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Resumo

A Avaliação de Tecnologias de Saúde (ATS) consiste na comparação de diferentes aspetos, de forma

a avaliar tecnologias médicas e apoiar os processos de decisão referentes à sua utilização e financia-

mento. Aquando da determinação dos aspetos de comparação a serem considerados, o método Delphi

é frequentemente usado para reunir opiniões de diversos atores-chave sobre a sua relevância. Apesar

de inúmeros autores implementarem estes questionários neste contexto, a análise e a representação

das opiniões ainda carecem de exploração. Este trabalho tem como objetivo investigar alternativas ino-

vadoras para a análise de questionários Delphi de ATS. Para tal, propomos uma metodologia baseada

em Ciência de Redes Complexas. Em particular, o algorı́tmo de Deteção de Comunidades de Louvain

é utilizado para o clustering de atores-chave, consoante as suas respostas. Aplicámos a metodologia a

dados dos projetos MEDI-VALUE e IMPACT-HTA, de forma a responder a duas principais questões: (1)

verificar a adequabilidade desta abordagem para analisar questionários Delphi e (2) obter informações

adicionais sobre as opiniões de atores-chave. Os resultados sugerem a adequabilidade da abordagem

descrita, sendo que o modelo, quando aplicado a diferentes conjuntos de dados, origina comunidades

com topologias semelhantes. A metodologia permite, ainda, obter informações sobre as opiniões dos

diferentes atores-chaves. As comunidades não são caracterizadas pelo tipo de ator-chave, mas sim

pelo tipo de respostas. Existe uma tendência para os critérios serem considerados relevantes. A pro-

priedade de Triadic Closure também é observada nestas redes, i.e., se dois stakeholders estão em

concordância com um terceiro, provavelmente irão eles também concordar no futuro.

Palavras-chave: Avaliação de Tecnologias de Saúde, Método Delphi, Proximidade de Opiniões,

Análise de Atores-chave, Ciência de Redes Complexas, Deteção de Comunidades
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Abstract

Health Technology Assessment (HTA) systematically compares distinct aspects to evaluate health tech-

nologies and support decision-making processes concerning their use and financing. When choosing

the evaluating aspects, it is common to use the Delphi technique to gather opinions from several stake-

holders regarding their relevance. Although many authors implement Delphi surveys in this context, the

study and abstraction of stakeholders’ views lack exploration. In this work, we investigate innovative

alternatives for the analysis of HTA Delphi surveys. To do so, we propose a framework based on Net-

work Science tools. More specifically, the Louvain Community Detection algorithm is applied to cluster

stakeholders according to their answers. We implement the framework to data from MEDI-VALUE and

IMPACT-HTA projects, exploring two research questions: (1) verify the suitability of this approach for

the analysis of Delphi surveys and (2) obtain novel and relevant information regarding stakeholders’

opinions. The results suggest that the described framework is suitable for Delphi analysis, with the

model originating communities with similar topologies when applied to different datasets. Additionally,

the framework allows new insights to be obtained regarding stakeholders’ opinions and how they relate.

Communities found are typically not characterised by stakeholders’ type and instead by the kind of an-

swers, and people tend to consider criteria as relevant. The Triadic Closure is also verified for these

networks meaning that if two stakeholders both agree with a third stakeholder, there is an increased

likelihood that they will agree in the future.

Keywords: Health Technology Assessment, Delphi Technique, Proximity of Views, Analysis of

Stakeholders, Network Science, Community Detection
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Chapter 1

Introduction

1.1 Topic Overview

The literature recognises that decision-making processes in the health sector are highly complex (Stratil

et al., 2020). First of all, health decision-making is influenced by a careful deliberation of many normative

and technical criteria, which are often in conflict with one another (Stratil et al., 2020). Secondly, the

values and perceptions of different stakeholders regarding these criteria frequently vary across and

within societies, leading to several disagreements (Stratil et al., 2020).

One health process particularly challenging is resource allocation (Jakab et al., 2020). When choosing to

use and finance health technologies, Health Technology Assessment (HTA) is used to support decision-

making processes (Street et al., 2020; Polus et al., 2019). HTA is based on a systematic evaluation of

several factors, used to assess and compare the properties, effects, and impacts of health technologies

or interventions (Street et al., 2020; Polus et al., 2019; Infarmed, 2021). Therefore, the main goal of

HTA is to provide the most refined available information, supporting decision-makers in a transparent

and informed decision (Jakab et al., 2020; Stratil et al., 2020). HTA is based on a set of criteria with a

high conflict potential, such as efficacy, safety, cost-effectiveness, or fairness (Jakab et al., 2020). Thus,

challenges appear concerning the measurement of the relevance of distinct aspects and the agreement

of different stakeholders, each with different views and priorities. With this in mind, organisations are

becoming more aware of the importance of defining and measuring the relevance of HTA aspects as

well as bringing the different stakeholders into the discussion (Jakab et al., 2020; Street et al., 2020).

Due to the significant impact of positively involving stakeholders, many approaches have been stud-

ied and developed. Several participatory approaches are known to be used. This work focuses on a

particular one frequently cited in the field of decision-making in health - the Delphi Technique.

In summary, the Delphi technique consists of a series of surveys based on four principles - anonymity,
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iteration, controlled feedback, and statistical aggregation of responses (Geist, 2010). This approach

removes geographic and time challenges, allowing every stakeholder to participate while reducing the

adverse sociological effects of group interactions (Belton et al., 2019; Geist, 2010). The foundations and

principles of Delphi will be discussed in more detail in chapter 2.

Delphi’s characteristics are critical in the current times. Although face-to-face approaches, such as

conventional meetings, can be efficient, it is frequently not possible to gather everyone in the same

room (Geist, 2010). Nowadays, this is even more a reality, given the world’s globalisation and society

accepting and embracing a remote lifestyle, especially after the COVID-19 outbreak (Sintevi et al., 2021).

Not only in HTA but for health research in general, the Delphi method is commonly used for many

purposes (Keeney et al., 2006; Hasson et al.; Sintevi et al., 2021). When Delphi is used to collect

opinions from a vast number of stakeholders, it is typical for a smaller group of decision-makers later

to discuss results through a combination of other participatory approaches (Bowling, 2014). Innovative

analysis and report of the results support decision-makers, providing them with new perspectives for this

later discussion, improving resource allocation processes.

1.2 Objectives

Research shows that involving stakeholders unquestionably brings positive results into the evaluation of

health technologies. Additionally, several authors explore the construction and limitations of Delphi sur-

veys and implement them in specific cases. However, the analysis and representation of stakeholders’

views in the health context lack exploration. Typically, data is analysed using traditional statistical tools,

and results are presented using exhaustive and complex tables. Besides not being presented straightfor-

wardly, the analysis is frequently done considering the pre-defined types of stakeholders. Even though

inter and intra-group analyses are performed, this approach can be reductive since it assumes that

stakeholders’ views are strongly influenced by their type.

Given this scenario and with the question ”Which HTA stakeholders share more similar views?” in mind,

we want to explore alternatives for analysing Delphi results in health settings. Taking into consideration

the powerful applications of Network Science (NS) in several contexts, we believe that the application

of NS tools to analyse Delphi results can be not only innovative but also highly promising in bringing

a new perspective to Delphi analysis. Thus, we propose a groundbreaking, state-of-the-art framework,

combining NS and Community Detection (CD), designed to analyse results from web-Delphi surveys

in health settings. Toward this goal, Delphi surveys’ results from two HTA projects - MEDI-VALUE and

IMPACT-HTA - are used. These results reflect the opinion of different stakeholders on the relevance of

distinct aspects considered in HTA.

In a nutshell, we want to cluster the involved stakeholders according to their opinions and priorities, iden-

tifying which ones share similar views. Starting with no pre-defined groups and understanding which
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clusters emerge, this work has the main objectives of (1) investigating the suitability and performance of

NS tools for the analysis of Delphi results and (2) exploring what information about stakeholders’ views

is revealed. This way, we hope to enhance health decision processes following HTA Delphi surveys, en-

abling strategic coalitions in negotiations and resolving possible conflicts. For this purpose, we propose

to address two research questions, each answered in one research stage, as presented in Figure 1.1.

Figure 1.1: Research questions to be answered.

There is no evidence of the eligibility and performance of NS tools in the context of Delphi, health-

related or not. Thus, it is the first objective of this work to verify it, answering the question ”Are Network

Science tools suitable for analysing Delphi results?”. For that purpose, the topology of the networks and

communities for different datasets is analysed. This step allows understanding the conversion of data

into network-based data and verifying if a typical structure of ”agreement networks” exists.

After verifying the appropriateness of the approach, it is the second objective of this work to explore

the information that can be retrieved regarding HTA stakeholders’ opinions and relations, answering the

question ”What information regarding stakeholders’ views can be obtained?”. At this point, we want to

be able to understand what characterises the obtained communities using CD tools. Is there a match

between them and the previously defined stakeholder groups, based on their types? Or are they defined

by other properties? Furthermore, we want to extract new information about the participants and their

views, including examining the results from groups of related aspects.

During this work, while answering the two previous questions, other contributions are intended to be

made. The two projects followed different protocols. In MEDI-VALUE, there was a single panel for

all stakeholders. In contrast, in IMPACT-HTA, there were parallel panels for each group of stakehold-

ers, based on their types. Understanding the influence of these conditions, alongside other variations,

including the used scales, will also be considered throughout this work.

1.3 Thesis Outline

This thesis is composed of a total of eight chapters. Chapter 2 provides a context to this work, intro-

ducing the world of HTA and Delphi. Chapter 3 focuses on the projects providing us with data. Chapter

4 contains the state-of-the-art concerning the analysis of Delphi as well as Community Detection algo-

rithms, including the basic theory of the related topics. Chapter 5 comprises the proposed framework,

and chapter 6 presents its implementation. The results are unveiled and discussed in chapter 7. Finally,

chapter 8 explores the main conclusions, study limitations and possible future steps.
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Chapter 2

Context

Before proceeding further, this chapter presents an overview of the importance of stakeholder participa-

tion in health decision-making processes and possible participatory approaches, focusing on Delphi.

2.1 Healthcare decision-making and stakeholder participation

As discussed in chapter 1, organisations are paying increasing attention to the methods used to evaluate

technologies within the scope of HTA and adopting a more holistic view, involving every stakeholder.

Regarding the involvement of stakeholders, it is crucial first to discuss who are the stakeholders in health.

According to Lübbeke et al. (2019), stakeholders can be defined as the ones - people, groups, or organ-

isations - who have an interest or concern in an organisation, being able to affect and be affected by the

organisation’s actions, objectives and policies. In healthcare, ”The four Ps” - patients, providers (profes-

sionals and institutions), payers, and policymakers - are considered the main stakeholders. However, a

more inclusive definition should also include the industry (medical device, pharmaceutical, biotechnol-

ogy), regulators, research community and media as stakeholders for their essential role.

As in any other industry, in the health sector, different stakeholders broadly differ not only on their

interests and needs but also in their influence and priorities, being their identification and the analysis of

their opinions and interests crucial for the success of the organisation (Lübbeke et al., 2019).

While the inclusion of providers, payers, and policymakers in HTA is explicit, the participation of patients

in health decisions might not be, at least not until recent years. Patients are, however, being turned into

customers of health services, creating a patient-centred healthcare, with the belief that giving patients

purchasing power improves health services (Muehlbacher and Kaczynski, 2016; Street et al., 2020). This

broader involvement contributes to an improvement of services and higher transparency while paying

attention to the opinions of patients and carers who experience the technologies ”first-hand”.
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2.2 Participatory Approaches in Health

Before discussing the technique highlighted in this work - Delphi - we will, in this section, introduce a

broader context of the participatory approaches used in health settings. This way, we believe that the

use of Delphi and its combination with other techniques will be more straightforward.

There are currently several research methods used in health investigation for addressing different re-

search questions (Bowling, 2014). The wide variety of research methods available try to address dif-

ferent questions, and their use should be according to the goal and conditions of the desired study

(Bowling, 2014).

Possible approaches for gathering stakeholders’ opinions include individual techniques, such as surveys

or interviews, or group methods, such as focus groups, workshops, or traditional meetings. In 2008,

Bourrée et al. (2008) defended four main group consensus methods for healthcare use - Delphi, Nominal

Group Technique (NGT), Consensus Development Conference (CDC) and RAND/UCLA, a modified

version of Delphi.

Even though the term ”consensus” is commonly used, nowadays, the goal of using Delphi and these

other techniques is often no longer to reach consensus and instead to search for group communication

and share of views and priorities to solve a complex problem (Landeta, 2006). Thus, we should interpret

Bourrée et al. (2008)’s statements in a more updated way, considering these techniques suitable for

gathering opinions but not necessarily common agreement. Actually, although Bourrée et al. (2008)

presents these methods as ”consensus methods”, the authors shift their attention from consensus to the

fact that in public health, these methods are used for decision-making and generation of ideas rather

than total agreement. Given all, these methods can be considered important stakeholder participation

methods, with Bowling (2014) in 2014 also stating Delphi method, CDC and NGT as the ”three main

methods of establishing consensus views”.

Section 2.3 discusses the Delphi technique. Regarding the other two main approaches, briefly, CDC is

a conference where a multidisciplinary panel writes guidelines on a given topic, after experts present a

synthesis of the current knowledge and answer possible questions. Usually, a promoter, commonly a

public institution, defines a topic, finances and holds the conference (Bowling, 2014). This method is

commonly used in the healthcare sector (Bourrée et al., 2008), particularly in HTA by large health care,

government organisations and medical-doctors-representing bodies (Bowling, 2014). However, it can

be costly and requires high levels of organisation (Bowling, 2014). The NGT is a group meeting led by a

coordinator. First, experts form their individual opinions, and then all views are presented, discussed and

rated. Finally, the points of each item are counted, and the results are discussed (Bourrée et al., 2008;

Bowling, 2014). This method is frequently used in health for gathering a group opinion but commonly

criticised, for example, for not considering patients’ and carers’ preferences or for the criteria used, which

are often not based on scientific evidence (Bowling, 2014).
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All techniques have their pros and cons, and their use depends on the study’s goal, not being easy to

choose one when the work’s scope is not mentioned (Bowling, 2014). For instance, although Delphi

registers better results when compared to statistical groups and classic groups using direct interaction,

there appear to be no better or worst results for Delphi when compared to similar techniques such as

NGT (Landeta, 2006).

Considering group approaches, they have the advantage of allowing the formation of a group opinion.

There are two main benefits of Delphi when compared to the other group approaches. First, anonymity,

with the removal of adverse sociological effects of group interactions. Second, the possibility of involving

a large group of stakeholders, since there is no number of participants restriction and there is a reduc-

tion of time, and geographic challenges (Landeta, 2006; Bourrée et al., 2008). However, the anonymity

advantage can also be a downside since it does not allow participants to discuss (Hasson et al.). Thus,

a mixed-use is typical (Bowling, 2014), including for Delphi to be followed by another participatory ap-

proach. For instance, one can perform a Delphi survey to gather opinions from several stakeholders

and then discuss a summary of those results in a CDC. The Delphi technique and its variations and

limitations will now be explored in section 2.3.

2.3 Delphi Technique

This section describes the Delphi technique, presenting its fundamental concepts, different types, and

variations, along with its advantages and limitations.

2.3.1 History and fundamental concepts

The Delphi method is a widely known technique used in forecasting and decision-making, developed in

the 1950s at the RAND Corporation (Landeta, 2006; Linstone and Turoff, 2011). Before we proceed, it is

important to refer that the Delphi technique has ”evolved dramatically” since its first application (Hasson

and Keeney, 2011), resulting in a significant inconsistency around its definition, how studies should be

conducted and how their results should be reported, an issue evidenced by the several definitions and

variations found in the literature (Belton et al., 2019).

One proposal is the definition of the Delphi method as a consensus-building tool aiming to promote the

involvement of all stakeholders during a decision-making process (Geist, 2010). A focus on consensus

is, however, not needed. Through the use of a series of questionnaires in a controlled way, Delphi

surveys were first used to get a reliable consensus of a group of experts (Landeta, 2006). However, a

more updated definition considers Delphi a ”method of structuring communication between a group of

people who can provide valuable contributions to resolve a complex problem” (Landeta, 2006), with no

obligatory search for consensus.
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Despite all inconsistencies and variations, there are fundamental characteristics that are common to

every well-performed Delphi study1. Regardless of being done remotely or not, the basics of Delphi point

to a series of questionnaires, answered by experts on the field, in a repetitive way, where participants

should answer the same question at least twice so that they can, after receiving information on the

overall responses, reconsider their answer, resulting on a final extensive outcome (Landeta, 2006). Four

main characteristics define Delphi studies:

i. First, the anonymity of the experts, or at least of their answers (Landeta, 2006), needs to be

granted. Individuals should be able to respond without being judged by other participants (Geist,

2010). Measures to guarantee anonymity include participants taking the surveys alone at their

homes or offices (Geist, 2010);

ii. Iteration is the second feature characterising this technique. A Delphi study should start with a

generative round presenting the topic, and, at this stage, panellists have the chance to generate

comments and ideas. Then, the researcher presents a survey based on the given inputs, which

should be completed at least two times (Geist, 2010), resulting in several iterations;

iii. The third property of Delphi is the controlled feedback happening between iterations. The re-

searcher uses inputs from the previous iteration to provide participants with feedback, allowing

them to read and comment on these qualitative results and change their minds based on them

(Geist, 2010);

iv. Finally, the fourth feature of these studies is the statistical group response, meaning quantitative

feedback based on the ratings of each question, provided at the end of all iterations, in the format

of a conclusion considering all the given opinions (Landeta, 2006; Geist, 2010).

Delphi characteristics allow an equal participation chance to all stakeholders while reducing the negative

effects of group interactions (Geist, 2010). In traditional face-to-face meetings, where anonymity is not

assured, there is a tendency of ”low-status members” to support ”high-status members” or dominant

personality individuals (Landeta, 2006). Also, there are more opportunities for behavioural inhibition,

loss of focus or pursuant of a single idea (Geist, 2010). As noted before, this method powerfully removes

geographic and time boundaries, allowing stakeholders to participate from any place and most of the

time, if not a real-time Delphi, at any time. This advantage is even more reinforced with the current use

of online versions (Linstone and Turoff, 2011).

2.3.2 Variations of Delphi

As mentioned before, the Delphi technique has evolved drastically. One of the main consequences of

this evolution is the need to constantly consider new variations and applications of the method (Hasson

and Keeney, 2011).

1Note that a well-performed Delphi study is strongly difficult to define. There are, however, some available proposals of
guidelines for that purpose. For instance, (Belton et al., 2019) outlines ”six crucial procedural steps of conducting a successful
Delphi study”.
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Different Delphi surveys are conducted for a wide variety of research purposes (Hasson and Keeney,

2011). In addition, the characteristics of surveys can differ regarding the number of rounds, the level

of anonymity, the type of feedback given, or even the method of analysis (Hasson and Keeney, 2011).

In fact, there is no consensual division for the types of Delphi, with the term ”Modified Delphi” being

commonly used to refer to any variation. Some authors have, nevertheless, proposed some Delphi

types. Hasson and Keeney (2011) reefers ten main categories: classical, modified, decision, policy,

real-time, e-Delphi, technological, online, argument, and disaggregative policy.

According to Hasson and Keeney (2011), the classical Delphi design is performed to generate opinions

and achieve consensus via postal. Experts are selected according to the research’s goals, and three or

more rounds follow an open qualitative first round. The other types arise from this first one. The modified

Delphi can go through fewer rounds, and its goal varies with the nature of the project, from predicting

events to reaching a consensus. The first round may also be changed to pre-selected items, and the

technique can be performed in different ways, including an online format.

The main differences among other types rely on the objectives of the project and the format of the

surveys. Real-time Delphi presupposes the use of computer technology where consensus on a topic is

achieved in real time. E-Delphi, online Delphi, and technological Delphi, with the latest using hand-held

keypads, count on online tools, via email, online web surveys, chat rooms and forums, being the key

characteristics of each type challenging to identify. Pivotal aspects of the other types are related to the

goals of the project. Decision Delphi focuses on gathering opinions for decision-making, policy Delphi

on generating opposing views on policy and finding possible solutions, argument Delphi on elaborating

arguments on a specific issue and coming up with reasons for distinct views and disaggregative policy

Delphi on discussing future scenarios and probable or preferable futures.

Still, these are only some of the several Delphi variations found in the literature. Overall, new variations

of Delphi are constantly being described. Online apps for conducting Delphi surveys are gaining a higher

reputation, giving a name to other variance, the Web-Delphi.

2.3.3 Applications in health

In the healthcare research field, the powerful tools of Delphi are widely used for collecting the opinions

of a vast number of stakeholders (Keeney et al., 2006; Hasson et al.; Sintevi et al., 2021). Bourrée

et al. (2008) found, in 2008, Delphi applications in several health-related domains, including strategy

orientation in public health, health-related education, prevention priorities, the definition of professional

practices and their improvement, quality of care, medical practices evaluation, epidemiology and clinical

research. Additional, searching the terms ”Health Delphi” in Web of Science leads to 10,158 results

(October 2021).

More specifically, a significant number of authors employ Delphi surveys in the context of HTA. A search

9



of ”Health Technology Assessment Delphi” in Web of Science leads to 324 results (October 2021),

remembering that a great majority of these surveys is likely for private use and is not published. Using

these questionnaires to understand stakeholders’ opinions on the relevance of HTA aspects is a common

practice. Furthermore, a combination of participatory approaches can and should be done, with the

report of Delphi results being commonly discussed later by a smaller group of decision-makers (Bowling,

2014).

2.3.4 Limitations

Thus far, we have discussed the basics of Delphi and its variations. Nevertheless, it is essential to

explore the limitations attached to this technique. The identification and study of these constraints grant

an understanding of the weaknesses that should be taken into consideration when analysing Delphi

results and the recognition of possible improvements and future steps.

First of all, despite reducing the adverse effects of group interactions, this method brings other social

impacts which should be considered. Literature has shown that when participants receive fabricated or

distorted feedback between iterations, there is sometimes a tendency for them to change their opinions

based on this incorrect information (Geist, 2010). This reaction is called the Band Wagon Effect and

should be kept in mind when using Delphi surveys since it reflects the possibility of participants following

the opinion of the majority and changing their minds in response to others’ behaviour (Geist, 2010).

Second, research points out that, when not performed with the required knowledge, Delphi studies

can lead to disappointing results (Landeta, 2006). In particular, for being perceived as a simple tech-

nique, non-experts commonly use it, increasing dissatisfying results (Landeta, 2006). Even though all

techniques are threatened by careless execution, a poor design of questionnaires or experts’ choice, a

reckless feedback provision or an untrustworthy analysis of results are all factors that may jeopardise

outcomes (Geist, 2010).

