815 | 0.098 | 0.353 | 0.043 | 0.435 | 0.053 | 0.823 | 0.099 | 0.683 | 0.082
gs 0.212476 | 0.908 | 0.193 | 0973 | 0.207 | 0.333 | 0.071 | 0480 | 0.102 | 0533 | 0.113 | 0563 | 0.120 | 0623 | 0.132 | 0.358 | 0.076 A 0.410 | 0.087
PR 0241715 | 0.907 | 0.219 | 0.040 | 0.010 | 0.791 | 0.191 | 0.760 | 0.184 | 0.256 | 0.062 | 0.303 | 0.073 | 0.421 | 0102 | 1 | 0.242 | 0.825 | 0.223
as 0.192962 | 0 0 1| 0193 | 0583 | 0113 | 0185 | 0036 | 0 0 0 0 | 0400 | 0077 | 0136 | 0.026 | 0526 | 0.102
g5 0.079922 o | 0 0o |0 0.463 | 0.037 1 0.080 ] 0 | o o | 0 Q 0313 | 0025 | O Q
gz -0.140351 - -0.055 - -0.083 - 0 - -0.026 - -0.114 - -0.049 - -0.061 - -0.115 - -0.096
957 -0.152047 0 - |-0125| - | 0088 | - |-noe8| - 0 - 0 - [-0061| - [-0021| - |-0067
gsp -0.050682 - [ - "] - -0.017 - -0.024 - 1] - 1] - Q - -0.016 - Q
Total 1 | 0754 0.706 0571 0.752 0416 0.529 0509 0612 0621
Alternatives. ay, ay ay; a ayy | ays | ay ay; ag
Criteria
’ Final | Final | Final | | Final | . Final | Final | Final | Final | Final
el s ity | goe | vy | G| uiiy | US| ey | gie | uhiy | gl | iy |G udiy | U | vdiy | G0 vy | SO0
a1 0.152047 o | 0 0417 | 0.063 | 0.462 | 0.070 | 0543 | 0.083 | 0.158 | 0024 A 0322 | 0.048 | O Q 0.034 | 0.005 | 0535 | 0.081
a 0171540 | 0828 | 0142 | 0962 | 0165 | 0.298 | 0.051 | 0386 | 0.066 | 0.B58 | 0.147 | 0.008 | 0.001 | 0854 | 0.147 | 0.601 | 0.103 | 0631 | 0.108
a5 0171540 | 0.830 | 0.142 | 0.960 | 0.165 | 0.830 | 0.142 | 0.700 | 0.120 | 0.370 | 0.063 | 0.770 | 0.132 | 0.570 | 0.098 | 0.380 | 0.085 | 0 0
'n 0.120858 | 0.470  0.057 | 0.Y90 | 0.095 | 0.808 | 0.098 & 0.570 | 0.069 | 0.665 | 0.080 A 0655 | 0.079 | 0.558 | 0.067 | 0.830 | 0.100 | 0.483 | 0.058
g 0212476 | 0533 | 0113 | 0820 | 0174 | 0675 | 0143 | 0080 | 0017 | O 0 | 0878 | 0186 | 0630 | 0134 | 0 0 1 0212
g 0241716 0596 | 0144 | 0514 | 0.124 | 0719 | 0174 | 0618 | 0149 | 1 | 0242 | 0.767 | 0.185 | 0593 | 0.143 | 0799 | 0193 | 1 | 0242
gz 0192982 | 0.327 | 0.063 | 0.902 | 0.174 a [ Q '] [ Q 0570 | 0.110 | 0473 | 0.091 | 0669 | 0.129 | 0.119 | 0.023
g8 0.079922 | 0.075 | 0.006 0 | 0 0.143 | 0.011 0 1] o 0 | 0413 | 0.033 | 0372 | 0.030 | 0.156 | 0.012 0145 | 0.012
924 -0.140351| - | -0066 | - |-0411| - |-0042 | - |-0054| - |-0093| - |-0001| - |-0078| - |-0084| - |-0068
951 -0152047| - | 0080 | - | -0437 | - 0 : 0 - 0 - 0087 - |-00f2| - |-0088 - 0
dsn -0.050682 - -0.004 - 1] - -0.007 - 1] - 1] - -0.021 - -0.019 - Q - -0.007
Total 1 | 0548 ‘ 073 0641 0.450 0.463 0.668 0541 0.466 0662
Ahternatives. ay azg ay = ay | az, | a a az
Criteria ] 3 ] ) ;
Final Final Final Final Final Final Final Final Final
A VY | gorg | Uity l score | UMY | goore | UMY | goore | VSN | gogre | U | goore | US| giore | UHIY | goore | UHIY | giore
N 0152047 | 0.391 | 0.059 | 0554 | 0.084 | 0.374 | 0057 | 0483 | 0.073 1] 0 | 0.142 | 0.022 | 0405 | 0062 | 0.358 | 0.054 0.173 | 0.026
g: 0171540 | 0.392 | 0.067 | 0.203 | 0.035 | 0.966 | 0.166 Q 1] 0.837 | 0.144 | 0.371 | 0.064 | 0658 | 0.113 | 0.464 | 0.080 | 0593 | 0.102
g3 0.171540 | 0.020 | 0.003 | 0.240 | 0.041 1 0172 | 0690 | 0.118 | 0430 | 0074 | 0.050 | 0.008 | 0100 | 0.017 0 0 | 0420 | 0072
9 0120858 | 0013 | 0.002 | 0280 | 0.034 | 0625 | 0.076 | 0490 | 0.059 | 0415 | 0050 | 0420 | 0.051 | 0.338 | 0.041 | 0.158 | 0.019 | 0.388 | 0.047
a5 0212476 | 0640 | 0.136 | 0683 | 0145 | 1 | 0.212 | 0.828 | 0.176 | 0.463 | 0.098 | 0.343 | 0.073 | 0.758 | 0.161 | 0.883 | 0.188 | 0.160 | 0.034
g5 0.241715| 0.789 | 0.191 1 0.242 | 0158 | 0038 | 0592 | 0143 | 0192 | 0.046 | 0552 | 0.143 | 0641 | 0.155 | 0.394 | 0.095 | 0677 | 0.164
ar 0192982 0 0 0 0 0 0 0 0 | 0586 | 0113 | 0304 | 0058 | 0001 | 0 | 0043 | 0.008 | 0173 | 0033
g 0.079922 4] o 0568 | 0.045 | 0295 | 0.024 | 0291 | 0.023 | 0495 | 0.040 | 0.118 | 0.009 0 0 ] (4] 0 (]
Fz4 -0.140351 - -0.002 - -0.029 - -0.088 - 1] - -0.058 - -0.052 - -0.047 - -0.022 - -0.054
as1 -0.152047 o o - 0 - 0 - |ooes| - [-ooo8| - 0 - o | 0,026
950 -0.060682| - 0 - 0020 | - [w0015| - |-0015| - |-0023 - |-0006 - 0 - 0 - 0
Total 1 | 0456 ‘ 0.569 0641 0.578 0.418 0.363 0501 0.422 0397

5.9 Chapter Summary

The goal of this chapter was to demonstrate that the methodology described in the fourth chapter was
followed. Firstly, the time interval to be employed was established, and the DM was identified. Then, the
alternatives to be taken into account were selected, resulting in 27 institutions, more specifically, six
hospital and 21 hospital centres. Subsequently, eight indicators, eight criteria and four FPVs were
identified, with the aid of a bottom-up approach. Consequently, it became possible to operationalise
these criteria in order to be able to evaluate the attractiveness of each alternative.

At this point, it was possible to apply the evaluation model, the DCM-Choquet. This model’s
application required using an aggregation function, the Choquet integral, which is based on two
fundamental steps: 1) Determine the criteria’s capacities; and 2) Build the interval scales for each
criterion. These two steps made it possible to obtain the Mébius coefficients’ values, m,,, and the utility
values, uj(gj), necessary to calculate each selected alternatives’ overall scores. It is essential to
mention that the evaluation model was applied for two scenarios chosen by the DM, a first scenario
focused on the NHS'’s financial sustainability and a second scenario centred on societal value.

Finally, the sixth chapter includes a presentation and a critical analysis of the results obtained in

this chapter, as well as its discussion for both scenarios.
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6. PRESENTATION, ANALYSIS AND DISCUSSION OF
RESULTS

This chapter is divided into three sections. Section 6.1 contains the results’ presentation of the MCDA
methodology conducted to answer the research questions. Then, in section 6.2, the results are analysed
in two different ways. Firstly, through a sensitivity analysis and, later, assessing the impact that the ratio
z has on the overall scores. Finally, in section 6.3, the results are discussed, and it is justified how the

analysis conducted was consistent with the structured objectives for this dissertation.

6.1 Presentation of the results

Presenting the results clearly and logically to the DM is one of the most critical tasks. In this case, the
results will be presented in three ways: 1) Ranking, 2) Comparison to benchmarks, and 3) The impact

of the criteria in the overall scores.

6.1.1 Ranking

The overall scores obtained directly from the fifth chapter are first presented in a simple ranking for each
of the established scenarios (Table 20).

Table 20: Simple ranking of scenario 1 and 2. Source: Own elaboration.

SCENARIO 1: FINANCIAL SUSTAINABILITY SCENARIO 2: SOCIETAL VALUE
ALTERNATIVES FINAL SCORE RANKING POSITION ALTERNATIVES FINAL SCORE RANKING POSITION
a, 0.850 15t a, 0.754 15t
a, 0.747 znd a, 0.752 2nd
ag, 0.708 3rd agy 0.713 3rd
a, 0.685 4th a, 0.706 4th
a;s 0.666 5th as 0.668 sth
ag 0.663 60 g 0.662 6
azy 0.627 Fth asy 0.641 7th
ag, 0.627 gth a; 0.641 gth
ag 0.620 9th ag 0.621 gt
ag 0.612 10t ag 0.612 10t"
a; 0.593 11" az; 0.578 11"
azp 0.574 12t as 0.571 12t
ay; 0.569 13th azy 0.569 13th
Qo 0.547 140 aj 0.548 141
a6 0.544 154" Qe 0.541 15t
a, 0.513 16" as 0.529 16"
az 0.504 17th az 0.509 17¢h
azs 0.498 18" azs 0.501 18"
a; 0.498 19th a7 0.466 19"
gy 0.460 20t Ay 0.463 20t"
ap 0.460 21th a9 0.456 21t
g 0.437 22th 2% 0.450 22th
azy 0.425 23th Az 0.422 23th
aze 0.421 240 g3 0.418 24t
as 0.406 25th as 0.416 25t
az; 0.396 26" az; 0.397 26"
az, 0.363 27th ay, 0.363 27t

Itis then crucial to detail the results obtained for each of the scenarios and the ranking position for each

alternative.
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Scenario 1

Looking at table 20, for scenario 1, it appears that:

— Alternative a, is in first place in the ranking, since it presents the best performance among all
alternatives;

— Alternatives a, and a,, are soon followed, occupying the second and third place in the ranking,
respectively;

— Alternative a,, is in the last place in the ranking, since it presents all alternatives’ worst

performance.

