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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 saúde Português é uma área muito proeminente na nossa sociedade, tanto a nível social 

como económico. O Serviço Nacional de Saúde (SNS) faz parte deste setor, contribuindo para a 

proteção da população portuguesa em relação aos serviços de saúde. À medida que Portugal recupera 

lentamente da crise económica e financeira de 2010, há uma pressão crescente sobre as 

administrações públicas para fazerem mais com menos. Consequentemente, as reformas estruturais 

do SNS e a implementação de novas políticas de saúde focaram-se em melhorar a eficiência e reduzir 

custos. No entanto, além das abordagens de avaliação de custos constituírem uma barreira à criação 

de valor, controlar os custos sem analisar os resultados em saúde é contraproducente e compromete 

a sustentabilidade a longo prazo.  O valor, sendo descrito como o valor que uma organização 

proporciona à sociedade, juntamente com os custos, deve definir a estrutura de melhoria de 

desempenho no sistema de saúde. Portanto, avaliar o desempenho do setor de saúde é fundamental 

para identificar as fontes de ineficiência e as melhores práticas, para que os decisores possam agir 

eficientemente para aprimorar o desempenho do SNS. Logo, esta dissertação aplica uma abordagem 

de analise de decisão multicritério baseada em valor (MCDA) para estudar os efeitos das interações 

entre critérios, através da aplicação do integral de Choquet. Esta metodologia compreende duas etapas 

significativas: a construção de escalas de intervalo e a determinação de capacidades. O Método das 

Cartas permite a determinação dessas capacidades. Além disso, o objetivo desta dissertação é 

construir e implementar um modelo de avaliação usando um método existente. Posteriormente, aplicá-

lo no setor da saúde Português para avaliar, certificar e promover a criação de valor para a sociedade. 
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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 Saúde, 2018b). NHS expenditures represent around 

56% of total health expenditures1 and, in 2009, healthcare spending reached its maximum, in a series 

between 2000 and 2018, at 9.9% of Gross Domestic Product (GDP)2. 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+saúde+em+percentagem+do+PIB-610. 

  Last accessed on 22th April 2020.  
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Portuguese are 65 or older, while 14% are under 15. Aged population causes demographic pressure, 

increases the burden of chronic illness, slows down economic growth, increases spending, and causes 

balances and imbalances between provision, financing and regulation (Ministério da Saúde, 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 (Simões & 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, 
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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: Will it 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. 

 

 

 

 

 

 

 

 

 

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, 

Figure 1: Dissertations’ structure. Source: Own elaboration. 
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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).  
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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 Saúde, 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. 
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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).   

 

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 & Magalhães, 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 & Simões, 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; 

Figure 2: PHS’ organisation. Adapted from Rodrigues (2018). 
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 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). 

 

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 19th 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. 

 

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 Saúde, 2018b). 

 

 

 

 

Chart 1 - Current health expenditure as a % 

of GDP, from the year 2000 to 2018. 

Figure 3: Representation of chart 1 – current health expenditure and chart 2 – current public health expenditure. 
Adapted from INE (2019). 

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

Chart 2 - Current public health expenditure 

as a % of GDP, from the year 2000 to 2018. 



 8 

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 & Simões, 2007). 

1971 – Reform of Gonçalves 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 Gonçalves 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).  
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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 (Simões, 2008). In 1976, Arnaut 

Dispatch expanded exposure to Social Security posts to all citizens, independent of their ability to 

contribute (Ministério da Saúde, 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 Saúde, 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 Saúde, 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. 
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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).  



 11 

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 witnessed 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 & Simões, 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 (Direcão-Geral do Orçamento, 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 private3. At the level of Primary Healthcare, there are 532 Family Health 

Units, 263 Community Care Units and 376 Personalized Healthcare Units (Ministério da Saúde, 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. 

https://www.pordata.pt/Municipios/Hospitais+total+e+por+natureza+institucional-247-1141
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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 (Simões 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. 

 

 

 

 

 

 

 

 

 

 

 
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. 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; 
 

2. 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; 
 

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

generating better health and less need for resources. 

2.4 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 

question 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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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 Saúde, 2015):  
 

 A reduction of premature mortality (i.e., below 70 years); 
 

 An improvement in healthy life expectancy (i.e., at age 65); 
 

 A decrease 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 

Figure 6: The "strategic triangle". Adapted from Moore (1995). 
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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 

questions that, according to Moore (2013), must be answered to create public value: 

 Does the public value the purpose? 

 Will it 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).  

 

 
 

 
 
 
 
 
 
 
 
 
 
 
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 

Figure 7: "Public value chain". Source: Moore (2007). 
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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. 

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



 22 

 

 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, 

it is 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 Saúde, 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 Saúde, 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. 

 

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 

REFERENCES MCDA METHODS 

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 
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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). 