Third, regarding the participants, it is crucial to notice that anonymity is sometimes considered a ”quasi-

anonymity” (Keeney et al., 2006). Some authors defend that true anonymity cannot be assured since

participants are anonymous to each other but not to the researcher. Additionally, participants may not

know who gave each response, but they might know who the participants are, and discuss the answers

between rounds (Keeney et al., 2006). Also, it is essential to carefully choose the experts who compose

the panel and assure the best conditions for their participation. Problems related to fatigue are less

reported with more interactive and modern questionnaires. Still, participants may feel that they are

being asked to do a lot or that ”they have been used and that they have received practically nothing in

return” (Landeta, 2006). It is crucial to assure that the experts are involved, informed, and interested

(Landeta, 2006). Finally, the anonymity advantage can also be a downside since it does not allow the

topic’s discussion between participants (Hasson et al.).
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Forth but not least, the methodology and science behind Delphi are often discredited. Doubts regarding

its reliability, validity, and trustworthiness are constantly being raised, with some authors suggesting that

the Delphi technique is not a scientific method (Hasson and Keeney, 2011). The constant evolution of

the method and the appearance of new variations do not help. While this flexible profile leads to several

advantages, it also brings some concerns into the discussion, with a continual need for new measuring

instruments for each variant and application (Hasson and Keeney, 2011). Additionally, it is challenging

to measure the method’s accuracy (Landeta, 2006).

Overall, regardless of its limitations, Delphi promising applications are unquestionable. Nevertheless, it

is always good to state its current limitations to choose better the tools for the results’ analysis. Moreover,

the awareness of these limitations allows a more credible and conscious application.

2.4 Conclusion

In this chapter, we presented a context for this work. First, in section 2.1, we discussed the involve-

ment of stakeholders in healthcare decision-making processes. In section 2.2 we presented possible

approaches for this involvement and how Delphi can be used as a pre-CDC method. Finally, in 2.3 we

introduced the Delphi technique since we will be using data from Delphi surveys. In chapter 3 we will

present the projects which provided us with the data to be analysed and scale-originated data.
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Chapter 3

Case studies using Delphi processes

in HTA and scale-originated data

This chapter introduces the two HTA projects that provided us with Web-Delphi surveys’ data - MEDI-

VALUE and IMPACT-HTA. We start by describing the projects, including their context and goals. Follow-

ing, we detail how the surveys were conducted, presenting the conditions in which they were performed.

Next, we compare both case studies. Finally, we finish this chapter by discussing scale-originated data

and its standard treatment and concerns, focusing on the scales used in the case studies.

We want to inform the reader that the results were provided to us after the development of the Delphi sur-

veys, meaning that this work does not explore their construction and execution. Both projects used the

decision support system Welphi (Welphi, 2021), an online platform for Web-Delphi surveys conduction.

3.1 MEDI-VALUE

We start with MEDI-VALUE, a project focused on advancing HTA literature. Its primary goal is to develop

”innovative methodologies and tools to assess the multidimensional value of medical devices, being

ultimately aligned with promoting resilient health systems that balance access to care with innovation and

sustainability” (MEDI-VALUE, 2021). It is a collaboration between two academic institutions - Association

of Instituto Superior Técnico for Research and Development (IST-ID) and London School of Economics

and Political Science (LSE) -, the Portuguese national HTA agency (Infarmed) and hospitals (Centro

Hospitalar Lisboa Norte, Hospital do Espı́rito Santo and Instituto Português de Oncologia de Lisboa).

MEDI-VALUE intends to design and implement methods to facilitate the involvement of several health

stakeholders and their consensus in the structuring and development of Medical Devices’ evaluation

models. It focuses on four main questions: (A) ”What contributes to medical devices value and how it
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can be measured?”, (B) ”Do stakeholders have similar perspectives on what is medical devices value?”,

(C) ”Which models can be used to evaluate distinct medical devices in practice by the HTA regulating

agency and hospitals?” and (D) ”Do evaluation models differ across medical devices, for the regulator

and hospitals? Which are the policy implications?”. This thesis focuses on questions (B) and (C), whose

contribution to MEDI-VALUE relies on enhancing the analysis and use of the generated Delphi results.

3.1.1 Web-Delphi structure

The Web-Delphi performed in MEDI-VALUE had two rounds. On each round, there were two screens,

one for Implantable Medical Devices (IMD) and a second one for Biomarkers-based in vitro Tests

(BBIVT). For each screen, participants were asked to classify 34 aspects regarding its relevance for

the evaluation of these technologies using a 4-point relevance scale plus a no-answer option (”Criti-

cal”, ”Fundamental”, ”Complementary”, ”Irrelevant” and ”Don’t know/don’t want to answer”). A list of the

aspects, divided into categories, is presented in appendix A.

Regarding the participants, invitations were sent using Welphi to 365 stakeholders who would include

themselves in one of four groups of stakeholders: patients and citizens, Healthcare Professionals (HPro)

(doctors, nurses, pharmacists, technicians), Buyers, Policymakers and Academics (BPA) or industry.

Since participants classified themselves as a specific type of stakeholder in the first round of the Delphi,

we have no information concerning the distribution of the invited stakeholders who did not attend the

study. All stakeholders interacted with each other during the process, i.e. there was a single panel.

Table 3.1: Distribution of participants in MEDI-VALUE’s Web-Delphi.

Stakeholder Group Invited %1 R1 %2 R2 %3

BPA - - 37 22.2% 31 23.1%

Healthcare Professionals - - 74 44.3% 60 44.8%

Industry - - 17 10.2% 15 11.2%

Patients and citizens - - 39 23.4% 28 20.9%

Total 365 100.0% 167 100.0% 134 100.0%

1 Considering the total of participants invited (365).
2 Considering the total of participants who participated in Round 1 (R1) (167).
3 Considering the total of participants who participated in Round 2 (R2) (134).

In total, there were 365 invited participants, four stakeholder groups, and a 4-point relevance scale

(plus a ”Don’t know/Don’t want to answer” option) was used. The distribution of participants per group is

described in Table 3.1. Although 365 stakeholders were invited, only 167 participated in the Web-Delphi,

and only 134 stakeholders finished Round 2 (R2). In total, 198 invited stakeholders did not participate

in the study and 33 did not continue from the first to the second round. Thus, the rate of not-answered

invitations was around 45.8%, and the rate of dropouts from Round 1 (R1) to R2 was around 19.8%.
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The report of results consisted of the presentation of the percentage of choice of each scale item, for

each aspect, in both rounds, for IMD and BBIVT. Tables were used to present data.

3.2 IMPACT-HTA

IMPACT-HTA focuses on new and improved methods across ten areas, organised in ten ”Work Pack-

ages”. Its three main objectives are (1) understand variations in costs and health outcomes and the

best practices of economic evaluation of new technologies, (2) assist HTA decision-making and health

system performance measurement, developing innovative methodologies, tools and processes and (3)

facilitate EU-wide cross-country collaboration between stakeholders (IMPACT-HTA, 2021).

As a collaboration of 15 international institutions, mainly universities (including Instituto Superior Técnico

(IST)) and national institutes and agencies, IMPACT-HTA wants to address policy-relevant gaps in eco-

nomic evaluations and selected performance measurement activities. To achieve its goal, the project

relies on the combination of academic excellence in several fields and the collection of primary data on

patient views and incorporates the perspectives and needs of national decision-makers and HTA bodies.

This thesis assists the Work Package 7 - ”Methodological tools using multi-criteria value methods for HTA

decision-making”, developed in a collaboration between IST and the LSE. Its main goals are to create an

analytical framework explaining HTA determinants, to generate and test a predictive model, evaluating

results across different countries and therapeutic areas, to impact HTA decision-making processes and

to evaluate new medicines with HTA agencies and relevant stakeholders. Again, our contribution relies

on enhancing the potential analysis and use of the generated Web-Delphi results.

3.2.1 Web-Delphi structure

IMPACT-HTA’s Web-Delphi also had two rounds performed on Welphi. On each round, participants were

asked to evaluate the sentence ”This aspect should be considered in the evaluation of new medicines

on a common basis” regarding 24 aspects, using an agreement Likert scale (”Strongly disagree”, ”Dis-

agree”, ”Neither agree nor disagree”, ”Agree”, ”Strongly agree”) with the additional ”Don’t know/don’t

want to answer” option. A list of the aspects, divided into categories, is presented in appendix A.

Stakeholders were divided into six groups - Patients and Carers, Healthcare Professionals, Scientific

Experts, Industry, HTA and Payers. Unlike MEDI-VALUE, the interaction was restricted to the same

group of stakeholders. Thus, six identical Web-Delphi surveys were performed simultaneously for each

group, i.e., there were six parallel panels. In total, there were 193 invited participants, six stakeholder

groups and a 5-point Likert scale (plus a ”Don’t know/Don’t want to answer” option) was used.

The distribution of participants per stakeholder group is described in Table 3.2.

15



Table 3.2: Distribution of participants in IMPACT-HTA’s Web-Delphi.

Stakeholder Group Invited %1 R1 %2 R2 %3

Healthcare Professionals 30 15.5% 25 15.0% 21 13.7%

HTA 32 16.6% 29 17.4% 28 18.3%

Industry 40 20.7% 31 18.6% 29 19.0%

Patients and Carers 26 13.5% 22 13.2% 19 12.4%

Payers 19 9.8% 18 10.8% 18 11.8%

Scientific Experts 46 23.8% 42 25.1% 38 24.8%

Total 193 100.0% 167 100.0% 153 100.0%

1 Considering the total of participants invited (193).
2 Considering the total of participants who participated in R1 (167).
3 Considering the total of participants who participated in R2 (153).

Although 193 stakeholders were invited, only 167 participated in the Web-Delphi, and only 153 con-

cluded both rounds. In total, 26 invited stakeholders did not participate in the study and 14 did not

continue from the first to the second round. Thus, the rate of not answered invitations was around

13.5%, and the rate of dropouts from R1 to R2 was around 8.4%.

3.3 Comparison

In this section, we present an overview of both HTA projects’ Web-Delphi. The main characteristics and

differences between MEDI-VALUE and IMPACT-HTA projects are described in Table 3.3.

Table 3.3: Comparison between both projects.

MEDI-VALUE IMPACT-HTA

Web-Delphi platform Welphi Welphi

Number of rounds 2 2

Scale Used 4-point relevance scale plus a ”No

answer” option

5-point agreement Likert-scale plus

a ”No answer” option

Scale Structure Unbalanced Balanced

Number of stakeholders groups 4 6

Number of aspects 34 24

Interaction between stakeholders Single panel 6 parallel panels

Number of invited participants 365 193

% of not-answered invitations 45.8% 13.5%

Number of participants in R1 167 167

% of withdraws from R1 to R2 19.8% 8.4%

Number of participants in R2 134 153
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Both MEDI-VALUE and IMPACT-HTA are examples of studies using more than one collaborative ap-

proach. The Web-Delphi’s were used to gather opinions from several stakeholders, and a summary of

the results was then presented in a CDC. We expect to analyse these results to facilitate the bridge

between the Delphi survey and CDC, better informing conference decision-makers in the future.

The recognition of the distinct surveys’ conditions allows us to identify their influence and understand

the origin of possible differences in results. It is possible to observe that the main differences rely on:

i. Rating scales used - MEDI-VALUE used a relevance rating scale, while IMPACT-HTA used an

agreement rating Likert scale. Also, besides the ”Don’t know/Don’t want to answer option”, MEDI-

VALUE used a 4-point scale while IMPACT-HTA used a 5-point scale, with a midpoint;

ii. Scales’ structure - MEDI-VALUE used an unbalanced scale while IMPACT-HTA used a balanced

scale. This concept will be soon explained in section 3.4;

iii. Division of stakeholders and their interaction - the division of participants was different, re-

sulting in different numbers of groups (four in MEDI-VALUE and six in IMPACT-HTA). Also, MEDI-

VALUE allowed all participants to interact with each other (single panel) while IMPACT-HTA per-

formed separated Delphi’s for each group (six parallel panels);

iv. Distribution of participants - although both Delphi surveys counted with the same number of

participants on R1, the rate of not-answered invitations and withdraws was much higher (more

than double) for MEDI-VALUE than for IMPACT-HTA. Additionally, the distribution of participants

throughout the groups was different but not comparable since the stakeholders’ division was not

the same. It is also important to state that participants from MEDI-VALUE received feedback

concerning the other 166 (R1) or 133 (R2) participants’ views, while IMPACT-HTA stakeholders,

only interacting within their group, were provided with feedback concerning fewer participants;

v. Focus of the survey - MEDI-VALUE focuses perspectives on criteria relevant for assessing

specific technologies (Implantable Medical Devices and Biomarkers-based in vitro Tests) while

IMPACT-HTA concerns overall new medicines.

We will now give a special focus to scales and scale-originated data. In general, research shows that

the type and format of scales used in surveys can strongly influence results (Weijters et al., 2010).

Additionally, we should be aware of several ways of treating and interpreting scale-originated data and

concerns regarding its analysis. Thus, we finish this chapter by exploring the theory behind scales and

their treatment and caveats, particularly for the scales used in MEDI-VALUE and IMPACT-HTA.

3.4 Analysis of scale-originated data

One crucial aspect to consider when developing a Delphi or any other survey is the choice of the type of

response scale. Thus, this topic is largely discussed in the literature. The choice of the most appropriate

scale depends on the type of question and depth, or grain, of responses required (Belton et al., 2019).
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3.4.1 Theoretical concepts

There are many ways of classifying scales based on distinct criteria, with categorisation options com-

monly overlapping. We will here present some classifications.

Rating scales are close-ended survey questions. They are a variation of multiple-choice questions where

participants are asked to rate abstract concepts, as satisfaction or importance, instead of being asked

specific questions (QuestionPro; MeasuringU). In this work, we are concerned about rating scales.

According to Bowling (2014) and Kampen (2019) there are four levels of data. Given an attribute X and

a measurement of the attribute M , and considering two objects i and j, a scale can be of four types:

1. Nominal, when numbers are used only for classification, for example, ‘yes’ = 1, ‘no’ = 0. In this

case, if xi = xj then mi = mj and when xi ̸= xj then mi ̸= mj ;

2. Ordinal, when the items are somehow related to each other. For instance, ’very difficult’ through to

’not very difficult’. These scales are at least nominal, and if xi < xj then mi < mj ;

3. Interval, when the characteristics are the ones of ordinal scales, but items’ distance is of a known

size. For example, the case of temperature scales. Thus, these are at least ordinal, and xi − xj =

β(mi −mj) for some β > 0 ;

4. Ratio, when the characteristics are similar to interval scales with the addition of a ”true zero point”

(in interval scales that zero is arbitrary), including weight scales. These are at least interval, and

xi ÷ xj = mi ÷mj .

Considering another classification of data, nominal and ordinal scales can be categorised as ”qualitative”

measurement scales, and interval and ratio as ”quantitative” (Kampen, 2019).

There is another type of scale - attitude scales. An attitude can be defined as ”an organised predisposi-

tion to think, feel, perceive, and behave toward a referent or cognitive object” (Desselle, 2005). Attitude

scales arise in the context of questions in which respondents are asked to answer whether they have

positive or negative feelings concerning the ”referent or cognitive object”. There are many types of atti-

tude scales, including Thurstone, Likert, Guttman, and semantic-differential methods (Bowling, 2014).

Delphi surveys typically use Likert-type scales, i.e., the classical Likert scale or variations (Belton et al.,

2019). The Likert scale is an ordinal scale proposed in 1932 by Likert (Sangthong, 2020) and measures

the extent to which the participant agrees or disagrees with a statement, usually on a five-point scale

(Wadgave and Khairnar, 2016; Jamieson, 2004). There are, though, distinct opinions regarding the

more appropriate number of points, with a common belief among authors that 7-point scales are more

reliable (Jamieson, 2004; Belton et al., 2019). The literature presents options from 3 to 11-points ranking

scales. Debates also focus on the choice of an even or odd number of items and the midpoint option

(Weijters et al., 2010). Likert scales have highly evolved, and variations are usually called Likert-type

scales. In addition to several scales, there are also several ways of analysing and scoring the responses

generated by them, a topic we will further discuss.
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3.4.2 Case studies’ scales

Following the proposed classifications, in MEDI-VALUE and IMPACT-HTA, we are dealing with rating,

ordinal, qualitative, attitude, itemised scales in this work. However, although both scales fall into these

categories, they are not equal, and their differences are crucial. Let us now recall the used scales.

MEDI-VALUE used a relevance rating scale, and participants were presented with a description explain-

ing each label of the scale:

- ”Critical”: this aspect, besides being fundamental, can, by itself, forbid the evaluation of the tech-

nology’s added value when compared to an alternative;

- ”Fundamental: this aspect should, without a doubt, integrate the evaluation of the technology to

determine if it has an added value when compared to an alternative;

- ”Complementary”: this aspect is not fundamental, yet, can add value to the technology when

compared to an alternative;

- ”Irrelevant”: this aspect should not be used to evaluate the technology; it is not applicable or does

not allow to evaluate the technology’s added value when compared to an alternative;

- ”Do not know/do not want to answer”.

IMPACT-HTA used an agreement Likert scale, with five points - ”Strongly disagree”, ”Disagree”, ”Neither

agree nor disagree”, ”Agree”, ”Strongly agree” - plus a ”Don’t know/don’t want to answer” option.

There are concerns regarding both scales we will now explore.

3.4.3 Concerns regarding the used scales

There are ongoing solid debates regarding scales (DeWees et al., 2020; Kampen, 2019). Disagree-

ments and doubts include constructing an appropriate scale, analysing the results mathematically, and

psychologically interpreting them. We now present some concerning common behaviours.

Attribution of numbers to labels

According to Rasburn et al., Polisena et al., Gnatzy et al. and Weir et al., one common practice is to cor-

respond numbers to the qualitative labels for parametric analysis. For example, ” 1 = ”Strongly disagree”,

2 = ”Disagree”, 3= ”Neither agree nor disagree”, 4 = ”Agree” and 5 = ”Strongly agree”. This behaviour is

concerning, especially when the attribution is performed later and is not presented to participants.

As mentioned in Bowling (2014), corresponding numbers to labels is a problem because it tries to

quantify something categorically. When done linearly, as presented in the previous example, another

problem emerges - we treat ordinal data as interval data. Theoretically, no assumption of equal intervals
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on ordinal scales can be made (Jamieson, 2004). For example, in the Likert scale, the distance between

”Strongly agree” and ”Agree” may be perceived differently, greater or smaller, than that between ”Agree”

and ”Undecided” (Bowling, 2014). With this said, these scales can suggest an ordering of people’s

opinions but not how distant these opinions are (Bowling, 2014).

To work this problem around, some authors, including Bishop and Herron (2015), propose the use of

nonlinear numerical assignment, for example, ” 3 = ”Strongly disagree”, 11 = ”Disagree”, 17= ”Neither

agree nor disagree”, 23 = ”Agree” and 31 = ”Strongly agree”. This way, the distance between the

extremes is smaller than when compared to the middle item. However, in this case, it is tough to justify

the choice of intervals and the nonlinear attribution would also affect mean and other statistical metrics.

These concerns not only affect the psychologically interpretation of responses but also originate one of

the most problematic discussions around ordinal scales (Jamieson, 2004; Weijters et al., 2010) - the use

of parametric tests when analysing ordinal data.

Parametric methods and ordinal data

With the assumption of attribution of numbers to the scales’ items, a more significant problem arises

- whether or not to use parametric methods to analyse data. Parametric tests are meant to be used

with continuous, interval data showing equality of intervals (Mircioiu and Atkinson, 2017; Wadgave and

Khairnar, 2016). These methods are based on a normal or Gaussian distribution, defined by the mean

and standard deviation (Mircioiu and Atkinson, 2017). Oppositely, nonparametric tests, usually using

median and Interquartile Range (IQR) (Belton et al., 2019), are not based on any assumptions about

the probability distribution of the data (Mircioiu and Atkinson, 2017).

According to Belton et al. (2019) and Jamieson (2004), due to the inaccuracy of considering equal inter-

vals for consecutive items on ordinal scales, it is commonly defended that only nonparametric measures

of central tendency should be used with ordinal data, with the concern of getting incorrect results oth-

erwise. Additionally, the authors mention that parametric metrics lose meaning on ordinal responses.

As exemplified by Wadgave and Khairnar, ”What does the average of ’never’ and ’rarely’ really mean?”.

On the other side of the discussion, many authors including Norman (2010) and Mircioiu and Atkinson

(2017) support the use of these methods with ordinal data with no fear of wrong conclusions. Supporters

state that the question should be ”how important are the violations of theory assumptions?” instead of

”are the requirements met?” since empirical research demonstrate that the use of parametric tests does

not affect results.

Arguments against the use of parametric methods with ordinal data are frequently based on theoretical

assumptions while in favour arguments are based on evidence and simulations.

The efforts to use parametric tests are due to the advantages of these methods and the downsides

of nonparametric tests. According to Norman, parametric tests are ”incredibly versatile, powerful, and
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comprehensive”. DeWees et al. (2020) describes that, usually, when compared to parametric tests,

nonparametric tests are less powerful, and their interpretation is more complicated. Therefore, Mircioiu

and Atkinson declares that using parametric statistics alongside graphical analysis, subsets analysis,

and data transformation allows better and easier visualisation, interpretation, and in-depth analysis.

In summary, considering only theoretical assumptions, the use of parametric tests with ordinal data is not

a good practice. However, when looking at practical and empirical studies, several pieces of evidence in

the literature support this practice. One should consider and understand the risks and advantages and

decide which side to stand in depending on the study, data and objectives.

Neutral/midpoint responses and the ”Don’t know/don’t want to answer” option

Another problem emerges with the use of neutral items (Chyung et al., 2017), including the IMPACT-

HTA’s ”Neither agree nor disagree” item and the ”Don’t know/don’t want to answer” option.

Regarding the midpoint, this item is not mandatory. Some authors defend that there should not be a

midpoint item since people should be forced to whether agree or disagree. However, sometimes, people

purely do not have the information or knowledge, so it seems logical that they are not forced to do it.

With the scale chosen, the controversy does not concern using a midpoint item but how to interpret it.

Research shows that people do not necessarily use it in the way it was intended. According to Chyung

et al. (2017), some possible interpretations for this answer, apart from a neutral response, are that the

participant is either confused, unsure, undecided, needs more information, or does not care.

To not have an opinion can be an opinion. We can assume that if two participants both choose ”Neither

agree nor disagree”, they have a similar view, even if that view is uncertain, or at least more similar than

with participants agreeing or disagreeing. However, considering equal intervals between items seems,

as mentioned before, not right. This is why many researchers including Freitas et al. (2018) choose to

consider two groups - (1)” Strongly Agree” +” Agree”, (2)” Neither agree nor disagree” and (3) ”Strongly

disagree” + ”Disagree”, considering stronger proximity between the extreme items.

Moreover, there are few guidelines and proposals on interpreting the ”Don’t know/don’t want to answer”

option since the literature usually does not consider it. However, its purpose is also to represent a neutral

position, meaning that conclusions can be equivalent to the midpoint.

Balance

Finally, we discuss the balance. If we ignore the ”Don’t know/don’t want to answer”, according to Bishop

and Herron (2015), the IMPACT-HTA scale is balanced since it has an equal number of items on both

sides of the neutral item, as shown in Figure 3.1 (A) and (B). Note that a neutral item is not required. A
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4-point Likert scale with two items on the agreement side and two on the disagreement is also balanced.

Contrarily, as also presented in Figure 3.1 (C) and (D), the MEDI-VALUE scale is not balanced. In the

MEDI-VALUE’s scale, discarding the ”Don’t know/don’t want to answer” item, there are four response

options. Thus, the scale cannot be considered bipolar, meaning that there are no opposite nor balanced

sides. ”Strongly agree” can be considered, even if it presents some controversy, the opposite of ”Strongly

disagree”, and the same for ”Disagree” and ”Agree”. The same does not happen for ”Critical” and

”Irrelevant” and even less for ”Fundamental” and ”Complementary”.