Additionally, it is possible to better visualise the ranking with all the alternatives and the variation
between them, through Figure 22.

SCENARIO 1

8547 0544
Alternatives a, | a ay | @ |ays | e [ an | @ | a
Distancetoa, , | - |0.102)|0.039 0.023 0.019|0.003|0.036| 0 |0.007
Alternatives ay ] ay [T [ azg | @ | ae g g ] dzs
Distance to a,, | 0.008 | 0.018 |0.020 | 0.004 | 0.023 | 0.002 | 0.031 | 0.008 | 0.008
Alternatives | a;; ] Q14 | e [ iy | @y | ag as | ag ] Rz
Distanceto a,,., | 0.001 | 0.038 0 0.023 | 0.012 | 0.004 | 0.015 | 0.010 | 0.032

Figure 22: Overall score of each alternative with the respective percentage of variation between them.
Source: Own elaboration.

Figure 22 shows that alternative a, is without a doubt in the first place. Moreover, alternative a,, which
is in second place, is approximately 0.1 points from alternative a,. On the other hand, alternatives a,
and a,,; are very close between the second and third place, being just 0.039 points away. Finally,

alternative a,,, which is in the last place, is 0.032 points from alternative a,,, being very close too.

Scenario 2

Looking at table 20, for scenario 2, it appears that:

— Alternative a, is in first place in the ranking, since it presents the best performance among all
alternatives;

— Alternatives a, and a,, are soon followed, occupying the second and third place in the ranking,
respectively;

— Alternative a,, is in the last place in the ranking, since it presents all alternatives’ worst
performance.

Additionally, it is possible to better visualise the ranking with all the alternatives and the variation
between them, through Figure 23.
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SCENARIO 2

rall Scores

Ove

Alternatives iy iy ]ﬂ” [ [ :a,s :am ]rx;, [a,z il
Distanceto a,,_, - 100020038 0007 0.038 0008 0020| 0 |0.020
Alternatives | ap | as | ay | Gz | @y | @i | g | a; | @z |
Distanceto a,_, | 0.008 | 0.034 [0.007 [ 0.002 [ 0.021 | 0.007 [ 0.0120.020 | 0.008 |
Alternatives | ay; | a ] g [ Qi3 | Gz | @3 | @s | Az | @z |
Distanceto a,, | 0.035 0,002 |0.007 [0.007 |0.028 | 0.004 [0.001 | 0.019 | 0.035 |

Figure 23: Overall score of each alternative with the respective percentage of variation between them.
Source: Own elaboration.

It can be seen that alternative a, is in the first place. However, alternative a,, which is in second place,
is just 0.002 points away. So, there is practically a tie between the two alternatives. Finally, alternative

a,4, Which is in the last place, is 0.035 points from alternative a,,.

Summary
In conclusion, probably any variation of a parameter can cause alternatives to change places in the

ranking since alternatives are very close. Consequently, it would be expected that the DM’s conclusion
would be that alternative a,, for scenario 1, and alternative a,, for scenario 2 have the best
performances. However, how can the DM be sure that these institutions are the best ones if he does
not know the actual nature of this performance? What if they were all performing poorly and the DM is
choosing the best performance within the worst? Therefore, it is interesting to compare the alternatives’
performance to a benchmark and not only between them. Hence, the idea presented in the next sub-

section.

6.1.2 Comparison to benchmarks

As mentioned in the previous sub-section, it is vital to see how the results can be evaluated compared

to benchmarks. So, the following fictitious alternatives were created:

— Fictitious alternative, a,: it is an alternative that presents all preference levels at the “good” level

(L,) for all criteria (section 5.6). This alternative will be called “benchmark 1%

— Fictitious alternative, a,g: it is an alternative that presents all preference levels at the “neutral”

level (L,), for all criteria (section 5.6). This alternative will be referred to as “benchmark 2”.

This study will be performed for both scenarios.

Scenario 1

Firstly, the overall scores for each of these fictitious alternatives need to be calculated. Therefore, it is
necessary to consider the m, values previously calculated for scenario 1 and use the utilities for each
of the alternatives (Table 21).
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Alternatives a dog
e . Final . Final
Inte::::‘:ions i v ST vty SEE
g1 0.139186| 0.750 0.104 0.500 0.087
g2 0.164882| 0.778 0.128 0.556 0.092
g3 0.164882| 0.800 0.132 0.600 0.089
ga 0.100642| 0.750 0.075 0.500 0.050
gs 0.216274| 0.750 0.162 0.500 0.108
Jds 0.252677| 0.750 0.190 0.500 0.126
g7 0.180578| 0.800 0.152 0.400 0.076
gs 0.304069| 0.550 0.167 0.400 0.122
g24 -0.126338 - -0.095 - -0.063
gs7 -0.139186 - -0.111 - -0.056
Iss -0.267666 - -0.147 - -0.107
Total 1 0758 (WAL 0517

Score Score

Table 21: Fictitious alternatives overall scores for
scenario 1. Source: Own elaboration.

Subsequently, it is possible to compare the alternatives with the same overall score or higher than the
benchmark 1 and those between benchmark 1 and 2, through Figure 24.

os
———————————————————————————————————————————————————— | =

v | mernatives [ a [ o [ an [ @ [ ou [ aw [ e [ aw [ a

o Overall Score ossa | ogay 0708 | 0685 | 066 | 066d 0627 | o6z | ok

- | Distanceto a, | o0 | oot | o0so | vor | ooer | oues | an | 0am | 04 |

e T T T T I T I I T I:Mslancnr.mza 033 | 0230 | 0491 | 0168 | 0449 | 0146 | 0410 | od0 | oos |

[ Aternatives | a0 | a0 | aw | an | ow | ew | w0 | e | e |
Ovmllsc,on 0612 | 0593 | 0574 | 0569 | os47 | os4a | 0513 | 0s0s | odss |

o  Distanceto a, | 014 | oaes | e | oame | oma | o4 | naas | 0ase | 0060 |

. Distance 1o azy ooes | 0077 | oos? | eoss | omo | ower | oo | 0oz | oois |

" ~ AMernatives | ap | aw | am | an | e | e | e | am | aw |

o __ OverallScore | oass | oaso | 04w | 043 | o4 | oan | osos | oses | o |
Dlstancnln a, 0260 0.258 0.294 0321 0333 0337 0.352 0.362 0.39%

e [PE— apis | o057 | 0057 | o080 | oosr | oose | oan | oazn | oass |

Figure 24: Scenario 1 benchmarks. Source: Own elaboration.

Alternative a, is the only one that has an overall score above benchmark 1. So, it can be concluded that
it has a good performance. In contrast, alternatives a,, a,;, a,, ays, @15, Gz1, A2, Ag, Ag, A3, Azg, gz,
a0, and a,, have an overall score among benchmarks 1 and 2. Therefore, they most certainly have a

neutral performance. Consequently, the remaining alternatives with an overall score below benchmark
2 have a poor performance.

Scenario 2

Once again, the overall scores for the fictitious alternatives were calculated (Table 22).

Table 22: Fictitious alternatives overall scores for
scenario 2. Source: Own elaboration.

Alternatives ag azg
Criteria = .
and my Utility ;c";:L Utility ;":';:L
Interactions
g1 0.152047| 0.750 0.114 0.500 0.076
g2 0.171540| 0.778 0.133 0.556 0.095
g3 0.171540| 0.800 0.137 0.600 0.103
ga 0.120858| 0.750 0.091 0.500 0.060
s 0.212476| 0.750 0.159 0.500 0.106
s 0.241715| 0.750 0.181 0.500 0.121
g7 0.192982| 0.800 0.154 0.400 0.077
gs 0.079922| 0.550 0.044 0.400 0.032
G24 -0.140351 - -0.105 - -0.070
sz -0.152047 - -0.122 - -0.061
gss -0.050682 - -0.028 - -0.020
Total 1 0.760 0.520
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Subsequently, it is possible to compare the alternatives with the same overall score or higher than
benchmark 1 and those between benchmark 1 and 2, through Figure 25.

SCENARIO 2

Alternatives | a
Overall Score |
Distance to a,
Distance to a,

Alternatives a
Overall Score
Distance to_a,
Distance to az,

Alternatives |
Overall Score |
Distanceto ay |
Distance to a;y,
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Figure 25: Scenario 2 benchmarks. Source: Own elaboration.
There is no alternative with an overall score above benchmark 1, so it can be concluded that none of
them has a good performance. In contrast, alternatives a,, a,, a,1, a,, a5, Q15, Az1, A12, g, Ag, Az,
as, Qy0, A19, Q16 aNd a, have overall performances between benchmark 1 and 2, so it can be said that
they present a neutral performance. Consequently, the remaining alternatives that have an overall score
below benchmark 2 have a poor performance.

Summary

The creation of the fictitious alternatives, a, and a,g, allows a proper level of comparison between what
is a good performance or not. It allows the DM to recognise which institutions have a good performance
if they exceed a predetermined level. Therefore, those who do not pass this level are not considered
good performances. Although this form of presentation is more insightful than the previously presented
ranking, it is still unclear what influence the criteria have on the results. Which criteria are performing
better, and which are affecting the overall score? It is crucial to answering these question to compare
institutions in a particular criterion and detect critical points of improvement, so that other institutions
can improve their performance. For example, an alternative may eventually rise in the ranking if a
significant opportunity to improve one of the criteria is identified. Hence comes the next sub-section.