 

  

 

 

 
 

 

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): 

 𝑉𝑎𝑙𝑢𝑒 =
𝑂𝑢𝑡𝑐𝑜𝑚𝑒𝑠

𝐶𝑜𝑠𝑡𝑠
 

 (1) 

QUALITY FINANCE

Figure 9: Illustration of the pendulum that 
oscilates between quality and financing in 

healthcare. Source: Own elaboration. 
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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) website4. 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). 

 

 

 

 

 

 

 

                                                   

4 Available at https://benchmarking-acss.min-saude.pt/. Last accessed on 10th October 2020. 

Figure 10: Types of MCDA problems. Adapted from 

Mousseau & Slowinski (1998).  
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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).  

 

 

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):  

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). 
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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); 
 

c) 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 Choquet integral 

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, (𝑇), is different from the sum of weights, μ({gi}), 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 gi and gj, can induce one of the following cases: 
 

 𝜇({gi, gj}) =  μ({gi}) +  μ({gj}): no interaction between the two criteria, gi and gj; 
 

 𝜇({gi, gj}) >  μ({gi}) +  μ({gj}): mutual-strengthening effect, usually called synergy; 
 

 𝜇({gi, gj}) <  μ({gi}) +  μ({gj}): 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. 

 

 

 

 

 

 

 

 

 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 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. 

 

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



 37 

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) Identification 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 generally perceived by all individuals

Indirect or Proxy Indicate causes more that effects

Constructed
Specifically developed for a certain decision context. It lists different characteristics 

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

Quantitative
Uses numbers (indices and formulas) to describe the different impact levels. They can be 

classified as continuous or discrete

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

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

CONTINUITY AND FINITUDE

TYPE OF DESCRIPTORS DESCRIPTION

Continuous It is represented by a continuous function throughout its domain

Discrete It is 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 (CI) 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 

CI, 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, 𝐴 =  {𝑎1, … , 𝑎𝑗 , … , 𝑎𝑚}, and 𝐺 a set with 𝑛 criteria, 

𝐺 =  {𝑔1, … , 𝑔𝑖 , … , 𝑔𝑛}. For an alternative, 𝑎, and criterion, 𝑔𝑖 , 𝑔𝑖(𝑎) is the performance of alternative 𝑎 

on criterion 𝑔𝑖, and 𝑢𝑖(𝑔𝑖(𝑎)) is the utility of performance 𝑔𝑖(𝑎). This utility is going to be simplified to 

𝑢𝑖(𝑎). Moreover, a capacity is a set function, 𝜇: 2𝐺 ⟶ [0 , 1], on the power set, 2𝐺  (all subsets of 𝐺) 

satisfying the following properties: 
 

i) Boundary conditions: 𝜇(∅) = 0 𝑎𝑛𝑑 𝜇(𝐺) = 1; 
 

ii) Monotonicity condition: ∀ 𝑆 ⊆ 𝑇 ⊆ 𝐺   𝜇(𝑆) ≤  𝜇(𝑇). 
 

Logically, for any subset 𝑇 ⊆ 𝐺, the value, 𝜇(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 𝜇(∅) = 0 and 𝜇(𝐺) = 1, the values 𝜇(𝑆) (capacities of the set 𝑆) assigned 

by the capacity 𝜇 to all other 2|𝐺| − 2 subsets 𝑆 of 𝐺 have to be defined. Given an alternative 𝑎 ∈ 𝐴 and 

a capacity 𝜇 on 2𝐺, the CI can be defined as follows: 
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 𝐶𝜇(𝑎) =  ∑ (𝑢(𝑖)(𝑎) −  𝑢(𝑖−1)(𝑎))  𝜇(𝐺𝑖)

𝑛

𝑖=1

,  (2) 

In equation 2, 𝑢(1), … , 𝑢(𝑛) are the utilities of criteria from 𝐺, reordered in such a way that 𝑢(1)(𝑎) ≤ ⋯  ≤

𝑢(𝑖)(𝑎) ≤ ⋯  ≤  𝑢(𝑛)(𝑎), and 𝐺𝑖 =  {(𝑖), … , (𝑛)}, for 𝑖 = 1, … , 𝑛, with 𝑢(0)(𝑎) = 0. 

In this regard, the concept of Möbius transformation is provided and the CI is reformulated 

correspondingly. Given a capacity 𝜇 on 2𝐺, its Möbius representation is a function 𝑚 ∶ 2𝐺  ⟶  𝑅, such 

that, for all 𝑆 ⊆ 𝐺, 

 𝜇(𝑆) =  ∑ 𝑚(𝑇)
𝑇⊆𝑆  

 ,  (3) 

we have that,  

 𝑚(𝑆) =  ∑ (−1)|𝑆−𝑇| 𝜇(𝑇)

𝑇⊆𝑆  

 ,  (4) 

where the properties mentioned above are now reformulated as follows: 
 

i') 𝑚(∅) = 0, ∑ 𝑚(𝑇)𝑇⊆𝐺  = 1; 
 

ii') ∀ 𝑖 ∈ 𝐺 𝑎𝑛𝑑 ∀ 𝑅 ⊆ 𝐺\ {𝑖}, 𝑚({𝑖}) +  ∑ 𝑚(𝑇 ∪ {𝑖}) ≥ 0𝑇⊆𝑅  . 
 