Figure 3.1: Visualization of possible distance between scales’ items. (A) and (B) consider the IMPACT-HTA Likert
scale. (C) and (D) refer to the MEDI-VALUE relevance scale.

Figure 3.1 shows the balance of the IMPACT-HTA scale in (A) and the unbalance of the MEDI-VALUE

scale in (C), considering equal intervals for simplification and it also presents a proposal of the prox-

imity of answers. In (B), it represented a Likert common assumption - the use of only three groups,

with stronger proximity of the extremes (Chyung et al., 2017). In (D), there is a proposal of what this

proximity might be for MEDI-VALUE. This relevance scale is not commonly used, meaning that there are

no proposed groups. Additionally, these representations should not be considered official since these

proposals of proximity were not presented to the participants. In (D), it seems reasonable to state that

”Critical” and ”Fundamental” are closer since they both find a given aspect essential and relevant. An-

other possible division is the one between the options which defend the inclusion of an aspect when

evaluating a technology (the first three) and the ones that do not (”Irrelevant”). The distance of the items

between in Figure 3.1 is just a representation, not made following any scale.

3.5 Conclusion

In this chapter, we introduced the projects collaborating with this work. In section 3.1 we presented

MEDI-VALUE and in section 3.2 IMPACT-HTA. Next, in section 3.3 we compared both projects. Finally,

in section 3.4 we paid more attention to the scales being used, presenting a brief theoretical introduction

to scale-originated data and its concerns.

In chapter 4 we will explore essential topics related to the analysis and report of Delphi results as well

as relevant concepts related to promising fields - Complex Networks (CNs) and CD.
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Chapter 4

Literature Review

In the last chapters, we presented a general overview of this work’s context and motivation. Before

delving into more specific details of the proposed framework, we present, in this chapter, a review

of the related work in the field. First, we investigate how Delphi results are typically analysed and

reported. Next, we explore promising alternatives to analysing Delphi results - Unsupervised Learning

(UL), clustering, and CN. Finally, we present applications of CD algorithms inspiring this work.

4.1 Analysis and report of Delphi results

More important than the conduction of a research study is the data generated and its analysis and report

(Belton et al., 2019). In the specific case of the Delphi technique, there is a variety of ways to do it (Belton

et al., 2019). In this section, we investigate the most common approaches for analysing and reporting

Delphi surveys’ results and we present practical examples of Delphi applications in health settings.

4.1.1 Analysis of data

Data generated in Delphi studies can be of many types, with the items’ responses being commonly

followed by comments. Also, these outputs can be analysed in several ways, using both qualitative and

quantitative approaches (Belton et al., 2019; Evans et al., 2014; Hasson et al.). The analysis of data

from Delphi surveys occurs between rounds when providing participants with feedback and, in a more

detailed and exhausting way, to generate the final results at the end of the rounds.

The analysis of comments is not the focus of this work. Still, it is relevant. It is common to find authors

who analyse comments manually. Nevertheless, there are also more efficient procedures. For instance,

Evans et al. uses automatic strategies to identify common themes and key issues within comments.
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For the measurement of singular items’ responses, many authors, including Hasson et al.; Kearney

et al.; Falzarano and Pinto Zipp perform statistical summaries for each item of the survey. Descriptive

measures include the frequency counts for each item (Weir et al., 2006) and scores’ range (Hoekstra

et al., 2017). In order to measure a group opinion, meaning the collection of individual opinions, it is also

possible, as presented in Freitas et al. (2018) to calculate the percentage of responses given for each

scale item, for each question, on each round. This approach is found appropriate for Likert-type scales,

and it is also the approach found in the MEDI-VALUE report, as stated before.

In a more holistic view, to describe group agreement, a variety of articles found in the literature including

Kallio et al. (2020); Belton et al. (2019); Freitas et al. (2018); Hasson et al. frequently use descriptive

analysis in Delphi studies, being the most common the measurement of:

1. Central tendency, i.e., mean, median and mode;

2. Level of dispersion, for example, standard deviation, coefficient of variation and IQR;

Particularly for the study of Inter-rater Reliability (IRR), stability and changes of opinions, and group’s

opinion variance, inferential statistics is often applied, as done by Freitas et al.. The authors calculate the

IRR using Scott’s Pi statistic, a kappa-like coefficient which is appropriate for nominal data with three or

more labels. According to Weir et al. (2006), it is also possible to use Interclass Correlation Coefficients

(ICCs). Regarding the stability of opinions between rounds, it is usual to use the McNemar Chi-square

test, a nonparametric test used for the measurement of the degree of shift in responses between rounds

(Freitas et al., 2018), or paired-samples t-tests (Weir et al., 2006).

Another important analysis is related to variations across the type of panellist or field of expertise. For

instance, comparing patients’ opinions with industry or healthcare professionals can be extremely valu-

able. To address the group’s opinion variance, Multivariate Analyses of Variance (MANOVA) can be

used (Freitas et al., 2018). Fisher exact test (Weir et al., 2006), and Kruskal-Wallis test (Evans et al.,

2014) can also be employed. Not only inter-stakeholder group comparison is relevant but also intra-

stakeholder, to explore views within each group, which can be made using IQR (Hoekstra et al., 2017).

For this purpose, predefined groups of types of stakeholders are usually used.

To help with statistics analysis, software such as IBM SPSS Statistics (Hoekstra et al., 2017; Diamond

et al., 2014) or R (Lange et al., 2020) are frequently used.

4.1.2 Representation of results

After the analysis, it is necessary to represent and report the results. Besides the written narrative,

according to Belton et al. and Falzarano and Pinto Zipp, conventional ways of presenting results found

in the literature include tables of descriptive statistics, such as central tendency values or frequency

tables and graphical representations. The last includes bar graphs, plot graphs, boxplots, dendrograms,

scatterplots and radar charts (as used by Freitas et al. for representing the group agreement). Belton
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et al. also mention that is possible to use only written description, tables or graphical representations, or

a mix, which is usually better, recommending the inclusion of graphics for easier visualisation of results.

4.1.3 Practical examples of Delphi results analysis and different approaches

We now present a review of different health-related Delphi studies, found in the literature, performed by

several authors. Table 4.1 summarises the methods and visualisation tools employed in a sample of

recent studies, representing the current approaches performed in Delphi surveys’ results analysis.

Table 4.1: Review of different Delphi surveys’ results analysis, found in the literature.

Article Scope Methodology Visualisation tools

”Using a Modified Delphi Ap-

proach to Gain Consensus

on Relevant Comparators in

a Cost-Effectiveness Model:

Application to Prostate

Cancer Screening” (Keeney

et al., 2021).

Implementation of a Modified

Delphi to investigate stake-

holders’ opinions on the

prostate cancer screening

strategies to consider in a

cost-effectiveness model.

r∗wg statistic for calculat-

ing within-group Interrater

Agreement (IRA). Measure-

ment of the number of par-

ticipants answering each re-

sponse to questions.

Bar charts with the number

of response selections for

each question. A table with

the final outcomes, including

distribution of answers, con-

sensus and IRA.

”Environmental responsibil-

ity in nursing in hospitals:

A modified Delphi study of

nurses’ views” (Kallio et al.,

2020).

Use of a modified Delphi

to investigate nurses’ views

on environmentally responsi-

ble clinical practices and on

each stakeholder role.

Measurement of the distribu-

tion of responses for each

question.

Tables with the number with

the percentage of responses

for each question.

”Indicators for evaluating Eu-

ropean population health:

a Delphi selection process”

(Freitas et al., 2018).

Employment of a Web-

Delphi to promote agree-

ment on indicators consid-

ered relevant to evaluate

population health at the

European regional level.

Inferential statistics to mea-

sure the level of agree-

ment and opinion change.

MANOVA to check if the field

of expertise influenced the

panellist responses.

Tables with the % of scale

items chosen, MANOVA re-

sults and the comparison of

responses between exper-

tise groups. Graphics with

the panellist’s vote distribu-

tion curve. A radar chart with

the level of agreement.

Health Technology Assess-

ment methods guidelines

for medical devices: How

can we address the gaps?

The international federation

of medical and biological

engineering perspective.

(Polisena et al., 2018).

Use of a modified Delphi sur-

vey to reach a consensus

among clinical and biomed-

ical engineers on the pro-

posed recommendations for

medical devices HTA.

Median scores were calcu-

lated and IQR was used to

represent the spread of the

data and to assess the level

of consensus.

Table with the median score

for each question and the

number of participants an-

swering it.

”Identifying research priori-

ties for effective retention

strategies in clinical trials”

(Kearney et al., 2017).

A Delphi survey was used to

gain consensus amongst the

registered CTUs on effective

retention strategies.

Measurement of the distribu-

tion of responses for each

question.

Tables with the number with

the percentage of responses

for each question.

As shown in table 4.1, authors use different methodologies for the analysis and report of the results.
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However, they do not differ much. Even though it is becoming more common to use various tools,

including innovative charts and different statistical measures, there is room for deeper exploration.

Although current methods are effective, usually serving their purpose, they represent few of the possible

approaches that can be employed. For the particular case of HTA Delphi surveys, the results report

is of great importance to support decision-makers, usually in further meetings or conferences. We

believe that providing them with new and different insights and adopting a new perspective is of great

interest. With this work, we do not intend to minimise the currently practised approaches. Instead,

we propose exploring and capitalising data unconventionally, using unique and powerful tools already

proved immensely promising in other contexts. We want to understand if different and fresh information

can be obtained, with the final goal of enhancing health decision-making processes.

Considering the state-of-the-art techniques in data analysis, there is one that stands out - Machine

Learning (ML). According to Markets and Markets (2021), the ML market is expected to grow from USD

1.03 Billion in 2016 to USD 8.81 Billion by 2022, at a Compound Annual Growth Rate of 44.1% during

this period. According to Silva and Zhao, people from all over the world are using it for the most various

purposes, from academic and scientific research to customer experience improvement and business

operations. ML techniques provide effective data analysis, and their importance is currently undeniable.

Additionally, the world has never been so connected, and research reflects that. Another field that is

gaining attention is NS, in particular the study of CNs, structures allowing innovative and easy represen-

tations of data connections and interactions, in highly diverse contexts (Silva and Zhao, 2016).

According to Silva and Zhao, the combination of both allows the use of ML powerful analysis tools in

structured connected data represented by CNs. Again, the possibilities are huge, and the applications

suit different contexts. We found no application of this strategy for HTA Delphi surveys analysis. How-

ever, we did find its use in other contexts with the goal of clustering stakeholders based on their views.

For instance, Sathiyakumari and Vijaya (2016), and Chen et al. use this combination for social media

networks’ analysis. Others, including Buckton et al. (2019); Hilton et al. (2019); Fergie et al. (2019)

focus on the clustering of stakeholders, regarding their argumentative similarities, however not in health

settings. These strategies are found to be suitable and powerful for similar purposes in different con-

texts. We want, in this work, to understand if they are also appropriate and as robust for clustering HTA

stakeholders, according to their responses in Delphi surveys and better understand how they relate.

The approach we propose is to represent our data using CNs and apply ML clustering techniques to

group stakeholders according to their views. Thus, we will now explore these fields. In the next section,

we will start by presenting the basic theory behind ML and clustering. After, we will describe the relevant

information concerning CNs. Next, we will investigate the combination of both. Finally, we will present

practical applications inspiring us.
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4.2 Unsupervised Learning and clustering

The use of Machine Learning techniques with CNs is being explored for joining the power of ML with the

data representation advantages provided by networks (Silva and Zhao, 2016). We will, in this section,

start by discussing the basic concepts regarding clustering, an Unsupervised Learning technique. Later,

we will explore CNs and how they can be possibly used along with clustering in Delphi results analysis.

According to Silva and Zhao (2016), ML can be defined as the study, design and development of algo-

rithms providing computers with the ability to learn without being explicitly programmed. This work focus

on UL, the field of ML aiming to describe behaviours or trends in the data, with no external information

or labels being provided. More specifically, we are interested in clustering, the grouping of data into

clusters in a way that similarity within clusters is maximised and minimised between different ones.

As mentioned by Ester et al. (1996) and Silva and Zhao (2016), there are two main types of clustering al-

gorithms: partitioning and hierarchical algorithms. Partitioning algorithms, such as K-Means, determine

all clusters at once, while hierarchical find successive clusters using previously determined clusters.

Hierarchical algorithms can be agglomerative if they begin with separate clusters for each element and

then merge them into larger clusters, or divisive if they begin with a large cluster which is then divided

into smaller clusters. We can also consider another type of algorithms, the density-based ones, such as

Density-Based Spatial Clustering of Applications with Noise (DBSCAN), which is a spatial and partitional

algorithm able to find clusters of any shape, based on the density of points within a certain ratio.

Since we want to represent our data using Complex Networks, we will now present the theory related to

it to allow a complete comprehension of clustering techniques in these structures.

4.3 Complex Networks

According to Silva and Zhao, CNs are large-scale graphs with nontrivial connection patterns, which can

describe a large variety of systems, allowing the capture of spatial, topological, and functional relations of

the data. We start by presenting important definitions regarding the graph theory, the basics of networks.

4.3.1 Graph Theory

To properly understand the proposed framework, there are some basic concepts the reader should be

familiarised with, including the basics of graph theory, the structures composing CNs.

Definition 1. Graph: A graph G is defined as an ordered pair ⟨V,E⟩, where V is a finite nonempty set

of vertices or nodes and E is the set of edges or links between the vertices E ⊆ {(u, v)|u, v ∈ V } (Silva

and Zhao, 2016).
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Note that, in the context of this work, we are dealing with directed graphs. For instance, for a social repre-

sentation where users can ”follow” another user but not necessarily be followed by them, the ”following”

situation would be represented by a directed graph (Raj P.M. et al., 2018).

Definition 2. Undirected graph: A graph G is undirected when the relation E is symmetric, i.e.,

∀(u, v) ∈ E =⇒ (v, u) ∈ E (Silva and Zhao, 2016).

Definition 3. Weighted graph: A weighted graph G is defined as G = ⟨V,E,W ⟩, where V is the set of

vertices, E is the set of edges and W is a matrix carrying the edge weights. This means that the entry

Wuv = w, (u, v) ∈ E fixes w > 0 as the weight of the edge linking vertices u to v. In the case where

(u, v) /∈ E =⇒ Wuv = 0 (Silva and Zhao, 2016).

Figure 4.1: Example of an undirected weighted graph (Silva and Zhao, 2016).

Regarding the weight of the edges, it can represent, for instance, the strength of a friendship between

two people in the network. Figure 4.1 shows an example of an undirected weighted graph with five

vertices/nodes and the correspondent weighted edges, illustrating the concepts previously defined.

Definition 4. Adjacent vertices: Two vertices u ∈ V and v ∈ V are called adjacent if they share a

common edge, in which case the common edge is said to join the two vertices. In undirected graphs, if

u is adjacent to v,then v must be adjacent to u as well (Silva and Zhao, 2016).

Definition 5. Neighborhood of a vertex: The neighborhood of a vertex v ∈ V , in a graph G is the set

of vertices adjacent to v. The neighborhood is denoted by N(v) and is formally given by N(v) = {u :

(v, u) ∈ E} (Silva and Zhao, 2016).

Definition 6. Degree (valency or connectivity) of a vertex: The degree of a vertex v, called kv, in an

undirected graph, is is the total number of vertices adjacent to v (Silva and Zhao, 2016).

In the context of social representations, the neighbours of a vertex or node are the people with whom

someone is connected, and the degree is the total number of neighbours.

4.3.2 Complex Networks models

As described by Silva and Zhao, aclpcn models arise to describe complex and high-scale graphs, follow-

ing the same basic structure, with nodes and edges and respective relations. There is a large variety of
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described Complex Networks models, depending on the structure and context of the data. Networks can

present communities, meaning groups of nodes (or clusters) with many interconnecting edges. Vertices

from different communities have typically relatively few edges interconnecting each other. Figure 4.2

describes a schematic network with strong community structure.

Much attention is now given to a specific type of network - social networks. Its particular property is

related to the scope of the structure. According to Sathiyakumari and Vijaya (2016), in social networks,

nodes represent people, organisations, or other entities, and the edges represent relationships or in-

teractions. This type of network presents particular properties and patterns of topology. This definition

can be adapted to the scope of our work since we want to explore networks where nodes represent

stakeholders (people) and edges represent the distance of their views and opinions (interactions). It is

then interesting to readjust this type and consider ”agreement networks”. The nodes and connections

represent similar scenarios, and these structures can be compared.

Figure 4.2: Schematic of a random clustered network. The network is divided into four communities and the nodes
of each other are represented with different colors and formats (Silva and Zhao, 2016).

The detection of communities in Complex Networks, the technique we are about to present, is, according

to Sathiyakumari and Vijaya, a hot topic in the literature. However, it is not an easy task, primarily due

to the topology of the network and the possible overlapping of different communities.

4.4 Network-based clustering

In this section, we discuss network-based unsupervised methods, more specifically network-based clus-

tering techniques and Community Detection.

The use of network analysis alongside clustering methods usually follows a specific framework (Silva and

Zhao, 2016). First, it is necessary to construct the network from the original dataset with the definition

of edges based on a given similarity measure. When the network is constructed, it is then possible to

use clustering algorithms to detect communities on the structure. These communities can be defined
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as subgraphs whose nodes are densely connected within them but sparsely connected with the rest of

the network’s nodes. Another way of putting it, according to Felfli et al. (2019), there is a ”community

structure” when a group of nodes present a higher probability of being linked when compared to other

groups. The detection of these communities corresponds to the identification of the structure of the

network, meaning its organisation, based on the interaction of nodes (Felfli et al., 2019).

Figure 4.3 represents the framework we just described, as well as the differences between data cluster-

ing and community detection. In data clustering (upper part), the algorithm finds similar groups (clusters)

based on a similarity criterion. If the unstructured data is converted into network data, using a network

formation technique, it is then possible to perform community detection (lower part), which allows the

clustering of structured, organised network data points.

Figure 4.3: Data clustering and community detection (Silva and Zhao, 2016).

4.4.1 Community Detection Algorithms

As mentioned before, there are several available CD algorithms. According to Fortunato (2010), the

earlier algorithms such as Kernighan-Lin can be considered traditional methods. These include graph

partitioning, hierarchical clustering, partitional clustering and spectral clustering. However, these early

methods are known for not fitting well real-world network data, including social networks (Felfli et al.,

2019). In fact, the first algorithm which showed successful results for CD in this context was the one

proposed by Girvan and Newman in 2002 (Felfli et al., 2019), a ”non-traditional” divisive algorithm.

According to Felfli et al., the Girvan and Newman algorithm allows the detection of communities through

the identification of edges lying between communities and removing them, leaving the community struc-

tures highlighted. The original method is, however, relatively slow and non-practical for networks of more

than a few thousand nodes and thus, many alternatives and new approaches have been suggested, in-

cluding modularity methods, Bayesian and regularised likelihood approaches.

We will, in chapter 5 discuss the theory behind some algorithms and justify our choice. For now, in

section 4.5, we provide some applications which demonstrate how promising these techniques can be.

30



4.5 Application of Community Detection Algorithms

There are some applications of classical statistical clustering methods for stakeholder clustering, based

on their opinions. For instance, in 2011, Veerappa and Letier used a weighted average linkage clus-

tering algorithm to investigate stakeholders’ similarity. This similarity was calculated using the distance

between stakeholders’ ratings, where smaller distances indicate higher similarity. For two ratings ri and

rj from stakeholders i and j for the same requirement, the distance between them was defined as:

distance = |ri − rj | (4.1)

For n requirements R1, R2, ..., Rn, the distance was computed as the Euclidean distance between the

two sets of ratings for all n requirements:

distance =
√
[(r1i− r1j)2 + (r2i− r2j)2 + ...+ (rni− rnj)2] (4.2)

The case presented uses one of the earlier methods of CD, known for not fitting well real-world data.

The results are a hierarchy displayed using a dendrogram. This study is an example of how stakeholder

proximity can be analysed using clustering techniques. However, the algorithm can be considered out-

dated, and the visualisation tools are not much robust. Moreover, the study is not related either to the

Delphi or health. Additionally, it considers numerical ratings, i.e., the ordinal scales’ concerns come up.

With that being said, even though there is some evidence of clustering applications for stakeholders’

opinions, this area lacks exploration. Few articles propose the use CD for this direct purpose and none

in the context of HTA or Delphi. Still, new studies are appearing using more recent approaches. We will

now present a particular example found relevant for this work, using Discourse Network Analysis (DNA),

even though out of the context of Delphi and HTA.

4.5.1 Discourse Network Analysis and Community Detection

In 2019, in the UK, Hilton et al. published an article comparing stakeholder coalitions across pricing

policies. In this study, for the identification of stakeholder subgroups, regarding their argumentative

similarities, the Girvan-Newman edge-betweenness CD algorithm was used. Some of these authors

published, in 2019, two more studies using DNA and CD. The first, Buckton et al. (2019), focused on

Discourse Network Analysis to produce visual representations of stakeholders’ networks and their coali-

tions regarding the ”sugar tax” debate, before and after the announcement of the Soft Drinks Industry

Levy in the UK. The other Fergie et al. (2019), following a similar methodology, used DNA for the same

purpose but in the context of the minimum unit pricing for alcohol debate.

Although these studies concern discourse networks, i.e., process discourse data and are not Delphi-

related, the methodology used for clustering stakeholders based on their views can be a great inspiration
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for this work. Briefly, the methodology used in these studies comprises:

1. Data extraction and content analysis, where the data was gathered and properly treated. This part

of the protocol has less to do with this work since the data type is different.

2. Network visualisation and analysis, where data was used to originate a network for visualisation

and CD. This part of the protocol is of great interest for this work:

(a) A weighted stakeholder × stakeholder matrix was created using the DNA software. Ties

and their relative weights represented agreement or disagreement between stakeholders on

individual concepts;

(b) The ”subtract” transformation with ”average activity normalisation” was applied. This step

was based on Leifeld’s proposal to score stakeholders’ agreement. A tie weight between two

stakeholders was expressed as the number of concepts on which they have identical opinions

minus the number of concepts on which these actors have diverging opinions. Then, the tie

weights were divided by the average number of concepts the two mentioned for normalisation.

Finally, a threshold value of 0.4 was used, where ties lower than this were replaced by 0.

(c) The stakeholder × stakeholder network was imported into the visualisation software Visone;

(d) Girvan-Newman edge betweenness community detection was applied to identify coalitions.

The Girvan-Newman algorithm has its limitations. It is, however, commonly used for CD in several

contexts in recent works. Even though context and data type are different, the favourable results and

applications of Community Detection with the purpose of understanding stakeholders relationships sup-

ports the suitability of the application of a similar framework to the HTA Delphi context.

4.6 Conclusion

This chapter focused on the main concepts of Delphi analysis and report and promising alternatives.

First, in section 4.1 we discussed the commonly used methods and why other approaches should be

considered. In section 4.2 we introduced clustering. In section 4.3 we analysed graph theory and CNs

models. To understand how these two fields relate, in section 4.4 we explored network-based clustering.

Finally, in section 4.5 we explored some relevant current uses of these techniques.

We found, among the literature, authors using standard statistical measures for analysing Delphi, both

health-related or not. We also found studies using outdated clustering methods for the analysis of

stakeholder views, representing their results as hierarchies. However, neither health nor Delphi related.