6.1.3 The impact of the criteria in the overall score

This sub-section aims to identify the importance and role that the criteria present in the alternatives’
performance. Consequently, a simplification was used to make this study easier and to allow a more
precise approximation of the m, values with the criteria. This simplification passed by not considering
the interactions between criteria. Additionally, the study made for each of the scenarios is presented
below.

Scenario 1

Table 23 shows these new m, values (i.e., m;") dividing the original m, values by the original total sum
(without the interactions). It should be noted that m,,’ values can be seen as weights for each criterion
since the interactions are not considered.
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Table 23: Values of m; and m;' —
scenario 1. Source: Own elaboration.

Criteria
and my my,'
Interactions

g1 0.139186|0.090782
g2 0.164882|0.107542
g3 0.164882|0.107542
9a 0.100642 |0.065642
gs 0.216274|0.141061
g 0.252677 |0.164804
g7 0.190578|0.124302
gs 0.304069|0.198324
G24 -0.126338 -

g37 -0.139186 -

gss -0.267666 -

Total 1 1

It was observed that all m,,’ values decreased comparing to the m,. This decrease occurred since all

the interactions had a mutual weakening effect, implying that their m, values were negative. From the

moment they were excluded, it was expected that the total sum of m,’ values would increase and,

consequently, the values for each criterion would decrease.

Then, the overall scores for each alternative were calculated without considering the interactions

between criteria. These where then compared with the previous overall scores, which reflected the

interactions between criteria (Figure 26).

SCENARIO 1

Overall Scores

al a2 a3 a4 a5 a6 a7 aB a9 ald all a12 al3 ald als al6 al? alg a19

Alternatives

W Nointeractions M Interactions

Figure 26: Overall scores with and without interactions — scenario 1. Source: Own elaboration.

20

Alternatives ay az az ay as ag a; ag ag
Overall Scores.
- 075 | 068 | 059 | 085 | 041 | 051 | 050 | 061 | 062
Overall Scores.
- 052 057 0.50 0.67 033 036 040 053 0.50
|No i i
% Variation 30.42 | -16.78 | -16.12 | -21.12 | -18.24 | -29.12 | -2047 | -12.73 | -19.26
Alternatives | @, | ay | ap a3 ay | s | @ | @iz | am
Overall Scores | |
- 055 | 071 | 063 | 044 | 046 | 067 | 054 | 050 | 066
Overall Scores
- 0.44 061 0.46 032 03s 056 051 041 0.50
No interactions
% Variation 19.88 14.03 26.87 27.50 22.86 16.09 6.51 17.90 2495
Alternatives | ay | ax | @ | @z | 4 | @y | @ | @ | ax
Overall Scores | |
- 0.46 0.57 063 057 0.42 0.36 0.50 042 0.40
Interactions
Overall Scores.
- 030 | 049 | 051 | 04z | 043 | 020 | 035 | 029 | o3
No interactions
iati 3455 | -14.58 | 1834 | 2587 | 146 | -1943 | -20.18 [ -31.69 | -22.75

So, not considering interactions between criteria had a significant impact on the overall scores.

alternatives decreased their overall scores, varying between 1.46% and 34.55%, except alternative

All

azs

which increased the overall score, but almost negligibly. Although alternative a, remains with the best

performance, almost all the alternatives changed places in the ranking. So, not considering interactions

between criteria affected the results in a decisively way.

Scenario 2

Table 24 shows the results of the m,’ values for scenario 2.
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Table 24: Values of m; and m;' —
scenario 2. Source: Own elaboration.

Criteria
and my, my,'
Interactions
g1 0.152047|0.113208
gz 0.171540|0.127721
g3 0.171540|0.127721
g 0.120858 | 0.089985
gs 0.212476|0.158200
e 0.241715|0.179971
g7 0.192982|0.143687
gs 0.079922 |0.059507
24 -0.140351 -
937 -0.152047 -
Gss -0.050682 -
Total 1 1

Then, the overall scores were calculated and compared with the initial ones (Figure 27).

08 cl 0
Alternatives | @, az as ay as ag ay ag ag
Overall Scores.
07 - 075 | 071 | 057 | 075 | 042 | 053 | 051 | 061 | 062
Overall Scores
06 - 060 | 068 | 050 | 0.2 040 | 043 | 047 0.57 0.58
No interactions
iati 2007 | 363 |-1186 | -17.76 | 509 | -1858 | 773 | 707 | 604
2 03 Alternatives | ay ay az ayy gy a5 ag ayy ayg
s Overall Scores.
a - 055 | D71 | 064 | 045 | 046 | 067 | 054 | 047 | 086
= 04 Interactions
@ Overall Scores
S - 050 072 051 038 041 058 0.53 045 0.55
03 No interactions
riati 931 034 -19.84 | 1659 | 1055 | -13.43 -2.28 -284 -17.09
02 Alternatives | a;q az ayy a3y az Q14 azs 4 az
Overall Scores
- 046 057 064 058 0.42 036 0.50 042 0.40
01 Interactions.
Overall Scores.
- 034 | 047 | 055 | 044 | 042 | 032 | 041 | 033 | 036
00 F“A .
al a2 a3 ad a5 a6 al a8 a9 al0 all al2 al3 ala alS al6 al7 al8 al9 a20 a2l a22 a23 a2d a25 a26 a2l 2526 | 1804 | 1357 | 2365 | 068 | 1206 | 1848 | 2164 | 1043

Alternatives

W No interactions Interactions

Figure 27: Overall scores with and without interactions — scenario 2. Source: Own elaboration.

Thus, not considering interactions between criteria had a significant impact on the overall scores. All
alternatives decreased their overall scores, varying between 2.28% and 25.26%, except for alternatives

a;; and a,; who increased.

Comparison between scenario 1 and 2

In Figure 28, it is possible to see the numerical and graphical distribution of the m, ' values adjusted for
each criterion for both scenarios.

SCENARIO 1 SCENARIO 2
FPV - Care
Appropriatanass; FPV - Care
21% Appropriateness;
25%

FPV1- Access;

FPV1 - Access;
37%

FPV4 - Efficiency;
6%

FPV4 - Efficiency;
20%

FPV3- Patiant
Safety; 20%

Figure 28: FPVs’ aggregated m,,' values for scenario 1 and 2. Source: Own elaboration.

FPV3.- Patient
Safety; 32%
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Figure 28 shows the multidimensionality that exists in healthcare since the weights are well distributed,

and no criteria overshadow the others. Additionally, the fact that the FPV, — Efficiency is over-evaluated

in scenario 1 and under-evaluated in scenario 2 is highlighted. This difference occurs because in

scenario 1 (i.e., financial sustainability) the DM considered project 8 with the highest value/capacity, and

in scenario 2 (i.e., societal value) with the lowest value/capacity.

Moreover, it is also valuable to have individual alternatives scores discriminated by FPV. The

aggregation is obtained by multiplying the respective utilities by the m, ' and summing the scores of all

the criteria contained in a certain FPV. Tables 25 and 26 present all these aggregated scores and give

a horizontal view of a FPV for each alternative (valuable for the comparative purpose between

alternatives in a particular subject) and a vertical view of each FPV for the same alternative (valuable

for introspection of results and understanding a better or worse performance).

Table 25: FPVs’ aggregated scores for each alternative — scenario 1.
Source: Own elaboration.

Table 25 shows that:

Alternatives

FPVs J a; ag ay as ag a; ag a,
FPV, Access 2165% | 23.63% | 10.56% | 19.02% | 16.13% | 21.15% | 1657% | 18.54% | 18.00%
FPV, (Care Appropriateness|  15.39% | 20.28% | 9.74% | 13.3a% | 12.86% | 10.25% | 1164% | 10.44% | 10.26%
FPV3 | Patient Safety 1494% | 13.08% | 20.29% | 14.82% | 4.21% 4.99% 1191% | 18.17% | 21.78%
FPV. Efficienc 0% 0% 9.18% | 19.83% 0% 0% 0% 6.22% 0%
5199% | 57.00% | 49.77% | 67.00% | 33.20% | 36.40% | 40.12% | 53.37%  50.04%

FPVs A1) a1 a4z @3 Qi a5 LT3 Q47 LT
FPVl Access 17.84% | 24.46% 16.32% 16.60% | 14.63% 11.29% 15.32% 10.86% | 11.64%
FPV, Care Appropriateness| 10.60% | 16.75% | 14.82% | 4.87% 437% | 16.68% | 1255% | 545% | 17.27%
FPV; | Patient Safety 13.89% | 19.68% | 11.84% | 10.18% | 16.48% | 19.73% | 15.64% | 21.47% | 17.96%
FPV. Efficienc 148% | 0% 2.84% % | 0% 8.19% 7.38% 330% | 2.88%
4381% | 60.89% | 4583% | 3166% | 3548% | 55.88% | 50.89% | 40.88% | 49.76%

FPVs Lot 4z 21 azz 23 L1} L3 LT3 a7
FPV| Access 7.98% 9.79% 24.53% 11.81% 13.62% 5.81% 11.82% 8.24% 12.46%
FPV, Care Appropriateness| 9.11% | 11.47% | 18.21% | 14.89% | 9.25% 7.59% 12.90% | 13.48% |  4.80%
FPV3 | Patient Safety 1299% | 16.48% | 2.60% 9.76% | 1044% | 13.52% | 10.5/% | 7.02% | 13.30%
FPV. Efficienc: 0% 11.26% 5.85% 5.76% 9.81% 2.34% 0% 0% 0%
30.09% | 49.00% | 51.19% | 4221% | 43.12% | 29.27% | 3530% | 28.74%  30.57%

— FPV, — Access: alternative a,,; has the highest score (best access performance) and a,, has

the lowest score (worst access performance);

— FPV, — Care Appropriateness: alternative a, has the highest score (best care appropriateness

performance) and a,, has the lowest score (worst care appropriateness performance);

— FPV; — Patient Safety: alternative a, have the highest score (best patient safety performance),

and alternative a,, has the lowest score (worst patient safety performance);

— FPV, — Efficiency: alternative a, has the best score (best efficiency performance) and

alternatives aq, a;1, @14, @y, 037, Ay, Q19, A7, A5, Qi3 , Gz, Qg ANd ag have the worst

performance (worst efficiency performance).

Then, the same was done for scenario 2.

Table 26: FPVs’ aggregated scores for each alternative — scenario 2.
Source: Own elaboration.

