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Abstract 

 

 Throughout the world, indexes have been developed to provide a systematized and 

aggregated way to observe specific phenomenon across different contexts, being the population 

health (PH) one of those. In fact, the EURO-HEALTHY project proposed itself to build a 

Population Health Index (PHI) that would describe the state of the PH across Europe. Although 

these indexes provide a good basis for evaluating and selecting policies with the highest potential 

to PH and reduce health inequalities, no literature has provided tools to evaluate policies while 

departing from a PHI. 

Departing from the PHI developed in the EURO-HEALTHY project, this thesis develops 

a multi-methodology using the MACBETH approach, to evaluate and select policies with the 

highest potential to promote health and health equity, which follows a set of steps: a) structuring 

of the policy evaluation problem departing from a PHI; b) identification of the key policy goals and 

their operationalization; c) development of a participatory process using MACBETH and other 

concepts from Multi-Criteria Decision Analysis to evaluate policies on an overall benefit unit; d) 

analysis of policiesô doability in light of the EURO-HEALTHY PH scenarios; e) use of concepts of 

multi-criteria portfolio decision analysis to assist the selection of policies that maximize the overall 

benefit while considering their doability, as well as conflict aspects captured by the number of 

countries benefiting from each policy.  

Furthermore, this multi-methodology can be used in different index settings. The provided 

illustrative example shows the information basis, the questioning protocols and the results of 

applying such methodology.  
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Resumo 

 

Actualmente, índices têm sido desenvolvidos como forma de sistematizar, agregar e 

observar fenómenos específicos em diversos contextos, tal como a saúde populacional. O 

projeto EURO-HEALTHY propôs-se desenvolver um índice de saúde populacional (ISP) que 

caracterizasse o estado de saúde da população na Europa. Embora, estas ferramentas 

proporcionem uma base sólida para avaliar e selecionar politicas que maximizem a saúde 

populacional e reduzam as desigualdades na saúde, não foi encontrada bibliografia que 

abordasse o uso de modelos de avaliação de políticas no contexto de um ISP. 

Partindo do índice desenvolvido no EURO-HEALTHY, esta tese desenvolve uma multi-

metodologia que recorre à abordagem MACBETH, para avaliar e selecionar politicas de saúde, 

compreendendo os seguintes passos: a) estruturação do problema da avaliação de políticas a 

partir do ISP; b) identificação dos principais objetivos das políticas e formas de operacionaliza-

los; c) desenvolvimento de um processo participativo, utilizando a abordagem MACBETH e 

outros conceitos de multi-criteria decision analysis, para avaliar políticas e inferir uma unidade 

de benefício global; d) análise da doabilidade das políticas fazendo uso dos cenários 

desenvolvidos no projeto EURO-HEALTHY; e) utilização de conceitos de multi-criteria portfolio 

decision analysis como forma de apoio à seleção de políticas que maximizem o benefício global, 

que atentem a doabilidade destas e eventuais conflitos, capturados pelo número de países que 

beneficiaria com cada. 

É Importante referir que a metodologia pode ser aplicada em diversos contextos de 

índices. O exemplo ilustrativo fornecido revela a base de informação, o protocolo de 

questionamento e os resultados da aplicação da metodologia.  
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1. Introduction 

In the current context of increasingly complex problems arose the need to develop a tool to 

aggregate information within a single unit, which led to the creation of index. In time, a wide range of 

fields started to use this tools in order to study specific phenomenon in a structured and aggregated 

manner allowing to the development of new insights. It was relatively recently that, within the health 

field, the use this tools started, in order to characterize the current state of health of a population.   

At the present time, it is widely accepted that there is a multiplicity of dimensions that impact the 

population health. Even though the definition of such dimensions is clear, there is a need, from decision 

makers and policy formulators, to assess the impact, on population health, of undertaking (or not at all) 

specific courses of action. For decision makers, it is of utmost importance to determine the portfolio of 

policies that have the potential to generate the best outcomes.  

Following this need, which aims at the development of a novel multi-methodology to determine 

which policies have the highest potential to promote health and fight health inequalities in the context of 

a population health index. Particularly, this methodology will consist in making use of a common 

analytical tools to determine, at first, the impact of specific policies in the context of a population health 

index, followed by the use of multiïcriteria decision analysis and resource allocation concepts to develop 

a tool to support decision making, regarding the selection of policies.  

The fundamental importance of this methodology arises at a time where an increase in health 

expenditure requires, more than ever, the promotion of policies that accomplish the highest health gains 

along with the increase in health equity within each region and in Europe. In fact, following the economic 

and financial crisis of 2008, the promotion of health equity has become a great challenge in several 

countries that are still facing substantial lack of resources, hence enhancing the significance of this 

proposed multi-methodology that intendeds to inform and aid in the selection of the most relevant 

policies ï it is important to understand that the objective is, rather than replacing decision makers, to 

assist them only. The significance of this thesis is further augmented by the current stage of the 

European Project, where uncertainties regarding the future of the union are growing.  

The main goal of this thesis is to develop a multi-methodology to assist decision-makers in the 

evaluation and selection of policies with the highest potential to promote health and to mitigate health 

inequalities in the context of a population health index. The development of this multi-methodology starts 

with a throughout research for literature regarding this topic. Later on, in order to test the multi-

methodology, an illustrative application is performed using a set of sample policies and targets.  
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1.1. Thesis outline  

 

Through this thesis, it will be presented the context on which we developed the multi-

methodology, a comprehensive demonstration of the multiple stages and steps and its application using 

the population health index and scenarios developed in the EURO-HEALTHY project. This document is 

organized in the following manner: 

¶ Chapter 2, Context ï this chapter is focused in providing an overview of the two major 

topics of this work, i.e., policy and health. It combines the principles of policy, its 

formulation and how it is monitored with the concepts of population health through the 

determinants of health and health outcomes. Later on this chapter the objectives of this 

thesis are exposed; 

¶ Chapter 3, Literature Review ï here, a review on the existing and relevant studies 

which will serve as the foundations of this thesis and will help in the achievement of 

this thesisô objectives. It addresses some studies regarding the evaluation of public 

health policies, followed by some methods that can be of use in the evaluation and 

selection process. In the end of the chapter, the motivation for the undertaken approach 

is presented; 

¶ Chapter 4, Multi-methodology ï it presents the development of the multi-methodology, 

the foundation and the tools selected to the development of this work. An overview is 

provided, followed by an full description of the multiple stages and steps of the 

methodology covering everything from the structuring of the problem to the 

communication of the results; 

¶ Chapter 5, Applying the multi-methodology ï it provides an illustrative application of 

the methodology; 

¶ Chapter 6, Discussion and conclusion ï displays the main challenges and throwback 

faced during the development and application of this work. It also provides the main 

conclusions drawn from this work and links it to eventual future works in this field.  
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2.  Context 

 

Throughout this chapter, a contextualization of this thesis is addressed in order to provide a 

background from where this thesis methodology is developed. This chapter is, therefore, organized in 

the following way: 

¶ In section 2.1., key concepts of policy are described, ranging from the definition of 

policy, to the several approaches that characterize its different types, to the formulating 

process and its players;  

¶ In section 2.2., the determinants of health, along with the health outcomes are to be 

characterized, given their central role in effectively assessing policyôs impact in the 

optimization of population health; 

¶ In section 2.3., contextualization of policy impact assessment, where is provided one 

example, the Geography of Health Status (GeoHealthS) project, that might assist 

stakeholders in the evaluation; the EUROïHEALTHY project is also discussed, given 

the relevance of this work in its application within the context of this project; 

¶ In section 2.4., definition of the main objectives of this work. 

 

2.1. Key concepts of policy 

 

In this section, the key concepts of policy are being addressed. It starts with the disambiguation 

of some terms and elucidates the key features of policy. This clarification of terminology will allow to 

move to the next part, where some methodologies to classify types of policies, particularly in the public 

health field, are covered ï each one taking into account different focus. Further along, this section 

addresses the policy formulation process and, once more, it presents different approaches to define the 

policy formulation cycle, talking also the key players of the process. 

 

2.1.1. Policy overview 

 

In the beginning of the work, there was a need to clarify the terms ranging from ñpolicyò to ñpublic 

policyò and finally to ñhealth policyò and which of the several definitions, in literature, would provide us 

the baseline for our work.  

Firstly, according to the Oxford Dictionary, it has been found that policy is either a ñcontract of 

insuranceò or ña course or principle of action adopted by an organization or individualò.[1] 
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Secondly, is was verified that among different authors, several definitions might be encountered 

to public policy: Clarke E. Cochran et al stated that stated that ñpublic policy always refers to the actions 

of government and the intentions that determine these actionsò[2], furthermore they also say that ñpublic 

policy is the outcome in the struggle in government over who gets whatò [2]. Besides, Thomas Dye 

adopts a wider view for the public policy definition saying that it comprises all the actions that 

undertaken, or not at all, by the government [3].  Furthermore, Charles L. Cochran and Eloise F. Malone 

consider that it ñconsists of political decisions for implementing programs to archive societal goalsò [4].  