Additionally, we found some researchers using NS for stakeholder proximity representation, based on

their opinions. Still, the combination of these techniques was not found for Delphi studies nor the health

context. The promising results of using this synergy of UL and networks in other areas, in other social

networks, encourage great applications for Delphi analysis, including health surveys. This way, we

believe we can present decision-makers with new and fresh perspectives and insights.
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Chapter 5

Proposed Framework

In the previous chapters, we presented the context and objectives of this work and relevant related theory

and literature review. We are now in a position where we can define and present our proposal. Thus, in

this chapter, we propose a framework of an innovative approach on how to analyse and represent HTA

Delphi results, using Network Science and Community Detection techniques.

5.1 Problem statement

We have already understood the importance of HTA and the complexity of informing decision-makers. As

explained before, in this work, we aim to help and improve the way information is extracted from health

Delphi surveys, enhancing the visualisation of the results and reports decision-makers are presented

with. Before going any further, we remind the reader of the main goals of this work: (1) investigating the

suitability and performance of NS tools for the analysis of HTA Delphi surveys’ results and (2) exploring

what information about health stakeholders’ views can be extracted.

Figure 5.1: Possible approaches for data analysis.

We have already described the main concerns related to this approach. Firstly, we are dealing with the

limitations of the Delphi technique itself and any inconvenience that can arise from the protocols.
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Secondly, we have to be concerned about the caveats associated with the scales and ordinal data

analysis. There are, as mentioned before, many options for analysing data, as presented in figure 5.1.

Typical Delphi analysis often attributes numbers to labels, quantifying answers and using both parametric

and nonparametric tests. If that is not done, only a comparison of answers and nonparametric tests can

be applied. The pros and cons of these choices were already discussed. Parametric tests can be

extremely useful. However, participants were not provided with the attribution of numbers to labels. To

avoid the concerns of using parametric tests with ordinal data, we propose only performing a comparison

of answers with no use of parametric methods.

Thirdly, we want to measure the proximity of answers and evaluate stakeholders’ views differently than

what is commonly done. Usually, when trying to understand stakeholders’ views, studies evaluate the

differences between pre-defined groups and then perform intra-group (within the same group) or inter-

group (between different groups) measurements. In this study, we propose a different approach - evalu-

ate results without pre-defining groups and find the clusters with similar views based on the responses.

After communities are found, it is possible to analyse the distribution of health stakeholders within those

clusters and perform intra and inter-group analysis.

With this in mind, using the framework we are about to present, we intend to unconventionally apply the

powerful tools of Network Science, analysing health Delphi results innovatively and helpfully. For that,

going back to the main research questions, we expect to (1) prove that NS tools are suitable for analysing

Delphi results and (2) explore the added information which can be obtained regarding stakeholders’

views. The second point includes investigating what characterises communities. If stakeholder groups

do not define them, we can add value by transforming data into a network and, using CD tools, obtain

new information we otherwise would not.

5.2 Proposed framework

We propose, in this work, the application of a CD algorithm in the hope of successfully clustering stake-

holders based on their similarity of opinions. Also, we expect to find what characterises these clusters

while also obtaining new and fresh information about the stakeholder network, using NS tools. This

strategy will hopefully allow a finer information tool for decision-makers. Based on the guidelines from

Silva and Zhao (2016), we propose a framework comprising five main steps:

1. Pre-processing of the vector-based dataset;

2. Measurement of proximity and similarity of answers;

3. Conversion of the vector-based dataset into network-based data;

4. Application of the Community Detection algorithm;

5. Visualisation and analysis of results in order to answer the research questions.

These five phases, briefly illustrated in figure 5.2, are described in more detail in the following sections.
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Figure 5.2: Framework diagram.

5.2.1 Pre-processing

As a starting point, we propose the application of pre-processing operations on the original data. This

step is crucial and involves treating the original data according to the specific framework, including, as

mentioned in Silva and Zhao, different transformations such as scaling, normalisation, or cleaning.

Pre-processing includes specific transformations related to the algorithm needs and raw data treatment

concerning survey conditions and implementation. It is necessary to verify if results are consistent with

the study design, i.e., that all results were saved correctly and that no information was lost, including

questions or participants related data. Also, Delphi surveys’ results are scale-originated data usually ex-

ported in Excel files. It is necessary to transform and organise data to be further manipulated according

to the methods meant to be applied.

5.2.2 Measurement of proximity and similarity of answers

The measurement of the proximity of answers is needed to quantify the similarity of views between

health stakeholders. We propose to define the proximity between a pair of stakeholders and later, when

constructing the network, define the edge between their corresponding nodes based on this proximity.

To escape issues associated with ordinal data analysis, we propose an analysis that sets the relation

between two stakeholders (a pair of stakeholders) in one of four scenarios:

1. ”Same answer”, when both stakeholders choose the same scale point for a given aspect;

2. ”Same group”, when the answers are not the same but belong to the same group;
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3. ”Opposite group”, when the answers are not the same and belong to opposite groups;

4. ”Different group”, when neither answers belong to the same group or opposite groups.

Given this, we also propose a definition of what are the groups for each of the projects.

The MEDI-VALUE’s scale is not commonly described in the literature, and we found no guidelines on

how to group items. Thus, we propose a new division. The most natural criteria we can use to divide

the items into groups is if the item reflects the participant belief that a given aspect should or not be

considered when evaluating a health technology. However, it also seems natural to assume that the

answers ”Critical” and ”Fundamental” are closer than ”Fundamental” and ”Complementary”. For this

reason, we propose the following groups:

1. ”Include with higher importance” group, which combines the ”Critical” and ”Fundamental” items;

2. ”Include with lower importance” group, corresponding to the ”Complementary” item;

3. ”Do not include” group, containing the ”Irrelevant” item;

4. ”No answer” group, covering the ”Don’t know/don’t want to answer” item.

For IMPACT-HTA, we propose a division based on the one commonly presented in other studies and

used by Freitas et al.:

1. ”Agreement” group, which comprises the ”Strongly agree” and ”Agree” items;

2. ”Neutral” group, incorporating the”Neither agree nor disagree” item;

3. ”Disagreement” group, which joins the ”Strongly disagree” and ”Disagree” items;

4. ”No answer” group, carrying the ”Don’t know/don’t want to answer” item.

We propose to consider ”Include with higher importance” and ”Do not include” and ”Agreement” and

”Disagreement” as opposite groups.

Agreement and conflict scores

Based on the responses from a pair of stakeholders, an agreement score is then calculated. To define

this score, an adaptation of the approach described by Leifeld and used in Buckton et al. (2019), and

Fergie et al. (2019) is proposed. Leifeld suggests that it is possible only to consider an agreement

network, i.e., not considering conflict or to compute both an agreement and a conflict network and

subtract the conflict edge weights from the corresponding agreement edge weights. For the latter, the

resulting weighted network has positive ties when there is more agreement than conflict and negative

ties for the opposite case.

Buckton et al. (2019) and Fergie et al. (2019) compute both the agreement and conflict network. The

similarity between two stakeholders a and b is defined by the number of concepts both have in common,

and the conflict network is calculated by counting the number of concepts where both stakeholders

present opposing agreement patterns.
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This method needs, however, to be adapted for the context of this work. We propose considering two

variables for each stakeholder pair: an agreement variable A and a conflict variable C. On the one hand,

for each aspect, if the relationship is considered an agreement, A adds up 1. On the other hand, if the

relationship is considered a conflict, C adds 1. In the end, it is possible only to consider the variable A

or subtract C from A, as performed by Buckton et al. (2019) and Fergie et al. (2019).

Regarding agreement and conflict, they are defined based on the group division previously presented.

For a pair of stakeholders, we propose to consider an agreement (add 1 to variable A) when the scenario

is ”Same answer” or ”Same group” and to consider a conflict (add 1 to variable C) when facing the

”Opposite group” one. In the case of ”Different group”, no change is made.

Sensitivity analysis

Considering that no similar frameworks for Delphi surveys’ results were found in the literature, no par-

ticular approach is known to be more appropriate. To cover more than one option and analyse their

influence on the results, we propose a sensitivity analysis for some scenarios and parameters - the cal-

culation of the final similarity, what is considered agreement or conflict, and the threshold for the edge

definition. The third item is related to the network formation, and it is discussed in section 5.2.3. The

first and second items are now explored, varying for both projects.

For both MEDI-VALUE and IMPACT-HTA, we propose to explore the influence of considering only agree-

ment (variable A) and then agreement and conflict (subtracting C from A).

For IMPACT-HTA, we propose an additional experiment - first to consider both ”Neutral” and ”No answer”

as separate groups and then as one group only. This way, for a given aspect, if a stakeholder a answers

”Neither agree nor disagree” and b ”Don’t know/don’t want to answer”, their agreement variable A adds

1. The foundation for this experiment is that both these groups represent people with no strong opinion,

and it might be interesting to understand how different these options are.

Finally, we propose applying this approach for single aspects (aspect-level), groups of aspects and all

aspects simultaneously. For one item, the score for two stakeholders can only be -1 (”Opposite group”),

0 (”Different group), or 1 (”Same answer” or ”Same group”). Extrapolating to a group of aspects (or all

aspects), we propose summing these scores and normalising them, dividing by the number of aspects

considered. A more detailed explanation of how the similarity is calculated is presented in appendix B.

5.2.3 Conversion into a network-based dataset

In order to apply a CD algorithm, it is first necessary to transform the vector-based data into network-

based data, i.e., transform each stakeholder ID into a node and define their interaction, the edges. In

other words, we propose to represent stakeholders as nodes and for edges to represent their agreement.
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As mentioned by Silva and Zhao, in general terms, given a non-networked formatted set of N data points

X = {x1, ..., xn}, it is possible to transform it into a network G, with the vertex set V = {v1, ..., vV } and

the edge set E, a subset of V xV . For that purpose, a mapping procedure is needed:

g : X → G = ⟨V,E⟩ (5.1)

Usually, as for this work, X = V , i.e., each original set’s data item corresponds to a vertex in the network.

For N data items in X and V=|V | vertices, since no data reduction is conducted, V=N . Finally, to obtain

the set of edges E, a similarity function and a network formation technique are used.

Similarity function

According to Silva and Zhao, a similarity function s : V x V 7→ IR allows the quantification of how similar

two data items are, based on their attributes, transforming a pair of data items into a scalar value . When

applied to all pairs of vertices, this function allows constructing the similarity matrix S. Note that:

Sij = s(vi, vj), vi, vj ∈ V, (5.2)

We propose to use the previously described agreement score for the similarity function.

Network formation technique

With the similarity method chosen, we can decide when to add an edge between vi and vj . When the

agreement score between two stakeholders is higher than a given threshold value, an edge is defined.

For normalisation, aspects’ scores are summed and the result divided by the number of aspects being

considered, meaning that the score is always equal or smaller than 1. We propose a sensitivity analysis

to evaluate different thresholds for the similarity value. Buckton et al. and Fergie et al. used a value of

0.4. However, we want to explore higher values. This way, we can obtain different connections between

stakeholders and investigate the influence of the threshold value. Considering the normalised scores,

we propose to perform tests for the following set of thresholds - 0.4, 0.5, 0.6, 0.7, and 0.8.

5.2.4 Community Detection algorithm

Recalling the vast available options of CD algorithms, we will now introduce some of the most used ones

and walk the reader through the choice of the proposed algorithm - the Louvain algorithm.

As discussed by Smith et al. (2020), the use of CD algorithms can be potent and helpful, including in

many public health research areas. However, their application can be complicated due to the choice of

the method to use. Several reviews already present guidance for choosing a method based on com-
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putation time, community structure or other technical aspects. For example, specific methods are more

suitable if the study’s goals include finding overlapping communities or representing directed networks.

Other researchers including (Lee et al., 2020) compare algorithm performance using known networks.

In 2020, Smith et al. presented ”A Guide for Choosing Community Detection Algorithms in Social Net-

work Studies”. The authors approached the selection differently, focusing on a topic they consider the

most relevant - how the communities will be used and with what purpose. The guide presents a review of

6 Community Detection methods: Walktrap, Edge-Betweenness, Infomap, Louvain, Label Propagation,

and Spinglass, divided in divisive, agglomerative, and optimisation-based algorithms.

The six algorithms support edge weights and undirected networks, the ones we are interested in, and

are among the most chosen ones. Considering not only these findings from Smith et al. but also

other authors comparing algorithms, including Lee et al.; Mkhitaryan et al.; Yang et al., we choose the

Louvain algorithm to incorporate our framework. However, before delving into it, we describe the other

possibilities and why they were not so promising.

Divisive algorithms

Divisive algorithms start with a complete network and divide it into smaller communities. The best-known

method is the Girvan-Newman edge betweenness CD algorithm, which iteratively removes the edges

with a high likelihood of linking different clusters (Smith et al., 2020). It is particularly useful for interrupt-

ing transmission within a network, for example, in biology contexts for identifying risk connections in a

sexual transmission disease network. However, this application does not match the goal of this work.

Agglomerative algorithms

Agglomerative algorithms start by considering each node as a community and then iteratively combine

them into larger clusters. We present two relevant methods - Walktrap and Label Propagation.

According to Smith et al., the Walktrap is based on the assumption that nodes within communities are

likely to be connected by shorter random walks. This approach is also helpful for the transmission of

information. Briefly, for the Label Propagation method, each node is given a label, and randomly selected

nodes adopt the label of the majority of neighbours. It is a good option for modelling the adoption of social

norms. Both methods most appropriate use do not match this works’ goal.

Optimization-based algorithms

Optimisation-based algorithms work in the hope of finding the optimal solution for a specified objective

function. There are three main algorithms - Infomap, Spinglass and Louvain.
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Once again, Infomap is preferred for optimising the flow of information, especially when a clearly defined

stopping rule is needed (Smith et al., 2020), being out of the scope of this work.

According to Mkhitaryan et al. (2019) and Smith et al. (2020), the Spinglass is an approach from sta-

tistical mechanics, where the total number of spin states represents the number of communities. The

algorithm identifies which edges are in the same spin state, optimising a function where intra-community

edges are rewarded and between communities are penalised. One important caveat is that it cannot be

used in unconnected graphs, i.e., not complete graphs, which is the case of our datasets. In the case of

a loose network, it is possible to decompose the network into connected components and cluster those

parts. However, it is a clear limitation.

Smith et al. states that the Louvain algorithm merges nodes into communities in order to maximise

modularity. It stops when no merging results in a modularity increase. We will next examine this method.

First, we want to inform the reader that both Louvain and Spinglass have similar applications, being

better suited when Community Detection results are meant to be used later, as part of a broader analysis,

which matches the goal of this work.

The only algorithms whose most suitable purpose matches this works’ goals are Spinglass and Louvain.

However, among other advantages, the Louvain algorithm is easier to implement, not having the un-

connected network constraint, justifying our choice. Several authors mention the Louvain algorithm as

powerful and, many times, as the best approach, for CD. In 2016, Yang et al. performed a comparison

of the accuracy and computing time of eight CD algorithms, Edge Betweenness, Fast Greedy, Infomap,

Label Propagation, Leading Eigenvector, Louvain, Spinglass and Walktrap. Louvain outperformed all of

them. In 2019, Mkhitaryan et al. analysed several CD algorithms and found the Louvain algorithm to be

”consistently the best across both the measures and the networks tested”, including eight real world and

a variety of synthetic networks. In 2020, Lee et al. also compared network clustering algorithms per-

formance, and the results once again revealed Louvain as ”the best performance in terms of modularity

and processing time”. Thus, we propose the use of the Louvain algorithm in our framework.

Louvain Algorithm, the chosen approach to incorporate our framework

The Louvain algorithm was first described in 2008 in ”Fast unfolding of communities in large networks”

(Blondel et al., 2008). The primary goal of this method is to maximise modularity, a measure commonly

used to evaluate the quality of the division of a network into communities, i.e., the quality of a partition.

Modularity ranges from -1 to 1, measuring the density of intra-community edges when compared to

inter-community edges (Blondel et al., 2008; Smith et al., 2020). If eij is the fraction of edges connecting

nodes from community i to nodes in community j, and αi =
∑

j eij , the modularity Q is defined as

(Mukherjee et al., 2013):
Q =

∑
i

(eii − α2
i ) (5.3)
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It can also be interpreted as the difference between the fraction of intra-community edges and the

expected value in a network with the same community division, but with random edges (Mukherjee

et al., 2013). In this case, if the number of intra-community edges is less than the expected number

of edges for a random graph, Q = 0. The maximum value is Q = 1, and values close to 1 indicate a

strong community structure (Mukherjee et al., 2013). In real networks, it is rare to obtain high values,

with typical ones ranging from 0.3 to 0.7.

When the network is a single community, the two terms are equal and cancel, thus Q = 0 . In contrast,

when each node constitutes a single community, the modularity is negative (Mukherjee et al., 2013).

Note that, for a given network divided into communities, being ci the community assigned to node i, the

fraction of intra-community edges is defined as (Mukherjee et al., 2013):∑
i,j Wijδ(ci, cj)∑

i,j Wij
=

1

2m

∑
i,j

Wijδ(ci, cj) (5.4)

where Wij represents the weight of the edge between i and j, the function δ(u, v) is 1 if u = v and 0

otherwise and m is the total number of edges. Also, m = 1
2

∑
i,j Wij (Mukherjee et al., 2013).

Additionally, the expected number of edges between nodes i and j, for randomly drawn edges, is kikj

2m ,

where ki =
∑

j Wij is the weighted degree of the node i, meaning the sum of the weights of the edges

linked to node i (Mukherjee et al., 2013). Thus, for weighted networks, modularity Q is defined as

(Blondel et al., 2008):
Q =

1

2m

∑
i,j

(Wij −
kikj
2m

)δ(ci, cj) (5.5)

The Louvain algorithm method is divided into two phases, repeated iteratively until no modularity in-

crease is possible (Blondel et al., 2008), as shown in figure 5.3.

Figure 5.3: Louvain algorithm method. There are two phases, repeated iteratively, until no modularity increase is
possible. First, there is the optimisation of modularity by allowing only local changes of communities, and then there
is the aggregation of communities to build a network of communities (Blondel et al., 2008).

First, for a weighted network of N nodes, a distinct community is assigned to each node, meaning that
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initially, there are N communities. Then, for each node i, the modularity gain of removing the node

i from its community and assigning it the community of its neighbour j is calculated. The node i is

allocated to the community for which this (positive) gain is maximum. In case of a tie, a breaking rule

is used and, if no positive gain is possible, i remains in its original community. This phase is repeated

for all nodes, knowing that a node can be analysed several times, until local maxima of modularity are

achieved (Blondel et al., 2008).

With the first phase completed, it is possible to build a new network whose nodes are the communities.

For this purpose, the weight of an edge between two new nodes is obtained by summing the weights of

the edges between nodes in the corresponding two communities. After this second phase, it is possible

to repeat the first phase. In figure 5.3, a ”pass” corresponds to both phases (Blondel et al., 2008).

Besides the already stated advantages, according to Blondel et al., the Louvain algorithm is intuitive and

of easy implementation, with a low computational time, and linear complexity on typical and sparse data.

It is incredibly relevant to state that, according to Blondel et al., the output of the algorithm depends on

the order in which the nodes are evaluated, i.e., the algorithm is stochastic. Although it appears that this

order does not significantly influence the modularity, it can influence the computation time. It is, however,

possible to choose and fix the order of node evaluation, which also facilitates the analysis.

5.2.5 Visualisation and analysis of the results

After the construction of the network and application of the CD algorithm, we now describe the proposed

visualisation and analysis of results.

Research Stage 1

1. Representation
2. Number of nodes

3. Number of edges

4. Average degree

5. Density

Network topology

1. Transitivity;
2. Clustering coefficient 


Triadic closure property


Aspect level 

Communities topology

1. Representation
2. Partition modularity
3. Number of communities
4. Number of elements per

community
5. Type of answers per

community

All aspects

Research Stage 2

1. Distribution of
stakeholder types

2. Degree distribution
3. Attribute assortativity

coefficient

Communities
characterisation


All aspects Groups of aspects

1. Number of intra-
community edges

2. Number of inter-
community edges

3. Inter/intra edges ratio
4. Coverage

Division of communities


1. Transitivity
2. Clustering coefficient

Triadic closure property


Figure 5.4: Diagram describing the procedure for analysing results.

Visualisation and analysis focus on the research questions described in section 1.2, each answered in

one research stage. In the first stage, to answer the question ”Are NS tools suitable for analysing Delphi
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results?”, the results are analysed to understand how Delphi data is converted into network-based data

and to find if there is a pattern of results for different datasets. This way, it is possible to verify the

appropriateness of the framework. At this point, results from individual aspects and all aspects together

are used. In the second stage, to answer the question ”What information regarding stakeholders’ views

can be obtained?”, we analyse the networks and communities in a more detailed way, for groups of

aspects and all aspects together. The tools used throughout the analysis are shown in figure 5.4.

In research stage 1, we can compare results from the three datasets. Since there is no previous report

of using network analysis for Delphi, it is crucial to investigate if there is a typical structure of these

networks. At this stage, we propose to use measures such as average degree and density. As mentioned

by Silva and Zhao, in the context of social representations, the degree is the total number of people with

whom someone is connected. In this work, degree corresponds to the number of stakeholders an

individual agrees with, with their agreement score overcoming the threshold. We now define density.

Definition 7. Density: According to NetworkX and Baeldung, the density of a graph is 0 when there

are zero edges and 1 for a complete graph. The density d of an undirected graph G, with n nodes and

m edges, is given by:

Density = d =
Number of Edges

Maximum Number of Edges
=

m
n(n−1)

2

=
2m

n(n− 1)
(5.6)

The expression corresponding to the maximum number of edges is divided by 2 since, otherwise, it would

be the maximum number of edges for a directed graph, where two nodes can establish two connections.

In the context of these networks, a density of 1 means all stakeholders agree with each other. The lower

the density, the fewer stakeholders are connected, meaning less overall agreement. We believe it is

crucial to ensure that the obtained networks present similar topologies when this framework is applied

to different datasets from similar contexts.

We also propose to investigate how measures, such as transitivity and clustering coefficient, are calcu-

lated using simple examples.

In the second research stage, to extract new information on stakeholders’ views and relationships, we

propose to answer three primary questions:

1. ”What characterises the obtained communities?”

2. ”Is there a clear division between communities?”

3. ”Is the triadic closure property, from social networks, also verified in ”agreement networks”?

”What characterises the obtained communities?”

In this study, we want to justify the promising application of NS and CD in the context of Delphi surveys,

starting with no pre-defined groups, as well as to understand data better. We would expect stakeholders
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from the same type to behave similarly and communities to be defined by these types. However, if that

is not the case, we can infer an added value from not using these groups and rather understanding

what clusters emerge. Furthermore, if communities do not match the stakeholder groups, we want to

understand what defines these clusters. For that purpose, we propose four principal analyses:

1. Calculate the degree distribution per stakeholder type. According to Mukherjee et al. (2013) this is

”the most fundamental characteristic of a network”. In this context, degree distribution represents

the variation in the number of stakeholders a given agrees with across the network. If we can

verify that there is a various degree distribution, per stakeholder topology, we can state that there

is a diversity of opinions within each type, i.e., similar stakeholders agree with different individuals,

meaning that their type does not determine their opinions;

2. Explore the assortativity (homophily in social networks). According to Cinelli et al. (2020), it is the

tendency for nodes presenting similar attributes to be connected. For example, in online social

networks, connected individuals are usually from close locations and have similar ages (Mukher-

jee et al., 2013). There can also be a negative assortativity (heterophily) (Pelechrinis and Wei,

2016), which is the tendency for linked nodes to have different properties. Briefly, the assortativity

coefficient is based on the comparison of the number of edges linking nodes of a similar type and

the expected number of those connections in the case of a random model (Pelechrinis and Wei,

2016). It ranges between -1 and 1 (Cinelli et al., 2020), where a value closer to 1 corresponds

to strong homophily, a value close to 0 means that there is no relevant association between the

edges and the considered property, and a value closer to -1 represents heterophily (Shi, 2019).