Alternatives

FPVs a [ az ag a, ‘ as ag a7 ag aq
FPV, Access 26.06% | 28.57% | 12.80% | 23.01% | 19.16% | 25.55% | 19.91% | 2204% | 21.53%
FPV, |Care Appropriateness| 17.91% | 24.38% | 12.19% | 16.59% | 1576% | 12.07% | 13.J6% | 13.06% | 12.63%
FPVy|  Patient Safety 1631% | 15.08% | 22.62% | 16.33% | 4.60% 5.45% 13.32% | 19.95% | 24.20%

FPV, Efficiency 0% 0% 2.75% 5.95% 0% 0% 0% 187% 0%
60.29% | 68.03% | 50.36% | 6188% | 39.51% | 43.08% | 46.99% | 56.91% | 58.36%

FPVs as ay ay; ayy Ay ays a6 ay; Ay
FPV, Access 2119% | 29.27% | 19.64% | 2001% | 17.46% | 13.58% | 18.19% | 12.91% | 14.11%
FPV, [Care Appropriateness| 12.65% 20.08% 17.94% 6.39% 5.98% 19.78% 14.98% 7.47% 20.16%
FPV;|  Patient Safety 15.43% | 22.21% | 12.93% | 11.12% | 18.00% | 21.99% | 17.45% | 23.98% | 19.70%
FPV, Efficiency 044% | 0% 0.85% 0% | 0% | 246% 2.22% 093% | 087%
49.72% | 7156% | 5137% | 37.53% | A145% | 57.81% | 5285% | 45.29% | 54.85%

FPVs LT a0 21 22 L5 ] LT3 25 6 LT
FPV, Access 9.69% | 11.93% | 29.34% | 14.28% | 16.18% | 6.98% 14.26% | 9.98% | 14.90%
FPV, |Care Appropriateness|  10.24% | 13.32% | 2144% | 17.50% | 11.05% |  9.20% 15.02% | 15.38% 6.02%
FPV3|  Patient Safety 1419% | 18.00% 2.84% 1065% | 11.86% | 15.01% | 1155% | 7.70% | 14.66%

FPV4 Efficienc: 0% 3.38% 1.75% 1.73% 2.94% 0.70% 0% 0% 0%
34.12% | 46.62% | 5538% | 44.16% | 42.04% | 3189% | 40.83% | 33.06% | 35.58%
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Table 26 shows that:

FPV,— Access: alternative a,, has the highest score (best access performance) and a,, has the
lowest score (worst access performance);

FPV, — Care Appropriateness: alternative a, has the highest score (best care appropriateness
performance) and a,, has the lowest score (worst care appropriateness performance);

FPV,; — Patient Safety: alternative a, have the highest score (best patient safety performance),
and alternative a,, has the lowest score (worst patient safety performance);

FPV, — Efficiency: alternative a, has the best score (best efficiency performance) and
alternatives aq, a1, a4, a1, Ay, Ay7, Q19, A7, Gys, Qq3, Gy, g aNd as have the worst

performance (worst efficiency performance).

Subsequently, it is necessary to compare these values of the aggregated FPVs scores with the

benchmarks, for both scenarios. Therefore, Figure 29 shows the FPVs’ aggregated scores for each

fictitious alternative.

Fictitious Alternatives Fictitious Alternatives
FPVs ap Az FPVs ag azg
FPV, Access 23.78% 16.97% FPV, Access 28.64% 20.42%
FPV, |Care Appropriateness| 15.50% 10.34% FPV, |Care Appropriateness| 18.61% 12.41%
FPV4 Patient Safety 22.30% 13.21% FPV; Patient Safety 24.99% 14.75%
FPV, Efficiency 10.91% 7.93% FPV, Efficiency 3.27% 2.38%
72.49% 48.45% 75.52% 49.95%

Figure 29: FPVs’ aggregated scores for each fictitious alternative. Source: Own elaboration.

Afterwards, Figures 30 and 31 show the charts of the FPVs’ aggregated scores for each scenarios,

alternatives and benchmarks.
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Figure 30: FPVs’ aggregated scores for each alternative, with respective benchmarks — scenario 1.
Source: Own elaboration.
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FPV1 - SCENARIO 2 FPV2 - SCENARIO 2

[' II”” "::|":I|:Z_Z|Z'I:Il_iltl

PPV scones
EPV2 Scores

FPVA Scores

nnnnnnnnnnn

— 3 maBerchmark ] e mBerchmark 2 — Y Berch -t

Figure 31: FPVs’ aggregated scores for each alternative, with respective benchmarks — scenario 2.
Source: Own elaboration.

When observing the charts above, it becomes clear that many alternatives do not have the minimum to
have a good performance and even a neutral one for each of the observed FPVs.

Afterwards, itis also crucial to check which criteria are being more critical in each alternative. That
is the criteria that are lowering the performance of a particular alternative. For example, alternative a,,
despite having the best performance for scenario 1, still presents criteria g,, gs and g, that do not reach
the good or even neutral level. On the other hand, alternative a,,, for scenario 2, has criterion g, in the

neutral level and criteria g, and gg below the neutral level (Figure 32).

ALTERNATIVE 4 ALTERNATIVE 11
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gl 82 g3 g4 g5 g6 g7 g8 gl g2 g3 g4 85 g6 g7 g8
o34 emmmBenchmark 1 —e====Benchmark2 e===3]] e=mBenchmarkl e====Benchmark2

Figure 32: Alternative a, chart for scenario 1 and alternative a,; chart for scenario 2.
Source: Own elaboration.

This type of interpretation and representation of results can help medical institutions identify the
healthcare dimensions where their performance is weak and strengthen these dimensions with proper
strategies. Additionally, it allows healthcare professionals to appreciate each dimension based on their

preferences, beliefs and priorities, and to reflect their concerns when making healthcare decisions.
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6.2 Analysis of Results

The application of a multi-criteria method must be followed by the analysis of the results obtained. It
becomes even more critical because of the subjectivity present in the decisions taken by the DM during
the model’s implementation. Consequently, a sensitivity analysis was carried out on the importance of
each criterion, in sub-section 6.2.1. This analysis allows for assessing the coherence and the
assertiveness of the results of this multi-criteria analysis. Subsequently, in sub-section 6.2.2, the
influence of the ratio z was evaluated, to test the robustness of the model and case-study results. In

fact, more than checking the robustness, it also helps to improve the decision-making process.

6.2.1 Sensitivity analysis
The sensitivity analysis allows evaluating the robustness of the model created and to increase the
reliability of results, as it assesses the impact of the variation of a given parameter on the final decision.

The chosen parameter was the my, as this has a significant impact on calculating the overall
scores for each alternative. Variations in the m;, value of +5% and +10% were made for a given
criterion and interaction between criteria. Consequently, whenever the m, value for a certain criterion
or interaction was changed, the m, values for the rest were adjusted, in order to maintain the same
proportionality. In total, 22 analyses were performed, that is, one for each of the eight criteria and the
three interactions between criteria, for each of the scenarios. These can be seen in Appendix E. Each
Chart consists of: 1) Horizontal axis representing the changes made in the value of m, for a given
criterion or interaction, and 2) Vertical axis representing the overall scores of the alternatives. These
range from O (worst performance) to 1 (best performance).

When looking at the charts and the results, it becomes clear that there were some significant
changes in the alternatives’ overall scores, since some criteria proved to be sensitive. However, the
alternatives found in the first three places in scenario 1 (i.e., a,, a; and a,,) have not been removed
from their positions. Therefore, the robustness of the results can be corroborated. On the other hand, in
scenario 2, more alternatives varied significantly, changing the ranking positions. Mainly, alternatives a,
and a, which alternated between the first and the second place. This alteration can be explained by the
proximity of the original overall scores of the alternatives, which implies that even a small variation in
some m, values can alternate the order of preference between the alternatives. So, few conclusions
can be drawn when comparing or analysing the alternatives in this scenario, especially alternatives a,

and a,. However, this should not be the reason to question the robustness of the results.

6.2.2 Changes inratio z

The value of the ratio z represents how many times the value/capacity of the project in the first position
is greater than the value/capacity of the project in the last position of the ranking. It is crucial to assess
its influence since there is a great deal of subjectivity associated with the fact that the DM chose its
value. In this sub-section, the impact of the ratio z was assessed both for the m, values and for the
overall scores associated with the alternatives. As the last value used was z = 3, the new values tested
were z = 2,z = 2.5, z = 3.5 and z = 4. It should be noted that the DM selected all these values and that
they were tested for both scenarios. Firstly, it is noticeable that changing the ratio z directly impacts the

m, values associated with each criterion and, consequently, on the overall scores of each alternative.
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Therefore, the m; values and the overall scores were recalculated using the SRF software and
Microsoft Excel. The values obtained for each scenario are detailed below.

Scenario 1

Figure 33 shows the numerous variations made to the ratio z and its impact on the m, values.
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Figure 34: Effect of changes in ratio z on the m;
values of criteria and interactions — scenario 1.
Source: Own elaboration.

mz=s

Figure 33: Effect of changes in ratio z on the overall
scores of the alternatives — scenario 1.
Source: Own elaboration.

It is visible that there are criteria with variations almost negligible in the values of m,,. However, criteria
s, gs and the interactions show a difference in these values marginally more accentuated. Intuitively, it
is noted that the higher the z value, the more significant the difference between the most and least
preferred levels. Consequently, the smaller the z value, the smaller the difference.

Subsequently, the z ratio’s impact on the overall score of each alternative was evaluated (Figure
34). It appears that, although some alternatives will have changed their position in the ranking,

alternative a, remained in the first position of the ranking. So, the selection of the alternative with the
best performance is not changed.

Scenario 2

Figure 35 shows the numerous variations made to the ratio z and its impact on the m, values.
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Figure 35: Effect of changes in ratio z on the m,, Figure 36: Effect of changes in ratio z on the overall
values of criteria and interactions — scenario 2. scores of the alternatives — scenario 2.
Source: Own elaboration. Source: Own elaboration.

It is visible that there are criteria with variations almost negligible in the values of m,,. However, criteria
J+, g and the interactions show a difference in these values marginally more accentuated, as it
happened for scenario 1. Itis visible that there are criteria with variations almost negligible in the values

of my.
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Additionally, it can be seen that changes in the ratio z (Figure 36) caused changes in the overall scores’
values and even changed the positions o the alternatives in the ranking. Even the first position was
changing between alternatives a, and a,. This event was due to the fact that their overall scores are

already very close, implying that any small change will impact their ranking positions.

