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Abstract
Aim: This thesis investigates if multiple criteria decision analysis (MCDA) techniques are suitable for use in public health (PH) decision-making settings in England, at the level of the National Institute for Health and Care Excellence (NICE) and in local government (LG).
Background: MCDA techniques have not previously been widely used in such settings, though a number of benefits are reported where used for other complex decision problems. A variety of approaches are available, each with their own advantages, and these should be chosen according to the problem’s context. 
Method: The thesis reports: non-systematic and systematic reviews of MCDA approaches in PH worldwide; on a secondment in NICE describing contextual factors that could influence the practicality of any attempts to implement MCDA approaches there; a review of all prior NICE PH economic models; a pilot project to structure NICE’s topic appraisal stage using MCDA; an action research project applying an MCDA approach to prioritise programmes at LG level, and; overall findings.
Results: MCDA approaches have been previously used in other PH settings, though generally on a once-off basis. NICE are often assumed to base their decisions primarily on interventions’ cost-effectiveness — but a large number of other criteria, including non-health factors, were found to be considered. Economic models regularly veered from NICE’s reference case, and used a variety of evaluation techniques and perspectives. MCDA approaches, when paired with deliberation, may offer a number of advantages over deliberation alone. The topic appraisal pilot found the approach to be technically feasible. The LG-level project was also successful and led to changes to the interventions offered to reduce tobacco prevalence in four boroughs. 
Conclusions: MCDA approaches are shown to be accessible and understandable to national and local PH decision-makers, as well as acceptable and implementable. They can therefore be considered suitable in at least some such settings.
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[bookmark: _Toc476241515]Chapter 1:		Thesis overview

The aim of this thesis is to explore if multiple criteria decision analysis (MCDA) techniques can be designed that are suitable for use at decision-maker level in public health in England. 
The term ‘suitability’, in this context, was intended to mean that such techniques are technically feasible but also practicable in reality, taking into account contextual, institutional and other factors that may affect the likelihood of a working model’s subsequent implementation. This approach was developed from the related concepts of “accessibility” and “acceptability” described by Williams and Bryan [1]. Given the need to understand both aspects, a sequence of issues required investigation: the kinds of techniques available; where and how they have been used in public health; the decision-making structures within the National Institute for Health and Care Excellence (NICE); how techniques are already used there; and in terms of designing and piloting such approaches to verify whether all such issues can actually be incorporated into a design and, if possible, implemented. Each of these issues essentially developed into the basis for a chapter of the thesis, together explaining both why and how such approaches could be used. The thesis structure, specific research objectives and questions are developed and outlined over the course of this chapter. 
The work was funded by ESRC CASE award ES/I026088/1, entitled ‘Multi criteria approaches to public health decision-making’, with NICE as the non-academic partner. As a result, the term ‘decision-maker level’ initially meant specifically within NICE. As the project developed, changes to the public health provision process meant that it was also possible to consider local government-level decision-making as relevant. Other bodies, such as private companies or community groups, that provide public health interventions were not included.
Full ethics approval for stages of research requiring stakeholder engagement (specifically Chapters 6 and 7) was given in advance by the School of Health and Related Research (ScHARR) ethics committee in the University of Sheffield, which is provided in Appendix A. Other sections did not require additional ethical approval. 
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The Wanless Report [2] (p.5) stated that “to achieve the objective of allocating funding more efficiently between health care and public health, it is vital that... analytic methods are used”. Difficulties have emerged in attempting to apply traditional evidence-based approaches directly to public health interventions [3]. It is challenging to quantify adequately and model their multiple effects. As a result, certain interventions cannot in practice be investigated due to a lack of clear evidence, as well as for ethical reasons and because the non-health population impacts generally cannot easily be explicitly modelled into the decision process. 
MCDA techniques may be able to play some role in addressing at least some of these issues, with academic interest in attempting to do so growing for some years [4-7].
MCDA techniques are an extension of decision theory “for appraising alternatives on individual, often conflicting criteria and combining them into one overall appraisal” [8] (quoted in Thokala et al. [9] (p.2)). The approaches comprise a family of related analytical methods suitable for structuring complex decision problems.