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

 𝐶𝜇(𝑎) =  ∑ 𝑚(𝑇) 
𝑇⊆𝐺 

min
𝑖 ∈ 𝑇

{𝑢𝑖(𝑎)} .  (5) 

As previously mentioned, the CI 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 CI assigns an overall weight or capacity, 𝜇(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 𝜇(𝑆) does not correspond to the sum of the total weights 𝜇({𝑔𝑖}), 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, 𝑔𝑖 and 𝑔𝑗 one of the following cases 

may occur: 

 Synergy between criteria, in which both are strengthened by interaction. In this case, 𝜇({𝑖, 𝑗}) >

 𝜇({𝑖}) + 𝜇({𝑗}), represented in terms of Möbius by 𝑚({𝑖, 𝑗}) > 0 ; 
 

 Redundancy between criteria, in which both are weakened by interaction. In this case, 

𝜇({𝑖, 𝑗}) <  𝜇({𝑖}) + 𝜇({𝑗}), represented in terms of Möbius by 𝑚({𝑖, 𝑗}) < 0; 
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 No interaction between the two criteria 𝑔𝑖  and 𝑔𝑗 . In this case, 𝜇({𝑖, 𝑗}) =  𝜇({𝑖}) + 𝜇({𝑗}) , 

represented in terms of Möbius by 𝑚({𝑖, 𝑗}) = 0. 
 

In this context, where it is considered only interactions between pairs of criteria 𝑔𝑖 and 𝑔𝑗 ∈ 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, 𝑚𝑖 will be used instead of 𝑚({𝑖}) for all 𝑖 ∈ 𝐺 

and 𝑚𝑖𝑗 will be used instead of 𝑚({𝑖, 𝑗}) for all {𝑖, 𝑗} ∈ 𝑂. The same applies to 𝜇𝑖 and 𝜇𝑖𝑗. Let 𝑂 denote 

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

 𝜇(𝑆) =  ∑ 𝑚({𝑖})   + ∑ 𝑚({𝑖, 𝑗})

{𝑖,𝑗} ⊆ 𝑆,{𝑖,𝑗}∈𝑂  𝑖 ∈ 𝑆

 ,  (6) 

and,  

 𝜇(𝑆) =  ∑ 𝑚({𝑖}) +  ∑ 𝑚({𝑖, 𝑗})

{𝑖,𝑗}∈𝑂  𝑖 ∈ 𝐺

= 1 ,  (7) 

culminating in the reformulation of the CI as: 

 𝐶𝜇(𝑎) =  ∑ 𝑚({𝑖})𝑢𝑖(𝑎)  + ∑ 𝑚({𝑖, 𝑗})𝑚𝑖𝑛{𝑢𝑖(𝑎), 𝑢𝑗(𝑎)}
{𝑖,𝑗}∈𝑂  𝑖 ∈ 𝐺

 .  (8) 

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, 𝜇 , 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 |𝑂| projects. The 𝑛 projects must be as 

many as the number of criteria. On the other hand, the |𝑂| 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 𝑝𝑗, for all 𝑗 ∈ 𝐺 and the |𝑂| interacting criteria will be 

denoted by 𝑝𝑘 = 𝑝𝑖𝑗 , 𝑘 = 𝑛 + 1, … , 𝑛 + |𝑂|, for all {𝑖, 𝑗}  ∈ 𝑂. A general project 𝑝𝑗 is defined by a vector of 

the form (0, … ,0, 𝑢𝑗(𝑝𝑗) = 1,0, … ,0), depicting a project with the highest evaluation on criterion 𝑗 and the 

lowest elsewhere. On the other hand, a general project 𝑝𝑘 is characterised by a vector of the form 

(0, … ,0, 𝑢𝑖(𝑝𝑖) = 1,0, … ,0, 𝑢𝑗(𝑝𝑗) = 1,0, … ,0), representing a project with the highest evaluation on criteria 

𝑖 and 𝑗, and the lowest elsewhere. 

The computation of CI needs to evaluate the capacity, 𝜇, as well as its Möbius 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 = {𝑝1, 𝑝2, … , 𝑝𝑘 , … , 𝑝𝑡} (where 𝑡 = 𝑛 + |𝑂|) and 𝑅 denotes the 

ranking of projects provided by the group of experts, 𝑅 = {𝑅1, … , 𝑅ℎ , … , 𝑅𝑣} , wit 𝑅1  containing the 

project(s) with the highest weight/capacity and 𝑅𝑣 , containing the project(s) with the lowest 

weight/capacity. Let 𝑟ℎ  denote a project representative of projects in the equivalence class 𝑅ℎ , ℎ =

1, … , 𝑣, this means all the projects in class 𝑅ℎ will have the same value as 𝑟ℎ. Additionally, 𝑒ℎ will denote 

the number of blank cards between the equivalence classes 𝑅ℎ and 𝑅ℎ+1, 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 𝑒ℎ. 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(𝑝𝑘) for each project (criterion or interaction). It is necessary to compute, for 𝑘 =