6.3 Discussion and Chapter Summary of the Results

The results were presented in three different ways. In sub-section 6.1.1, the results were presented in
a straightforward manner of a simple ranking. Alternatives a, and a, presented the best performances

in the ranking, for scenario 1 and 2, respectively (Figure 37).

Alternative Institution Overall Score Ran_k!ng Alternative Institution Overall Score Ran_k!ng
Position Position

a, Santa Maria Maior Hospital, CPE 0.850 15t a; Médio Ave Hospital Centre, CPE 0.754 15t

a; Médio Ave Hospital Centre, CPE 0.747 2nd ay Santa Maria Maior Hospital, CPE 0.752 ond

a; Baixo Vouga Hospital Centre, CPE 0.708 37 as; Baixo Vouga Hospital Centre, CPE 0.713 3rd

Figure 37: The alternatives that occupy the first three positions of the ranking for scenario 1 (left image) and
scenario 2 (right image). Source: Own elaboration.
This ranking allows the DM to compare the choice between alternatives, but does not deepen and
understand its performance’s true nature. On the other hand, in sub-section 6.1.2, the results were
presented by comparing two fictitious alternatives, named benchmark 1 and 2. Benchmark 1
represented alternative a, with all criteria at the good level, and benchmark 2 represented alternative
a,g With all criteria at the neutral level. Comparing the results to this benchmarks allows for a clear
decision as to what is a good performing institution or not. In this case, alternative a, was the only one
that performed well in scenario 1 and, in scenario 2, there is no alternative considered with good

performance (Figure 38).

Alternatives above Instituti Alternatives above Institution
benchmark 1 nstitution benchmark 1
a, Santa Maria Maior Hospital, CPE
Alternatives between e Alternatives between -
benchmark 1and 2 Institution | benchmark1and2 | Institution

[ Médio Ave Hospital Centre, CPE a; Médic Ave Hospital Centre, CPE

@y, Baixo Vouga Hospital Centre, CPE ay Santa Maria Maior Hospital, CPE

az Pévoa do Varzim/Vila do Conde Hospital Centre, CPE A13 Baixo Vouga Hospital Centre, CPE

as Tamega e Sousa Hospital Centre, CPE az Pévoado Varzim/Vila do Conde Hospital Centre, CPE

ag Tondela — Viseu Hospital Centre, CPE s Tamega e Sousa Hospital Centre, CPE

az; Espirito Santo de Evora Hospital, CPE 8 Tondela —Viseu Hospital Centre, CPE

i Entre Douro e Vouga Hospital Centre, CPE il Ecpirito Santo de Evora Haspital, CPE

a Setdbal Hospital Centre, CPE ag: Entre Douro & Vouga Hospital Centre, CPE

9 .
a Leiria Hospital Centre, CPE = Setdbal Hospital Centre, CPE
2] )
) o ) ag Leiria Hospital Centre, CPE

ag Figueira da Foz District Hospital, CPE
az Porto University Hospital Centre, CPE;

azy Garcia da Orta Hospital, CPE
as Figueira da Foz District Hospital, CPE

az; Parto University Hospital Centre, CPE
dzg Garciada Orta Hospital, CPE

agg Senhora da Oliveira (Guimardes) Hospital, CPE
ajg Senhora da Oliveira (Guimardes) Hospital, CPE

agg Vila Nova de Gaia/Espinho Hospital Centre, CPE
g Vila Nova de Gaia/Espinho Hospital Centre, CPE
ag Barreiro/Montijo Hospital Centre, CPE

Figure 38: Results of the comparison with fictitious alternatives — scenario 1 (left) and scenario 2
(right). Source: Own elaboration.
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Therefore, the DM can conclude that alternative a, presents a good performance in scenario 1 indeed.
However, regarding scenario 2, alternative a, appeared to have a good performance by the simple
ranking, but in reality, it has not.

Subsequently, in sub-section 6.1.3, the impact that each criterion has on the overall scores was
observed. As such, scores from unique criteria were added to FPVs scores to compare institutions side
by side on a specific criterion and detect critical points for improvement. Consequently, these changes
had a major impact on the overall scores, since they almost all decreased, and even changed their
position in the ranking, for both scenarios. In scenario 1, alternative a, maintained the first position, but
in scenario 2, neither the first ranking position was maintained. Therefore, the interactions between
criteria is an important and relevant factor in perceiving which institutions perform better.

Afterwards, it was visualised in Figure 32, the criteria that lowered the performance in alternative
a, for scenario 1, and in alternative a,,, for scenario 2. Accordingly, it was noticeable that, for scenario
1 (i.e., financial sustainability) alternative a, presented difficulties for criteria g,, gs and g,, but had a
very good performance for criterion gg. It was showing that this institution is struggling to create public
value. On the other hand, scenario 2 (i.e., societal value) showed that alternative a,, had the worst
performance in criterion gg. So, it has more difficulties in reducing costs. Consequently, there is an
imbalance between costs and public value, referred to in the literature review.

Therefore, strategies are proposed to promote the healthy balance of these two concepts, namely:

— Organise objectives into actions, indicators and targets, allowing greater clarity to the
establishment of priorities;

— Focus on the assessment of health impact and results;

— Support the achievement of health gains through intermediate goals, such as reducing mortality
sensitive to care and health promotion, the integration of health care and the promotion of

healthy behaviours;
— Provide an enhanced patient experience that results in patient satisfaction with their providers;

— Deliver leading-quality outcomes and exercise a cost management and cost transparency

discipline evident for both consumers and payers in healthcare;

— Carry out strategic planning, based on real knowledge of people’s health needs. Without
planning, institutions tend to follow their disjointed paths. In turn, this can drive up the costs of

the system and increase its unsustainability.

Furthermore, institutions can perform self-assessment of performance using and identifying possible
underperforming dimensions. Additionally, institutions can also use the framework to measure their
strategy’s impact on each dimension and compare the sectors best practices. On the patients’ side, this
information can even be used to choose which institution they prefer to attend, taking into account the
concerns they find relevant.

Later, a sensitivity analysis on the m, parameters was performed, as well as an analysis of
changes in the ratio z. However, not all results and their order of classification resisted a plausible

variation in the values of m;, and z, since many alternatives were used in this case study. This significant
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number of alternatives and the fact that they had very close overall values, increases the likelihood that
the alternatives will change positions in the ranking.

Moreover, it should be noted that in scenario 1, alternatives a,, a,; and a,; maintained the best
three positions in the ranking, which proves and produces confident decisions. However, for scenario 2,
alternatives a, and a, vary between the first and second place. Therefore, considering alternative a, as
an institution with a good performance in terms of societal value can be hasty or even misleading.

Bearing in mind that the greatest preference of alternative a, over alternative a, is not
corroborated, it becomes clear that there is not enough evidence to produce such a decision. This
outcome demonstrates how important it is to carry out a robustness analysis of MCDA problems’ results.

In any future application of this framework, it must be followed by sensitivity analysis and changes

in the ratio z, to verify the results and provide the most credible conclusions.

Objectives fulfilled

The general objectives proposed for this dissertation have been met, and the research questions were
all answered. A healthcare organisation can evaluate its performance through this framework, and it can
innovate and create public value by measuring health outcomes and costs. Just recognising cost
savings, revenue sources, more services, and not precisely who provides the most valuable service to
the patient, does not create public value. Thereby, investing in projects that allow the creation of public
value is essential to meet people’s needs, but it is also one of the most potent vehicles for reducing
healthcare costs, recognising and rewarding the best providers.

Ultimately, it turns out that the best performance an institution can have is from the moment it
manages to balance its costs, without jeopardising the creation of public value. Moreover, applying an
MCDA approach to assess Portuguese public hospitals’ performance was followed, validating this model
and, consequently, this dissertation. Most importantly, a critical analysis of the Portuguese National
Health Service (the title of this dissertation) was successfully carried out. By combining MCDA,
healthcare performance and public value, coupled with assessment tools like this, institutions will have
valuable insights into what aspects need improvement.

Ultimately, institutions must seek the trade-off between costs and public value as the last instance
of the health sector.

78



7. CONCLUSIONS AND FUTURE WORK

The health sector presents itself as a dynamic sector with many peculiarities. From the results, it can be
concluded that there are still significant inefficiencies in the performance of the institutions, especially
for the second scenario related to societal value. Moreover, it was also found that the first three
institutions in both ranking are the same, which means that if institutions are able to balance costs and
social value, they can achieve better performance. This balance can be achieved by sustaining the NHS
through maximising patient satisfaction and providing personalised service and saving resources.

Besides, health cannot be seen only as a cost, nor can it be analysed by the budgetary
component alone. The temptation will be to cut these costs and create short-term policies without a real
assessment of the population’s health status. Instead, there must be a reform that supports the health
system’s sustainability in the generation of value and citizens’ focus.

Currently, the NHS has a structure that only recognises the reduction of expenses, income
sources, and volume of care, without guidance for evaluating clinical results. However, more healthcare
does not always correspond to better healthcare. Changing the focus from volume to value has assumed
particular relevance, constituting a central challenge for health organisations, which they can do mainly
through the evaluation of health outcomes and impacts.

Nowadays, the patient is beginning to be perpetuated by managers and strategic leaders at the
centre of value approaches. This fact is an indication that seems to guide the proposed change.
However, this transition requires a fundamental transformation in thinking and approach, focusing on
health outcomes. It requires asking: What is the impact of the institution’s service on the patient’s life?
What changes? How does the patient feel after having resorted to the service? What message does he
send when recommending the service? In healthcare, these responses can star by reducing non-
monetary costs (e.g., non-compliance with service hours) and expanding perceived benefits (e.g., good
service, reliability and empathy for team member).

Furthermore, another challenge found in the institutions, was the difficulty they have in
understanding what they are failing. Consequently, this challenge can be overcome by using the
proposed framework of this dissertation, as it is a tool that is easy to comprehend and apply.