We propose the evaluation of assortativity regarding the stakeholder type to investigate if there is

a tendency for similar stakeholders to agree with each other;

3. Measure the heterogeneity of communities, regarding stakeholders’ type. This means both mea-

suring the composition of each community and the distribution of each type per community. If

communities have diversity in stakeholder types, and stakeholders are spread across different

communities, this suggests that stakeholders’ types do not dictate their opinions;

4. Measure the distribution of answers per community. If communities are indeed not defined by

stakeholders’ type, we want to understand the properties characterising them. The distribution of

answers is also proposed to verify if the type of answers given defines them.

”Is there a clear division between communities?”

Many inter-community edges, meaning several stakeholders agreeing with others from different com-

munities, can be associated with higher susceptibility for opinion changes. We propose to analyse intra

and inter-community edges and the external ratio. According to Buckton et al. (2019), the external ratio

is the number of inter-community edges as a proportion of total edges. This measure can indicate the

agreement of stakeholders of different communities and how likely they are of changing opinion, which

is pivotal for decision-making processes.
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”Is the triadic closure property, from social networks, also verified in ”agreement networks”?

Social Network theory shows that if node A is connected to B and if B is connected to C, it is highly likely

that A and C are also connected. This is called the triadic closure principle, which can be translated in

”If two people in a social network have a friend in common, then there is an increased likelihood that

they will become friends themselves at some point in the future.” (Aalabaf-Sabaghi, 2012). According

to Mukherjee et al. (2013), a high level of transitivity or clustering coefficient, associated with the triadic

closure, is possibly ”the most important feature distinguishing social networks from other types of net-

works”. We want to investigate if this also happens in these ”agreement networks”. Can we state that if

A agrees with B and B agrees with C, A and C are more likely to agree with each other eventually? We

propose the use of transitivity and clustering coefficient to answer this question. This way, we can learn

more about HTA stakeholders’ networks and compare them to typical social networks.

5.3 Conclusion

In this chapter, we introduced the proposed framework. In section 5.1 we reviewed the main concerns

and research questions. In section 5.2 we described the framework, going through its main five steps.

Table 5.1 summarises the reasoning behind the major decisions proposed.

Table 5.1: Key points from the proposed framework and the reasoning behind them.

Proposed decision or path Reasoning

Not to attribute numbers to labels Avoid the concerns of analysing ordinal data as interval and the

use of parametric tests.

Community Detection It is promising in similar studies on other contexts and allows

the identification of which groups emerge without using the pre-

defined types.

Louvain algorithm Its applications fit our needs. It is possible to use it with undi-

rected weighted graphs, the computational time is not high, and

its implementation is straightforward. It is possible to make it non-

stochastic. Its shows better performance results when compared

to other Community Detection algorithms.

Sensitivity analysis Allows us to compare different scenarios and test variables when

we do not know which are the most appropriate ones.
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Chapter 6

Framework implementation

This chapter presents the implementation of the proposed framework and the followed research steps.

6.1 Dataset

Datasets used during this work correspond to the data presented in chapter 3. Since we are not exploring

the change of opinion between rounds, only R2 results, meaning the final results were used.

In MEDI-VALUE, raw Web-Delphi data is separated into two Excel files, one for each round. Each

document has two sheets, one for IMD and the other for BBIVT. The first line of each file regards the 34

aspects, and each following line presents the answers and comments of each participant, identified by

an ID. Additionally, the Excel from R2 has a third sheet associating a stakeholder type to each ID.

In IMPACT-HTA, raw data from the Web-Delphi is divided into 12 Excel files, one for each round, for each

stakeholder group. Each document has three sheets, one for the results, a second one for statistics and

the third one for comments. The first line of the first sheet corresponds to the 24 aspects, and each other

line corresponds to each participant’s answers, identified by an ID.

One final note is related to the already described fact that MEDI-VALUE, in reality, consisted of two

Delphi surveys, one for IMD and another for BBIVT. For this reason, we used, in practice, three datasets.

6.2 Implementation environment

The implementation of this work was performed using Excel and Python. Excel was used for the pre-

processing stage since the raw data was provided as .xlsx files. All code developed for this work was
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implemented using Python. The code was implemented from scratch, using available useful libraries.

The choice of Python comprehends two main reasons. First, it is one of the more used programming

languages, making it an updated and complete tool. Thus, its implementation is simpler due to the

large community of users and the several available resources, including literature and related projects.

Secondly, Python also presents several relevant libraries and packages. Considering the specific scope

of the work, Python offers powerful packages which facilitate the construction and analysis of CNs and

implementation of CD algorithms. The NetworkX library allows the study of graphs and networks, and

the Community API library implements the Louvain CD algorithm and allows further analysis.

The code was run on a regular CPU (Intel Dual-Core i5 @ 2.7 GHz), and relevant extracts are publicly

available in de Faria (2021).1

6.3 Pre-processing

The first pre-processing stage was the same for both projects and consisted in assuring files corre-

sponded to the expected. We verified that no data corresponding to questions or participants was

missing.

The second pre-processing stage consisted of creating Excel files with R2 items’ responses and delet-

ing the lines corresponding to stakeholders who did not complete both rounds. We only considered

individuals who completed R2. Also, we added a column with each participant type.

Finally, we created files with only some of the answers, corresponding to the groups of items presented

in the appendix A and for the individual aspects. These files were converted to .csv files.

6.4 Measurement of proximity and similarity of answers

The measurement of proximity and the definition of edges were implemented in Python and are available

in the file write edges.py. The implementation was adapted for each project and sensitivity analysis. Still,

the reasoning was always the same. The implementation for IMPACT-HTA and MEDI-VALUE for the

considering of agreement and conflict, and separate groups for IMPACT-HTA, are presented in de Faria

(2021). Taking advantage of cycles, each pre-processed .csv file is open, the data is retrieved, and a

variable containing the list of all stakeholders is defined. We implemented the function evaluate group

(answer1,answer2) that receives the answers from a pair of stakeholders and classifies it into one of the

proposed groups - ”Same answer”, ”Same group”, ”Opposite group” or ”Different group”.

1MEDI-VALUE and IMPACT-HTA datasets are currently not public. Thus we did not add them to the repository. For this reason,
it is currently not possible to replicate the work and obtain the results since the original data is needed.
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Again with a cycle, the relationship between every pair of stakeholders is evaluated, with the proposed

thresholds. If the final score is higher than the threshold, a line containing the ID of both stakeholders

and their score is added to a new file of the name Edges [aspects] [threshold].csv. If lower, no line is

added, meaning that no edge will exist between those stakeholders in the network.

6.5 Conversion into a network-based dataset

The conversion of data into a network-based dataset and the construction of networks was implemented

using the NetworkX library. The same logic of automatic generation was used in netowork and CD.py

files, where cycles were used to generate networks and analysis on individual, groups and all aspects.

The original pre-processed files were opened and read to generate a network to provide the stakehold-

ers’ information, meaning the nodes. Also, the attribute ”stakeholder group” was added to each node

using a NetworkX function - NetworkX.set node attributes. For the edges, the files generated in section

6.4 were used and the edges were added using the function NetworkX.add weighted edges from, using

the agreement scores as weights.

6.6 Community Detection algorithm

With the network constructed, we used the Community API library to implement the Louvain Community

Detection algorithm. This package allows to find the best network’s partition, optimising modulation,

using the method described in ”Fast unfolding of communities in large networks” (Blondel et al., 2008;

Networkx, 2021). We specified the parameter ”randomize=False” to assure that the implementation of

the algorithm was not stochastic. Otherwise, we would get different results each time the code ran.

6.7 Network visualisation and analysis

6.7.1 Visualisation

The visualisation and analysis of the complete network and detected communities were performed si-

multaneously, but we will describe them separately.

The visualisation of the network and communities was implemented using one of the most used Python

libraries - matplotlib.pyplot. In the case of the networks, nodes from different stakeholder groups were

represented in different colours. For the communities, each community’s node had the same colour. The

figures were saved in .pdf format in order not to lose detail and quality.
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6.7.2 Analysis

After the network was constructed and the communities were detected, results’ visualisation and further

analysis were possible. At this stage, we took advantage of available analysis tools from NetworkX and

Community API libraries. When needed, other functions were implemented.

The information obtained followed the proposed framework. This means that we analysed the networks’

topology and extracted the information needed to answer the two research questions.

All results were saved in .txt files.

Network Topology

For the analysis of the networks’ topology we used:

1. The NetworkX.info (G) function which returns a summary of information for the given graph G. This

summary includes the number of nodes, the number of edges and the average degree;

2. The NetworkX.density(G) function which returns the density of the provided graph G.

General Measures

General measures were used to gain insights into the communities. Information, namely the number of

communities found and their size, types of answers in each community, and partitions’ modularity, were

obtained. For this phase, functions were implemented, and already existing ones from the Community

API library were used, including the CommunityAPI.modularity(partition, G)) function. In this modularity

function, the weights are considered by default.

”What characterises the obtained communities?”

To first verify what defines the obtained communities, we used several measures, according to the pro-

posed framework presented in chapter 5. Part of the analysis was performed on the original network to

understand the connections between stakeholders. The evaluation of the heterogeneity of communities

used the obtained clusters. Thus, among others, the primary measures used are:

1. The G.degree() function allowed to calculate degree distribution, for all stakeholders and per group.

Histograms were used to represent results.

2. For the exploration of the assortativity, we used the function NetworkX.attribute assortativity coefficient

(G,’stakeholder group’). It returns the assortativity of the graph G for a given attribute, in this case

regarding the stakeholder type group.
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3. After the application of the Louvain Community Detection algorithm, we implemented a function

to measure the heterogeneity of communities by obtaining information on the percentage of each

type of stakeholder for each community.

4. Finally, we implemented a program to visualise multipartite networks, using the Bipartite library

from NetworkX. This library allows the implementation of a bipartite graph. We used the same

reasoning of affiliation networks, mentioned in Aalabaf-Sabaghi (2012), where individuals are af-

filiated with groups or activities, to represent the distribution of answers per community and health

stakeholders groups. This particular implementation is shown in folder Multipartite Networks in

de Faria (2021). This tool helps to visualise the possible match of communities and groups and

analyse the distribution of answers per cluster and, therefore, verify a possible characterisation of

communities. This step was performed manually, adapted for each group and all aspects.

”Is there a clear division between communities?”

A function comparing the number of intra and inter-community edges was implemented to understand

if there is a clear division between communities. This function returns the number of intra and inter-

community edges for each community, the ratio of inter/intra edges for each community, and each com-

munity’s coverage. The coverage of a community is the ratio of the number of intra-community edges

of that cluster to the total number of the graph’s edges. Finally, the function returns the total number of

intra and inter-community edges.

”Is the triadic closure property, from social networks, also verified in ”agreement networks”?

Finally, to test the concept of triadic closure present in social networks, meaning the measure of the

tendency for edges in a graph to form triangles (Necromuralist, 2021), we used two functions. The Net-

workX.transitivity(G) function, which returns the transitivity of the graph G and, for the network’s average

(local) clustering coefficient, we used the NetworkX.average clustering(G) function. We now provide

more detailed definitions of transitivity and (local) clustering coefficient and how NetworkX functions

calculate them.

Definition 8. Transitivity: (or global clustering coefficient) measures the fraction of triads in a network,

which are triangles. A triad is defined as three nodes with only two edges between them. A triangle is

defined as a set of three nodes connected by three edges. Each triangle has three open triads in it, as

shown in figure 6.1 (Necromuralist, 2021). The transitivity T , of a graph G is expressed as follows:

T =
3 × number of triangles in the network

number of open triads in the network
(6.1)

Note that factor 3 is needed because each triangle contributes with three ”triads” (Necromuralist, 2021).

Transitivity ranges from 0, and 1 (di Udine, 2021), where 1 corresponds to a graph where all open

51



triangles are triangles. In figure 6.2 this concept is better illustrated. In this example from di Udine, there

are five triads: one centred at x, one centred at y and three centred at z. Three of them are part of

triangles. The other two, the ones centred on z containing w, are not. Thus, the transitivity T for the

given graph is T = 3
5 = 0.6. If edges were connecting y and w and z and z, transitivity would be 1.

(a) Triangle ABC (b) Open triad 1 (c) Open triad 2 (d) Open triad 3

Figure 6.1: Triangles and open triads. Example of a triangle ABC and its three open triads (Necromuralist, 2021).

Figure 6.2: Network with triangles and open triads, for transitivity calculation (di Udine, 2021).

Definition 9. Clustering coefficient (C): (or local clustering coefficient) is a measure for a single node.

It measures how close the neighbors of a node are to being a complete graph (Necromuralist, 2021). It

is defined as:

C =
Number of pairs of a node′s friends that are friends (PTAF )

Number of pairs of the node′s friends (POF )
(6.2)

with the number of pairs of friends (POF ) being, with for a node’s degree k (Necromuralist, 2021):

POF =
k(k − 1)

2
(6.3)

The clustering coefficient ranges from 0 to 1. A node with no pairs of friends is given a value of 0

(Necromuralist, 2021).

The average clustering coefficient of all nodes is used to calculate the clustering coefficient for a com-

plete network (Necromuralist, 2021).

Definition 10. Average clustering coefficient (C): is the average of the clustering coefficients of all

nodes of the graph. It is expressed, for a graph G with n nodes, where cv is the clustering coefficient of

node v, as (NetworkX, 2021):

C =
1

n

∑
v∈G

cv (6.4)
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6.8 Conclusion

In this chapter, we guided the reader throughout the implementation of the framework proposed in

chapter 5. First, we described the dataset in section 6.1 and the implementation environment in section

6.2, justifying the choice of Python for the implementation. Then, from section 6.3 to 6.7 we described

how the framework was implemented, including a brief description of the code.

With the implementation described, in the next chapter, we will present and discuss the obtained results.
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Chapter 7

Results presentation and discussion

At this stage, we were able to explore the areas of HTA, Delphi, NS and CD and how these can relate.

Additionally, we proposed a framework for the analysis of Delphi results using NS and CD and presented

a suggestion of implementation. This chapter presents a compilation of the results obtained from the

simulations performed. First, section 7.1 contains an explanation of the Delphi data conversion to net-

works and how they should be interpreted, justifying the suitability of this framework, corresponding to

the results from research stage 1. In section 7.2 the choice of parameters resulting from the sensitivity

analysis is presented. Section 7.3 presents the results regarding research stage 2, for groups of aspects

and 7.4 for all aspects.

7.1 Research stage 1 - Interpretation and suitability of the method

7.1.1 Aspect-level

To understand the transformation of Delphi results into network-type data, we start by presenting some

examples of how data is represented in this approach, using an aspect level analysis. Since the results

are similar, there is no added value in presenting them all. For the sake of simplicity, we now present

some results from six IMPACT-HTA aspects. Datasets from MEDI-VALUE resulted in similar conclusions.

The aspects being presented are:

1. Aspect 4 - ”Medicine’s impact on mortality”. Here, all stakeholders answered either ”Strongly

agree” or ”Agree”. Thus, the relationship between stakeholders was either ”Same answer” or

”Same group”, meaning that all scores were 1. Speaking in ”network terms”, this means that all

stakeholders were connected;

2. Aspect 5 - ”Medicine’s impact on morbidity”. Concerning this aspect, all stakeholders showed to

either ”Strongly agree” or ”Agree” to include it in the evaluation of new medicines, except one
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stakeholder, in particular a Scientific Expert, which answered, ”Neither agree nor disagree”. For

this reason, the network obtained is similar to the previous scenario, but with an isolated node;

3. Aspect 6 - ”Medicine’s impact on health-related quality of life”. In this case, all stakeholders showed

to ”Strongly agree” or ”Agree” to include the aspect in the evaluation of new medicines, except two

stakeholders, one HTA professional and one payer, who answered, ”Neither agree nor disagree”.

For this reason, the network obtained is similar to the previous scenario, but with an isolated pair;

4. Aspect 1 - ”Severity of the disease”. In this case, answers from three distinct groups were given

but none from the ”No answer group”. For this reason, the results do not vary with the difference

of analysing” Neutral group” and ”No answer” groups separately or as one;

5. Aspect 11 - ”Medicine’s mechanism of action”. For this aspect, more diverse answers were ob-

tained. Again, no answers from the ”No answer” group were given;

6. Aspect 2 - ”Unmet need of the disease”. Here, there were answers from all categories. The

detected communities vary depending on how we analyse these ”Neutral” and ”No answer” groups.

Note that a 0 threshold value was used when analysing only one aspect since scores are -1, 0 or 1,

meaning that edges weights are always 1. The results do not vary considering only agreement (A) or

agreement and conflict (A−C). For agreement only, when two stakeholders give answers from opposite

groups, their score is zero. For both agreement and conflict, even though the” raw” score is -1, after

applying the threshold value of 0, their score becomes 0. Furthermore, the difference in the analysis of

considering ”Neutral” and ”No answer” groups as separate or one group is only noticed when there are

answers from both these groups. If there are no answers from one (or both) of the groups, no changes

occur.

Network Topology

In this subsection, we discuss the topology of the networks regarding these aspects. Figure 7.1 presents

the networks’ representation. The representations match the descriptions just made for each aspect.

For aspect 4, we observe a full network, where all stakeholders agree with each other. In the aspect 5

network, there is an isolated orange node corresponding to the scientific expert. For aspect 6, we can

visualise a pair of stakeholders, one HTA professional and one payer, who got separated from the rest

of the participants. For aspects 1 and 11, three groups are observed, the first with less diversity in the

distribution of views. Finally, in aspect 2, we begin to understand what happens when answers from the

four groups are given, with two isolated stakeholders in 7.1 (f) and none in (g).

Information and measures concerning the topology of the networks are presented in table 7.1. Note that

the number of nodes is always 153 since there are always 153 stakeholders. In fact, this number is only

presented as a ”control” variable to verify if any errors occurred during simulations.

Regarding the number of edges and density, it is important to recall equation 5.6. The maximum number

of edges is N(N−1)
2 = 153(152)

2 = 11628.
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IMPACT HTA - Network, Threshold = 0

Healthcare Professionals
HTA
Patients & Carers
Industry
Payers
Scientific Experts

(a) Aspect 4.
IMPACT HTA - Network, Threshold = 0

Healthcare Professionals
HTA
Patients & Carers
Industry
Payers
Scientific Experts

(b) Aspect 5.

IMPACT HTA - Network, Threshold = 0

Healthcare Professionals
HTA
Patients & Carers
Industry
Payers
Scientific Experts

(c) Aspect 6.
IMPACT HTA - Network, Threshold = 0

Healthcare Professionals
HTA
Patients & Carers
Industry
Payers
Scientific Experts

(d) Aspect 1.

IMPACT HTA - Network, Threshold = 0

Healthcare Professionals
HTA
Patients & Carers
Industry
Payers
Scientific Experts

(e) Aspect 11.
IMPACT HTA - Network, Threshold = 0

Healthcare Professionals
HTA
Patients & Carers
Industry
Payers
Scientific Experts

(f) Aspect 2, with ”neutral” and ”no answer” groups consid-

ered separately.

IMPACT HTA - Network, Threshold = 0

Healthcare Professionals
HTA
Patients & Carers
Industry
Payers
Scientific Experts

(g) Aspect 2, with ”neutral” and ”no answer” groups consid-

ered as one.

Figure 7.1: Network representation regarding IMPACT-HTA’s aspects 4, 5, 6, 1, 11 and 2.
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Table 7.1: Network’s topology analysis regarding IMPACT-HTA’s aspects 4, 5, 6, 1, 11 and 2.

Aspect # Nodes # Edges Avg Deg Density

Aspect 4 153 11628 152.000 0 1.000 0

Aspect 5 153 11476 150.013 1 0.986 9

Aspect 6 153 11326 148.052 3 0.974 0

Aspect 1 153 10036 131.189 5 0.863 1

Aspect 11 153 3958 51.738 6 0.340 4

Aspect 2 (Different groups) 1 153 9891 129.294 1 0.850 6

Aspect 2 (One group) 2 153 9901 129.424 8 0.851 5

1 ”Neutral” and ”no answer” groups as separate groups.
2 ”Neutral” and ”no answer” groups as one group.

For aspect 5, the edges concerning the isolated stakeholder (152) need to be subtracted from the

maximum, resulting in 11476 edges. Moreover, since 152 are connected to the other 151 and one

is connected to no one, the average degree is lower since Average degree = 152×151+1×0
153 = 150.013.

Finally, density is also lower - density = 11476
11628 = 0.987, since less stakeholders are connected to each

other, when compared to the maximum number of possible connections.

When it comes to aspect 6, from the maximum number of edges (11628), the edges concerning the

two isolated stakeholders with the remaining (151 × 2 = 302) need to be subtracted, resulting in 11326

edges. Since 151 are connected to the other 150 and two are connected to one (degree is one), the

average degree is even lower (Average degree = 151×150+2×1
153 = 148.052). Again, the density is lower:

density = 11326
11628 = 0.974.

For the remaining aspects, the reasoning is the same. The more diverse the stakeholders’ opinions, the

fewer connections there are, and therefore, the lower the number of edges, the average degree, and the

density. One crucial detail is that the logic is always the same concerning the analysis of the ”Neutral”

and ”No answer” groups. When these groups are considered as one, individuals who give ”Neither agree

nor disagree” and ”Don’t know/don’t want to answer” answers are considered to agree, and an edge is

established. That does not happen when separate groups are admitted. For this reason, when only one

group is recognised, the number of edges, the average degree, and density are slightly higher.

Communities topology

The representations of the detected communities for each considered aspect are presented in figure 7.2.

Different nodes’ colours represent different communities. More detailed information on the communities

and distribution of answers can be found in table 7.2.
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IMPACT HTA -Communities, Threshold = 0

(a) Aspect 4.
IMPACT HTA -Communities, Threshold = 0

(b) Aspect 5.

IMPACT HTA -Communities, Threshold = 0

(c) Aspect 6.
IMPACT HTA -Communities, Threshold = 0

(d) Aspect 1.

IMPACT HTA -Communities, Threshold = 0

(e) Aspect 11.
IMPACT HTA -Communities, Threshold = 0

(f) Aspect 2, with ”neutral” and ”no answer” groups consid-

ered separately.

IMPACT HTA -Communities, Threshold = 0

(g) Aspect 2, with ”neutral” and ”no answer” groups con-

sidered as one.

Figure 7.2: Communities’ representation regarding IMPACT-HTA’s aspects 4, 5, 6, 1, 11 and 2. Different nodes’
colours represent different communities.
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For aspect 4, since all stakeholders agree with each other, only one community is detected, with its

nodes in purple. Concerning the distribution of answers per group, per community, shown in table 7.2,

since all stakeholders answered” Strongly agree” or” Agree”, 100% of the answers in the community

are from the agreement group. For aspects 5 and 6, the algorithm finds two communities. The first

one, represented in purple, corresponds to the stakeholders who gave ”Agree” answers. The second,

represented in yellow, contains the isolated nodes from the ”Neutral” group, as indicated in table 7.2.