1, … , 𝑡, the Möbius coefficients, 𝑚𝑘, from the following equation, 
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 𝒎𝒌 =  
�̅�(𝑝𝑘)

∑ �̅�(𝑝𝑗)𝑡
𝑗=1

 ,  (9) 

and the capacities, 𝜇𝑘,  

 𝝁𝒌 =  
𝑤(𝑝𝑘)

∑ �̅�(𝑝𝑗)𝑡
𝑗=1

 .  (10) 

Where the modified values, �̅�(𝑝𝑘), are calculated through the 𝑤(𝑝𝑘) values, using one of the following 

equations: 

 �̅�(𝑝𝑘) =  𝑤(𝑝𝑘), if 𝑘 = 1 ∈ 𝐺 (i.e., a criterion); 

 �̅�(𝑝𝑘) =  𝑤(𝑝𝑘) −  𝑤(𝑝𝑖) −  𝑤(𝑝𝑗), if 𝑝𝑘 = 𝑝𝑖𝑗 , {𝑖, 𝑗}  ∈ 𝑂, for 𝑘 ≥ 𝑛 + 1 (i.e., an interaction). 

(11) 

(12)  

 

Finally, it is vital that the Möbius coefficients, 𝑚𝑘, 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 𝐸𝑔 = {𝑙1, 𝑙2, … , 𝑙𝑘 , … , 𝑙𝑡}, where levels are 

ordered by preference, 𝑙1 ≺ 𝑙2 ≺ ⋯ ≺ 𝑙𝑘 ≺ ⋯ ≺ 𝑙𝑡 − 1 ≺ 𝑙𝑡  ( ≺  means “strictly less preferred 

than”); 
 

2. Define two reference levels, for example, 𝑙𝑝 and 𝑙𝑞, and their respective utility values. Usually, 

𝑢(𝑙𝑝) = 0  as minimum and 𝑢(𝑙1) = 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, 𝑒𝑘, between every two consecutive levels 

of the already ranked scale, 𝑙𝑘 and 𝑙𝑘+1, 𝑘 = 1, … , 𝑡 − 1: 𝑙1𝑒1𝑙2𝑒2 … 𝑙𝑘𝑒𝑘𝑙𝑘+1 … 𝑙𝑡−1𝑒𝑡−1𝑙𝑡; 
 

4. After, consider only the level between 𝑙𝑝  and 𝑙𝑞  (in between levels 𝑙𝑘 and 𝑙𝑘+1 there are 𝑒𝑘+1 

units). To compute the utility valuation per unit: 
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 𝜶 =
𝑢(𝑙𝑞) − 𝑢(𝑙𝑝)

ℎ
 ,  (13) 

where ℎ represents the number of units between levels 𝑙𝑝 and 𝑙𝑞: 

 

𝒉 = ∑(𝑒𝑘 + 1)

𝑞−1

𝑘=𝑝

 .        (14) 

 

5. The utility value for each level 𝑢(𝑙𝑘), 𝑘 = 2, … , 𝑡, is calculated as follows: 

 𝒖(𝒍𝒌) = 𝑢(𝑙𝑘−1) + 𝛼 ∑(𝑒𝑗 + 1) .

𝑘−1

𝑗=1

 (15) 

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

(continuous), it is applied the following equation, with 𝑔𝑗
𝑙 < 𝑔𝑗 < 𝑔𝑗

𝑢: 

 𝒖𝒋(𝒈𝒋) = 𝑢𝑗(𝑔𝑗
𝑙) +  

𝑔𝑗 − 𝑔𝑗
𝑙

𝑔𝑗
𝑢 − 𝑔𝑗

𝑙 (𝑢𝑗(𝑔𝑗
𝑢) − 𝑢𝑗(𝑔𝑗

𝑙)) (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, it is 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: 

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.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14: Framework steps. Source: Own elaboration. 
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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. 

 

 

 

 

Figure 15: Scheme of the methodology steps where the DM was 
involved. Source: Own elaboration. 
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5.3 Identification 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 (PIO), 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, 𝑎𝑖 , with 𝑖 = 1, … ,27, are presented 

below, in Figure 16. 

 

 

 

 

 

 

 

 

 

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.  

 

 

 

 

 

 

 

 

 

 

5.4.1 Indicators 

It is 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.  

 

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

elaboration. 



 49 

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 𝑔1 , 𝑔2 , 𝑔6 , 𝑔7  and 𝑔8  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). 