Finally, it is worth highlighting the importance that the NHS has in our society. Above all, patients
and the public see the NHS as a single, national and unified service that guarantees the quality of care
provided wherever they have access. Therefore, the NHS cannot degrade its performance further, failing

to fulfil its social function or even worse, to become irrelevant.
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Limitations

A good model is accurate and as simple as possible, making it robust and easy to understand. However,

no matter how good they are, models have limitations. In this case, the limitations are related to the

following topics:

The msubjectivity: the DM actively participated in implementing the model, namely making
decisions according to his preferences. Consequently, the final results depended on the DM’s
input. Therefore, in the presence of another DM or group of DMs, the final results could be
different;

Criteria Operationalisation: this step involved the construction of interval scales for each
criterion, constituted by different levels. However, there was an evident lack of qualitative
performance descriptors. The use of quantitative descriptors arose because all the criteria
presented quantitative values in the ACSS benchmarking database. It should also be noted that
no sub-criteria was designed to make the problem less intricate;

The number of indicators: eight of the 34 indicators presented in the ACSS benchmarking
database were used. Therefore, it was a small number of indicators. However, a high number
could make it heavy when eliciting the value functions and capacities of the Choquet integral;
ACSS benchmarking database: some simplifications were made in the criteria, namely in
criterion gg, using an extrapolation. Additionally, to increase the model’s robustness, a more
appropriate indicator could have been added to measure public value. The outcome-centred
indicators, such as patient satisfaction, would be appropriate. However, they were not presented

in the database and are more difficult to access.

Future work

As future work, the following is advised:

DM change: apply this same methodology, but with a new DM or DM group in order to test the
robustness of the model and to assess the impact it has on the final results;

Application of another method: apply MACBETH, for example. Subsequently, the results
obtained could be compared with the ones obtained in the DCM-Choquet, recommending more
solutions;

Role of managers: for future research in public value in healthcare, it would be interesting to
understand managers’ role in building the institutions’ value;

Practical Application: test this framework applied to one or more institutions. Additionally, having
data available on outcome indicators (referred to in the limitations) would help the institutions
understand their critical points and strategies to improve them;

Changing variables in the model: using the same framework by changing the number of
alternatives, or using sub-criteria or employing qualitative descriptors. By reducing the number
of alternatives, the sensitivity analysis would not become as heavy and compound. Adding sub-
criteria would make the model more detailed and with a criteria operationalisation more
effective. Finally, it would be interesting to use it with qualitative descriptors to understand the

model’s ambiguity and its impact on the results.
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Appendices

APPENDIX A
A A
1]
3 Médio Ave Hospital Centre, CPE al 87,13 2,13
4 P6vo do Varzim/Vila do Conde Hospital Centre, CPE a2 80,33 4,67
5 Figueira da Foz District Hospital, CPE a3 74,89 10:;11
6 Santa Maria Maior Hospital, CPE a4 93,32 8,32
T/ Oeste Hospital Centre, CPE a5 85,85 0,85
8 Barreiro/Montijo Hospital Centre, CPE aé 83,4 1,60
9 Cova da Beira University Hospital Centre, CPE a7 79,53 5,47
10 Leiria Hospital Centre, CPE a8 84,96 0,04
11 Setubal Hospital Centre, CPE a9 84,61 0,39
12 Senhora da Oliveira (Guimardes) ital, CPE alo 82,46 2,54
13 Baixo Vouga Hospital Centre, CPE all 86,34 1,34
14 Entre Douro e Vouga ital Centre, CPE al2 92,32 7,32
15 Médio Tejo Hospital Centre, CPE al3 91,53 6,53
16 Santarém District Hospital, CPE ald 82,72 2,28
17 Tamega e Sousa Hospital Centre, CPE als 94,93 9,93
18 Vila Nova de Gaia/Espinho Hospital Centre, CPE alé 87,31 2,31
19 Tras-os-Montes e Alto Douro Hospital Centre, CPE al7 89,59 4,59
20 Tondela-Viseu ital Centre, CPE als 89,32 4,32
21 Algarve University Hospital Centre, CPE al9 91,47 6,47
22 Garcia da Orta Hospital, CPE a20 93,17 8,17
23 Espirito Santo de Evora Hospital, CPE a2l 83,69 1,31
24 Porto University Hospital Centre, CPE a22 95,67 10,67
25 S&o Jodo University Hospital Centre, CPE a23 87,47 2,47
26 Coimbra University Hospital Centre, CPE a24 78,34 6,66
27 Lisboa Central University Hospital Centre, CPE a25 89,08 4,08
28 Lisboa Ocidental Hospital Centre, CPE a26 79,18 5,82
29 Lisboa Norte Hospital Centre, CPE a27 89,66 4,66

Figure 39: Performance values of criterion g,’ obtained by calculating the
absolute difference in the g, value to a reference value of 85%. Source: Own

elaboration.
A

1

2 | , : i g8 7
3 | Médio Ave Hospital Centre, CPE al 3823 4171
4 Pévo do Varzim/Vila do Conde Hospital Centre, CPE a2 3567 3891
5 Figueira da Foz District Hospital, CPE a3 3059 3337
6 Santa Maria Maior Hospital, CPE a4 2215 2416
7 Oeste Hospital Centre, CPE a5 3837 4186
8 Barreiro/Montijo Hospital Centre, CPE a6 3518 3838
9 Cova da Beira University Hospital Centre, CPE a7 4358 4754
10 | Leiria Hospital Centre, CPE a8 3196 3487
11 | Setubal Hospital Centre, CPE a9 3879 4232
12 | Senhora da Oliveira (Guimardes) Hospital, CPE alo 3415 3725
13 | Baixo Vouga Hospital Centre, CPE all 3664 3997
14 Entre Douro e Vouga Hospital Centre, CPE al2 3352 3657
15 | Médio Tejo Hospital Centre, CPE al3 4192 4573
16 | Santarém District Hospital, CPE ald 3844 4193
17 | Tamega e Sousa Hospital Centre, CPE als 3105 3387
18 | vila Nova de Gaia/Espinho Hospital Centre, CPE alé 3142 3428
19 l Tras-os-Montes e Alto Douro Hospital Centre, CPE al? 3340 3644
20 Tondela-Viseu Hospital Centre, CPE als 3350 3655
21 | Algarve University Hospital Centre, CPE alg 3945 4304
22 Garcia da Orta Hospital, CPE a20 2963 3232
23 Espirito Santo de Evora Hospital, CPE a2l 3213 3505
24 | Porto University Hospital Centre, CPE a22 3217 3509
25 | Sdo Jodo University Hospital Centre, CPE a23 3030 3305
26 Coimbra University Hospital Centre, CPE a24 3375 3682
27 | Lisboa Central University Hospital Centre, CPE a25 3890 4244
28 | Lisboa Ocidental Hospital Centre, CPE a26 3667 4000
29 | Lisboa Norte Hospital Centre, CPE a27 3690 4025

Figure 40: Performance values of criterion g4’ obtained by extrapolation of gg.
Source: Own elaboration.

91



A B

1 i

2 B Institutions |Alternatives| g1 gl' g6

3 Médio Ave Hospital Centre, CPE al 80,54 19,46 88,13 11,87 19;39 80,61
4 | Ppévodo Varzim/Vila do Conde Hospital Centre, CPE a2 92,21 7,79 70,79 29,21 85,60 14,40
5 | Figueira da Foz District Hospital, CPE a3 74,04 25,96 85,82 14,18 59,17 40,83
6 Santa Maria Maior Hospital, CPE a4 86,37 13,63 85,19 14,81 39,25 60,75
7 Oeste Hospital Centre, CPE a5 54,80 45,20 75,11 24,89 29,38 70,62
8 Barreiro/Montijo Hospital Centre, CPE a6 86,92 13,08 76,06 23,94 27,60 72,40
9 Cova da Beira University Hospital Centre, CPE a7 71,94 28,06 78,42 21,58 50,00 50,00
10 Leiria Hospital Centre, CPE a8 56,61 43,39 90,06 9,94 36,79 63,21
11 Setubal Hospital Centre, CPE a9 66,08 33,92 88,49 11,51 56,32 43,68
12 I Senhora da Oliveira (Guimardes) Hospital, CPE alo 48,02 51,98 81,92 18,08 46,37 53,63
13 | Baixo Vouga Hospital Centre, CPE all 71,69 28,31 80,28 19,72 75,08 24,92
14 | Entre Douro e Vouga Hospital Centre, CPE al2 73,49 26,51 84,37 15,63 16,91 83,09
15 Médio Tejo Hospital Centre, CPE al3 76,72 23,28 82,36 17,64 21,19 78,81
16 | Santarém District Hospital, CPE al4 61,30 38,70 90,76 9,24 22,22 77,78
17 Tamega e Sousa Hospital Centre, CPE als 67,88 32,12 85,34 14,66 58,50 41,50
18 Vila Nova de Gaia/Espinho Hospital Centre, CPE alé 51,46 48,54 81,85 18,15 53,63 46,37
19 Trés-os-Montes e Alto Douro Hospital Centre, CPE al7 56,34 43,66 85,97 14,03 63,43 36,57
20 Tondela-Viseu Hospital Centre, CPE alg 76,39 23,61 94,18 5,82 35,94 64,06
21 | Algarve University Hospital Centre, CPE al9 70,63 29,37 85,77 14,23 14,33 85,67
22 | Garcia da Orta Hospital, CPE a20 77,15 22,85 90,69 9,31 14,94 85,06
23 Espirito Santo de Evora Hospital, CPE a2l 69,96 30,04 73,16 26,84 16,53 83,47
24 Porto University Hospital Centre, CPE a22 74,32 25,68 81,84 18,16 29,97 70,03
25 | S&o Jodo University Hospital Centre, CPE a23 51,45 48,55 73,83 26,17 59,29 40,71
26 | Coimbra University Hospital Centre, CPE a24 60,66 39,34 81,83 18,17 45,19 54,81
20 Lisboa Central University Hospital Centre, CPE a25 71,18 28,82 82,82 17,18 30,04 69,96
28 | Lisboa Ocidental Hospital Centre, CPE a26 69,32 30,68 77,87 22,13 32,14 67,86
29 Lisboa Norte Hospital Centre, CPE a27 61,90 38,10 83,54 16,46 38,63 61,37

Figure 41: Performance values of criteria g,’, g¢' and g,’ obtained by the difference between the maximum value

of 100% and the value of criteria g;, g¢ and g, respectively. Source: Own elaboration.
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Figure 42: Full deck of cards presented to the DM. Source: Own elaboration.
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APPENDIX C

Available Methods

Local Methods

Order By

CAT-SD

Inquiry
Sort

SRF

Method Name  Description Input
SRF Mainly used for determining the weights of a certain criteria setwitha Criteria
White Cards
Ranking
Ratio Z
Decimal
Places

revised Simos' procedure. It is available as a standalone method, butiitis
also integrated with other methods that can make use of it

Weight Type

SRF reference and example

Figure 43: Available methods on the SRF software. Source: SRF software.