Taking into account all the definitions above, it is clear that it is nearly impossible to derive a 

single definition for public policy, although, key attributes are identifiable, such as [5]:  

¶ It is made as a response to a given problem;  

¶ It is made based on public interest;  

¶ It is goal oriented;  

¶ It is comprised of governmental action, even if the initiative comes from outside this 

institution;  

¶ It is implemented by public and private actors; each of which with different motivations, 

solutions and interpretations;  

 

2.1.1.1. Health Policy 

 

Health Policy constitutes a subsection of public policy. Given that the field that this work is 

focused is health, it was found to be relevant the characterization of this concept. It has been found that, 

according to the World Health Organization (WHO) ï who build its own definition of it ï, stated that 

ñHealth policy refers to the specific decisions, plans and actions that are undertaken to achieve specific 

healthcare goals within a societyò, allowing to establish targets for medium to long term achievements 

[6]. Considering the key attributes of public policy, previously identified, it is possible to state that the 

WHO organizationôs definition is line with them, thus it will be the ground for this work. 

 

2.1.2. Types of policy 

 

In order to fully understand the way public policy, particularly health policy, impacts observed 

health inequalities, several methodologies, used to characterize the different types of policy, might be 

encountered. These different methodologies of classification, which can be found in literature, can 

provide a focus on a single dimension and in multiple dimensions simultaneously.  
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2.1.2.1. Classification focused on the recipients  

 

In this methodology, whose focus ï that serves as a referential to the classification ï is the 

population, it is possible to divide policies in two different groups, based on the underlying strategy [7]. 

Distributive and redistributive policies serve as baseline in different moments of resource allocation. 

While the first acts in the distribution of new resources, the second is focused in the actual resources 

available [7]. 

Considering the two, previously stated, and that the main focus of this investigation is healthcare 

inequalities, which is comprised within social and welfare policies, where two different ideological 

clusters will determine each of which kind of policy will be pursued [7]. This two ideological clusters are 

called of liberalism, where policy makers favor the universal distribution of welfare given their beliefs 

that targeted welfare allocation might be socially divisive, it can stigmatize the recipients as well as 

creating a ñpoverty trapò caused by the reduction of benefits with the increase of income [8]. Socialism, 

on the other hand, favors the targeted welfare allocation to the poor, arguing that this is the most efficient 

way to fight poverty and reduce inequalities [8]. 

Bearing in mind this previous information, it is possible to understand that policies might not be 

defined by just one ideology, in fact, four different types of policies that are in line with the information. 

These types of policy are [9]: 

¶ Targeted interventions on the worstïoff ï All the focus is on the least favorable group; 

¶ Universal policy with additional focus on the worstïoff; 

¶ Redistributive policy ï most advantageous group is left out, the others are improved 

according to needs; 

¶ Proportionate universalism ï Benefits are distributed equally in proportion to each 

groups requirements; 
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Figure 1 ς Different types of distributive policies [9] 

 

2.1.2.2. Multidimensional classification 

 

Considering now another methodology for policy classification developed by the Public Health 

Agency of Canada, whose aim is to support, alongside with the growing interest in the population health 

field, the promotion of population health [10]. This approach aims to provide guidance in the choice of 

actions to pursue for attaining improvements in overall population health [10]. Furthermore, this 

methodology proposed itself to ask, and also answer, three critical questions concerning the undertaking 

of action [10]. The questions: ñOn Whatò, ñHowò and ñWith Whomò were replied through the literature, 

available at that time, leading to an approach that stated that action should be taken across the health 

determinants, at the multiple dimensions within society and, finally, according to a widespread set of 

strategies [10]. 
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Figure 2 ς Three dimensional policy classification methodology [10] 

 

The definition of the three dimensions proposed on this approach, followed several 

internationally recognized documents, in order to achieve a consensual model [10]. The various levels 

on each dimension of the proposed model are described in Figure 3, below [10]. Additionally, this model 

has been named as ñPopulation Health Promotionò given that it enlightens the correlation amongst 

population health and health promotion [10]. 

 

Figure 3 ς The different levels of the three dimensional methodology for policy classification [10] 

 

Furthermore, the model in question, not only enlightens the correlation previously mentioned, 

but it also demonstrates the actual need for evidenceïbased decision making in order to achieve best 

results, by certifying that policies are not only correctly focused, but also producing good results [10]. 

Finally, it is possible to state that the delivered visualization of the model allows to identify 

several courses of action, by adopting a dynamic state when used as a planning tool, allowing 

stakeholders to use several starting points, fitting specific needs [10]. 
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2.1.3. The policy formulation cycle  

 

With the goal to fully understand the policy making process, the divide to conquer approach is 

used in order to allow for a simplified overview of the system through the identification of its various 

phases. This process starts with the conceptualization of the problem and an appraisal phase where 

critical issues are identified and data is collected for the sake of sustain the identification [11]. For 

Turnpenny et all, this step is view as part of the agenda setting process [11]. 

After the identification of a societal problem and establishment of the concern among 

stakeholders, the problem is exhaustively studied in its multiple dimensions in order to determine its 

causes and range within society. Wolman refers this phase as the ñtheory evaluation and selectionò 

phase, where he states that the success of the policy implementation is proportional to the 

understanding of the underlying causes of the problem [12]. 

When an agreement among stakeholders is reached, concerning the scope and causes of the 

problem, the third phase of the process starts [11]. This step consists in the specification and clarification 

of policy objectives [12], [13] and it comprises not only the goals of action but also a chronology 

specifying the moments where actions will take place [13]. 

The fourth phase comprises the policy options assessment and recommendations for the policy 

design. Here, multiple prospective solutions are analyzed and balanced, each one with associated costs 

and benefits, that demand for a comparative analysis in order to allow the formulation of useful 

recommendations regarding policy design [11]. 

Finally, policy design phase is reached and it concerns the final course of action that will take 

place. In order to achieve the desirable outcome, five categories of tools are identifiable in the literature 

such as: regulations, marketïbased instruments, informal approaches, informal measures [14] and, 

finally, the instrument of public spending and budgeting [15]. 

Here, the determination of the optimal policy mix of tools is of utmost importance for the 

achievement of policiesô full potential. In order to do so, stakeholders make considerations regarding 

several factors, some include the ñcausal efficacyò of the policy, political and technical feasibility, 

consequences that might arise from the design, the instrument type ï i.e., regulations or incentives ï 

and, lastly, the capacity of the implementation structures. 
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Figure 4 - The policy formulation cycle [7] 

 

2.1.3.1. Players in the policy process  

 

During the policy process, it is widely accepted that the formulation stage is of utmost 

importance, even though it is mostly mysterious, [13] consisting in the interaction of many different 

players, usually under political pressure and also from interest groups and lobbyists. Furthermore, there 

is a general assumption that this phase of the policy process is mostly ruled by the specialists or even 

by individuals that are privileged access to decision makers [16]. 

It has been of a particular interest, amongst the academic community with curiosity about the 

study of the policy process, to understand whom are the actors involved in the different stages of such 

system.  

Some, more generalist studies, focused on the role of politicians and bureaucrats [17] while 

others have focused on the ñpolicy process generalistsò that have little to no formal knowledge 

concerning policy analysis [18]. 

Contrarily, more in depth studies were able to provide a more comprehensive elucidation of the 

different actors, which are often thought to comprise the ñpolicy advisory systemò [19]. This ñpolicy 

advisory systemò comprehends: decision makers, i.e., top politicians; knowledge producers or providers; 

and also knowledge brokers [19] 

Besides, other formulations comprehend also several actors and classify them according to their 

location and level of influence [19]. 
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2.2. Determinants of Health and Health Outcomes 

 

In spite of creating an understanding about population health, there was a need to define the 

concepts of determinants of health and also health outcomes. Such concepts serve as ground to the 

measurement of the overall population health. The first, determinants of health, is concerned is 

concerned with specific events, such as mortality and disease incidence [20] 

The WHO, has defined determinants of health as: ñthe conditions in which people are born, 

grow, work, live and age, and the wider set of forces and systems shaping the conditions of daily lifeò 

[21] In other words, such determinants include factors that might impact, in any way, i.e., directly or 

indirectly, the health status of a person and, therefore, leading to different health outcomes [21]. 

Furthermore, considering the general model proposed by Evans and Stoddart, it is possible to 

characterize the determinants of health into five different classes [22], such as: [23] 

¶ Social determinant ï refers to elements in the social environment (e.g., education, 

income, occupation, social class); 

¶ Physical environmental determinant ï refers to elements of the natural or build 

environment (e.g., air and water quality, housing, infrastructures); 

¶ Healthcare determinant ï refers to the elements that concern the healthcare (e.g., 

access to care, quality of care, availability of devices and pharmaceuticals); 

¶ Genetic determinant ï refers to the genetic structure of the individuals (e.g., 

predisposition to some diseases); 

¶ Behavioral determinant ï refers to the single choices either of lifestyle or habits (e.g., 

smoking, eating habits, substance abuse); 

In the next section, the policy evaluation is to be presented, given the significance of this subject 

in the context of this thesis, providing the ground the work.  

 

2.3. Policy evaluation 

 

During Second World War, the need to make war in a more rational manner has brought new 

insight and tools that would later be applied to face some of the political ñirrationalitiesò, allowing to 

rationalize policy making process. These ñanalycentricò methodologies were, at first, developed in fields 

of defense and budgeting but rapidly arrived to social care, education and health alongside the increase 

of governmental action. 