 
 

 
 

 

 

 

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 𝑔2 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; 
 

Figure 18: Chromatic classification system for the indicator of the in-hospital 
annual occupancy rate. Source: ACSS benchmarking database. 
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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 𝑔𝑛, for 𝑛 = 1, … ,8, are the following: 
 

 Timeliness of first medical appointments, 𝑔1: 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 Saúde, 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, 𝑔2 : 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, 𝑔3: 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 it is 

vital to minimise it; 
 

 Bed-blockers, 𝑔4: 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, 𝑔5: 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, 𝑔6: 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, 𝑔7 : 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, 𝑔8: 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.”5. 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.”5. 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 𝐹𝑃𝑉𝑛, for 𝑛 = 1, … ,4, emerged: 

 Access, 𝐹𝑃𝑉1 : 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 𝑔1, 𝑔2 and 𝑔3; 

 Care Appropriateness, 𝐹𝑃𝑉2 : 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 𝑔4 and 𝑔5; 

 Patient Safety, 𝐹𝑃𝑉3 : 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 𝑔6 and 𝑔7; 

 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 𝑔8. 
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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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 

𝑔3, 𝑔4 and 𝑔5 were taken directly from the ACSS benchmarking database, and criteria 𝑔1, 𝑔2, 𝑔6, 𝑔7 and 

𝑔8 were recalculated using Microsoft Excel, with the proper modifications (Appendix A). 

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

Table 3: FPVs, criteria and indicators with minimisation as the preferred direction.  
Source: Own elaboration. 
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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 𝑔1: Timeliness of first Medical Appointments 

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

 

 

 

 

 

 
 

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 𝑔2: 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. 

 

 

 

 

 

 

 

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.  

 

Table 5: Operationalisation of criterion 𝑔1. Source: ACSS benchamarking database. 

Table 6: Operationalisation of criterion 𝑔2. Source: ACSS benchamarking database. 
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Criterion 𝑔3: 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. 

 

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 𝑔4: 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). 

 

 

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 𝑔5: Readmissions in 30 days 

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

 

 

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%. 

 

Table 7: Operationalisation of criterion 𝑔3. Source: ACSS benchamarking database. 

Table 8: Operationalisation of criterion 𝑔4. Source: ACSS benchamarking database. 

Table 9: Operationalisation of criterion 𝑔5. Source: ACSS benchamarking database. 
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5.6.3 Patient Safety 

Criterion 𝑔6: 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 

occur. 

 

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 𝑔7: 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. 

 

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 𝑔8: Operating Expenses 

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

 

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. 

Table 10: Operationalisation of criterion 𝑔6. Source: ACSS benchamarking database. 

Table 11: Operationalisation of criterion 𝑔7. Source: ACSS benchamarking database. 

Table 12: Operationalisation of criterion 𝑔8. Source: ACSS benchamarking database. 
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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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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: 𝑝2,4 – interaction between criteria 𝑔2 (Occupancy) and 𝑔4 (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: 𝑝3,7 – interaction between criteria 𝑔3 (Waiting time before surgery) and 𝑔7 (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: 𝑝5,8 – interaction between criteria 𝑔5 (Readmissions in 30 days) and 𝑔8 (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 �̅�(𝑝𝑘). As an example, Figure 20 shows the card of 

project  𝑝2,4 presented to the DM. 

Figure 19: Representation of the project 1 card (𝑝1).  
Source: Own elaboration. 
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This deck of cards represents a set of eleven projects,  𝑃 = {𝑝1, 𝑝2, 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 𝑝1 has the maximum utility for criterion 𝑔1 (timeliness of first medical 

appointments) and the minimum utility for all the remaining criteria. Moreover, the other three projects 

(𝑝2,4, 𝑝3,7, 𝑝5,8) 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 𝑝2,4 has the maximum utility in both criteria 𝑔2 and 𝑔4 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.  

 

 

 

 

 

 

 

 

 

 

 

 

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: 

BLANCK

BLANCK CARD

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

 

Figure 20: Representation of the project 9 card (𝑝2,4). 
Source: Own elaboration. 
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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 𝑔8 (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 𝑔8 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 𝑔8 

becomes the least crucial for this scenario.   
 

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

𝑅ℎ =  {𝑅1, … , 𝑅ℎ  }, ranked from having the highest (𝑅1) to lowest value/capacity (𝑅ℎ), including the blank 

cards, 𝑒ℎ. 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. 

 

 

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

 
Finally, the Simos-Roy-Figueira (SRF) software6 was used in order to obtain the values corresponding 

to the capacities, 𝜇𝑘, 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. 

𝑹𝟏 

(highest capacity) 
𝒆𝟏 𝑹𝟐 𝒆𝟐 𝑹𝟑 𝒆𝟑 𝑹𝟒 𝒆𝟒 𝑹𝟓 𝒆𝟓 𝑹𝟔 𝒆𝟔 

𝑹𝟕 

(lowest capacity) 
𝒛 

𝑝8 3 
𝑝5,8 

 𝑝6 
2 

𝑝5 

𝑝3,7 
1 𝑝7 1 

𝑝2 

 𝑝3 
1 

𝑝1 

𝑝2,4 
2 𝑝4 3 

𝑹𝟏 

(highest capacity) 
𝒆𝟏 𝑹𝟐 𝒆𝟐 𝑹𝟑 𝒆𝟑 𝑹𝟒 𝒆𝟒 𝑹𝟓 𝒆𝟓 𝑹𝟔 𝒆𝟔 

𝑹𝟕 

(lowest capacity) 
𝒛 

𝑝5,8 

 𝑝6 
2 

𝑝5 

𝑝3,7 
1 𝑝7 1 

𝑝2 

 𝑝3 
1 

𝑝1 

𝑝2,4 
2 𝑝4 3 𝑝8 3 

http://decspace.sysresearch.org/index.html
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Consequently, the values obtained directly from the SRF correspond to the normalised weight value, 