SCENARIO 1

Most Important ‘

Project 8: p&

‘ Project 1:p1 [l Project 9: p2.

| ]

Project 4: p4

Least Important ‘

Figure 44: Cards’ ranking — scenario 1. Source: SRF software.
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Other Parameters

Ratio Z 3
Decimal Places 1 -
Weight Type Normalized M

Figure 45: Parameters’ choice — scenario 1. Source: SRF
software.

Output - SRF1

Criterion Normalized Weight
Project 1: p1 6.5
Project 2: p2 7
Project 3: p3 7.7
Project 4: p4 47
Project 5: p5 101
Project 6: p6 1.8
Project 7: p7 8.9
Project 8: p8 142

Project 9: p2,4 6.5
Project 10: p3,7 10.1
Project 11: p5,8 1.8

Figure 46: Output — scenario 1. Source: SRF software.

SCENARIO 2

Least Important

Figure 47: Cards ranking — scenario 2. Source: SRF software.



Other Parameters

Ratio Z 3
Decimal Places 1 -
Weight Type Normalized ~

Figure 48: Parameters’ choice — scenario 2. Source: SRF
software.
Output - SRF1

Criterion Normalized Weight
Project 1: p1 7.8
Project 2: p2 8.8
Project 3: p3 8.8
Project 4: p4 6.2
Project 5: p5 10.9
Project 6: p6 12.4
Project 7: p7 90
Project 8: p8 4.1

Project 9: p2,4 7.8
Project 10: p3,7 10.9
Project 11: p5,8 12.4

Figure 49: Output — scenario 2. Source: SRF software.




APPENDIX D

SCENARIO 1
my 0,139186 | 0,164882 | 0,164882 | 0,100642 | 0,216274 | 0,252677 | 0,190578 | 0,304069 | -0,126338 | -0,139186 | -0,267666
Utility 0639 0874 & 0600 | 0395 | 0908 | 0807 | 0,000 | 0,000 X X x X
Final Score 0089 | 0144 | 0,099 0040 | 0196 | 0229 @ 0 0 -0,050 [} o | 0,747
Utility 0930 | 0592 080 | 1000 | 0873 | 0040 | 1,000 | 0,000 X X X X
Final Score | 0,129478 | 0,097647 0,135203 0 0,210327 | 0,009981  0,190578 0 -0,074820 | -0,114133 | 0,00000 | 0,685
Utility 0476 | 0000 0580 | 0770 | 0333 | 0791 | 0583 | 0,463 X X x x
Final Score | 0066253 | 0 | 0,095632 | 0,077495 | 0,071911 | 0,199867 | 0,111183 | 0,140756 | 0,000000  -0,080728 | -0,088999 | 0,593
Utility 0784 | 0187 0920 | 1000 | 0480 & 0760 0,185 | 1,000 X X X X
Final Score | 0109157 | 0  0,151692 | 0,100642 | 0,103812 | 0,191908 | 0,035257 | 0,304069 | -0,023583  -0,025749 | -0,128480 | 0,850
Utility 0 1 1 1 ; ) 0 0 0 X X % X
Final Score 0 | 0,164882 0,082441 | 0,082024 | 0,115166 | 0,064559 0 0 -0,102966 0 o | 0,406
Utility 0798 | 0933 0360 | 035 | 0563 0303 0000 | 0,000 X X X X
Final Score | 0,111071 | 0,153890 0 0,035476 | 0,121654 | 0,076561 0 0 -0,044534 0 o | 0,513
Utility 0424 | 0503 = 0680 | 0435 | 0623 | 0421 | 0400 | 0,000 X X X X
Final Score | 0,058945 | 0,082991  0,112120 | 0,043779 | 0,134631 | 0,106377  0,076231 0 -0,054957 | -0,055675 o | 0,504
Utility o | 1 1 1 [} 1 [} [ X x x x
Final Score 0 | 0164882 | 0,113769 | 0,082778 | 0,077318 | 0,252677 0,025881 | 0,095312 | -0,103913 | -0,018901 | -0,083901 | 0,612
Utility 0277 | 1000 = 0440 | 0683 | 0410 | 0925 | 0526 | 0,000 X X X x
Final Score | 0,038555 | 0,164882 0,072548 | 0,068688 | 0,088672 0,233600 0,100320 0 -0,086226 | -0,061242 o | 0,620
Utility of ] @ 1 0 1 1 0 0 X X x X
Final Score 0 | 0136669  0,136852 | 0,047302 | 0,115166 | 0,150595  0,062395 | 0,022667 | -0,059379 | -0,045570 | -0,019953 | 0,547
Utility 0417 | 092 090 | 0790 | 080 | 0514 | 0902 | 0,000 x X X x
Final Score | 0,058075 | 0,158653 | 0,158287 | 0,079507 | 0,177345 | 0,129876 | 0,171825 0 -0,099807 | -0,125490 [ 0,708
Utility 0462 | 0298 0830 | 0808 | 0675 0719 | 0000 | 0,143 X X X X
Final Score | 0,064339 | 0,049098 ' 0,136852 | 0,081269 | 0,145985 | 0,181548 0 0,043565 | -0,037621 0 -0,038349 | 0,627
Utility 0543 | 0386 0700 | 0570 | 0080 | 0618 | 0000 | 0,000 X X X X
Final Score | 0,075578 | 0,063571  0,115418 | 0,057366 0 0156154 0 0 -0,048710 0 o | 0,437
Utility 0 | 1 0 1 0 1 0 0 % X X X
Final Score 0 0141432 0 0,086927 0 025277 0 [} -0,084015 0 o | 0,460
Utility 0322 | 0008 0770 | 0655 | 0878 & 0767 0570 | 0413 X X X X
Final Score | 0,044818 | 0  0,126959 | 0,065921 | 0,189781 | 0,193803 | 0,108630 | 0,125497 | -0,000983  -0,079336 | -0,110473 | 0,666
Utility 0 1 1 1 1 1 0 0 X X X X
Final Score 0 | 0,140883  0,093983 | 0,056108 | 0,136253  0,149711  0,090067 | 0,113224 | -0,070434 | -0,065779  -0,099669 0,544
Utility 0o | 1 0 1 0 1 1 0 X X X X
Final Score 0 0099113 0 0,083533 0 0201762 0,127421 | 0,047545 | -0,075943 0 0o | 0,498
Utility 0535 | 0,631 0000 | 0483 | 1000 | 1000 | 0119 | 0,145 x X X x
Final Score 0074430 | 0,104059 0 0,048560 | 0,216274 | 0,252677 | 0,022641 | 0,044228 | -0,060958 0 -0,038933 | 0,663
Utility 0,391 0392 | 0020 | 0013 | 0640 | 0789 0000 | 0,000 x X X X
Final Score | 0,054387 | 0,064670 0 0001258 | 0,13845. 0 0 0 -0,001579 0 [ 0,460
Utility 0554 | 0203 0240 | 0280 | 0683 | 1000 0000 | 0,568 X x X X
FinalScore | 0077074 0 0 0,028180 | 0,147607 | 0,252677 0 | 0,172600 | -0,025689 0 0151937 | 0,574
Utility 0374 | 0966 = 1000 | 0625 | 1000 & 0158 | 0000 | 0,295 X X X X
Final Score | 0,052056 | 0,159203 0 (] 0216274 | 0,039923 0 0,089673 | -0,078961 0 -0,078937 | 0,627
Utility 0483 | 0000 = 0690 | 0490 | 088 | 0592 0000 | 0,201 X X X X
Final Score | 0,067227 0 0,113769  0,049315 | 0,178967 0,149585 0 0,088346 | 0,000000 0 0,077769 | 0,569
Utility 0 1 0 0 0 0 1 0 X X X X
Final Score 0 0,137951 | 0,070899 0 0,100027 | 0,048388  0,111641 | 0,150376 | -0,052430 | -0,059850 | -0,123796 | 0,425
Utility 0 0 0 0 0 1 0 0 3 X % X
Final Score 0 0061190 | 0 0,042270 | 0,074074 | 0,149458 | 0,057898 | 0,035935 | -0,046886 0 -0,031633 | 0,363
Utility 0405 | 0658 0100 | 0338 | 0758 0641 0,001 0,000 X X X X
Final Score | 0,056301 | 0,108456 0 0,033967 | 0,163828 | 0,161966 0,000 0 -0,042639 [} o | 0,498
Utility 035 | 0464 0000 | 0158 | 0883 | 0394 | 0043 | 0,000 X X X X
Final Score | 0,049829 | 0,076579 0 0015851 | 0190862 0 | 0 0 -0,019898 0 o | 0,421
Utility 0173 | 0503 0420 | 0388 | 0160 | 0677 0173 | 0,000 X X X X
Final Score 0 0,097830 | 0,069251 | 0,038999 0 | 0,171062 | 0,032894 [} -0,048956 | -0,024024 0 | 0,396