At the beginning, costïbenefit analysis obtained a widespread utilization, motivated by its ability 

to be simplistically implemented and results easily understood. Although, this methodology, like any 
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other faced some challenges and, as time went by, those became to limiting during the rise of much 

more explicitly ideological approach to policy making and also in specific fields, such as healthcare, 

given the problem associated to pricing the priceless.  

Throughout this section, a general approach that allows the policiesô impact assessment is 

presented at first, in order to provide an early background. At the second hand, tools are to be presented, 

such as indexes and maps, that not only allow for the aggregation of information but also for visualization 

facilitation, thus creating a more efficient decision making process. Finally, a Portuguese project is 

illustrated, whose main goal is to measure the population health, but it also can be used as a policy 

impact assessment tool ï either prior or after implementation. 

 

2.3.1. Impact assessment 

 

Within the health field, there is the need to achieve higher efficacy and efficiency in policy 

making [24]. The policy impact assessment stands as one of the crucial tools to this accomplishment 

[24]. This tool addresses a question, ñhow are existing or planned policies, programs or projects actually 

affecting, or likely to affect, peopleôs health, for good or for bad?ò, that stakeholders would like to see 

answered at the moment of policyôs operationalization [24]. 

In fact, the multiple answers to the quoted question, might not only help decision makers on the 

selection of strategies to undertake, but also assist in the pursue of changes into already implemented 

policies [24]. 

Although this is a very recent field, it has been developing at a considerable speed through the 

support of international organizations such as the WHO European Centre for Health Policy [24]. Lehto 

and Ritsatakis propose general approach that comprises five key elements [25]: 

¶ The assessment must survey direct and indirect effects of the projects, programs, 

policies or strategies; 

¶ The process starts with a screening stage where the available information is gathered; 

¶ In cases where a lack of information is verified, studies are performed to determine the 

amount of needed expertise and resources to acquire information; 

¶ Construction of the assessment report; 

¶ Implementation of changes if recommended; 

In a policy assessment modelsô environment, it is important to bear in mind that these tools 

must, at all times, be accessible to the general population, despite the formal education [24]. Moreover, 

in order for this tools to reach a widespread application the populations have to be able to use them 

[24]. Unfortunately, in an increasingly complex and technical environment, the technology is excluding 

the average person and becoming a ñquasiïscienceò, given that only the instructed elites are able to 

use the developed tools [24].  
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2.3.2. Indicators and indices for policy evaluation 

 

Indicators are tools widely used and developed throughout the world at the various sectors of 

society and with multiple purposes, from knowledge creation to monitoring [26]. The main goal of such 

kind of tool is to provide an instrument to increase the rationality of the policymaking process, by 

delivering information in a more robust and systematized manner [26]. 

Indicators are no more than variables that condense information of relevance in order to provide 

visibility to a specific and relevant phenomenon in study. They also provide a mean to ñquantify, measure 

and communicate informationò [27]. Bearing this in mind, it is possible to conclude that indicators consist 

in a heterogeneous toll, each type serving particular purposes and functions [26] 

It is possible to divide indicators in three categories: descriptive, performance and composite 

[26]. The first, descriptive indicators, pose as a mean to indicate the state of a system, regardless of 

policy interpretations [28]. It is important to notice that the lack of clear clarifications does not imply 

impartiality. Furthermore, such indicator type does not aim at any specific use, much of the times they 

are used as the building blocks of the other types of indicators, given their proximity to raw data and 

statistics [26]  

Performance indicators are used to compare the present value against a desirable benchmark, 

providing knowledge about how well a system is being executed, and it entails the ability of the system 

to impact its own performance. In terms of specific use of this indicators, they aim at improve 

accountability, through the delivery of monitoring and evaluation of performance, allowing to achieve 

the established goals [26]. 

Finally, composite indicators aggregate multiple single indicators, related to a specific field, in a 

single value. These kinds of indicators are most frequently used at times where the multiplicity of a 

concept cannot be fully perceived from its single indicators [29]. Additionally, there is an expectation to 

deliver focus on specific issues, providing a more smoothed performance evaluation besides the 

provision of a wide view of the system. Moreover, they might influence, indirectly, policy by the provision 

of knowledge to the ñpublic and political debateò [30]. 

In order to help the visualization of indicator data, maps provide a simple yet robust platform to 

deliver information, given that it is possible to gather many information at the same time, besides, it also 

allows to quickly establish relationships between different areas.  

A recent Portuguese project is addressed, the GeoHealthS. The main goal of the project was to 

develop a tool that allowed measuring the health of the Portuguese population throughout 20 years, 

from 1991 to 2011 [31]. Moreover, from within this project the INES was established as an extensive 

index that allows to effectively measuring the Portuguese population health across all the Portugalôs 
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mainland municipalities [32]. Furthermore, here is featured the structure that lead to the assembly of the 

index. 

Additionally, the EURO-HEALTHY project is also addressed. This project proposed itself to 

develop a Population Health Index (PHI) that would characterize the state of the European population 

across all of its regions [33]. This project, specifically the PHI developed in the context of the project, 

will serve as the ground for the application of the multi-methodology given the broad range of information 

it can sustain.  

 

2.3.2.1. Geography of Health Status Project - GeoHealthS   

 

The GeoHealthS (Geography of Health Status ï An application of a Population Health Index in 

the last 20 years) project set its main goal the evaluation of health of the Portuguese population during 

the past 20 years. In order to achieve what was proposed it has been undertaken the development of a 

Population Health Index ï latter named as INES ï at the municipality level [32].  

This project brought together multiple institutions throughout the Portuguese territory. Here, the 

Centre of Studies on Geography and Spatial Planning of the Coimbra University acted as the institution 

in charge of the projectôs coordination. Besides, the Centre for Management Studies of the Instituto 

Superior Técnico (CEGïIST), University of Lisbon, played a major role in the design and implementation 

of a holistic approach that lead to the establishment of a Population Health Index. [31] 

Indeed, the development of this Index, aimed at going deeper and further on than the traditional, 

clinical approach to health, through a multidimensional and holistic approach [31]. 

In the hope that a consensual agreement on how the index would reflect the population health 

would be reached, a socioïtechnical process was selected [31]. Here, the social part of the process is 

not only concerned with actual evidence from research and literature, but also with the integration of the 

points of view of the stakeholders, making use of participatory methods (Delphi panels and Decision 

Conferences) [31]. Additionally, the technical side makes use of computerized tools to develop a multi-

criteria decision analysis model (Measuring Attractiveness by a Categorical Based Evaluation 

Technique ï MACBETH) [31].  

Considering the information above, it is clear that the construction of the Index undertook 

multiple stages until completion [31]. 

On the first hand, the identification and selection of indicators, that were used as dimensions 

and systematized as areas of concern, for characterizing the Portuguese population health in the past 

26 years [31]. 

On the second hand, a multi criteria model was developed, based on a socioïtechnical 

approach that aimed at the arrangement, within the index design process, of the various dimensions 
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and areas of concern. Besides, the weighting of all the selected dimensions was attained at this phase, 

where both the base values and top values were established [31]. 

Finally, the resulting model of the previous phases was applied to each of the Portuguese 

mainland municipalities [31]. 

As a result, from this work, the INES was created featuring 6 areas of concern, that correspond 

to the previously mentioned determinants of health ï except for the genetic determinant that is not 

contemplated ï, and the two most used dimensions of measurement of health outcomes, particularly 

the mortality and morbidity [32]. 

 

Figure 5 - Illustration of the application of the INES in the Lisbon municipality, where is possible to see the evolution of the 

PHI, the reference score and the TOP10 municipalities' score [32] 

 

Furthermore, the 6 areas of concern jointly integrate 46 dimensions, where each one has, at 

least, one indicator assigned [32]. This multiplicity aims at the characterization of all the 279 mentioned 

Portuguese municipalities in three moments across the last 26 years ï in 1991, 2001 and 2011 ï in 

each of the dimensions [32]. 

Even thought this project provides the tools to perform an analysis regarding the selection and 

evaluation of policies, it didnôt go any further then the characterization of the state of the population 

health across the country. 

 

2.3.2.2. EUROïHEALTHY 

 

EUROïHEALTHY (shaping EUROpean policies to promote HEALTH equity) is a Horizon2020 

project that stands for the development of tools that assist in the understanding of which policies have 

the most potential in the pursue of health gains and equity, across Europe [33]. The development of 
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such tool has its foundation in a Population Health Index (PHI) that encompasses the 27 European 

Union (EU) countries alongside with the United Kingdom, 273 NUTS II regions, with a particular focus 

on 10 metropolitan areas [33].  

As a result of such a wider index, it will comprehend various lowerïlevel indicators. In fact, at 

the level immediately below, two indexes are comprised. Here, the first concerns with the health 

outcomes field and the other is concerned with the aggregation of the determinants [33]. Besides, 

indexes for each of the Public Health areas of concern, allowing assessing how policies might increase 

the overall performance [33].  