𝑤(𝑝𝑘), for each criterion and interactions. Hence, it becomes possible to calculate the modified weight 

values, �̅�(𝑝𝑘), (equation 11 if it is a criterion or equation 12 if it is an interaction) and, finally, the Möbius 

coefficients, 𝑚𝑘, and the capacities, 𝜇𝑘, 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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Irrevocably, it is crucial to verify whether the Möbius 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’): 𝑚1 + 𝑚2 + 𝑚3 + 𝑚4 + 𝑚5 + 𝑚6 + 𝑚7 + 𝑚8 + 𝑚𝑥,𝑦 + 𝑚𝑧,𝑤 = 1; 
 

 Condition ii’): 𝜇1 + 𝜇2 + 𝜇3 + 𝜇4 + 𝜇5 + 𝜇6 + 𝜇7 + 𝜇8 + (𝜇𝑥,𝑦 − 𝜇𝑥 − 𝜇𝑦) = 1; 
 

 Sign of interactions: the 𝑚𝑘  values were all negatives for criteria 𝑔2,4, 𝑔3,7, 𝑔5,8 , which is 

consistent with what was theoretically expected for mutual-weakening interaction. 

Table 15: Values obtained for 𝑤(𝑝𝑘), �̅�(𝑝𝑘), 𝑚𝑘 and 𝜇𝑘 for all criteria and 
interactions of scenario 1. Source: Own elaboration with data from SRF1. 

Table 16: Values obtained for 𝑤(𝑝𝑘), �̅�(𝑝𝑘), 𝑚𝑘 and 𝜇𝑘 for all criteria and 
interactions of scenario 2. Source: Own elaboration with data from SRF1. 
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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.   

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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 Möbius coefficient, 𝑚𝑘, and the utility values for each level, 𝑢𝑗(𝑔𝑗). 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. 

Table 17: Criteria’s utility value for all alternatives. Source: Own elaboration.  
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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 Möbius coefficients’ values, 𝑚𝑘, 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. 

 
 
 
  
 
 
 

Table 19: Alternatives’ overall score – scenario 2. Source: Own elaboration. 
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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). 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

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

alternative. 

 

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

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

 Alternative 𝑎4 is in first place in the ranking, since it presents the best performance among all 

alternatives; 
 

 Alternatives 𝑎1 and 𝑎11 are soon followed, occupying the second and third place in the ranking, 

respectively; 
 

 Alternative 𝑎24  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. 

 

Figure 22 shows that alternative 𝑎4 is without a doubt in the first place. Moreover, alternative 𝑎1, which 

is in second place, is approximately 0.1 points from alternative 𝑎4. On the other hand, alternatives 𝑎1  

and 𝑎11  are very close between the second and third place, being just 0.039 points away. Finally, 

alternative 𝑎24, which is in the last place, is 0.032 points from alternative 𝑎27, being very close too. 

Scenario 2 

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

 Alternative 𝑎1 is in first place in the ranking, since it presents the best performance among all 

alternatives; 
 

 Alternatives 𝑎4 and 𝑎11 are soon followed, occupying the second and third place in the ranking, 

respectively; 
 

 Alternative 𝑎24  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. 

Figure 22: Overall score of each alternative with the respective percentage of variation between them.  
Source: Own elaboration. 
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It can be seen that alternative 𝑎1 is in the first place. However, alternative 𝑎4, which is in second place, 

is just 0.002 points away. So, there is practically a tie between the two alternatives. Finally, alternative 

𝑎24, which is in the last place, is 0.035 points from alternative 𝑎27.    

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  𝑎4 , for scenario 1, and alternative 𝑎1 , 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, 𝑎0: it is an alternative that presents all preference levels at the “good” level 

(𝐿1) for all criteria (section 5.6). This alternative will be called “benchmark 1”; 
 

 Fictitious alternative, 𝑎28: it is an alternative that presents all preference levels at the “neutral” 

level (𝐿2), 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 𝑚𝑘 values previously calculated for scenario 1 and use the utilities for each 

of the alternatives (Table 21). 

 
 
 
 
 

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

 

Alternative 𝑎4 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 𝑎1, 𝑎11, 𝑎2, 𝑎15, 𝑎18, 𝑎21, 𝑎12, 𝑎9, 𝑎8, 𝑎3, 𝑎20, 𝑎22, 

𝑎10, and 𝑎16 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 21: Fictitious alternatives overall scores for 
scenario 1. Source: Own elaboration. 

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

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



 68 

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. 