Typically, MCDA techniques are applied to problems that not only include multiple conflicting criteria, but also feature multiple objectives, multiple ways of measuring these, multiple stakeholders, and/or high levels of uncertainty. Implementing MCDA approaches for such problems may lead to greater stakeholder involvement, transparency, consistency, improved outcomes, better evidence or a better understanding of organisational aims and processes. On the other hand, they can be relatively resource intensive, and will not be appropriate in every setting. 
There are disagreements as to the exact boundaries of MCDA – such as whether weighting is always required, and whether only certain types of weighting are acceptable [6]. These are further discussed in the next chapter. However, for the purposes of this thesis, MCDA is defined as:
approaches that can rank, prioritise or choose between given alternative potential actions, by scoring the actions on explicit criteria, and where the criteria are themselves weighted (unless it is clear from the prior stages that such weighting is unnecessary because of dominance or effective dominance). 
This is not to say that alternative related approaches are not useful – Chapter 5 discusses how cost-consequence analysis (CCA), similar to a performance matrix, could be used as a stepping-stone to a full-blown MCDA. But this thesis will not include such techniques as MCDA approaches in and of themselves. Neither will current ‘deliberations’ within NICE, notwithstanding the fact that they may be considering multiple criteria as part of their decision-making processes. In public health settings the criteria most recognised as potentially in conflict are those of effectiveness and equity, though dozens of others are described over the course of the thesis. There is a range of procedures existing for deciding on and combining the weights and scores, and for choosing the criteria themselves, and these are also discussed in the next chapter. 
Public health can also be interpreted differently depending on context. This thesis follows the broad definition of NICE’s Centre for Public Health (CPH), as it being “about the promotion of good health and the prevention of ill health”, taking an “inclusive” perspective [10] (p.136).  
The research was conducted primarily in English settings, with fieldwork in both NICE and at local government level. The research happened to coincide with a period of change in the provision of public health services in the UK, coming about subsequent to the election of the Conservative-Liberal Democrat coalition government in 2010. These changes inevitably precipitated the need for further reappraisal of decision-making approaches, both in NICE and at local government level. This created opportunities for the research programme to explore the application of MCDA techniques in novel, practical settings.
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This project has attempted from its earliest days, insofar as possible, to take a hands-on approach. It seemed important that approaches could be tested in real-world settings in order to further inform the debate around whether or not MCDA techniques could ever be used in NICE and similar decision-making settings, given that they have been discussed for some years [4, 5] but with few attempts being made to utilise such approaches within NICE itself. 
My own background prior to beginning the PhD was in operational research (OR), as applied to healthcare settings. OR techniques use quantitative analytical techniques to inform decision-making for a given problem and tend to take a pragmatic outlook. MCDA approaches are a subset of such OR techniques. OR is normally thought of as taking a micro-level perspective applied to a specific problem [11], and this thesis attempts to apply it at the broader level of prioritisation within the health service. Implementation science has been described as the intermediate step between OR and health services research [11], and may therefore offer a useful bridge between the disciplines. It is defined as the scientific study of methods to promote the systematic uptake of research findings and other evidence based practices into routine practice to improve the quality and effectiveness of health services and care [12].
Nilsen [13] describes a range of frameworks used in implementation science literature, and within this, this thesis is best described as following a “process” research model, and specifically an “action model”. Such models:
“describe and/or guide the process of translating research into practice. Specifically, an action model is a type of process model that provides practical guidance in the planning and execution of implementation endeavours and/or implementation strategies to facilitate implementation” [13] (p.3). 
While this thesis’s overall approach can be described as following Nilsen’s action model methodology, its specific objectives can be thought of as a series of sub-stages. Lee [14] describes how best to pair research design with decision context in health settings, and outlines a number of such designs that can be used with a project depending on the nature of previous research in the setting and the specific research programme’s aims. The thesis is made up of two of the phases that Lee outlines: the first being “problem specification” and the second itself made up of parallel “intervention development” and “intervention implementation” stages. These research objectives are individually described in the next section.
The thesis’ overall conceptual model can therefore be thought of as the using the generalizable steps that are outlined in Lee’s model for choosing appropriate research questions [14], as applied to Nilsen’s action model of research (with its focus on ultimate implementation) [13]. 