Furthermore, in the EUROïHEALTHY program, given its nature that encompasses several 

countries within the EU, it was pursued a socioïtechnical approach that allowed to, on the one hand, 

use Multi Criteria Analysis (MCA) in the technical side for building the model and on the other hand, 

stakeholders were asked to participate in the modelôs construction, being this its social component [33].  

 

 

Figure 6 - Illustration of the indicators used to build the PHI [34] 

 

Firstly, each of which with different preferences, concerns and understandings of the most 

important areas [33]. Therefore, a need to use a tool that would allow to structure and incorporate this 

huge amount of dimensions arose, leading to the decision to use a MCA tool, particularly the M-

MACBETH® software which is based on a socioïtechnical approach [33].  

Secondly, in order to construct the PHI, there was a conscience that the problem encompassed 

several dimensions that needed to be addressed [33]. In order to establish the evaluation dimensions, 

at the beginning a topïdown approach was used to allow for the definition of the main focus and the 

respective lowerïlevel concerns [33]. Besides that, a bottomïup approach was used in order to study 

how the impact of different policies, in each of those concern areas, would be assessed, thus enabling 
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the establishment of the individual evaluation dimensions from where the model would be built upon. 

The Figure 6 provides an illustration of the described hierarchy [33]. 

 

Figure 7 - Stages of the socioςtechnical approach [34] 

 

This socioïtechnical approach aimed at creating a generalized acceptance of the developed 

model, along with achieving transparency and comprehensiveness [33]. Additionally, the several stages 

of the process are illustrated in Figure 7, where it is possible to identify three participatory stages [33]:  

¶ Two WebïDelphi processes ï aiming at the collection of expertôs values, for the 

definition of weighting coefficients and value functions; 

¶ Decision Conference ï aiming at the establishment of the evaluation model that is 

based on the Dephiôs results. 

 

 

Figure 8 - Example of the used questioning protocol [34] 
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It is important to mention that the main concern over the construction of the index was to assess 

how important was to close the gaps between the better off and the worstïoff groups [33]. It is on this 

foundational statement that the questioning protocols have been developed [33]. One example of the 

questioning protocol is illustrated in Figure 8.  

 

2.4. Objective 

 

The main objective of this thesis I to develop a methodology to assess which policies have the 

most potential to maximize health and reduce health inequalities across Europe. Specifically, by 

departing from a systematized and aggregated representation of the population health throughout the 

different European regions, which allows to make comparisons among different policies. Besides, it also 

provide information regarding the extent of which different policies impact the different factors that 

contribute to the population health in an holistic and transparent way based on comprehensive methods. 

Taking this objective into consideration, a multi-methodology will be described, comprising the 

multiple stages and steps necessary to evaluate and select policies in the context of a population health 

index. Accordingly, this methodology is to comprise the following key stages: 

a) Stating with the problem structuring, where the stakeholders, key issues, main goals 

and constraints are to be identified; 

b) After, we are to find which tools are to be used in the different phases of the evaluation 

along with the evaluation dimensions that allow to operationalize the main goals 

identified. Furthermore, a sample of policies is to be identified; 

c) Finally, we will apply the identified methods to the policies and make use of tools to 

properly communicate the results from the evaluation. These communication tools are 

to be used in order to allow a simple and visual way to read the results thus allowing 

the achievement of high efficacy in the communication. 

The significance of this methodology arises from the fact that there is a lack of reliable 

quantitative methods to assist decision makers in the process of evaluating and selecting policies that 

allow the increase in the population health and foster health equity. In fact, this multi-methodology can 

aid policy-makers in the design of policies that target specific factors that improve Population Health 

(PH) or reduce inequalities in health, particularly at times when there is a substantial lack of resources. 

Furthermore, the developed methodology aims at going further than the current state-of-the-art, 

by offering a group of tools that allow the evaluation of policies in a multidimensional PHI framework. 

Besides it also allows to mitigate some of the challenges that arise with the uncertainty by making use 

of foresight techniques to infer the doability of the different policies in contrasting scenarios for the future. 
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Regarding the application of the multi-methodology, data and foresight results from the EURO-

HEALTHY project are used.  

3. Literature Review 

 

In this section, the various available tools for policy formulation and assessment, that not only 

are considered the ones that are perceived as the most useful for health policy, but also that were used 

throughout the EUROïHEALTHY project. This chapter is organized in the following sections: 

¶ In section 3.1., policy selection studies are presented in order to provide understanding 

about previously applied methodologies in the policy selection field both in the health 

context and outside of it. 

¶ In section 3.2., tools that allow the computation of multiple goals are explored, being 

presented the different types and some examples of modelling approaches; 

¶ In section 3.3., public health policyôs objectives are addressed and, under each 

objective, strategies for their operationalization are described. 

¶ In section 3.4., the motivation for this work is presented. 

In order to prepare this literature review, a throughout search was performed in order to find 

studies and methodologies that made use of multi-criteria tools, in the context of a population health 

index (PHI), for public health policy evaluation and selection. During the research, that included not only 

articles but also books in the fields of public health policy and operations research, we havenôt been 

able to find any publications that addressed the evaluation and selections of public health policies in the 

context of a PHI. 

 

3.1. Public health policy evaluation 

 

This section is concerned with the presentation of some developed studies that aimed at the 

creation of knowledge and support to the decision making process, particularly in the public health 

context, in order to provide a sound basis where is possible to outline each projectôs execution. Policy 

evaluation tools are comprehensive and transparent tools that aim at the creation of knowledge to 

decision makers thus, allowing them throughout the decision making process by aggregating the 

information, hence reducing it, they have to be aware of in order to improve the efficiency and efficacy 

of the process. 

Even though there are several studies concerning the evaluation of policies with the main goal 

of promoting equity, there is scarcity when it comes to policy selection. Moreover, there are no studies 

that aim at the selection of policies in the context of a population health index. 
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At first, one of the very first projects that arose in this field is presented, the Planning Programing 

Budgeting System (PPBS) from the United States of Americaôs (USA) Defense Department, where, in 

the beginning, the general management framework of an organization is introduced, followed by the 

illustration of the key elements of the PPBS implementation, along with its key features, and how and 

where would it impact the organizationôs functioning.  

After, the Norwayôs project for health interventionsô prioritization is addressed. Here, a general 

overview of this countryôs health system is provided, followed by the presentation of the framework of 

the project. Give that this is a highïincome country, in the context of this work it is interesting to study 

not only the formulation of the program and its legal foundations, but also the actual perspective of the 

policyïmakers regarding the prioritization of interventions.  

Later on, in order to establish a contrast to the previous project, a prioritization model developed 

to Ghanaôs health system is portrayed. In line with the previous projectôs description, a description of 

the health system is provided, alongside with the projectôs development framework.  

Finally, a Portuguese project, concerning also the prioritization of interventions and selection of 

community care programs in the northern Lisbon region. Again, the ruling health system is presented 

and a framework of the projectôs development is explored, in order to allow for latter comparison 

amongst them.  

  

3.1.1. The ñPlanning Programing Budgeting Systemò (PPBS) as one of the first 

policy formulation and evaluation tools 

 

The PPBS has been one of the earliest systematic policy formulation tools to be developed and 

implemented [11]. Its implementation was attributed to the Systems Analysis Unit within the U.S. 

Defence Department in the mid 1960ôs [11], with the main goal of attaining greater efficiency through 

the integration of budgeting with policy development [11]. 

Furthermore, as specified by DonVito, the main goal of the PPBS was to provide stakeholders 

with an improved analytical ground to improve program decisionïmaking [35]. This managing function, 

consists on the definition of objectives, in a first moment, followed by the elicitation of courses of action 

that aim at the accomplishment of such objectives culminating in the selection and implementation of 

the chosen strategies [35].  

In order to understand where and how this tool impacts the organization and its functioning, 

DonVito has identified five different and successive phases [35]: 

¶ Planning ï indicates the moment where the organization makes use of analytical 

frameworks to select their objectives followed by the study of policies that support the 

attaining of such objectives; 
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¶ Programing ï consists in the extensive specification of resources and activities needed 

to the implementation of the approved policies in the previous phase; 

¶ Budgeting ï concerns with the development of budgets that ensures the availability of 

sufficient funds to operationalize the organizationôs policies; 

¶ Operations ï the ñde factoò pursue of the organizationôs policies. The planning for this 

stage comprehends all the previous phases; 

¶ Evaluation ï the value of the operationalized programs is assessed and evaluated in 

order to undertake amendments, if needed, and help in the planning of forthcoming 

policies.  

Although each of the addressed phases are distinct, all of them contribute to the global handling 

of the organization in the pursue of its objectives [35]. Moreover, it is clear that this approach is focused 

in providing support during the first three stages of the overall process [35]. 