Regarding aspects 1 and 11, three communities (purple, yellow, and blue) were found since no answers

from the ”No answer” group were given. However, for aspect 1, most stakeholders belong to the same

community, the ”Agree” group. Contrarily, for aspect 11, the distribution per community is much more bal-

anced among communities, with the three groups presenting similar numbers of members. This means

that opinions were more diverse for the aspect of ”Medicine’s mechanism of action”, and stakeholders

were more divided. Interestingly, the majority of answers (C1), was from the ”Neutral” group, supporting

the indecision regarding this aspect, as shown in table 7.2.

Table 7.2: Topology analysis of communities and distribution of answers, per group, per community regarding
IMPACT-HTA’s aspects 4, 5, 6, 1, 11 and 2.

Aspect # Communities Part. Modularity Community # Elements % A % D % Ne % NA

Aspect 4 1 0.000 0 C1 153 100 0 0 0

Aspect 5 2 0.000 0 C1 152 100 0 0 0

C2 1 0 0 100 0

Aspect 6 2 0.000 2 C1 151 100 0 0 0

C2 2 0 0 100 0

Aspect 1 3 0.005 0 C1 142 100 0 0 0

C2 6 0 0 100 0

C3 5 0 100 0 0

Aspect 11 3 0.627 7 C1 60 0 0 100 0

C2 55 100 0 0 0

C3 38 0 100 0 0

Aspect 2 (Different groups) 1 4 0.004 2 C1 141 100 0 0 0

C2 5 0 0 100 0

C3 5 0 100 0 0

C4 2 0 0 0 100

Aspect 2 (One group) 2 3 0.006 2 C1 141 100 0 0

C2 7 0 0 100

C3 5 0 100 0

1 ”Neutral” and ”no answer” groups as separate groups.
2 ”Neutral” and ”no answer” groups as one group.
3 The columns correspond to the percentage of answers belonging to the ”Agree” group (A), ”Disagree” group (D), ”Neutral” group

(Ne) and ”No answer” group (NA).

Finally, for item 2, three or four communities can be obtained, depending on how ”Neutral” and ”No

answer” groups are evaluated. For separate groups, one community for each group is obtained, meaning
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four communities. If ”Neutral” and ”No answer” groups are considered as one, individuals answering as

those groups are combined into one community, meaning that there are only 3.

About modularity, we can observe that the obtained values are all close to zero, except for aspect 11.

Regarding aspects 4 and 5, as explained in chapter 5, when there is a single community, the two parcels

of equation 5.3 cancel each other, and its value is zero. A value of 0 and the other values close to

0 represent the lack of community structure of the network, where stakeholders tend not to group in

defined and robust communities.

In contrast, for aspect 11, we observe that communities are well defined and have a balanced number

of stakeholders. The higher modularity of 0.6277, an excellent result for a real network, represents this

strong community structure.

Hence, in the context of Delphi networks, a lower value of modularity does not mean a poor Community

Detection algorithm performance. If all stakeholders agree, they should all be in the same community,

and therefore modularity is 0. That does not mean that the division does not represent reality. It just

means that all stakeholders gave similar answers, and there is a poor community structure. In summary,

in the context of this work, modularity reflects the variety of answers and how stakeholders tend to group

and is not a good measure for partition quality. Therefore, it should not be used to compare performance

results, including in the sensitivity analysis.

Network and communities measures

One of the properties we are interested in exploring in this type of network is the triadic closure prop-

erty from social networks. For that purpose, transitivity and clustering coefficient were measured. We

will now understand how those measures can be interpreted in this context, where edges represent

agreement. Results are presented in table 7.3.

Table 7.3: Transitivity and average clustering coefficient for IMPACT-HTA’s aspects 4, 5, 6, 1, 11 and 2.

Aspect Transitivity Average Clustering. Coefficient

Aspect 4 1.000 0 1.000 0

Aspect 5 1.000 0 0.993 5

Aspect 6 1.000 0 0.986 9

Aspect 1 1.000 0 1.000 0

Aspect 11 1.000 0 1.000 0

Aspect 2 (Different groups) 1 1.000 0 0.986 9

Aspect 2 (One group) 2 1.000 0 1.000 0

1 ”Neutral” and ”no answer” groups as separate groups.
2 ”Neutral” and ”no answer” groups as one group.

It is important to state that for the analysis of only one item, the transitivity is always 1. This happens
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because, for all communities with three or more individuals, all stakeholders share the same views and

thus will be connected, meaning that all triads are triangles. There are no triads for communities with

one or two stakeholders, so they do not enter the equation.

For the clustering coefficient, regarding aspect 4, since all stakeholders are connected, all the pairs of

neighbours are themselves, neighbours, justifying the value of 1. As stated in chapter 6, an isolated node

has a clustering coefficient of zero. This means that, for aspect 5, the average clustering coefficient is

given by (152×1)+(1×0)
153 = 0.9935 and for aspect 6 (151×1)+(2×0)

153 = 0.9869. In fact, the clustering coefficient

in the case of aspect-level analysis is different from 1 only if there is a community with less than three

elements, as it happens for aspects 5, 6, and 2 (when considering the four groups).

This property is likely verified for the aspect level. Thus, this analysis is not much insightful. Since all

stakeholders with similar views are in the same community and all linked, this property is always valid

unless the community has less than three individuals. Thus, here, we only want to understand how these

measures are calculated, and later we will explore it when considering more aspects.

In general, we were able to understand how network-based data from Delphi can be interpreted and, so

far, the aspect-level results are in concordance with what was expected and support the appropriateness

of NS and CD in the context of HTA Delphi. We will now present results considering all aspects. Since

we have data from three surveys, we can explore the suitability of this framework by assuring that the

general topology of networks is preserved for different datasets.

7.1.2 All aspects

Now that the representation of Delphi results using networks has been introduced and explained, we are

in an excellent position to explore results regarding complete networks for the three datasets - IMPACT-

HTA and MEDI-VALUE IMD and BBIVT. For the full network, the scores are not -1, 0 or 1 anymore.

As described before, the scores for each item are summed and divided by the number of items. Thus,

different threshold values are considered. Additionally, now, the results differ if we consider agreement

and conflict or only agreement.

Network topology

When analysing full networks’ visualisation, it is not as easy to understand the relations between stake-

holders, as before, at an aspect level. Starting with IMPACT-HTA, in the case where ”Neutral” and ”No

answer” groups are considered as separate, the topology analysis in table 7.4. The network representa-

tion, when considering agreement and disagreement, is presented in figure 7.3. The results are similar

when only agreement is considered, but with more edges being formed.
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Table 7.4: Topology analysis for the IMPACT-HTA network, with neutral and non-answer groups as separate groups.

Agreement and conflict Only agreement
Threshold value # Nodes # Edges Avg Deg Density # Nodes # Edges Avg Deg Density

0.4 153 9161 119.752 0.788 153 11102 145.124 0.955

0.5 153 7758 101.412 0.667 153 10177 133.033 0.875

0.6 153 6047 79.046 0.520 153 8459 110.575 0.727

0.7 153 2934 38.353 0.252 153 4342 56.758 0.373

0.8 153 1336 17.464 0.115 153 1789 23.386 0.154

IMPACT HTA - Network, Threshold = 0.4

Healthcare Professionals
HTA
Patients & Carers
Industry
Payers
Scientific Experts

(a) Threshold = 0.4.

IMPACT HTA - Network, Threshold = 0.5

Healthcare Professionals
HTA
Patients & Carers
Industry
Payers
Scientific Experts

(b) Threshold = 0.5.
IMPACT HTA - Network, Threshold = 0.6

Healthcare Professionals
HTA
Patients & Carers
Industry
Payers
Scientific Experts

(c) Threshold = 0.6.
IMPACT HTA - Network, Threshold = 0.7

Healthcare Professionals
HTA
Patients & Carers
Industry
Payers
Scientific Experts

(d) Threshold = 0.7.

IMPACT HTA - Network, Threshold = 0.8

Healthcare Professionals
HTA
Patients & Carers
Industry
Payers
Scientific Experts

(e) Threshold = 0.8.

Figure 7.3: Full representation of the IMPACT-HTA network, when the ”Neutral” and ”No answer” are considered as
separate groups, considering both agreement and conflict, for the five threshold values.

What is possible to observe is that, as expected, the higher the threshold value, the fewer edges are

established. In other words, the higher we define the minimum value for agreement, the hardest it is to

achieve agreement and to connect two stakeholders. For this reason, the higher the value, the lower

the number of edges, the average degree, and the density. In figure 7.3 we can observe that, for higher

values, more individuals are isolated, not connected to any other individuals.
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Another important aspect is related to the consideration of agreement and conflict or only agreement.

When only agreement is considered, stakeholders giving opposite answers in certain aspects are not

penalised. For that reason, only the agreement is summed, and the final score is higher. That means

that it is easier to reach and stay above the threshold. Once again, the higher the threshold, the lower

the number of edges, the average degree, and the density. However, these values are higher when

compared to the case where conflict is subtracted from the agreement.

This logic also applies to the results considering ”Neutral” and ”No answer” groups as one. However,

when these groups are considered one, a stakeholder answering ”Neither agree nor disagree” agrees

with a stakeholder saying ”Don’t know/don’t want to answer”. Consequently, there are more scenarios

where individuals agree with each other, and therefore the scores are higher. Thus, the results for

IMPACT-HTA, when considering these groups as one, reflect the previously rational. Once again, higher

threshold values lead to a lower number of edges, average degree, and density. The logic for agreement

and conflict consideration repeats, and, as expected, the overall values are slightly higher than the

previous ones, where ”Neutral” and ”No answer” groups were considered separately.

Results for both MEDI-VALUE’s datasets reflect the same rationale, as shown for the IMD network in

table 7.5 and for the BBIVT network in table 7.6 . Keep in mind that for MEDI-VALUE, no sensitivity

analysis for ”Neutral” and ”No answer” group was performed, since there is no ”Neutral” group.

Table 7.5: Topology analysis regarding the Implantable Medical Devices network, from MEDI-VALUE.

Agreement and conflict Only agreement
Threshold value # Nodes # Edges Avg Deg Density # Nodes # Edges Avg Deg Density

0.4 134 7334 109.463 0.823 134 7660 114.328 0.860

0.5 134 6068 90.567 0.681 134 6793 101.388 0.762

0.6 134 4523 67.508 0.508 134 5144 76.776 0.577

0.7 134 2930 43.731 0.329 134 3245 48.433 0.364

0.8 134 1081 16.134 0.121 134 1163 17.358 0.131

Table 7.6: Topology analysis regarding the Biomarkers-based in vitro Tests network, from MEDI-VALUE.

Agreement and conflict Only agreement
Threshold value # Nodes # Edges Avg Deg Density # Nodes # Edges Avg Deg Density

0.4 134 6017 89.806 0.675 134 6785 101.269 0.761

0.5 134 4997 74.582 0.561 134 5717 85.328 0.642

0.6 134 3891 58.075 0.437 134 4491 67.030 0.504

0.7 134 2780 41.493 0.312 134 3098 46.239 0.348

0.8 134 1316 19.642 0.148 134 1430 21.343 0.160

By analysing results from the three datasets, we understand two things. First, the results vary across

datasets. Second, these variations are minor.

On the one hand, paying close attention to tables 7.4, 7.5 and 7.6, it is possible to understand that there
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are small changes in the values obtained. In general, the results are higher for the IMPACT-HTA network

and lower for MEDI-VALUE. Additionally, for both MEDI-VALUE datasets, the results also vary. Not only

the results are slightly different for different questionnaire setups (IMPACT-HTA and MEDI-VALUE), but

the same people answering the same survey for different health technologies gave different answers.

This finding can either mean that the context of the project influences the results or that people did not

answer the surveys carefully, easily changing responses.

On the other hand, it is possible to understand that, even though some variations occur, the results

regarding topology are much similar. For the three datasets, where a similar number of stakeholders took

part, the number of edges, the average degree, and density are, in general, similar and vary in the same

way, regarding the variations of threshold values and considering conflict or not. This discovery matters

because it shows that, for similar setups but different participants in the surveys, different questions, and

different scales, the topology of networks is similar, supporting the appropriate use of NS in this context.

Otherwise, we could be dealing with arbitrary results.

Communities topology

We now explore the topology of communities. Results regarding IMPACT-HTA are presented in table

7.7, Implantable Medical Devices in table 7.8 and Biomarkers-based in vitro Tests in table 7.9.

Table 7.7: Communities’ topology for IMPACT-HTA, with neutral and non-answer groups as separate groups.

Agreement and conflict Only agreement
Threshold value # Communities Partition Modularity # Communities Partition Modularity

0.4 3 0.046 3 3 0.021 4

0.5 4 0.057 5 3 0.028 1

0.6 10 0.071 1 3 0.039 9

0.7 25 0.129 1 14 0.091 7

0.8 48 0.165 2 31 0.159 6

Table 7.8: Communities’ topology regarding the IMD network, from MEDI-VALUE.

Agreement and conflict Only agreement
Threshold value # Communities Partition Modularity # Communities Partition Modularity

0.4 3 0.047 1 3 0.036 5

0.5 3 0.067 4 3 0.049 7

0.6 6 0.092 3 5 0.071 2

0.7 14 0.116 6 10 0.105 3

0.8 40 0.180 6 39 0.152 4

The results obtained are in harmony with the ones from the networks’ topology. The higher the threshold

value used, the higher the number of communities found. Again, this is justified because, for higher

threshold values, a pair of stakeholders need to concordance in more items (and disagree in fewer items

if the conflict is considered) for a connection to be made. Moreover, when only agreement is considered,
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it is easier to establish edges since disagreement is not penalised. For this reason, fewer communities

are found when compared to the case where the conflict is penalized.

Table 7.9: Topology analysis regarding the BBIVT network, from MEDI-VALUE.

Agreement and conflict Only agreement
Threshold value # Communities Partition Modularity # Communities Partition Modularity

0.4 3 0.077 8 3 0.064 5

0.5 8 0.092 1 3 0.079 8

0.6 10 0.115 3 7 0.103 5

0.7 17 0.131 5 13 0.131 9

0.8 46 0.223 5 43 0.203 4

As mentioned before, for the IMPACT-HTA project, when the ”Neutral” and ”No answer” groups are

analysed as one, it is also easier to achieve a higher agreement score. For higher threshold values, few

isolated stakeholders were obtained, and thus slightly fewer communities were found.

One notable result is that the number of communities for a threshold value of 0.4 is always the same

- 3. This outcome suggests that there are three main communities and that others emerge for higher

threshold values when more constraints for agreement are applied. The higher the threshold value, the

more different the results are. For high threshold values, the results are volatile.

Regarding modularity, as mentioned before, it does not necessarily provide a quality measure but instead

informs us on how strong communities are. For that reason, we can observe the modularity increasing

with the increase of threshold values since more communities are being formed. However, the modularity

values are relatively close to zero. It is not easy to achieve high modularity values for real networks.

When analysing the quality of a partition, more exciting measures can be used, such as the number of

communities found and the average degree.

In general, with some minor variations, different datasets from the same type lead to similar results. This

finding is relevant since that it supports the hypothesis that there is a typical structure for ”agreement

networks” and that NS and CD tools are appropriate for this context. After validating our approach, we

are in a position where we can analyse the results aiming to obtain fresh information about stakeholders’

opinions and relationships.

7.2 Choice of conditions

Before going any further, we discuss the sensitivity analysis results and choose further conditions.

Since there are no significant differences or benefits for considering ”Neutral” and ”No answer” groups

as one, and no evidence of the similarity of these answers in the literature, further analysis will be made

considering those groups as separate, maintaining their original differences.
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Regarding the consideration of conflict or not, we observe that the results change. When conflict is

subtracted from the agreement, the situation of stakeholders having opposed views is penalised. This

strategy reduces the number of edges and, therefore, the average degree and density, reducing the

chances for establishing agreement, but it also seems more reasonable. This approach was the one

chosen by Buckton et al. (2019) and, since the overall topology is not changed, we believe that it is more

appropriate to reward agreement and penalise disagreement/conflict.

The threshold value decision is not straightforward. (Buckton et al., 2019) proposed a threshold value

of 0.4 to assure that only robust ties reflecting agreement would be considered. However, the context of

this work and the type of data are not the same. In Buckton et al.’s study, even though many newspaper

articles were analysed, the agreement was always regarding one main topic. In the end, the authors

expected to find two communities - one for the sceptics and one for supporters. In this work, communities

do not necessarily match one type of answer. In a given community, stakeholders can agree but find

some aspects relevant and others irrelevant. What is relevant is if a pattern of agreement is shared with

other individuals and whom. For that reason, more diversity is expected to be found.

In stage 2, we analyse results from groups of related aspects and all aspects. For both cases, it is ob-

served that, for high threshold values, several stakeholders become isolated or take part in communities

with few people because they cannot reach the threshold and agree with anybody. This can be observed

in tables C.4, C.5 and C.6, for the groups of aspects and in tables 7.7, 7.8 and 7.9 for all aspects. How-

ever, for low threshold values, the average degree is too high (close to the total number of participants),

meaning that people are too connected, and the graph is close to a fully connected network. Notice

tables C.1, C.2 and C.3 for the groups of aspects and 7.4, 7.5 and 7.6 for all aspects. Thus, we want to

find a balance between too many and too few communities. This balance is associated with a reason-

able average degree number. We want it not to be too close to the total number of participants (when

they are all connected) but also not too low (almost no one is connected).

We consider that a threshold of 0.6 provides a reasonable average degree number, not too low nor too

high, for all groups of aspects and all aspects and a reasonable number of communities.

7.3 Research stage 2 - Information extracted for groups of aspects

We now explore which additional information concerning stakeholders’ views can be extracted. Remem-

ber that at this stage, the questions to be answered are ”What characterises the obtained communities?”,

”Is there a clear division between communities?” and ”Is the triadic closure property also verified in this

context?”. We first consider the groups of related aspects, found in appendix A, and then all aspects.

When applying CD tools, we are interested in strong communities. Although the algorithm finds them,

we are not concerned about clusters with few individuals. For further analysis, we only consider the

main communities with a considerable number of stakeholders.
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For the sake of simplicity, because it would be too exhaustive to present results from the three datasets,

the discussion will now focus on MEDI-VALUE’s results. IMPACT-HTA analysis led to similar conclusions.

We invite the reader to consult appendix C for the complete results regarding groups of aspects.

7.3.1 ”What characterises the obtained communities?”

Initially, we want to understand what characterises communities. It is normally expected that similar

stakeholders have similar opinions, so Delphi results are usually analysed based on groups of stake-

holders’ types. Thus, we want to investigate if the communities match these original groups. If not,

our framework adds value to Delphi surveys’ analysis since, contrarily to what is usually done, it starts

with no pre-defined groups and instead investigates which clusters emerge. Furthermore, if the type of

stakeholders does not characterise communities, we want to understand what characterises them.

We start by examining the degree distribution. In general, the results suggest that similar stakeholders

do not necessarily share similar views. As an example, results from MEDI-VALUE, IMD, Group A are

shown in figure 7.4. Similar distributions were observed for other groups of aspects.
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Figure 7.4: Degree distribution regarding IMD from MEDI-VALUE, for Group A of aspects - ”Value for the patient”.

Note that the edges’ weight is not considered. Therefore, all weights are set to 1, with degree represent-
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ing the number of a node’s neighbours, i.e., other stakeholders sharing similar views.

Overall, histograms have several bars representing a heterogeneity degree within groups. This finding

suggests that stakeholders from the same type are connected to different people, i.e., agree with people

in different patterns. There are indeed some variations, but they are small and justified. For example,

patients and citizens’ histograms have fewer bars, meaning they have more similar views within their

group. This outcome is probably related to the scope of the aspect - ”Value for the patient”. However, in

general, there seems to be a diversity of degree distribution per stakeholder type for all aspects.

Considering the attribute assortativity coefficient, as shown in table C.7 in appendix C, for all groups, the

values are close to zero. Hence, there is no higher likelihood for similar stakeholders, concerning their

type, to be connected, meaning agree with each, than they would randomly. These findings support the

degree distribution conclusions - opinions do not seem to be defined by stakeholder type.

Regarding the distribution of stakeholders per community, looking at tables C.8 and C.9 in appendix C,

in general, stakeholders are widely distributed across communities. In addition, when a given type of

stakeholder is concentrated in a community, it is usually because all stakeholders are and not because

there is a specific match between stakeholder groups and the obtained communities. That would be the

cause if, for instance, stakeholders from the same type were all in the same community.

Nevertheless, there are some differences for both groups of aspects and types of stakeholders. For

instance, in MEDI-VALUE, for group F, most stakeholders are in community 1, and for group C, opinions

are more diverse, and stakeholders are more diffused. For both cases, this distribution is independent

of the type. However, the content being discussed in the aspects influences opinions. Aspects reflecting

more straightforward topics generate less diversity of opinions, and thus stakeholders are, overall, placed

in the same community. Aspects concerning more conflictive topics lead to more mixed results with a

broader distribution of stakeholders per community.

There are also some differences between the two MEDI-VALUE datasets. For example, for aspect I,

BBIVT industry stakeholders were more condensed in community 1 than in IMD, and healthcare profes-

sionals were more dispersed. These differences are not colossal, but they exist. We want to remind the

reader of two main aspects which can be behind these variances. First, it is normal that the context of the

survey influences results. As mentioned by Polisena et al. (2018), there are differences between drug

therapies and medical devices impacting HTA. Therefore it is normal that differences exist for BBIVT and

IMD. Second, although we count with a considerable number of participants in the survey, we are deal-

ing with dozens of individuals who are not equally distributed between stakeholders groups. Thus, minor

variations in opinions in one group corresponding to a few individuals might be perceived as greater.

We will now analyse groups of similar aspects in more detail, using tools that allow us to characterise

each community based on the answers given. However, there seems to be true that there is no sig-

nificant match between stakeholder types and communities. Indeed, occasionally similar people think

more similarly, but that is not the general rule. Sometimes a type of stakeholder is condensed in one
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community, but that is usually because all stakeholders are more located in that community, regardless

of their type than stakeholders having opinions influenced by their type.

MEDI-VALUE, Group A - ”Value for the patient”

Figure 7.5 presents a multipartite network for the MEDI-VALUE’s group A, ”Value for the patient”, show-

ing the distribution of answers across the main communities and stakeholder groups. Figures 7.6 (a)

and (b) present the composition of each community for both types of stakeholders and answers.
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Figure 7.5: Multipartite network, regarding MEDI-VALUE’s Group A - ”Value for the patient” (IMD), showing the
distribution of answers across communities and stakeholder groups. The value in each line corresponds to the total
number of answers, not stakeholders. Note that Group A comprises 4 aspects. The communities do not match
stakeholders groups.
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(a) Stakeholder types’ distribution.
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(b) Type of answers’ distribution

Figure 7.6: Distribution of stakeholders’ type and answers, per community, regarding MEDI-VALUE’s Group A -
”Value for the patient” (IMD). In (a) numbers regard stakeholders and in (b) answers. Stakeholders are widely
distributed across the three communities. Community 1 is characterised by ”Critical” or ”Fundamental” answers.
Community 2 is more diverse but still characterised by ”Critical” or ”Fundamental”. Community 3 only has ”Don’t
know/don’t want to answer” responses.