This approach allows for the structuring of a loose, though pragmatic, soft OR-style perspective onto the thesis structure – ensuring that the results are ultimately implementable (and are therefore ‘suitable’ as defined earlier), while ensuring that there is a theoretical basis underpinning them. Even within this approach there is some degree of nuance. Lee suggests that a given project could be predominantly made up of one of an iterative cycle of processes: exploratory, descriptive, explanatory, evaluative or transformative in nature. In practice, the thesis is itself made up of related sub-projects, and as such individual chapters in this thesis correspond to each of these stages. Taken together, these should offer a stronger and more coherent message than simply the sum of its parts.
The first year of the research focussed on defining a scope for the thesis and acquiring the basic knowledge required to do build upon this. Chapter 2, describing various MCDA and other evidence-based approaches in public health, and Chapter 3 – a systematic review of where MCDA has previously been reported as used – were written over this period, though the review has since been revised.
I then spent six months working in NICE’s offices in London to better understand the context in which its Centre for Public Health directorate’s decisions were made and to better understand and articulate what the thesis’ next steps should be. Such context is vital - implementation is inevitably a social process, inseparable from the context in which it takes place [15]. This secondment gave a depth of understanding of the processes which would likely have been impossible from an outsider’s perspective, attempting to fully comprehend NICE’s processes through reports alone. My experience there allowed for better understanding of decision-making contexts and frameworks, the organisational structure and culture, its values and attitudes, its role for stakeholders and so on. Alongside a related literature search, the secondment served as the basis for Chapter 4, describing NICE decision-making processes. 
The only stage at which such issues are recorded and stated publicly and explicitly is in the economic modelling process. Therefore, a review of the criteria (and varying economic evaluation techniques and perspectives) was conducted, and this is described in Chapter 5. Together, the secondment and modelling review allowed for a better understanding of the potential implications of applying MCDA approaches in such settings – and to better understand how MCDA was already being applied in the guidance process and to identify any sub-processes where MCDA might next be applied. Some novel potential MCDA-led approaches for use in NICE are described in this chapter.
The thesis’ aim evolved as the findings from each chapter became clearer (even if the specific wording of the aim did not particularly change), and was influenced particularly by results of the reviews in chapters 2, 3 and 4. Chapter 2 highlighted the full range of techniques available (some of which I was naturally unfamiliar with before starting). Chapter 3 showed the dearth of reported applications of MCDA approaches to complex organisations, and specifically those in cost-effectiveness settings. Chapter 4 showed that ‘decision-making’ in the provision of public health was not a monolithic, conveyer belt-style framework within NICE for carrying out cost-effectiveness appraisals, but a process made up of a number of sub-stages and actors and paired to the context of the guidance. Suitability at decision-maker level could theoretically be applied at any one of these sub-stages if necessary, or even further down the process at local authority level. 
Chapter 6 describes a pilot using an MCDA approach in NICE for the topic selection stage – which was deemed to be well suited to this given the lack of structure in the current processes. This stage does not require any direct health economic component, which made it potentially more acceptable (and more likely to be implementable) to certain decision-makers, who had legitimate concerns as to whether taking further criteria into account could be used as a Trojan horse to undermine the current opportunity cost-led approach [16]. Given these issues, a pilot – rather than a full-scale implementation – was used.
We were subsequently contacted somewhat serendipitously by a consortium of managers of tobacco services who were in the process of moving from Primary Care Trusts to local government, level arising from the Health and Social Care Act, 2013 [17], which added another level of government to the process of public health provision. They required help in trying to use some kind of “knowledge-based approach” (as they called it) to quantify implicit knowledge, while incorporating a formal approach to inform their decisions about funding to reduce tobacco prevalence. An appropriate MCDA framework was devised to do so, and its results were largely implemented, becoming the basis for Chapter 7. 
The final chapter provides a summary of results for each of the research questions and allows for overall discussion and recommendations.
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The research objectives used represent the overarching framework from which specific research questions can be derived. On a specific study, we might expect only one such objective to be present, though in the case of a broader, multi-year study such as this one, multiple stages are possible.
The ‘problem specification’ stage outlined in Lee [14] largely corresponds to ‘why’ we may wish to use MCDA approaches in public health decision-making in England. This stage is about setting out the terms of reference for the project, the objective facts, as well as the assumptions and value systems used in practice in interpreting these. It can therefore ensure that conclusions are meaningful and can be used as a basis in deriving implementable solutions. 