Focusing now on how the PPBS program influences the first three stages of an organizationôs 

functioning process, according to DeVito, it is possible to identify five key elements present on the PPBS 

methodology [35]: 

¶ Program structure; 

¶ Approved program document encompassing forecasts; 

¶ A decision making process; 

¶ Decision supporting analysis; 

¶ Adjusted, in accordance to specific needs, information system; 

Besides, the identified key elements, it is also possible to recognize some key features that 

enhance the utility of this methodology such as [35]: 

¶ Output orientation ï action tools comprise actual resources that are combined to act in 

the pursue of the established objectives; 

¶ Completeness ï all the selected key strategies must be extensively specified; 

¶ Suitability for analysis ï it is of utmost importance that the program acknowledges for 

analysis, by presenting standardized data, in order to allow considerations in respect to 

resource allocation; 

¶ Identification of stakeholders ï planning should specify the different stakeholderôs 

responsibility in the strategies implementation; 

¶ Decision makersô preferences ï given that the program, instead of replacing, is 

concentrated on aiding the decision maker, it must reflect its preferences. 
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3.1.2.  Application of a multi-criteria decision analysis approach in Norway for 

clarifying the policy-makers preferences when evaluating public health policies. 

 

Being one of the richest countries around the world and the second country with the highest 

health expenditure, following the USA, Norway owns of one of the highest levels concerning its 

population health [36]. Moreover, this countryôs health system is defined as a ñdecentralized national 

health service with universal coverage of primary care under the responsibility of the municipalities and 

with specialized care under national governanceò [37]. Also, the main focus of this system is to provide 

health care universally, according to each individualôs needs, aside of income, local or regional 

accountability [37]. 

Even thought this is true, the country has developed a broad system that allowed to reach a 

transparent solution to complex problems, through the use of scientific mechanisms [37]. Taking into 

account that Norway created, in 2001, the Patientsô Rights Act (PRA), it has been studied, through a 

Multi Criteria Decision Analysis (MCDA) approach, if policyïmakersô real preferences are in line with the 

formal framework, elucidated in the PRA [37].  

For this studyôs MCDA approach, four stages were identified [37]:  

¶ Policy evaluation dimensions were identified; 

¶ Identification of the various, possible sets of evaluation dimensions; 

¶ Measurement of the preferences within each evaluation dimensions amongst the 

decision makers; 

¶ Establish the overall favored selection through scoring procedures; 

As a result of this process, a composite league table was created, whose utility lies in its ability 

to classify and rank interventions within a specific context [37]. This league table is an explanatory 

example of what is often perceived as the most important contribution of MCDA [37]. 

Finally, the study has found that Norwegian policyïmakers value costïeffectiveness, individual 

benefits and the severity of the disease in prioritizing interventions [37]. Furthermore, the authors stated 

that the obtained results are in line with what would be expected for a highïincome country [37]. Here, 

given the internal social context, it has also been found that efficiency is preferred against equity [37]. 

 

3.1.3.  Using multiïcriteria decision analysis in the development of a public 

health program in Ghana 

 

Alongside with the health systems around the world, the Ministry of Health in Ghana 

acknowledges the need to address two broad objectives in this field: efficiency and equity [38]. In fact, 

these objectives are described in the second Five Year Programme Work (POW 2001ï2006) where the 
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vision, targets, priorities, strategies, resource envelope and resource allocation for this specific field are 

thoroughly described [38]. Furthermore, in order to assist in the enhancement of the third Five Year 

POW, Ghanaôs Ministry of Health developed a program not only to identify, within society, groups that 

should be given priority, but also to aid in resource allocation and to identify new evaluation dimensions 

that might impact in the selection of interventions [38] [39].  

In order to respond to this question, multiïcriteria decision analysis was performed to provide 

guidance in the priority setting of Ghanaôs public sector [39]. Additionally, the selection of such tool was 

based on its ability to contribute to the transparency and accountability of the policy making process 

[39]. 

The project started to use discrete choice experiments (DCE), in order to assess the relative 

importance of the priority settingôs evaluation dimensions [38],[39]. This process consists in a set of 

putative interventions, with the respondents choosing one according to their preferences, where each 

consists of a collection of evaluation dimensions with each of the criterion varying between series of 

levels [39]. Moreover, the conduction of a DCE is comprised in some stages [38]: 

¶ Group discussion ï encompasses the identification of relevant evaluation dimensions 

and levels to be included in the DCE (in this program five evaluation dimensions were 

identified); 

¶ DCE survey ï administered during the Ghana Health Service meeting to increase the 

number of present stakeholders and regional representativeness; 

¶ Analysis of the responses ï binary logistic regression models were used to study the 

responses, determine regression coefficients, average marginal effects and estimate 

the relative contributions; 

The modelôs responsesô analysis was based on Efronôs R2, where the proportion of variations in 

preferences describes the relative importance of the numerous evaluation dimensions, in the 

interventionôs choice, that translates in the relative contributions [38]. Consequently, it is clear to state 

that greater variations are interpreted as greater importance [38]. 

Furthermore, the data analysis was performed by using dummy coding, whose 

operationalization can be illustrated the following way: ña criterion with L qualitative levels is transformed 

into Lï1 dummy variables in which each dummy is set equal to 1 when the quantitative level is present 

and set equal to 0 if it is notò [38]. Following this, a binary logistic regression was performed in order to 

make the de facto analysis [38]. 

Finally, in order to elucidate the finding, interventions were selected in accordance to the actual 

practice in the country, aiming at the achievement of greater representativeness [38]. Also, the costï

effectiveness values, of the selected interventions, were found through the WHOïCHOICE project and 

the information regarding severity of disease, number of beneficiaries and target groups collected from 

various sources [38]. Validityïcheck was performed by comparing the results with a simple rank ordering 

of eleven interventions by some 37 of the directors that participated in the DCE [38]. 
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Through this project, it has been found that the Ghanaôs policymakers are focusing their 

concerns towards vulnerable populations and the interventionôs costïeffectiveness, thus translating into 

a high concern amongst interventions in children health, reproductive health and communicable 

diseases. Diseases of the poor, at the other hand, were found that are not the preferred target for 

interventions, meaning that prioritization of such diseases is no longer increased, even though it is 

targeted to reduce inequalities among different socioïeconomical classes [38]. 

This study suggests that a different design that comprised the attractiveness and/or utility, only 

linked to the costs concept in a later stage, might provide more information and different results for the 

interventionsô prioritization [38]. 

 

3.1.4.  The MARCCO program ï an example of the application of multi-criteria 

resource allocation in public health programs 

 

The need for a transparent prioritization of interventions in the health sector, as stated before, 

is of utmost importance nowadays [40]. Within the Northern Lisbon group of health centers, it was 

created a community care division, whose goal was to deliver health services and education to all the 

population ï having a greater focus on societal disadvantaged groups [40]. From within the mentioned 

need and the creation of this division, there was a need to develop a methodology to assist in the 

appraisal of the multiple projects that were to be selected [40]. 

This methodology was designed using multi-criteria decision analysis as the setting 

implementation and development and also making use of a socioïtechnical approach [40]. From this 

work, arose the MultiïCriteria model to Allocate human Resources in Community Care prOgrams 

(MARCCO) [40]. 

Even though this is perceived as a complex project, it is possible to identify six phases, which 

fully describe the work; those are [40]: 

¶ Contextualization and concept clarification 

¶ Mathematical formulation of the model 

¶ Multi-criteria value measurement of program benefits 

¶ Portfolio selection 

¶ Robustness analysis 

¶ Recommendations; 

Throughout of the development of the model, there was a need to identify and group evaluation 

dimensions, on which the projects were to be evaluated [40]. Each of the eleven criterions possesses 

different levels that will correspond to the different possible states of potential projects [40]. 
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Later on, after MARCCOôs model development, it was perceived as important to, not only apply 

it to the shortïterm evaluation but also in the long term, in order to provide a more accurate assessment 

of the policies to undertake [40]. Additionally, these two different time horizons, combined with different 

constraints allowed for the evaluation of programs within different scenarios [40]. Furthermore, this 

methodology permitted an efficiency analysis by comparing the overall benefit of the programs against 

their costs [40]. With the help of the PROBE software, this comparison was performed and 

recommendations, concerning the selection of the programs, were submitted to the stakeholders [40]. 

 

3.2. Analytical models to evaluate and select public health policies 

 

Within the succeeding section analytical models are to be presented, alongside their 

applications in the context of public health policy selection and evaluation. At first, an introduction to 

these techniques is addressed, followed by the motivations for their employment. Additionally, the main 

types of MP models are discussed and their characteristics. In the following subsection, MP modelsô 

applications are illustrated by resorting to the literature. Moreover, two approaches are addressed, the 

MultiïCriteria Decision Analysis (MCDA) and the MultiïCriteria Resource Allocation (MCRA).  

 

3.2.1. Mathematical programming models overview 

 

In the scientific field, models are often developed in an attempt to structure and characterize the 

objects and systems under study [41]. In the environment of Operations Research (OR) the developed 

models are, as well as the addressed problems, more abstract [41]. The origins of the OR field are 

traceable on several decades ago, but it was during the World War II that it emerged and became of 

real interest to the military [42]. In the postïwar, OR acquired a fast pacing growth at the one hand, due 

to the researcherôs motivation to continuing to improve its methods and, at the second hand, the 

computer revolution that allowed the formulation and resolution of problem with ever growing complexity 

[42]. Nowadays, this is still a field under constant development and practical application due to the high 

number of researchers in the field and also to the extensive number of OR software [42]. 