These visualisation tools allow the reader to verify that no match exists between the communities and

stakeholder groups. That can be observed by comparing the lines in the left and right side in figure 7.5

or looking at figure 7.6 (a). The majority of stakeholders belong to community 1, meaning that similar
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stakeholders gave similar answers, not because of their type but because the majority of all stakeholders

gave similar answers (”Critical” or ”Fundamental”).

In figures 7.5 and 7.6 (b) we observe that community 1 has mainly individuals who answered ”Critical”

or ”Fundamental”, and a few ”Complementary”. Community 2 is more diverse but still characterised by

”Critical” or ”Fundamental”, and community 3 only has ”Don’t know/don’t want to answer” responses.

In general, considering MEDI-VALUE’s Group A (IMD), communities are not characterised by stake-

holders’ type. Instead, the three main communities that emerge can be divided into types of answers.

Communities 1 and 2 are characterised by ”Critical” or ”Fundamental” answers, with 2 being more di-

verse, and community 3 by ”Don’t know/don’t want to answer ”. Remember that aspects from Group A

are related to the value of the technology to the patient. Thus, it is interesting to notice that, as expected,

the majority of patients and citizens answered ”Critical” or ”Fundamental”, a few ”Complementary” an-

swers were given, and none ”Irrelevant” or ”Don’t know/don’t want to answer”.

These representations help us understand if stakeholders’ types influence opinions, but they can also

help decision-makers. This new visual representation of stakeholders’ views allows to better visualise

each stakeholder’s opinions and how groups of opinions are defined. For example, for this specific

group of aspects, decision-makers can easily observe that, overall, most of the participants believe that

the aspects should be included in IMD evaluation. Additionally, they can easily understand who is more

likely not to answer (mainly healthcare professionals, industry and BPA) and who has a stronger opinion

for the inclusion (patients and citizens). This way, by making these representations part of the report

used for the discussion of Delphi results, the following steps may be easier to define and implement.

As previously discussed, IMD and BBIVT are extremely different, and the relevance of the aspects to

consider for both is, sometimes, different. Since participants are the same and answered both surveys

at close points in time, we now compare the results from Implantable Medical Devices with the ones

from the Biomarkers-based in vitro Tests. Results regarding the latter are presented in figures C.1 and

7.8. This information can inform us on the relevance of the type of health technology.

The influence of the technology being evaluated is indeed significant, and results vary across IMD and

BBIVT. For BBIVT, stakeholders were found to be more scattered across communities, and there were

patients or citizens classifying aspects as ”Irrelevant” and ”Don’t know/don’t want to answer”. For this

reason, as shown in figure 7.8 (b), a fourth community appears, characterised by the ”Irrelevant” answer.

Again, communities are not characterised by the type of stakeholders. Similar individuals are scattered,

and there is no match between groups and communities. Instead, as in IMD, communities are defined

by the type of answers. However, these communities are different for both datasets.

These differences are likely due to the importance of the context of the questions. However, it can

also be associated with people not having strong opinions and changing them from context to context

or purely mistakes when answering the survey. The latter could explain why there were patients or

citizens classifying aspects as ”Irrelevant” and ”Don’t know/don’t want to answer”, answers that were
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less expected since this group is related to the value for the patient.
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Figure 7.7: Multipartite network, regarding MEDI-VALUE’s Group A - ”Value for the patient” (BBIVT), showing the
distribution of answers across communities and stakeholder groups. The value in each line corresponds to the total
number of answers, not stakeholders. Note that Group A comprises 4 aspects. The communities do not match
stakeholders groups.
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(a) Stakeholder types’ distribution.
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(b) Type of answers’ distribution

Figure 7.8: Distribution of stakeholders’ type and answers, per community, regarding MEDI-VALUE’s Group A -
”Value for the patient” (BBIVT). In (a) numbers regard stakeholders and in (b) answers. Stakeholders are widely
distributed across the four communities. Community 1 is characterised by ”Critical” or ”Fundamental” answers.
Community 2 is more diverse but still characterised by ”Critical” or ”Fundamental”. Community 3 is characterised by
”Don’t know/don’t want to answer” answers and community 4, although more diversified, by ”Irrelevant” responses.

Finally, once again, people tend to find the aspects as ”Critical” or ”Fundamental”. Even though there

were some variations, there is a tendency for stakeholders to find the aspects highly relevant. This can

be observed by the width of the lines on the right side of the figure C.1.

MEDI-VALUE, Group H - ”Societal context of the adoption of the medical device”

We now explore a less specific group related to the ”Societal context of the adoption of the medical

device”. When the discussion concerns value for the patient, opinions are somewhat straight, and

people express similar views even if with some differences. However, for less simple aspects, as Group

H’s, the opinions are more diverse. Notice figures 7.9 and 7.10. Diversity can be observed by the smaller

difference between the lines’ width in figure 7.9 and by communities’ composition, in figure 7.10 (b).
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Therefore, these representations can easily and quickly inform decision-makers on how dispersed and

varied opinions are and how easy it can be to achieve a consensus on the considered aspects’ inclusion.
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Figure 7.9: Multipartite network, regarding MEDI-VALUE’s Group H - ”Societal context of the adoption of the medical
device” (IMD), showing the distribution of answers across communities and stakeholder groups. The value in each
line corresponds to the total number of answers, not stakeholders. Note that Group H comprises 3 aspects. The
communities do not match stakeholders groups.
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(a) Stakeholder types’ distribution.
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(b) Type of answers’ distribution

Figure 7.10: Distribution of stakeholders’ type and answers, per community, regarding MEDI-VALUE’s Group H
- ”Societal context of the adoption of the medical device” (IMD). In (a) numbers regard stakeholders and in (b)
answers. Stakeholders are widely distributed across the four communities. Communities 1 and 2 are characterised
by ”Critical” or ”Fundamental” answers, with the second presenting more diversity of answers. Community 3 is
characterised by ”Complementary” answers and community 4 by ”Don’t know/don’t want to answer”.

It is interesting to notice that communities are once again not defined by stakeholders’ type. Additionally,

communities can be considered characterised by the type of answers given, but with more diversity

within clusters, indicating different opinions for related aspects. However, a new community is found for

this group, characterised by the ”Complementary” answer.

In conclusion, the results support the hypothesis that communities are not defined by stakeholders’ type,

suggesting that, although with some exceptions, when analysing Delphi results, decision-makers should

address stakeholders not by type but as a whole.

Furthermore, opinions vary depending on the groups of aspects being evaluated. Some are more

conflict-free and lead to less diversity of opinions, and others are more controversial. These findings are

corroborated when looking at results related to the patient and healthcare professional’s safety (Group
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B) shown in figures C.1 and C.2 and the ones involving involving the aspects related to costs (Group

D) displayed in figures C.3 and C.4. For a simple topic such as safety, low heterogeneity of opinions is

observed. In contrast, probably because cost-related aspects’ relevance is not so straightforward, more

opinions are diverse. These differences can be easily recognised with these representations.

Communities seem to be characterised by types of answers, but depending on the groups. Thus,

decision-makers should discuss aspects group by group. Finally, individuals tend to be located in one

leading community, characterised by ”Critical” or ”Fundamental”, and the health technology being eval-

uated strongly influences results.

7.3.2 ”Is there a clear division between communities?”

We now discuss the division of communities. When we talk about a clear division of communities, we

mean if stakeholders have explicit, distinct opinions or agree with stakeholders from other communities.

One major problem is that the answer heavily depends on the threshold value used and the number of

evaluated aspects. First, the smaller the threshold value, the easier it is to consider an agreement and

the higher the number of inter-community edges, meaning that communities are less defined. Second,

when few aspects are considered, communities are more defined because there are fewer possible

scores. However, when there are more aspects in the game, there is an increased probability of opinions

being more diverse and more inter-community edges appearing. For that reason, as shown in tables

C.10, C.11 and C.12, the groups which have only 2 aspects (C and D for MEDI-VALUE) have no inter-

community edges, and therefore the inter/intra ration is always zero. It is possible that threshold values

should be adapted to the number of aspects or that all groups should have the same number of aspects.

Aside from these caveats, generally, communities seem not to be well defined. On the one hand, when

the inter/intra ratio is higher than 0 but smaller than 1, it is because there is a considerable number of

inter-community edges. This means that many stakeholders agree with people from other communities,

indicating a likelihood of a change of opinion or reaching a consensus. These are good news for the

goal of achieving consensus in HTA. On the other hand, there are communities presenting ratio values

much higher than 1. This can be good news, indicating that those communities are ”weak” and their

individuals are much more likely to change opinions and move to another community, but unfortunately,

it can also indicate that the partition is not so good. Note that the weight of the edges should not be

forgotten. Although we do not explore it deeply, not all edges represent the same strength of agreement.

7.3.3 ”Is the triadic closure property also verified in this context?”

Looking at table C.13, in appendix C, it is possible to notice that, for the majority of the groups of aspects,

both transitivity and clustering coefficient values are close to 1.
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Results from Group E (MEDI-VALUE) outstand from others, with values around 0.6. For this group,

a higher diversity of answers and a considerable number of extra-community edges were observed.

Despite some exceptions, since they do not represent the groups’ majority, we can conclude that, in

general, the triadic closure property of social networks is also verified in these ”agreement networks”.

This finding is notable for two main reasons. First, it defines a property of this type of network, supporting

the hypothesis that it is similar to social networks. Second, it describes a social behaviour highly relevant

for the achievement of consensus. One way of interpreting this property in social networks is, quoting

Aalabaf-Sabaghi, ”if two people in a social network have a friend in common, then there is an increased

likelihood that they will become friends themselves at some point in the future”. Being also verified in

”agreement networks”, we can infer that, if two stakeholders both agree with a third stakeholder, there

is an increased likelihood that they will agree in the future. This property can be pivotal to describe the

importance of common agreements and the change of opinion based on other peoples’ views.

7.4 Research stage 2 - Information extracted for all aspects

Up until now, we have been exploring groups of related aspects. We are now engaged in understanding if

conclusions are preserved when all aspects’ responses are used. As before, only relevant communities

are considered for the analysis, i.e., communities composed by a few individuals are not discussed.

7.4.1 ”What characterises the obtained communities?”

Figure 7.11 compares the degree distribution for different types of stakeholders and table 7.10 informs

the reader about the distribution of stakeholders across the main communities.

Overall, with some expected differences between BBIVT and IMD, all types present a heterogeneous

degree distribution, showing the different agreement relations established within groups. For instance,

there is a wider distribution per community for BPA compared to the industry. This is reflected in his-

tograms in figure 7.11. The more varied the distribution per community, the more different degree values

there are and, therefore, the more the bars in histograms. However, in general, similarly to the groups

of aspects’ observations, there is a diverse distribution of degrees. Similar stakeholders do not seem to

agree with the same people. These results were similar for the other groups and IMPACT-HTA, consid-

ering its groups.

Moreover, as a general rule, stakeholders are spread across different communities. Once more, one

can observe that results are significantly different for IMD and BBIVT, suggesting that the context of

the Delphi survey strongly influences the results. One can also observe that when all aspects are

considered, similar stakeholders seem to show more similar agreement patterns, especially looking at
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the results of patients and citizens from IMD and industry from BBIVT. However, one should be careful

to notice that four principal communities were found for IMD and only three for BBIVT. In addition, there

are fewer industry and patient and citizen stakeholders, which can lead to more different results for these

groups. Since the total number of participants is relatively low, few changes of opinion can seem higher.

In conclusion, these differences represent few individuals.
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(c) MEDI-VALUE BBIVT, BPA
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Figure 7.11: Degree distribution, regarding MEDI-VALUE (IMD and BBIVT networks). Degree distributions of Buy-
ers, Policymakers and Academics and Industry (I) were compared. A diverse degree distribution is observed.

Table 7.10: Distribution of answers, per group, per community (C), regarding MEDI-VALUE’s full networks.1

Dataset C % HPro % BPA % PC % I

MEDI-VALUE - Implantable Medical Devices C1 45.0 38.7 53.6 26.7

C2 30.0 25.8 21.4 26.7

C3 16.7 25.8 25.0 26.7

C4 6.7 9.7 0 13.3

MEDI-VALUE - Biomarkers-based in vitro Tests C1 50.0 35.5 39.3 73.3

C2 36.7 38.7 46.4 6.7

C3 10.0 16.1 10.7 13.3

1 The columns represent the percentage, in each community, of each stakeholder type - Health-

care Professionals, Buyers, Policymakers and Academics, Patients and citizens (PC) and In-

dustry (I).
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Table 7.11: Attribute assortativity coefficient regarding MEDI-VALUE’s full networks.

Dataset Attribute assortativity coefficient

MEDI-VALUE - Implantable Medical Devices −0.005 574 452

MEDI-VALUE - Biomarkers-based in vitro Tests −0.014 867 320

Regarding the assortativity coefficient, the values are close to zero, as shown in table 7.11. These

results suggest, once again, that there is no particular tendency for similar stakeholders to agree more

with each other. The relation is instead similar to random. Similar results were found for IMPACT-HTA.

We now focus on results from the main communities of the MEDI-VALUE IMD dataset in more detail.

The distribution of answers across comunities and groups is shown in figure 7.12 and communities’

composition in figure 7.13.
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Figure 7.12: Multipartite network, regarding all MEDI-VALUE’s aspects (IMD), showing the distribution of answers
across communities and stakeholder groups. The value in each line corresponds to the total number of answers,
not stakeholders. Note that 34 aspects are considered. The communities do not match stakeholders groups.
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(a) Stakeholder types’ distribution.
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(b) Type of answers’ distribution

Figure 7.13: Distribution of stakeholders’ type and answers, per community, regarding all MEDI-VALUE’s aspects
(IMD). In (a) numbers regard stakeholders and in (b) answers. Stakeholders are widely distributed across the four
communities. Communities 1, 2 and 3 are characterised by ”Critical” or ”Fundamental” answers. Community 4 is
characterised by ”Don’t know/don’t want to answer” responses.

These representations were found relevant when analysing groups of aspects and also add value here.

Opinions are quite diverse, as shown in figure 7.12 and communities composed by a diversity of stake-
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holders, as shown in figure 7.13 (a). These representations allow us to understand that stakeholders

are, once again, quite spread across communities and the patient and citizen behaviour previously noted

in 7.10 is not particularly observed.

Again, looking at the width of the lines on the right side of the figure 7.12 and also by the fact that three

of the four central communities are characterised by ”Critical” or ”Fundamental” answers, we can verify

that people tend to find aspects relevant. Thus, the distribution of stakeholders per community usually

does not depend on their type. The majority have similar opinions, regardless of the type.

This diversity of composition of communities is also observed for the other two datasets. However, there

is no direct relation between the main communities. For example, for both MEDI-VALUE datasets the

results are slight different. We invite the reader to compare IMD and BBIVT results, the latter presented

in figures 7.14 and 7.15.
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Figure 7.14: Multipartite network, regarding all MEDI-VALUE’s aspects (BBIVT), showing the distribution of answers
across communities and stakeholder groups. The value in each line corresponds to the total number of answers,
not stakeholders. Note that 34 aspects are considered. The communities do not match stakeholders groups.
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Figure 7.15: Distribution of stakeholders’ type and answers, per community, regarding all MEDI-VALUE’s aspects
(BBIVT). In (a) numbers regard stakeholders and in (b) answers. Stakeholders are widely distributed across the
three communities. Communities 1 and 2 are characterised by ”Critical” or ”Fundamental” answers. Community 3
is characterised by ”Don’t know/don’t want to answer” responses.

The main findings are the same, but for BBIVT there are only three main communities. If a parallelism

is made, communities 2 and 3 from IMD probably correspond to BBIVT’s community 2. However, it is
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possible to understand that even though stakeholders’ type does not characterise communities, they are

also not characterised by specific answers. They depend on the aspects and dataset.

We want to remind the reader of the nature of the projects. On the one hand, for groups of related

aspects, it is expected that people have similar opinions regarding those aspects. For example, if one

stakeholder finds one aspect ”Irrelevant”, it is expected for him/her to share a similar opinion for the

other aspects of the group. Thus, opinions will be likely ”polarised” for the types of answers for a group

of aspects. On the other hand, for all aspects, people can have more diverse opinions. Stakeholders

from the same community sharing similar views may find some aspects relevant, but not others, meaning

that clusters are more likely to be characterised by patterns of answers. Overall, what matters is not only

the type of answer but also which aspect the response regards.

In conclusion, observations suggest that it is more beneficial for decision-makers to analyse specific

aspects or groups of related aspects and not all at once. The analysis of the responses regarding all

aspects simultaneously is not as representative and insightful as for groups.

Altogether, the results from all three measures, i.e., the distribution of stakeholders, the degree distri-

bution and the assortativity coefficient, suggest no particular match between the obtained communities

and stakeholders’ groups. Communities seem to be defined by patterns of answers.

7.4.2 ”Is there a clear division between communities?”

The same measures used for aspects’ groups were employed to understand if there is a clear division

between communities for all aspects. If this division is unclear, many stakeholders agree with individuals

from other clusters, suggesting a higher susceptibility for changes of opinion and possible achieving

consensus. Table 7.12 presents a detailed analysis of the main MEDI-VALUE’s communities’ edges.

For the IMD network, there is, in general, a much higher number of edges between different communities

(inter) than within (intra). Only community 4, characterised by the ”Don’t know/don’t want to answer”

option, is well defined. This suggests that communities 1, 2 and 3 are not firmly defined, and their

individuals largely agree with each other. For BBIVT, not only the ”Don’t know/don’t want to answer”

community is well defined (community 3), but community 1, characterised by ”Critical” or ”Fundamental”

answers, seems to be more clearly defined but still having connections with other communities.

It is not surprising that the ”Don’t know/don’t want to answer” communities are more isolated since they

concern people with no defined opinions. Overall, the external ratios are mainly higher than 1, which

may not be ideal since there are more edges between communities than within. However, it can also

suggest that stakeholders easily and commonly agree at some point in the surveys.

These findings suggest that communities are not clearly defined and that several stakeholders agree with

individuals from other communities. This means that, in general, people tend to have similar opinions
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at a given point, which can be good news for the achievement of consensus. However, this conclusion

should be made carefully since numerous aspects are being considered and, therefore, there are several

combinations of relationships between stakeholders. Analysis of groups of aspects appears to be more

insightful. Results for IMPACT-HTA were similar.

Table 7.12: Intra and inter-community edges evaluation regarding MEDI-VALUE’s datasets, for each community C.1

Dataset C # Intra C E # Inter C E Ratio Coverage (%)

MEDI-VALUE - IMD Total 2215 4616 2.084 -

C1 1555 1945 1.251 34.38

C2 363 1515 4.174 8.03

C3 261 1156 4.429 5.77

C4 36 0 0 0.80

MEDI-VALUE - BBIVT Total 2426 2930 1.208 -

C1 1802 1465 0.8129 46.31

C2 504 1465 2.907 12.95

C3 120 0 0 3.084

1 The columns represent, in the total network and each community, the number of intra-

community edges (# Intra C E), the number of inter-community edges (# Inter C E),

the ratio of inter/intra community edges (Ratio) and, finally, the coverage (Coverage) of

each community, in percentage. The latter is only calculated for communities.1

7.4.3 ”Is the triadic closure property also verified in this context?”

Finally, we want to double-check if the triadic closure principle applies to this type of network. The

average degree values are presented as a control group since these results are only valid if the average

degree is not too high, which is the case. Results are shown in table 7.13.

Looking at results regarding transitivity and average clustering coefficient, it is possible to notice that the

values are close to one. As explained before, this suggests that the triadic closure principle is verified.

Table 7.13: Transitivity, average clustering coefficient and average degree for MEDI-VALUE projects.

Dataset Transitivity Avg Clustering Coefficient Average Degree

MEDI-VALUE - Implantable Medical Devices 0.849 0 0.827 0 67.507 5

MEDI-VALUE - Biomarkers-based in vitro Tests 0.880 9 0.837 4 58.074 6

As mentioned throughout this chapter, results for IMPACT-HTA were similar, according to its groups of

aspects and scale used. Although the design of the surveys was distinct, the results were somewhat sim-

ilar and comparable, corroborating our framework. One particular difference between the two projects is

the use of one panel versus six panels, one for each stakeholder group. This significant difference did

not seem to produce different results. However, its major influence is probably related to a change of

opinions between rounds since it allows participants to interact with more people.
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Chapter 8

Conclusions and Future Work

8.1 Conclusions

We started by approaching the question, ”Are NS tools suitable for analysing Delphi results?”. We

verified that the conversion of Delphi-originated data into network-based data is in line with the expected

interpretation of the results. Additionally, we observed that networks and communities’ topology were

similar for both MEDI-VALUE and IMPACT-HTA projects. These findings suggest that the results for

similar surveys with different participants, questions, scales, and slightly distinct protocols follow a similar

structure. This way, we believe we were able to verify that NS and CD are indeed proper and promising to

be used to analyse HTA Delphi results, where nodes represent stakeholders and edges their agreement.

We implemented our framework for two HTA projects, yet its employment is promising for other datasets

and health contexts to explore stakeholders agreement networks.

Next, we explored the question ”What information regarding stakeholders’ views can be obtained?”.

Analysis of Delphi results is usually based on the analysis of stakeholder groups. Still, our framework

allowed us to verify that there is no significant match between stakeholder types and communities,

mainly characterised by the type and patterns of answers given. Usually, when a group of stakeholders

concentrated in one community, it was not because of their type but because the majority agreed. One

interesting detail is that there is a strong tendency for people to find all aspects highly relevant.

We were also able to use different tools for analysing and representing the results and understand

better the division and composition of communities, which are often not well defined. Results suggest

a poor strength of communities which might facilitate consensus in the future. The results and used

representations can serve decision-makers in conferences when discussing the inclusion of aspects.

Furthermore, we concluded that the triadic closure property of social networks is also verified in these

”agreement networks”, meaning that if two stakeholders both agree with a third stakeholder, there is an

increased likelihood that they will also agree in the future.
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An interesting, specific finding we were able to obtain concerns the context of the surveys. Although

the results were similar for the three datasets, there were differences between IMD and BBIVT results.

This finding suggests that the technology being evaluated influences the results. This is not unlikely

since IMD and BBIVT technologies are much different. It can also reveal that people do not participate

carefully and thus give different answers in different surveys for the same aspects.

8.2 Study Limitations

During this work, we validated our framework and obtained interesting information on stakeholders’

views and interactions. However, there are some important limitations associated with our work:

- We should not forget that the Delphi technique itself presents some caveats. The validity and ac-

curacy of this technique are often called into question, and we can never be sure that the answers

genuinely reflect participants’ opinions. For instance, people can make mistakes when selecting

an option or even get tired and answer without careful deliberation;

- Even though we did not use parametric tests, avoiding some setbacks, there are other scale-

related concerns. It is worrying that we can not be sure about the interpretation of neutral items.

Additionally, although aggregating items into groups facilitates the analysis of results, there is no

substantial evidence in the literature of the suitability of this grouping. The comparison of answers

and calculation of agreement scores is also poorly supported due to little related research. Overall,

the definition of the proximity of answers and agreement should be better defined;

- While exploring a new approach can be exciting, it can also be limited due to scarce related

research. Since there are no similar studies, our framework is limited in that sense, being harder

to evaluate its accuracy. Some results are challenging to analyse due to non-existent comparisons.

This issue also affects the analysis of the MEDI-VALUE scale, which is not found in the literature;

- The threshold value used strongly influences results. A poor choice can lead to poor results;

- Several tasks were performed manually, which makes the replication of the results more difficult

and exhaustive than it would be with a more automatic approach;

- Since we were provided with three datasets and performed several analyses, we ended up with a

vast number of results not being possible to present them all.