The second stage is made up of parallel ‘intervention development’ and ‘intervention implementation’ stages, and relates to ‘how’ we might apply such approaches in relevant decision-making settings. These objectives were merged as it seemed more natural and logical for chapters 6 and 7 to report the development of interventions and their subsequent implementation in tandem, rather than their being reported in separate sections of the thesis. As their names imply, the two stages relate to the ‘how to develop’ and ‘how to implement’ such approaches. Lee argues that both of these issues are particularly important (and often neglected) stages in health service research studies, and that in order to be useful:
“we require not just technical how-to knowledge, but also to translate said knowledge into meaningful action, and such implementation questions are best addressed by process research methodologies such as action research” [14] (p.10). 
This quotation therefore brings together the work of Nilsen, Lee and, in effect, Williams and Bryan’s concepts of accessibility and acceptability, by which ‘suitability’ is judged later in the thesis.
In practice there is occasionally some degree of crossover between objectives – the systematic review for example provides information on both how and why such an approach might be appropriate for public health decision-making. Though simplified, this ‘how and why’ model of the two research objectives should therefore help ensure better understanding of the role of each chapter within the broader structure of the thesis, and how each contributes to the overall aim.
Lee’s paper also stresses the importance of applying a fit for purpose model to link stages of the research design, given the research problem. Following such a model should encourage robust and clear reporting of the research area, so “the means chosen are appropriate to specified ends” [14] (p.20). The model specified, shown below in Figure 1.1, has been used as a basis for structuring this chapter and broader thesis. 
[bookmark: _Toc476241442]Figure 1.1 - Model to ensure rigour in matching research designs to research problems, from Lee [14]
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The relationships between the research objectives, research questions and research outputs are shown in Figure 1.2. This chapter describes all steps up to and including the research design, and the remaining steps are revisited in the final chapter.
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The aim of this thesis is to explore if multiple criteria decision analysis techniques can be designed that are suitable for use at decision-maker level in public health in England. 
To achieve this, it attempts to answer four specific research questions:
1. Which relevant techniques are available and where have they been used in public health settings?
1. How are decisions made in the Centre for Public Health, according to its reference case and in practice?
1. Can suitable MCDA techniques be piloted or implemented at decision-maker level?
1. What recommendations can be drawn? 

[image: ][bookmark: _Toc476241443]Figure 1.2 – Overview of the thesis’ framework – showing relationship between research objectives , research questions, research outputs and chapters
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It is intended that each chapter should build upon those preceding it, rather than standing alone.
Chapter 2 provides a brief history of the growing role of various decision support systems within the health services. The health economic and MCDA frameworks available are described, alongside the reasons why we might wish to use them in practice. It also introduces further issues that decision-making bodies such as NICE aim to take into account, such as competing definitions of equity. The approach used in this chapter was the result of a familiarisation process carried out at the beginning of the research period. Key papers and books used were identified by supervisors, discovered by myself via pearl growing or generally stumbled upon through immersion in the relevant literature. Though somewhat unstructured, this approach seemed necessary in allowing my familiarisation with the background area, and to help settle on issues such as relevant definitions for future use.
A narrative systematic review was carried out to investigate where MCDA approaches had actually been researched in the past in public health settings, described in Chapter 3. This showed there to be a wide variety of approaches that have been applied (alongside an equal variety of interventions that might be considered as public health measures). It is to my knowledge the first such systematic review carried out. The narrative review approach was chosen as there was no clear metric by which to compare all papers against each other, and hence a pluralist methodology was required [13]. This approach allowed for the results to be presented in as meaningful and systematic a way as possible, given the heterogeneous measures used across the case studies that were identified. The review was initially carried out in 2011 and extended in 2013 (both reported together as Part 1 of the chapter). A revised bibliographic analysis was carried out up to the end of 2014 (reported in Part 2), which captured the changing trends in publication in the area over the intervening period. Part 3 offers overall conclusions.