 

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 𝑎1, 𝑎4, 𝑎11, 𝑎2, 𝑎15, 𝑎18, 𝑎21, 𝑎12, 𝑎9, 𝑎8, 𝑎22, 

𝑎3, 𝑎20, 𝑎10, 𝑎16 and 𝑎6  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, 𝑎0 and 𝑎28, 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 𝑚𝑘 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 𝑚𝑘 values (i.e., 𝑚𝑘 ′) dividing the original 𝑚𝑘 values by the original total sum 

(without the interactions). It should be noted that 𝑚𝑘 ′ values can be seen as weights for each criterion 

since the interactions are not considered. 

 
 

Figure 25: Scenario 2 benchmarks. Source: Own elaboration. 
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It was observed that all 𝑚𝑘 ′ values decreased comparing to the 𝑚𝑘. This decrease occurred since all 

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

moment they were excluded, it was expected that the total sum of 𝑚𝑘 ′ 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). 

 

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

alternatives decreased their overall scores, varying between 1.46% and 34.55%, except alternative 𝑎23 

which increased the overall score, but almost negligibly. Although alternative 𝑎4 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 𝑚𝑘 ′ values for scenario 2. 

 
 

Table 23: Values of 𝑚𝑘 and 𝑚𝑘′ – 
scenario 1. Source: Own elaboration. 

Figure 26: Overall scores with and without interactions – scenario 1. Source: Own elaboration. 
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Then, the overall scores were calculated and compared with the initial ones (Figure 27). 

  

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 

𝑎11 and 𝑎23  who increased. 

 

Comparison between scenario 1 and 2 

In Figure 28,  it is possible to see the numerical and graphical distribution of the 𝑚𝑘 ′ values adjusted for 

each criterion for both scenarios. 

Figure 28: FPVs’ aggregated 𝑚𝑘′ values for scenario 1  and 2. Source: Own elaboration. 

Table 24: Values of 𝑚𝑘 and 𝑚𝑘′ – 
scenario 2. Source: Own elaboration. 

Figure 27: Overall scores with and without interactions – scenario 2. Source: Own elaboration. 
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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 𝐹𝑃𝑉4 – 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 𝑚𝑘 ′ 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 shows that: 

 𝐹𝑃𝑉1 – Access: alternative 𝑎21 has the highest score (best access performance) and 𝑎24 has 

the lowest score (worst access performance); 

 𝐹𝑃𝑉2 – Care Appropriateness: alternative 𝑎2 has the highest score (best care appropriateness 

performance) and 𝑎14 has the lowest score (worst care appropriateness performance); 

 𝐹𝑃𝑉3 – Patient Safety: alternative 𝑎9 have the highest score (best patient safety performance), 

and alternative 𝑎21 has the lowest score (worst patient safety performance); 

 𝐹𝑃𝑉4 – Efficiency: alternative 𝑎4  has the best score (best efficiency performance) and 

alternatives 𝑎9 , 𝑎11 , 𝑎14 , 𝑎1 , 𝑎27 , 𝑎2 , 𝑎19 , 𝑎7 , 𝑎25 , 𝑎13 , 𝑎26 , 𝑎6  and 𝑎5  have the worst 

performance (worst efficiency performance). 

Then, the same was done for scenario 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 25: FPVs’ aggregated scores for each alternative – scenario 1.  

Source: Own elaboration. 

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

 𝐹𝑃𝑉1– Access: alternative 𝑎21 has the highest score (best access performance) and 𝑎24 has the 

lowest score (worst access performance); 

 𝐹𝑃𝑉2 – Care Appropriateness: alternative 𝑎2 has the highest score (best care appropriateness 

performance) and 𝑎14 has the lowest score (worst care appropriateness performance); 

 𝐹𝑃𝑉3 – Patient Safety: alternative 𝑎9 have the highest score (best patient safety performance), 

and alternative 𝑎21 has the lowest score (worst patient safety performance); 

 𝐹𝑃𝑉4  – Efficiency: alternative 𝑎4  has the best score (best efficiency performance) and 

alternatives 𝑎9 , 𝑎11 , 𝑎14 , 𝑎1 , 𝑎2 , 𝑎27 , 𝑎19 , 𝑎7 , 𝑎25 , 𝑎13 , 𝑎26 , 𝑎6  and 𝑎5   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. 

 

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

alternatives and benchmarks. 

 

 

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

Figure 30: FPVs’ aggregated scores for each alternative, with respective benchmarks – scenario 1.  
Source: Own elaboration. 
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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, it is 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 𝑎4, 

despite having the best performance for scenario 1, still presents criteria 𝑔2, 𝑔5 and 𝑔7 that do not reach 

the good or even neutral level. On the other hand, alternative 𝑎11, for scenario 2, has criterion 𝑔6 in the 

neutral level and criteria 𝑔1 and 𝑔8 below the neutral level (Figure 32). 

 

 

 

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. 