8.3 Future Work

As discussed throughout this work, the analysis of stakeholders’ views and the use of NS and CD for the

analysis of HTA Delphi results are not much explored in the literature. For that reason, there are several

ways of (1) improving the framework here proposed and (2) exploring different approaches.
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(1) Improving the proposed framework:

- Use more datasets and projects to compare results and better validate the framework;

- Take advantage of other network measures to define this type of ”agreement networks better”;

- Better explore and define the concept of ”agreement”, how it is measured and develop a guideline

to choose a threshold value according to the research goal. Possibly adapt the threshold value to

the number of aspects being evaluated, in the case of groups of aspects;

- Apply this framework to the results from every survey round and analyse the change of opinions.

Analyse, for instance, the correlation between the change of views and the triadic closure property.

It is also possible to analyse the influence of one full panel and parallel panels for the types of

stakeholders in changing opinions between rounds.

(2) Other approaches:

- Use different Community Detection algorithms and compare the results to validate the choice of

the Louvain algorithm or find a better one;

- Explore algorithms accepting overlapping communities to find stakeholders who belong to more

than one cluster, i.e., key individuals to achieve consensus. This path can be exciting since we

found that communities are not clearly defined, and many inter-community edges were detected;

- Investigate the use of signed networks, where the edges are attributed with a (+) for agreement

and (-) for disagreement. These networks allow the analysis of social balance and the frequency

of different triangles and their comparison with the patterns of classic social networks;

- Develop software in order to convert the process into a more automatic and less manual procedure.

It would be interesting to have a platform where a user could upload survey’s raw data and visualise

and manipulate the results;

- Explore a framework combining the proposed analysis with the analysis of comments. It can be a

possibility to combine this framework with Discourse Network Analysis;

- Understand, alongside decision-makers, how these results can be easily presented and reported

to support decision-making processes.

As a final remark, the possibilities are immense when discussing data analysis, including Delphi-originated

data. There are currently several robust methodologies employed to study Delphi surveys’ results that

inform and support decision-makers. However, new and exciting approaches suitable in other contexts

are constantly appearing. Thus, it was fascinating to find out at what level those can also be applied

to HTA and Delphi surveys. With a great space for improvement, we believe we could complement the

current Delphi analysis and provide decision-makers with fresh insights and visualisation tools, enhanc-

ing HTA processes. Finally, we hope this work inspires others to improve this framework and explore

innovative approaches which that not be so obvious.
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Appendix A

Projects aspects

This appendix includes the aspects considered for both projects - MEDI-VALUE and IMPACT-HTA. The

aspects are presented by category. In the case of MEDI-VALUE, a previous division into categories was

adapted for the context of this work. For IMPACT-HTA, the division was defined from scratch.

A.1 MEDI-VALUE

Group A - Value for the patient

Aspect 11 - Comfort for the patient

Aspect 16 - Quality of the available scientific evidence

Aspect 19 - Patient-reported outcomes

Aspect 20 - Quality of life for the patient

Group B - Safety for the patient and/or healthcare professional

Aspect 9 - Exposure of the healthcare professional to physical or chemical agents

Aspect 14 - Risk analysis

Aspect 15 - Adverse events for the patient

Aspect 28 - Medical or technical complications for the patient

Group C - Impact of the use of the medical device in the healthcare organization

Aspect 10 - Workload for the healthcare professional

Aspect 23 - Financing

Group D - Costs with the use of the medical device

Aspect 34 - Cost of procedure without the cost of the medical device

Aspect 33 - Cost of the medical device (including complementary equipment)

A.1



Group E - Usability for the healthcare professional

Aspect 5 - User-friendliness for the healthcare professional

Aspect 6 - Time between procedure and results

Aspect 7 - Need for training of the healthcare professional

Aspect 8 - Learning curve of the healthcare professional

Aspect 12 - Connectivity

Group F - Technical performance of the medical device

Aspect 2 - Technical performance of the medical device

Aspect 1 - Specific features of the medical device

Aspect 4 - Sensitivity and Specificity

Aspect 13 - Clinical efficacy and/or effectiveness

Group G - Interest in the adoption of the medical device for the health system

Aspect 3 - Regulatory status of the medical device

Aspect 17 - Target population

Aspect 22 - Clinical guidelines

Aspect 24 - Public health interest

Aspect 27 - Market competitiveness

Aspect 32 - Capacity of the health system

Group H - Societal context of the adoption of the medical device

Aspect 26 - Equity

Aspect 29 - Stakeholders agreement on the adoption of the medical Aspect device

Aspect 30 - Environmental impact of the production and use of the Aspect medical device

Group I - Impact of the adoption of the medical device for the health system

Aspect 18 - Impact of the disease

Aspect 21 - Space for innovation for the healthcare organization

Aspect 25 - Budget impact to the health system

Aspect 31 - Efficiency

A.2 IMPACT-HTA

Group A – Disease related

Aspect 1 - Severity of the disease

Aspect 2 - Unmet need of the disease

Aspect 3 - Disease frequency (e.g. rarity)

Aspect 19 - Disease duration

Aspect 20 - Disease age of onset

A.2



Group B – Impact on society

Aspect 4 - Medicine’s impact on mortality

Aspect 5 - Medicine’s impact on morbidity

Aspect 14 - Medicine’s impact on wider public health in terms of disease risk reduction in the community

Aspect 21 - Impact of the medicine’s adoption on the health care system’s organisation and delivery of

care

Aspect 22 - Impact of the medicine’s adoption on equity and ethical issues

Group C – Impact on patients

Aspect 6 - Medicine’s impact on health-related quality of life

Aspect 13 - Medicine’s ease and convenience for patients

Group D – Risks and precautions

Aspect 7 - Medicine’s adverse events profile

Aspect 8 - Medicine’s tolerability to patients

Aspect 9 - Medicine’s contraindications of use

Aspect 10 - Medicine’s special warnings and precautions

Group E – Medicine related

Aspect 11 - Medicine’s mechanism of action

Aspect 17 - Medicine’s efficiency

Aspect 24 - Medicine’s therapeutic positioning

Group F – Economical and political related

Aspect 12 - Medicine’s spill-over effects

Aspect 15 - Medicine’s economic impact

Aspect 16 - Medicine’s affordability

Aspect 23 - Alignment of the medicine-indication pair with leadership goals and governance require-

ments, including political support
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Appendix B

Stakeholder proximity measure

This appendix includes a more detailed explanation of the proposal for measurement of stakeholders’

answers proximity. This measurement is considered for a pair of stakeholders.

Remember that there are two scenarios for both projects: (1) only considering agreement and (2) sub-

tracting the conflict variable from the agreement. Furthermore, for the case of IMPACT-HTA, we proposed

other two variances: (I) ”Neutral” and ”No answer” groups as separate and then (II) as one group.

B.1 MEDI-VALUE

Starting with the MEDI-VALUE project, table B.1 presents how variables A (agreement) and C (conflict)

change when comparing answers from one aspect for a pair o stakeholders.

Table B.1: Calculation of proximity of stakeholders answers in MEDI-VALUE. The proximity
is calculated for a pair of stakeholders - Stakeholder A (SA) and Stakeholder B (SB).12

SA

SB Critical Fundamental Complementary Irrelevant DNDWTA3

Critical SA (A=A+1) SG (A=A+1) DG OG (C=C+1) DG

Fundamental SG (A=A+1) SA (A=A+1) DG OG (C=C+1) DG

Complementary DG DG SA (A=A+1) DG DG

Irrelevant OG (C=C+1) OG (C=C+1) DG SA (A=A+1) DG

DNDWTA3 DG DG DG DG SA (A=A+1)

1 SA = Same answer ; SG = Same group; DG = Different group and OG = Opposite group.
2 (A=A+1) means that one point is added to the agreement variable A and (C=C+1) means that one

point is added to the conflict variable C.
3 DNDWTA = ”Don’t know/don’t want to answer”.

This comparison is made for every aspect to be considered. In the end, in scenario (1), the final value
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of A should be normalized by performing the division of A by the number of aspects. In scenario (2), the

score is given by A-C, and then the normalization is performed.

B.2 IMPACT-HTA

For IMPACT-HTA, the reasoning is similar, but scenarios (I) and (II) should be taken into consideration.

B.2.1 I - Neutral and No answer groups as separate groups

When Neutral and No answer groups are analysed as separate groups, the combination of these an-

swers will be ”different group”. Table B.2 presents how variables A (agreement) and C (conflict) change

when comparing answers from one aspect for a pair o stakeholders.

Table B.2: Calculation of proximity of stakeholders answers in IMPACT-HTA. The proximity is calcu-
lated for a pair of stakeholders - Stakeholder A (SA) and Stakeholder B (SB).12

SA

SB S Agree Agree NAND Disagree S Disagree DNDWTA3

S Agree SA (A=A+1) SG (A=A+1) DG OG (C=C+1) OG (C=C+1) DG

Agree SG (A=A+1) SA (A=A+1) DG OG (C=C+1) OG (C=C+1) DG

NAND DG DG SA (A=A+1) DG DG DG

Disagree OG (C=C+1) OG (C=C+1) DG SA (A=A+1) SG (A=A+1) DG

S Disagree OG (C=C+1) OG (C=C+1) DG SG (A=A+1) SA (A=A+1) DG

DNDWTA3 DG DG DG DG DG SA (A=A+1)

1 SA = Same answer ; SG = Same group; DG = Different group and OG = Opposite group.
2 (A=A+1) means that one point is added to the agreement variable A and (C=C+1) means that one point is

added to the conflict variable C.
3 S Agree = ”Strongly Agree”, NAND = ”Neither agree nor disagree”, S Disagree = ”Strongly Disagree” and

DNDWTA = ”Don’t know/don’t want to answer”.

Once again, this comparison is made for every aspect to be considered. In the end, in scenario (1),

the final value of A should be normalised by performing the division of A by the number of aspects. In

scenario (2), the score is given by A-C, and then the normalisation is performed.

B.2.2 II - Neutral and No answer groups as only one group

When ”Neutral” and ”No answer” groups are analysed as one group, the combination of these answers

will be ”Same group”. Table B.2 presents how variables A (agreement) and C (conflict) change when

comparing answers from one aspect for a pair o stakeholders.
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Once again, this comparison is made for every aspect to be considered. In the end, in scenario (1),

the final value of A should be normalised by performing the division of A by the number of aspects. In

scenario (2), the score is given by A-C, and then the normalisation is performed.

Table B.3: Calculation of proximity of stakeholders answers in IMPACT-HTA. The proximity is calcu-
lated for a pair of stakeholders - Stakeholder A (SA) and Stakeholder B (SB). The difference from
scenario (I) is highlighted in bolt.12

SA

SB S Agree Agree NAND Disagree S Disagree DNDWTA3

S Agree SA (A=A+1) SG (A=A+1) DG OG (C=C+1) OG (C=C+1) DG

Agree SG (A=A+1) SA (A=A+1) DG OG (C=C+1) OG (C=C+1) DG

NAND DG DG SA (A=A+1) DG DG SG (A=A+1)

Disagree OG (C=C+1) OG (C=C+1) DG SA (A=A+1) SG (A=A+1) DG

S Disagree OG (C=C+1) OG (C=C+1) DG SG (A=A+1) SA (A=A+1) DG

DNDWTA3 DG DG SG (A=A+1) DG DG SA (A=A+1)

1 SA = Same answer ; SG = Same group; DG = Different group and OG = Opposite group.
2 (A=A+1) means that one point is added to the agreement variable A and (C=C+1) means that one point is

added to the conflict variable C.
3 S Agree = ”Strongly Agree”, NAND = ”Neither agree nor disagree”, S Disagree = ”Strongly Disagree” and

DNDWTA = ”Don’t know/don’t want to answer”.
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Appendix C

Detailed results for groups of aspects

This appendix presents more detailed results regarding the analysis of groups of similar aspects.

C.1 Choice of the threshold value

This section includes a more exhaustive explanation of the choice of the threshold value when analysing

the results for a group of aspects.

Looking at results from tables C.4, C.5 and C.6, it is possible to notice that, for the majority of the groups,

there is an ”in-between” regarding the number of communities found. This midterm is found, most of the

time, for values of 0.5, 0.6 and 0.7. It reflects a balance between not too few communities and not too

many isolated stakeholders. The same balance is found for the average degree, as shown in tables C.1,

C.2 and C.3

Interestingly, this midterm is not found for groups C, D and H from MEDI-VALUE and C and E from

IMPACT-HTA. These groups correspond to the groups with fewer aspects and therefore are less possible

arrangements of scores.

The only value that always contains the midterm result, if existing, is 0.6. Also, for the other items where

this middle result does not occur, 0.6 still provides a suitable partition, with few isolated stakeholders

and a relatively strong community structure. Therefore, the chosen value was 0.6.

Note that results from the same groups can only be compared for MEDI-VALUE projects since IMPACT-

HTA has its own group division.
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C.2 Results for a threshold of 0.6

This section presents full results regarding the groups of aspects, for a threshold of 0.6.

Table C.7: Attribute assortativity coefficient for IMPACT-HTA and MEDI-VALUE groups of aspects.

Group MEDI-VALUE IMD MEDI-VALUE BBIVT in vitro tests IMPACT-HTA

A −0.009 081 623 −0.014 183 277 −0.007 691 685

B −0.008 387 004 −0.011 462 678 −0.007 148 206

C −0.011 360 801 −0.009 433 565 −0.000 962 900

D −0.011 562 277 −0.009 319 680 −0.007 020 703

E 0.008 578 288 −0.022 345 915 0.002 246 644

F −0.008 113 199 −0.010 572 786 −0.002 425 718

G −0.012 255 481 −0.009 010 410 -

H −0.010 609 212 −0.012 615 181 -

I −0.008 623 316 −0.011 456 965 -

MEDI-VALUE, Group B - ”Safety for the patient and/or healthcare professional”

Community 1

Community 2

Community 3

“Critical” or
“Fundamental”

“Complementary”

“Irrelevant”

“Don’t know/ 
don’t want to 

answer”

Healthcare
Professionals

Patients & 
Citizens

Industry

Buyers,  policy
makers and
academics

Figure C.1: Multipartite network, regarding MEDI-VALUE’s Group B - ”Safety for the patient and/or healthcare
professional” (IMD), showing the distribution of answers across communities and stakeholders groups. The value in
each line corresponds to the total number of answers, not stakeholders. Note that Group B comprises 4 aspects.
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Figure C.2: Distribution of stakeholders’ type and answers, per community, regarding MEDI-VALUE’s Group B -
”Safety for the patient and/or healthcare professional” (IMD). In (a) numbers regard stakeholders and in (b) answers.

MEDI-VALUE, Group D - ”Costs with the use of the medical device”

“Critical” or
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Figure C.3: Multipartite network, regarding MEDI-VALUE’s Group D - ”Costs with the use of the medical device”
(IMD), showing the distribution of answers across communities and stakeholder groups. The value in each line
corresponds to the total number of answers, not stakeholders. Note that Group D comprises 2 aspects.
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Figure C.4: Distribution of stakeholders’ type and answers, per community, regarding MEDI-VALUE’s Group D -
”Costs with the use of the medical device” (IMD). In (a) numbers regard stakeholders and in (b) answers.
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Table C.8: Distribution of stakeholders per community (C), per type, for both projects, for groups of aspects A to E.

MEDI-VALUE IMD MEDI-VALUE BBIVT in vitro tests IMPACT-HTA
G C % HPro % BPA % PC % I C % HPro % BPA % PC % I C % HTA % HPro % PC % I % P % SE

A C1 68.3 71.0 82.1 60.0 C1 55.0 51.6 64.3 53.3 C1 46.4 47.6 31.6 27.6 55.6 39.5

C2 25.0 19.4 17.9 20.0 C2 25,0 22,6 21,4 26,7 C2 28.6 33.3 57.9 55.2 27.8 21.1

C3 6.7 9.7 0.0 13.3 C3 10.0 16.1 10.7 13.3 C3 14.3 14.3 5.3 6.9 11.1 21.1

C4 0.0 0.0 0.0 6.7 C4 10.0 9.7 3.6 6.7 C4 7.1 4.8 5.3 10.3 5.6 5.3

C5 0.0 0.0 0.0 0.0 0.0 2.6

C6 0.0 0.0 0.0 0.0 0.0 2.6

C7 3.6 0.0 0.0 0.0 0.0 0.0

C8 0.0 0.0 0.0 0.0 0.0 2.6

C9 0.0 0.0 0.0 0.0 0.0 2.6

C10 0.0 0.0 0.0 0.0 0.0 2.6

B C1 68.3 74.2 75.0 80.0 C1 70.0 58.1 71.4 86.7 C1 71.4 76.2 63.2 69.0 66.7 73.7

C2 25.0 16.1 25.0 6.7 C2 11.7 16.1 10.7 13.3 C2 21.4 19.0 21.1 27.6 33.3 18.4

C3 6.7 9.7 0.0 13.3 C3 11.7 16.1 10.7 0.0 C3 7.1 4.8 15.8 3.4 0.0 7.9

C4 1.7 0.0 3.6 0.0

C5 3.3 0.0 0.0 0.0

C6 0.0 3.2 0.0 0.0

C7 1.7 0.0 0.0 0.0

C8 0.0 0.0 3.6 0.0

C9 0.0 3.2 0.0 0.0

C10 0.0 3.2 0.0 0.0

C C1 26.7 29.0 46.4 40.0 C1 33.3 29.0 42.9 46.7 C1 53.6 85.7 78.9 69.0 83.3 81.6

C2 26.7 16.1 25.0 13.3 C2 28.3 22.6 10.7 20.0 C2 39.3 9.5 21.1 31.0 0.0 7.9

C3 15.0 19.4 14.3 6.7 C3 8.3 16.1 21.4 6.7 C3 3.6 4.8 0.0 0.0 11.1 10.5

C4 18.3 6.5 14.3 13.3 C4 10.0 16.1 10.7 13.3 C4 3.6 0.0 0.0 0.0 0.0 0.0

C5 6.7 9.7 0.0 20.0 C5 13.3 3.2 10.7 6.7 C5 0.0 0.0 0.0 0.0 5.6 0.0

C6 1.7 6.5 0.0 0.0 C6 1.7 6.5 0.0 0.0

C7 0.0 3.2 0.0 6.7 C7 1.7 0.0 3.6 0.0

C8 3.3 0.0 0.0 0.0 C8 0.0 3.2 0.0 0.0

C9 1.7 3.2 0.0 0.0 C9 1.7 0.0 0.0 0.0

C10 0.0 3.2 0.0 0.0 C10 0.0 0.0 0.0 6.7

C11 0.0 3.2 0.0 0.0 C11 1.7 0.0 0.0 0.0

C12 0.0 3.2 0.0 0.0

D C1 66.7 58.1 64.3 73.3 C1 68.3 58.1 64.3 73.3 C1 53.6 66.7 73.7 41.4 55.6 57.9

C2 11.7 19.4 17.9 6.7 C2 11.7 16.1 10.7 13.3 C2 32.1 28.6 21.1 37.9 27.8 23.7

C3 8.3 12.9 0.0 13.3 C3 6.7 16.1 21.4 6.7 C3 7.1 4.8 0.0 17.2 0.0 10.5

C4 11.7 6.5 7.1 0.0 C4 6.7 0.0 0.0 0.0 C4 7.1 0.0 5.3 3.4 16.7 5.3

C5 1.7 0.0 3.6 0.0 C5 0.0 6.5 0.0 6.7 C5 0.0 0.0 0.0 0.0 0.0 2.6

C6 0.0 0.0 3.6 0.0 C6 3.3 3.2 0.0 0.0

C7 0.0 0.0 0.0 6.7 C7 3.3 0.0 0.0 0.0

C8 0.0 0.0 3.6 0.0 C8 0.0 0.0 3.6 0.0

C9 0.0 3.2 0.0 0.0

E C1 41.7 35.5 32.1 40.0 C1 43.3 25.8 50.0 40.0 C1 28.6 14.3 15.8 44.8 66.7 28.9

C2 40.0 19.4 35.7 26.7 C2 33.3 22.6 28.6 33.3 C2 32.1 28.6 31.6 17.2 16.7 55.3

C3 11.7 29.0 32.1 13.3 C3 11.7 29.0 10.7 6.7 C3 35.7 57.1 42.1 27.6 16.7 15.8

C4 6.7 9.7 0.0 13.3 C4 10.0 16.1 10.7 13.3 C4 3.6 0.0 5.3 6.9 0.0 0.0

C5 0.0 6,5 0.0 0.0 C5 0.0 0.0 0.0 6,7 C5 0.0 0.0 5.3 3.4 0.0 0.0

C6 0.0 0.0 0.0 6.7 C6 0.0 3.2 0.0 0.0

C7 1.7 0.0 0.0 0.0

C8 0.0 3.2 0.0 0.0
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Table C.9: Distribution of stakeholders per community (C), per type, for both projects, for groups of aspects F to I.

MEDI-VALUE IMD MEDI-VALUE BBIVT in vitro tests IMPACT-HTA
G C % HPro % BPA % PC % I C % HPro % BPA % PC % I C % HTA % HPro % PC % I % P % SE

F C1 85.0 87.1 96.4 73.3 C1 85.0 77.4 82.1 86.7 C1 46.4 19.0 36.8 20.7 44.4 31.6

C2 8.3 3.2 3.6 13.3 C2 10.0 12.9 10.7 13.3 C2 25.0 47.6 26.3 20.7 22.2 39.5

C3 6.7 9.7 0.0 13.3 C3 5.0 9.7 7.1 0.0 C3 21.4 23.8 21.1 31.0 22.2 18.4

C4 3.6 9.5 5.3 27.6 5.6 2.6

C5 0.0 0.0 5.3 0.0 0.0 7.9

C6 0.0 0.0 5.3 0.0 0.0 0.0

C7 3.6 0.0 0.0 0.0 0.0 0.0

C8 0.0 0.0 0.0 0.0 5.6 0.0

G C1 38.3 25.8 32.1 33.3 C1 40.0 29.0 32.1 13.3

C2 23.3 29.0 35.7 26.7 C2 30.0 32.3 25.0 60.0

C3 20.0 25.8 14.3 20.0 C3 20.0 22.6 28.6 13.3

C4 11.7 6.5 17.9 0.0 C4 10.0 16.1 10.7 13.3

C5 6.7 9.7 0.0 13.3 C5 0.0 0.0 3.6 0.0

C6 0.0 0.0 0.0 6.7

C7 0.0 3.2 0.0 0.0

H C1 36.7 35.5 32.1 13.3 C1 50.0 48.4 50.0 26.7

C2 33.3 22.6 35.7 40.0 C2 40.0 35.5 39.3 60.0

C3 23.3 32.3 32.1 26.7 C3 10.0 16.1 10.7 13.3

C4 6.7 9.7 0.0 20.0

I C1 56.7 45.2 53.6 53.3 C1 41.7 51.6 39.3 60.0

C2 35.0 41.9 46.4 33.3 C2 41.7 29.0 50.0 26.7

C3 6.7 9.7 0.0 13.3 C3 10.0 16.1 10.7 13.3

C4 0.0 3.2 0.0 0.0 C4 5.0 0.0 0.0 0.0

C5 1.7 0.0 0.0 0.0 C5 0.0 3.2 0.0 0.0

C6 1.7 0.0 0.0 0.0
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