Figure 50: Overall scores for all alternatives — scenario 1. Source: Own elaboration.
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SCENARIO 2

me 0,152047 | 0,171540 | 0,171540 | 0,120858 | 0,212476 | 0,241715 | 0,192982 | 0,079922 | -0,140351 | -0,152047 | -0,050682
Utility 0639 | 0874 0,600 0,395 0908 0907 | 0,000 0,000 X X X x
Final Score | 0,097082 | 0,150002 | 0,102924 | 0,047739 | 0,192822  0,219115 0 [} -0,055439 0 0 0,754
Utility 0930 0592 0,820 1,000 0973 0,040 1,000 0,000 x X x x
Final Score | 0,141442  0,101590 | 0,140663 0 0,206633 | 0,009548 | 0,192982 0 -0,083119 | -0,124678 | 0,00000 0,706
Utility 0476 | 0000 | 0,580 0,770 0333 0791 0,583 0,463 X X X X
Final Score 0072374 0 0,099493 | 0,093060 | 0,070648  0,191197 | 0,112586 | 0,036997 = 0,000000 | -0,088187 | -0,016852 0,571
Utility 0784 | 0,187 0,920 1,000 0480 0760 | 0,185 1,000 x x x x
Final Score | 0,119243 0 0,157817 | 0,120858 | 0,101988 | 0,183583 | 0,035702 | 0,079922  -0,026199 | -0,028129 | -0,024327 0,752
Utility 0 1 0,500 1 1 0 0 0 X X X x
Final Score 0 0,171540 | 0,085770 | 0,098499 | 0,113143 | 0,061758 [ [ -0,114386 0 0 0,416
Utility 0,798 0,933 0,360 0,353 0,563 0,303 0,000 0,000 X X X X
Final Score | 0,121333 | 0,160104 0 0,042602 | 0,119518 | 0,073240 0 0 -0,049474 0 0 0,529
Utility 0424 0503 | 0,680 0,435 0623 0421 0,400 0,000 x x X %
Final Score | 0,064392  0,086342 | 0,116647 | 0,052573 | 0,132266 | 0,101762 | 0,077193 0 -0,061053 | -0,060819 0 0,509
Utility 0 1 1 1 0 1 0 0 X X X X
Final Score 0 | 0,171540 | 0,118363 | 0,099405 | 0,075960 ' 0,241715 | 0,026207 | 0,025052 | -0,115439 | -0,020648 | -0,015887 0,612
Utility 0,277 1,000 0,440 0,683 0,410 0,925 0,526 0,000 X X X X
Final Score | 0,042117 | 0,171540 | 0,075478 | 0,082485 | 0,087115 | 0,223466 | 0,101586 0 -0,005789 | -0,066901 [ 0,621
Utility 0 1 1 0,5 1 1 0 0 X X X X
Final Score 0 | 0,142188 | 0,142378 | 0,056803 | 0,113143 | 0,144062 | 0,063182 | 0,005958 | -0,065965 | -0,049780 | -0,003778 0,548
Utility 0417 | 0962 0,960 0,790 0820 0514 | 0902 0,000 X X X X
Final Score | 0,063442 0,165060 | 0,164678 | 0,095478 | 0,174230 0,124242 | 0,173993 0 -0,110877 | -0,137085 0 0,713
Utility 0462 0298 | 0,830 0,808 0675 0719 | 0,000 0,143 x X X x
Final Score | 0,070284 | 0,051081 | 0,142378 | 0,097593 | 0,143421  0,173673 0 0,011451 | -0,041793 0 -0,007261 0,641
Utility 0543 0386 | 0,700 0,570 0080 0618 | 0,000 0,000 x X X x
Final Score | 0,082561 | 0,066138 | 0,120078 | 0,068889 0 | 0,149380 0 0 -0,054113 0 [} 0,450
Utility 0 1 0 1 0 1 0 0 X X X X
Final Score 0 | 0,147143 [} 0,080370 0 | 0241715 [} 0 -0,093333 0 0 0,463
Utility 0,322 0,008 0,770 0,655 0,878 0,767 0,570 0,413 X X X X
Final Score | 0048959 0 0,132086 | 0,079162 | 0,186447  0,185396 | 0,110000 | 0,032986 | -0,001092 | -0,086667 | -0,020918 0,668
Utility 0 1 1 1 1 1 0 0 X X X X
Final Score 0 | 0,146571 | 0,097778 | 0,067378 | 0,133860 0,143216 | 0,091204 | 0,029760 | -0,078246 | -0,071857 | -0,018872 0,541
Utility 0 1 0 1 0 1 1 0 X % X X
Final Score 0 | 0103115 0 0,100312 0 | 0,193010 | 0,129028 | 0,012497 | -0,084366 0 0 0,466
Utility 0535 0631 0,000 0,483 1,000 1,000 | 0,119 0,145 x x x X
Final Score | 0,081307 | 0,108261 0 0,058314 | 0,212476 | 0,241715 | 0,022926 | 0,011625 | -0,067719 0 -0,007372 0,662
Utility 0,391 0,302 0,020 0,013 0640 0789 | 0,000 0,000 x x X x
Final Score | 0,050412  0,067282 0 0,001511 | 0,135084 0 0 0 -0,001754 [ 0 0,456
Utility 0554 | 0203 | 0,240 0,280 0,683 1,000 | 0,000 0,568 x X x X
Final Score 0,084196 0 [} 0,033840 | 0,145015 | 0,241715 0 0,045367 | -0,028538 0 -0,028769 0,569
Utility 0374 | 0966 1,000 0,625 1,000 0,158 | 0,000 0,295 x x x x
Final Score | 0,056865 0165631 0 0 0,212476 | 0,038191 0 0,023570 | -0,087719 0 -0,014947 0,641
Utility 0483 0000 | 0,690 0,490 0828 0592 0,000 0,291 x X x x
Final Score | 0073439 0 0,118363 | 0,059220 | 0,175824 | 0,143096 0 0,023221 | 0,000000 0 0,014726 0,578
Utility 0 1 0 0 0 0 1 0 X X X X
Final Score 0 | 0,143522 | 0,073762 0 0,098270 | 0,046288 | 0,113049 | 0,039525 | -0,058246 | -0,065380 | -0,023441 0,418
Utility 0 0 0 0 0 1 0 0 X X X X
Final Score 0 | 0063660 0 0,050760 | 0,072773 | 0,142975 | 0,058628 | 0,009445 | -0,052086 [} -0,005990 0,363
Utility 0405 0658 | 0,100 0,338 0758 0641 0,001 0,000 x X X X
Final Score | 0,061503  0,112835 [} 0,040789 | 0,160950 ' 0,154940 | 0,000 [} -0,047368 0 0 0,501
Utility 0358 0,464 0,000 0,158 0883 0394 | 0,043 0,000 x x x x
Final Score | 0,054433  0,079671 0 0,019035 | 0,187510 0 0 0 -0,022105 0 0 0,422
Utility 0 1 0 0 0 1 0 0 X X X X
Final Score 0 | 0,101780 | 0,072047 | 0,046832 0 | 0163641 | 0,033309 [} -0,054386 | -0,026243 [} 0,397

Figure 51: Overall scores for all alternatives — scenario 2. Source: Own elaboration.
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Figure 52: Sensitivity analysis — scenario 1. Source: Own elaboration.



Overall Score

Overall Score

Overall Score

SCENARIO 2

Criterion 1 (g1)

Criterion 2 (g2)

Criterion 3 (g3)

w
0 10
as
LE] 09
08
g e 0B
a7 —
07 —_— o7
goe — e =
J—
| =
us - o 06
§os —— g —
05 g i a5
o4 g
04 —_— 04
a3
a3 | 03
oz
02 02
ol
01 01
op
on -1 T ™ ' 10 0o
Varlation of mk -10% 5% 0% 5% 108 -10% -5% 0% 5% 108
Variation of mk Variation of mk
—_— — —) N T e p—
e 0 e 1, e 1 s 1 e 314 a1y B e 317 e UK —1a] ——al ——a3 ——d ——35 ——3f =——g] =——af ——af —_—3a] ——a2 ——a3 ——ad —— 5 —— b =] =——af ——a9
P YR+ PR SU S S—— s e war —al0 ——all ——al2 a13 ——ald —al5 316 ——al? —al8 310 a1l —— 312 ——al3 ald als als al17 ——al8
——al9 ——a20 ——a2] ——— 22 =323 324 —— 225 ——a26 ——all  m— a5 aze a7
Criterion 4 (g4) Criterion 5 (g5) Criterion 6 (g6)
10 10 10
03 09 09
og 038 08
a7 a7 07
_——-——————— —
Y3 g 05 ¢ 06
@ &
a5 =05 5 o0s
g e g
o4 | 804 — 8 oa = — — — =
03 o3 03
a2 0.2 02
1 o1 0.1
00 00 00
-10% S 0% £ 10% -10% 5% [ 5% 10% -10% % 0% 5% 1%
Variation of mk Variation of mk Variation of mk
—_—3al =——3) ——a3 ——3 =——3f ——af =——3] =——(3f ——2a0 —ral ——a2 a3 ——al ——3a5 ———3f =———3a] =——38 ——af —_—1a1 ——a} ——a3 ——3 ——3f ——3f =——3] =——i3f ——2a)
al0 all a12 al3 ala als al6 al? al8 1 1 13 14 15 1 17 —ail8 —al0 —all —al2 —al3 ——ald —als a1 —al7 —als8
— 375 326 a27 325 e 326 3 2] 120 =221 225 32 217
Criterion 7 (g7) Criterion 8 (g8) Criterion 2 + Criterion 6 (g2,6)
10 10 10
03 09 09
08 08 (X3
o7 07 07
———
06 o 06 06
g g —
2 &
05 Zos So0s
g 2
04 — & o4 -
03 03 03
0z 02 02
o1 01 01
oo 00 00
~10% -5% 0% 5% 10% 10% 5% % 5% 0% 10% % 0% 5% 0%
Variation of mk Variation of mk Variation of mk
—d] m—3) 33 3] m—35 —E0 m—] —0 —0 —_—31 =2 —33 — ¥ —a5 b ——3] ——af ——a9 —1al =3l ——33 3 ——105 A ——2] —38 ——39
—all) =——3l] ——312 ——213 ——ald ——al5 alf ——al7 ——al8 — 10— 1] — 317 13 = al4 ——al5 ——alh ——al7 ——al8 10— 1] —317 313 314 15 a1 =217 ——218
—219 =32 23] 220 m—(03 e—2] 225 226 ——a27 —3l9 — a2l o ———ar
Criterion 3 + Criterion 7 (g3,7) Criterion 5 + Criterion 8 (g5,8)
10 10
09 09
08 08
07 07
e —
_—
06 2 06
2 H
g g
3 2o
=05 = 0
T E
H
S04 — & 0
03 03
02 02
oL 01
0o 00
. . o - o 10% 5% 0% 5% 10%
Variation of mk Variation of mk
S S S —al ——a2 ——33 ——8 ——a5 —— i ——0] ——3f —— 8
ald -all a1z 213 ala als als al? als als ——al8
—al5 326 327 325 ——— a26 ——alT

Figure 53: Sensitivity analysis — scenario 2. Source: Own elaboration.

100