Considering the OR models themselves, it is important to mention that all of them correspond 

to ña set of mathematical relationships (such as equations, inequalities and logical dependencies) that 

correspond to some more downïtoïearth relationships in the real world (such as technological 

relationships, physical laws and marketing constraints)ò and are perceived as useful under a broad 

number of motives [41]:  

¶ Model development provides greater knowledge concerning the modelled problem, 

given that often unclear relationships might be revealed; 
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¶ Models allow for a mathematical analysis that might elucidate strategies that might not 

be obvious; 

¶ Models allow for experimentation that is often undesirable or impossible in the real 

world; 

Unlike the computational programing, mathematical programing refers to planning other than 

programing as it is now widely understood [41]. In fact, mathematical programing can make use of 

computational programing at times where problems comprise large amounts of data on which 

calculations would be unfeasible without computers [41]. 

Mathematical programing models, in general, share a main goal of maximizing or minimizing a 

quantity, which is referred to as the objective function [41]. In this workôs context the objective function 

is comprised of several aggregated functions, i.e., an index, that, ultimately, aims at maximizing health 

gains and equity.  

Additionally, there are some categories of mathematical programing methods where three main 

types arise: the linear programing (LP) models, nonïlinear programing (NLP) models and the integer 

programing (IP) models [42]. Throughout this work LP an IP models are the ones that are of most 

relevance given that [42]: 

¶ LP models are a powerful tool that can be widely used in much of the optimization 

problems. This model states that the both the objective function and constraints are 

linear expressions;  

¶ IP models can be comprised as a subïset of LP models that advocates that, at times 

when the rounding to the nearest integer involves too greater errors, then the functions 

besides being linear must also admit only integer values (e.g. number of doctors or 

nurses). 

Furthermore, mathematical programing models involve a common structure that is composed 

of some components, some mentioned already [42]. These are: [41] 

¶ Objective function ï mathematical representation of the desired optimization value, 

either its maximization of minimization (e.g. profits or costs, respectively); 

¶ Constraints ï two types of constraints identified those that can be violated at some cost, 

softïconstraints, and those that cannot, hardïconstraints. They are used to limit the 

solutions; 

¶ Variables ï variables that are being determined by the problemôs solution. Typically, 

canôt assume negative values; 

¶ Parameters ï Numerical values that describe the problem; 

In short, these models, which are described by parameters, are used, as techniques to optimize 

the objective function, comprised of variables, by respecting the solutionôs constraints. 
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3.2.2. Other operational research methods 

 

When facing the problem of evaluation and selection of public health policies, operational 

research methods are positioned as the most versatile and adequate. Even thought the fact that such 

methods are often looking for the optimal answer, which is presented as straightforward in single 

objective problems, they also are very useful in multiïobjective problems. Such models, allow for the 

optimization of multiple goals and, given the fact that it is not unlikely to witness conflicts between them, 

tradeïoffs must be clearly defined.  

In the following subsections, these methods are presented and their ability to address, measure 

and interpret tradeïoffs is also explored. Firstly, multiïcriteria analysis is discussed, followed by its 

application to resource allocation. 

 

3.2.2.1. MultiïCriteria Decision Analysis (MCDA) 

 

From within the field of operational research and management sciences field arose the multiï

criteria decision analysis approach [43]. The approach has come to face the challenges that result from 

the increase in complexity of decision problems, particularly in problems concerning multiple 

stakeholders and various dimensions, where an ñequitable, inclusive and transparent decision processò 

is required.  

In brief, multiïcriteria decision analysis (MCDA) is used in the public health policy context by 

measuring the value of different policies by aggregating the results from the single evaluations, each of 

which related to a specific criterion, in indicators whose aim is to describe the global performance. 

Furthermore, it is relevant that this methodology can be computerized into a tool, its main goal 

is to assist in the decision making process by providing clear information to stakeholders concerning all 

the policy options, rather than substituting their role as final decision makers by a mathematical model 

[43], thus solely promoting ñgood decision makingò [44]. 

 Moreover, the MCDA is of particular importance during the policy formulation in the structuring 

phase given the ability of this methodology to promote discussion amongst stakeholders [43] and aiding 

in creating understanding about the addressed problem ï given its framework that tackles each 

problemôs dimension independently ï allowing to create also a comprehension of priorities [45]. 

Additionally, the methodology also enables the contemplation of many value systems in order 

to fully incorporate the individual stakeholdersô preferences [43] and it should make itself as the favored 

methodology when there is the need for a consensual solution for a given problem.  

Concerning the evaluation dimensions, they can be developed through different approaches. 

The topïdown approach, that begins with the definition of the focus and, hierarchically, structures the 
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tree of fundamental objectives or concerns [46]. On the contrary, the bottomïup approach, begins its 

construction with definition of the different policyôs impact that will allow for the construction of a reliable 

set of evaluation dimensions [46]. Ultimately, it has been found that, in the ñreal worldò, the combination 

of both approaches might bring the best results [46]. 

Also, the sets of evaluation dimensions, in order to allow for the construction of an accurate 

model, requires meeting some properties, being the most important the exhaustiveness, cohesiveness 

and nonïredundancy [43]. 

Finally, in order to understand the policyôs formulation process quality, when using the MCDA 

methodology, it is important to look at the ñtransparency and legitimacyò, i.e., the scope of the integration 

of stakeholders within the development process an also to how much impact the MCDA results had in 

the ñactual policymakingò [43]. 

 

3.2.2.2. MultiïCriteria Portfolio Decision Analysis (MCPDA) 

 

With the growing number and complexity of problems, mentioned in the previous section, it is 

clear that decision makers face, more than ever, the difficult task of accurately weight the costs and 

benefits [47]. It is possible to identify five causes to this struggle, i.e., properly determine which policies 

to pursue, and they are: [47] 

¶ Benefits usually illustrated by multiple objectives ï frequently conflicting; 

¶ High number of possibilities decreases the possibility of an informed decision ï impairing 

the ability to develop a deep knowledge of each policy; 

¶ The mutually optimal outcome, most of the times does not reflect the optimal outcomes of 

each separate unit; 

¶ High amount of people engaged in the process, thus leading to possible competition [48]; 

¶ Lack of efficacy in implementation from actors that disagree on the allocation of resources. 

This lead to the development of a comprehensive method that arose from within the multi-criteria 

decision analysis methodology. This methodology allows to evaluate the impact of the different sources 

of uncertainty while addressing the problem at stake and properly prioritize the different portfolios under 

evaluation.  

 

3.3. Public health policy objectives 

 

Even though numerous objectives are significant in the health policy environment, equity and 

health gains represent the ones that are perceived as the most important ones [49]. In fact, both in the 
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GeoHealthS and the EURO-HEALTHY projects there is an explicit concern about those objectives, and 

both programs provide a sound basis for policy evaluation and selection [31], [33].  Throughout this 

section, a literature review on such concepts is performed where definitions and case studies are to be 

presented in order to illustrate some public health policy objectives related with equity and health gains. 

Moreover, this review aims at providing extensive knowledge concerning different types of objectives 

for each of the two mentioned concepts, given their role in the results of the, computationally assisted, 

policy selection process. 

 

3.3.1. Health Equity 

 

Equity is a wideïranging concept that is addressed in multiple fields. Given the context of this 

work, the focus is the equity in health concept. Furthermore, taking into account this multiplicity of fields 

that address this concept, contrarily to the previous section, there is a vast amount of literature 

concerning this topic. Throughout this part of the work, a special focus, in order to understand equity in 

health, has been given to the health economics, public health and operations research fields, which are 

the areas that are of relevance here. 

To start, given the frequent misunderstanding of equity and equality concepts [50], it has been 

found of utmost importance to clarify both before advancing to a deeper characterization of equity. 

Firstly, it must be noticed that these are two distinct concepts even though they are related; equality is 

vital in the operationalization and measurement of equity [50]. Equity can be understood as: even 

thought it might represent an inequality, it is perceived as just and fair [51]. Moreover, it requires the 

comparison, amongst the different societal groups, in respect to the resourcesô distribution [52]. 

Consequently, the definition of equity is presented. One of the most relevant definitions of equity 

in health is provided by the World Health Organization, stating that: ñEquity in Health: (i) the absence of 

systematic or potentially remediable differences in health status, access to healthcare and healthï

enhancing environments, and treatment in one or more dimensions of health across populations or 

population groups defined socially, economically, demographically or geographically within and across 

countries. (ii) a measure of the degree to which health policies are able to distribute wellïbeing fairlyò 

[53]. 

Here, it is clear that the definition encompasses two different components that are perceived as 

very important to the context of this work. The first component is focused not only on the multiple 

dimensions of the population health, such as the state of health and access to health care, but also on 

the multiple locations and their differences in performance, which is the ground for the population health 

indexesô development [33]. Furthermore, the second part of the definition states the importance of 

assessing each policyôs impact.  

Furthermore, it is known that equity comprehends two principles, the vertical equity and 

horizontal equity. Here, while the first states that individuals across different levels of need face, 
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proportionally, different levels of access, the second mentions that those with equal needs have equal 

opportunities of access to health care [54]. 

In this workôs context, the information above provides a solid motivation for its development. In 

fact, in a field like health care, where it is verified the scarcity of resources, it is of utmost importance to 

promote policies that address this issue by promoting improved efficiency in health resourcesô allocation 

[54]. 