 

 

 

 

 

 

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

 

Figure 32: Alternative 𝑎4 chart for scenario 1 and alternative 𝑎11 chart for scenario 2.  
Source: Own elaboration. 
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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 𝑚𝑘, as this has a significant impact on calculating the overall 

scores for each alternative. Variations in the 𝑚𝑘  value of ±5% and ±10% were made for a given 

criterion and interaction between criteria. Consequently, whenever the 𝑚𝑘 value for a certain criterion 

or interaction was changed, the 𝑚𝑘 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 𝑚𝑘 for a given 

criterion or interaction, and 2) Vertical axis representing the overall scores of the alternatives. These 

range from 0 (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., 𝑎4, 𝑎1 and 𝑎11) 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 𝑎1 

and 𝑎4 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 𝑚𝑘 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 𝑎1 

and 𝑎4. However, this should not be the reason to question the robustness of the results.  

6.2.2 Changes in ratio 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 𝑚𝑘 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 

𝑚𝑘 values associated with each criterion and, consequently, on the overall scores of each alternative.  
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Therefore, the 𝑚𝑘  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 𝑚𝑘 values. 

 

 

It is visible that there are criteria with variations almost negligible in the values of 𝑚𝑘. However, criteria 

𝑔4, 𝑔8 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 𝑎4 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 𝑚𝑘 values.  

 

It is visible that there are criteria with variations almost negligible in the values of 𝑚𝑘. However, criteria 

𝑔4 , 𝑔8  and the interactions show a difference in these values marginally more accentuated, as it 

happened for scenario 1. It is visible that there are criteria with variations almost negligible in the values 

of 𝑚𝑘.  

Figure 34: Effect of changes in ratio 𝑧 on the 𝑚𝑘 
values of criteria and interactions – scenario 1.  

Source: Own elaboration. 

 

Figure 33: Effect of changes in ratio 𝑧 on the overall 
scores of the alternatives – scenario 1.  

Source: Own elaboration. 

 

Figure 35: Effect of changes in ratio 𝑧 on the 𝑚𝑘 
values of criteria and interactions – scenario 2.  

Source: Own elaboration. 

 

Figure 36: Effect of changes in ratio 𝑧 on the overall 
scores of the alternatives – scenario 2.  

Source: Own elaboration. 
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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 𝑎4 and 𝑎1. 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 𝑎4 and 𝑎1 presented the best performances 

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

 

 

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 𝑎0 with all criteria at the good level, and benchmark 2 represented alternative 

𝑎28 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 𝑎4 was the only one 

that performed well in scenario 1 and, in scenario 2, there is no alternative considered with good 

performance (Figure 38). 

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. 

Figure 38: Results of the comparison with fictitious alternatives – scenario 1 (left) and scenario 2 
(right). Source: Own elaboration. 

Source: Own elaboration. 



 77 

Therefore, the DM can conclude that alternative 𝑎4 presents a good performance in scenario 1 indeed. 

However, regarding scenario 2, alternative 𝑎1 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 𝑎4 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 

𝑎4 for scenario 1, and in alternative 𝑎11, for scenario 2. Accordingly, it was noticeable that, for scenario 

1 (i.e., financial sustainability) alternative 𝑎4 presented difficulties for criteria 𝑔2, 𝑔5 and 𝑔7, but had a 

very good performance for criterion 𝑔8. 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 𝑎11 had the worst 

performance in criterion 𝑔8. 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 𝑚𝑘  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 𝑚𝑘 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 𝑎4, 𝑎11 and 𝑎11 maintained the best 

three positions in the ranking, which proves and produces confident decisions. However, for scenario 2, 

alternatives 𝑎1 and 𝑎4 vary between the first and second place. Therefore, considering alternative 𝑎1 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 𝑎1  over alternative 𝑎4  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. 
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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 𝑔8, 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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APPENDIX A 
 

 

 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 39: Performance values of criterion 𝑔2′ obtained by calculating the 
absolute difference in the 𝑔2 value to a reference value of 85%. Source: Own 

elaboration. 

Figure 40: Performance values of criterion 𝑔8′ obtained by extrapolation of 𝑔8. 
Source: Own elaboration. 
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Figure 41: Performance values of criteria 𝑔1′, 𝑔6′ and 𝑔7′ obtained by the difference between the maximum value 

of 100% and the value of criteria 𝑔1, 𝑔6 and 𝑔7, 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 
 

 
 
 
 
 
 
 

SCENARIO 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

Figure 44: Cards’ ranking – scenario 1. Source: SRF software. 
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SCENARIO 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

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

Figure 47: Cards ranking – scenario 2. Source: SRF software. 
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Figure 48: Parameters’ choice – scenario 2. Source: SRF 
software. 

Figure 49: Output – scenario 2. Source: SRF software. 
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APPENDIX D 
 
SCENARIO 1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 51: Overall scores for all alternatives – scenario 2. Source: Own elaboration. 
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APPENDIX E 

 
SCENARIO 1 

Figure 52: Sensitivity analysis – scenario 1. Source: Own elaboration. 
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SCENARIO 2 

 
 

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