 

3.3.1.1. Health Equity measures 

 

In a human rights centered society, policies should aim at accomplishing a more equitable 

society, through the comparison to the reference levels for attaining the populationôs needs [55]. In fields 

such as the healthcare, as previously mentioned, there are increasingly challenges, given the scarcity 

of resources. This scarcity, might lead to some ethical concerns when policies could compromise the 

health of the best off group in detriment of the worst off [56]. Taking this in consideration, it is clear that 

oftentimes, in pursuing equity, conflicts and tradeïoff must be properly addressed [55]. 

Even though it is verified the existence of extensive literature that propose equity measurement 

frameworks, there is a lack of knowledge on how to measure equity in the context of a population health 

index. Taking this into account, the major difficulty rests, given that it still does not exist a consensus on 

how to properly measure equity, in the selection of the assessmentôs dimensions [55]. Notwithstanding 

this lack of agreement, it has been identified the key characteristics that work as guidelines to the 

selection of the assessmentôs dimensions [55]. These characteristics are as follow: [52] 

¶ Analytic Tractability ï in problems where computation is needed, given the dimension of the 

evaluations, analytic tractability improves speed and performance in the obtaining the 

optimal solution;  

¶ Appropriateness ï the measurementôs information must be easily understandable by the 

decision makers that are using it;  

¶ Impartiality ï the measures must be impartial in respect to the different groups considered; 

¶ Principle of transfers, PigouïDalton ï notable theory stating that the transfer of resources 

from the better to the worst off group should improve the equity measure;  

¶ Scale invariance ï criterion is verified if the equity measure is not affected when a 

multiplication by a constant is performed across all groups;  

¶ Pareto optimality ï theory that states that a solution is only improved if none of the groups 

will be worst off (after an intervention). This criterion is of great importance in the prevention 

of the more equitable solutions that give rise to the worsen in conditions of all groups [55]; 

Even though all the addressed evaluation dimensions bear importance on the strategic 

definition, in the context of this work, it is possible to highlight some that provide a greater significance 

such as the analytic tractability, the appropriateness, the principle of transfers and Pareto optimality.  
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Furthermore, given that the improvement of equity represents one of the key goals in the 

assessment and evaluation of policies that impact the population health there is a need for an equity 

concept that aggregates all the dimensions of population health, thus enabling its proper analysis [56]. 

Nevertheless, a single concept for health equity is not available thus leading to the need of exploring 

different equity concepts [56]. 

In a population health indexôs environment, some of the comprehended dimensions are often 

used as measurement regarding equity, where the access to care, income and the health outcomes 

pose as some examples.  

 

3.3.2. Health gains 

 

Health gains can be described as the increases at the level of health indicators that, in turn, 

allow studying the evolution of the health context. Given the indicatorsô ability to express improvements 

in health results, those might be translated as gains in life years, reduction of the prevalence of diseases 

amongst others. Furthermore, there is a particularly relevance in studying the health gains that arose 

from the ability to intervene in avoidable cause through policies.  

In the context of population health indexes, dimensions cover a wide range of subjects such as: 

air quality, access to quality health care, building environment, among others. In fact, these dimensions 

allow assessing the performance of a region in specific indicators. Besides, the impact of a policy can 

be determined by making computing the difference between the value after policy implementation and 

the initial value. 

Finally, in the next chapter of this thesis it is presented how can the health gains concept be 

applied to a population health index.  

 

3.4. Motivation for the approach 

 

Throughout the performed search of articles and studies for a methodology to evaluate and 

select policies using a PHI, we were not able to find any integral approach that allowed to tackle this 

issue. Accordingly, this reveals the need for a novel multi-methodology that combines multiple methods. 

One of the main motivations for this work lies on the fact that there is a lack of literature methods 

that allow to, in a combined manner, to evaluate and select polices in the context of a PHI in order to 

allow the identification of the extent of which different policies impact specific factors that, consequently, 

improve the population health an reduce health inequalities.  

Furthermore, it has been also identified that the use of foresight techniques, to mitigate some 

of the uncertainty associated to the policy evaluation and selection process, is also very scarce. 

Therefore, not enabling the proper evaluation of policies, given the high degree of uncertainty we are 

facing.  
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Hence, the main goal of this thesis is to fill this lack of methods in the evaluation of policies and 

allow an improvement in the process of evaluating and selecting policies that maximize population 

health and health equity.  

Moreover, the described topics of the literature, argued throughout this chapter (public health 

policy evaluation programs, tools to evaluate and select policies and public health policy objectives), 

provide the context and the scientific fundamentals to the multi-methodology presented in the following 

chapter.   



32 

4. Multi-Methodology 

 

The proposed multiïmethodology is presented within this chapter. In the beginning ï on section 4.1. 

ï an overview of the proposed multi-methodology is provided alongside with the inspiration for this 

proposal. In the section 4.2., the multi-methodology is thoroughly explained. Here, each sub-section 

represents a stage of this multi-methodology and they range from the problem structuring up until the 

communication of the results. Furthermore, these subsections ï i.e. stages ï are divided into steps that 

are to be followed during the application of the multi-methodology.  

 

4.1. Overview of the Multi-Methodology 

 

We used a normative approach to develop this thesis, which makes use of different methods, 

along the multiple stages of the work, in order to allow the evaluation policies and help select the ones 

that have the most potential to promote health and increase health equity in the context of a population 

health index. Furthermore, the used approach meets Mingerôs definition of multiïmethodology ï the use 

of multiple methodologies within a single intervention and framework [57]. In our context, the intervention 

is characterized as the different stages that comprise the evaluation and selection of policies in the 

context of a Population Health Index. Given that, in most cases, realïlife problems are multidimensional 

it has been found that through the application of different methodologies within the different stages of 

the problem, it would increase the reliability of the results and also allow the development of new 

insights. 

It is also relevant to explain that, the importance of using different methods within the different 

stages of this work lies on the fact that each of those stages presents challenges that need to be tackled. 

Unfortunately, each of those challenges needs distinctive methodologies for, successfully, overcoming 

them.  

In order structure the multi-methodology, we departed from Beltonôs model building framework. 

It was clear since the beginning that the context of our problem was very different form the one we found 

in Beltonôs, represented in Figure 9. The reason why we have decided to adapt this framework lied on 

the fact that we were working with multiple tools at the same time and thus creating a need for further 

steps and detail within the ñModel Buildingò stage.  
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Figure 9 - Belton's framework for developing a multi-criteria analysis model [45] 

Following that, we have arrived to the framework illustrated in Figure 10. Consequently, the key 

stages of the intervention are illustrated here and will be thoroughly explained in the following sections. 

  

 

Figure 10 ς Overview of the multi-ƳŜǘƘƻŘƻƭƻƎȅΩǎ ŦǊŀƳŜǿƻǊk 

 
   The summarized description of the work, illustrated in Figure 10, is as follows: 

¶ We start with the problem structuring, where stakeholders and their fundamental values are 

defined, core goals made explicit, the constraints and key issues are enumerated, 

uncertainties of this problem are made clear ï also the influence relationships amongst 
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them ï, and, finally, some alternatives for the evaluation that allow to achieve the defined 

goals. 

¶ Secondly, we have designed the multiïmethodology for policy evaluation and selection. 

This stage starts with the approach structuring, differentiating the multiple phases of the 

multiïmethodology and the actions within. After, tool selection and design was performed 

to meet the actionsô needs for their successful completion. After the tools have been defined, 

evaluation dimensions were defined in order to allow for proper goal operationalization. 

Later, the adequate analysis space was defined, as well as the alternative interventions 

under analysis that were specified. Finally, weights were attributed to each of the evaluation 

dimensions and value models were built.  

¶ Lastly, the results communication was addressed. Here, sensitivity and robustness analysis 

of the model were performed and new alternatives explored. After that, visualization tools 

were selected and a tableau de board conceptualized for efficient information synthesis. 

The main goal of this methodology is to assist decision makers, in the moments where they are 

faced with the problem of selecting, amongst multiple alternatives, the ones that will deliver the best 

results and attain specific objectives ï in our context, improving population health and reducing health 

inequalities. In order to do so, we are going to make use of PHIs and ask for the decision makersô 

contribution in making explicit decisions throughout the multiple phases of this work.  

 

4.2. Stages of the MultiïMethodology 

 

In this section we will be covering, in detail, the multiple stages of the proposed multi-

methodology. Firstly, in sub-section 4.2.1., we will address the need to properly structure the problem 

in hand. This is perceived to be a key stage of the multi-methodology, given the impact that a poorly 

defined problem would have on the results of the modeling, without allowing to track the roots of these 

errors.  

Secondly, we will introduce, in sub-section 4.2.2., the multi-methodology design stage where 

the tools to address the problem of the evaluation and selection of policies that promote health and 

increase health equity. During this stage, we will be identifying tools, defining goals, finding the stake-

holdersô needs when evaluating and selecting policies and the way to satisfy those needs with proper 

evaluation dimensions.  

Finally, in the sub-section 4.2.3., we will address the issue of communicating the results of the 

evaluation and selection process. At first we introduce tools to assess the reliability of the developed 

model, taking into account the extent of which uncertainty and lack of information impacts the results. 

After, some tools to provide answers and communicate the results are illustrated. 
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4.2.1. Problem Structuring 

 

In this subsection, we will talk about the first stage of the multiïmethodology, the problem 

structuring. This stage will allow to properly define the problem in different levels such as the 

identification of the stakeholders and their fundamental values, the main goals, the key issues and 

constraints, that are going to be encountered in the worksô development, uncertainties that need to be 

taken into account, and how do they influence each other, and also some alternatives in the 

development of this work. 

 

4.2.1.1. Who are the key stakeholders? 

 

The identification of the stakeholders represents an important step in the problem structuring 

stage in the context of this work. Properly defining the stakeholders allows inferring their needs and 

preferences. We have identified the key stakeholders, in the context of public health policy, as European 

policyïmakers, national policyïmakers, regional policyïmakers and also local policyïmakers [58].  

Even though local policyïmakers, have been found to be relevant for the public health policy 

context, throughout this work we have decided to leave them out of the equation, because the depth of 

our analysis stops at regional level, therefore, not contemplating the local differences within a region. 

 

4.2.1.2. Which are the Stakeholdersô fundamental values? 

 

The fundamental values that guide the stakeholdersô vision provide also a baseline to identify 

their need and the main goals of the work. Values such as: universality, social justice, human dignity, 

solidarity, access to quality care and equity were found to be this baseline we were looking for [59]. 

 

4.2.1.3. Which are the main goals? 

 

The next step, goal definition ï and also operationalization, that will be discussed within the next 

stage of the framework ï represents one of the most important steps of this work, given their key role in 

the development of this work, across its different stages. Here, goals have been divided as ñEndsò and 

ñMeansò [44]. Being so, the ñEndsò goals include the maximization of the population health and the 

maximization of the multiple equity measures across the regions under study ï these goals have already 

been identified in the literature review in the chapter 3. Regarding the ñMeansò goals, these include the 
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optimization of the policy design process and the optimization of the resource allocation. It is relevant to 

mention that, by meeting the ñMeansò goals, we are also getting closer to achieve ñEndsò goals. 

 

4.2.1.4. Which are the main constraints? 

 

Within this step, we aim at the identification of the main constraints that need to be considered 

through this worksô development. They represent the challenges that a policy evaluation and selection 

process faces and the limitations those constraints create.  

Firstly, we have identified that within the health context we are always looking at a context with 

limited resources and capabilities. Besides that, policy makers are also constantly encountering the 

same question, either by not having capacity to legislate or by the scarcity of resources in itself, often 

limit their ability to intervene. Minimizing the impact of this constrain, as mentioned in the motivation for 

the approach ï section 3.4 ï, represents one of the main objectives of this work. 

Secondly, power issues represent a big constrain for this works development given that, 

oftentimes, the optimal distribution of resources is not the most equitable. This is, in fact, a major 

constrain that we also aim at minimizing its limitations with this work, as mentioned in the previous 

ñGoalsò step. 

Finally, in the context of public policy, and particularly in public health policy, we need to consider 

current regulations and cultural context that have the ability to greatly impair the policy evaluation and 

selection process. Here, policies specific policies can be discarded, even thought they would bring a 

high benefit to the population, if they somehow donôt respect the cultural environment or regulations. 

 

4.2.1.5. Which are the key issues? 

 

This step, aims at the specification of the key issues faced in the context of evaluation and 

selection of policies. Here, we started to formulate some questions that would provide insight in regard 

to this topic. Those questions were: 

¶ Which policies to pursue? 

¶ How to measure the policy impact in the context of indexes? 

¶ Under which perspectives? 

Firstly, we defined that best practice policies for population health and equity according to 

literature and past experience were to be used for evaluation. Also, policies classified as relevant by 

policy makers. Finally, the design of policies with the highest potential to improve critical regions or 
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achieving specific targets, i.e., testing which groups of policies would bring the best overall benefit. As 

an example, we would compare, against each other, groups of policies such as [60]: 

¶ Policies for regions with similar needs; 

¶ Policies for similar needs, within specific areas of concern; 

¶ Policies for similar needs, within specific health problems; 

The second issue to be identified was of the classification of policies in relevant taxonomy. Here, 

we have defined that we would classify policies as: holistic policies that target multiple areas of concern 

and/or regions; and target oriented policies that focus on specific areas of concern and regions. 

Thirdly, the issue of bridging between indicators and public health indexes given the lack of data 

on: targets or thresholds; interventionsô impact on indicators; requirements for pursuing interventions in 

terms of capabilities. 

The last key issue identified was the one of the cost analysis and implementation issues. Here 

we have acknowledge that the large number of stakeholders, cultural environments, the number of 

beneficiaries, among others, represent an issue in terms on how to structure the evaluation and selection 

of policiesô problem.  

 

4.2.1.6. Which uncertainties are relevant to the problem? 

 

Inside this step, we have determined the uncertainties relevant to the problem in question. 

Besides that, we have also provided a simple explanation of each one of those uncertainties. The 

identified relevant uncertainties, for this problem, are: 

¶ Policyôs impact (Benefit) ï the improvements in terms of population health and 

equity; 

¶ Policyôs cost ï costs associated with the implementation of a policy and its 

maintenance; 

¶ Acceptance ï conflicts with the societal and cultural environment; 

¶ Doability ï capacity of tackling all the policyôs requirements; 

¶ Power issues (Winners/Losers) ï power issues might arise when targeting only 

the worst off; 

¶ Affected population ï population segments and regions the policy is targeting; 

¶ Status Quo (SQ) VS Business as usual ï static VS dynamic environment for 

policy analysis; 

Besides the identification of the relevant uncertainties, in the context of this work, it has been 

found important to divide these uncertainties, as seen in Figure 11, into two groups: the ñImplementationò 

uncertainties and the ñEffectsò uncertainties. 
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Figure 11 ς Key uncertainties 

 

Moreover, these uncertainties influence each other as illustrated in   Figure 12, 

below. 

 

  Figure 12 ς Influence relationships between uncertainties 

 

4.2.1.7. Which are the alternatives? 

 

At this final step of the ñProblem Structuringò phase we aim at finding alternatives for the worksô 

development. In line with this, we have found that we could be evaluating not only policies but also 

actions, strategies or programs. Each one of those can be defined as [60]:  

¶ Policy ï the so called ñvision statementò, often expressed in the form of 

legislation; 

¶ Action ï can either be a part of a program or an isolated action that aims at 

meeting policy goals; 

¶ Program ï a framework of hierarchy and procedure through which the ñendsò 

of a policy are trying to be met. It is described step by step; 

¶ Strategy ï Longïterm set of programs, in multiple dimensions that aim at the 

achievement of a societal goal; 
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4.2.2. Multi-methodology design 

 

In this second stage of the multi-methodology we will address the issues regarding the 

structuring of the approach and the selection of tools to evaluate and select policies in the context of a 

PHI. 

Furthermore, we will also identify the main goals of this evaluation and selection process, 

evaluation dimensions that allow the operationalization of those goals and the stakeholdersô needs, 

regarding the information that must be provided to them in the context in stake. 

By the end of this stage, the tools to be used, the main goals of the evaluation and selection of 

policies, the evaluation dimensions to operationalize those goals and the ground where the evolution is 

taking place are appropriately defined. 

 

4.2.2.1. Structuring of the evaluation approach 

 

The first step of the ñMethodology designò stage consists in the structuring of the approach. 

Here we have divided the multiïmethodology in four phases that comprehend everything from data 

gathering up until the analysis, as seen in Figure 13, below. 

 

Figure 13 ς Phase structuring of the approach 

 

A brief description of the actions that are performed under each of the phases is as follows:  

¶ Phase 1: Gathering of data from Population Health Index (PHI); Objective specification; 

Model structuring; 

¶ Phase 2: Policy sampling for later analysis; Status Quo analysis; 

¶ Phase 3: Policyôs impact assessment; 

¶ Phase 4: Policy evaluation; Policy selection; Conflict resolution; Communication; 
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4.2.2.2. Selection of tools and Model design 

 

Firstly, in order to proper establish which tools would serve us best in the problem proposed by 

this work we started to formulate some questions. In an attempt to answer to these questions we have 

arrived to the selection of tools to be used further along. These questions were: 

¶ How to assess the impact of policies?  

Simulating with a health index. 

¶ How to prioritize policies? 

Using multiïcriteria decision analysis (MCDA) or multiïcriteria portfolio decision analysis 

(MCPDA). 

¶ How to select specific policies or portfolios of policies? 

Using multiïcriteria portfolio decision analysis (MCPDA). 

At this point, we are finally linking the tools to the proposed actions for the concretization of this 

work. Using the same four phases defined in the first step we arrived to the plan illustrated in the Figure 

14, below. 

 

Figure 14 ς Selected tools and their chronological use within the different phases of the approach 

 

An overview of the tools that are to be used in the different phases of the work is: 

¶ Phase 1: We are comparing population health indexes, in order to determine the 

approach used to characterize the population health, that will later be used to perform 

the simulation of policies in the selected health index; 

¶ Phase 2: In this stage, we are designing visualization tools in order to achieve an 

efficient communication of the Status Quo analysis. Besides, we will also develop a 

strategy for policy sampling both from the literature and from the stakeholdersô 

experience and preferences.  