While Chapter 2 describes the theoretical underpinnings of health economic and MCDA techniques, Chapter 4 provides a description of how decisions are actually made in practice in NICE. The formal processes used and role of actors and stakeholders at each stage is described. The CPH directorate has a responsibility to formally consider equity concerns, balancing these with the cost-effectiveness of approaches. How these are expected to be balanced was found to be somewhat unclear and is to a certain extent unstated. The waters are muddied further by a number of other less obvious considerations that should also be taken into account or are known to have been used in the past, which are described. Such criteria are currently considered “implicitly”, meaning we have little or no way of knowing if in past guidance they were in fact formally considered and how much weight was given to them. This chapter was informed by the time I spent working in the CPH to better understand this context, but also by a review of NICE methodological reports. It used a pragmatic combination of a literature search and a semi-ethnographic approach, which was influenced by my prior experience with soft OR approaches. The iterative nature allowed for something of an overlap between data analysis with data collection, especially in the field notes taken during the secondment. The approach emphasised pragmatism – both in identifying appropriate concepts that could be investigated in subsequent chapters, and in helping to ensure ultimate implementation of relevant concepts. The soft OR philosophy provided an overall direction - such techniques are particularly useful in structuring the study’s processes, the thinking of analysts and stakeholders, and in such complex and messy structures in general – all of which seemed relevant in this setting.
The only stage of the CPH guidance process in which such issues are explicitly listed as a general rule is during economic modelling. Chapter 5 describes the results of a formal review of criteria used in all economic modelling stages of all CPH guidance up until October 2014. These found there to be considerable variation from one study to the next regarding the economic evaluation techniques used, which were be decided for each topic on a case-by-case basis. It also highlighted how and where multiple criteria have already been included in the decision processes. More formal MCDA techniques could in principle prove appropriate in incorporating the competing criteria into decision processes in future. This would allow any trade-offs to occur in a more transparent and consistent way. Some potential approaches to do so in a NICE setting are described.
Chapters 6 and 7 describe attempts to implement such approaches with real life decision-makers. These chapters take a case study approach, which are useful in highlighting practical concerns [18] that may not otherwise be apparent through thought experiments alone [19]. Case study evaluations are valuable where broad, complex questions have to be addressed in complex circumstances [20]. By incorporating the context of the decision, practical concerns are highlighted [18], providing rich, contextual information. Case studies that have been carried out to a sufficiently high standard can act as exemplars [21], while carrying out such studies helps to ensure that researchers possess a wide enough range of practical knowledge to carry out such approaches in reality. With sufficient numbers of case studies, new theories may be derived to reconcile unusual juxtapositions, requiring formulation of novel theory to reconcile them generating “good theory” [22]. 
The first case study describes a pilot MCDA study used to structure a prioritisation process in the CPH. Within the directorate many of the stages used in recommending guidance are well-codified and work relatively well, but the process used to prioritise between potential guidance topics to be investigated in the future were found to be somewhat vague and reliant throughout on deliberation. The pilot brought together a number of experts, who identified relevant criteria and tested the technical feasibility of whether an MCDA technique named the Analytic Hierarchy Process would be practical as part of a “decision conference” setting [23]. MCDA techniques require eight generally accepted steps (establish the decision context; identify the options to be appraised; identify relevant criteria; score options on criteria; weight criteria; combine the weights and scores; examine results; sensitivity analysis), and the methods for each stage are described in turn, alongside descriptions of the approach’s implementation and its evaluation.
Local government faces a range of challenges that are quite apart from those of NICE, even if greater collaboration may be required in future. An MCDA approach is described in Chapter 7 that was used to reappraise public health spending on interventions to reduce tobacco prevalence across four local government areas in South Yorkshire. As with the case study in Chapter 6, the methods associated with each of step is discussed in turn. However, whereas the prior chapter piloted solely the model development and decision conference stage of the process, this study required the design of a start-to-finish decision-making process, within the constraints of a range of project-specific challenges. An action research approach was used, requiring close collaboration over a longer period with relevant decision-makers, before and after the decision conference itself. Expert and stakeholder opinions were elicited to fill known gaps in evidence and the results obtained following an MCDA approach differed significantly from prior practice. The MCDA framework structured the process, transforming an initial impasse over how best to prioritise spending on reducing tobacco prevalence into tangible policy options, addressing a range of relevant issues in a local government context. It helped to clarify the aims of the programme and build relationships with stakeholders. The four councils involved have since implemented wholesale changes in the interventions offered based upon these findings. 
The final chapter discusses the links between the findings of the previous sections, revisiting the potential role for MCDA in relevant decision-making scenarios. It describes how the thesis extends, supports and challenges prior research into the area. The conclusions and limitations of the thesis are presented, alongside recommendations for future practice and some reflection on my own role in and learnings from the process.
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The remaining stages of Lee’s framework for designing a study, linked to those reported here in Figure 1.1, are described in the concluding chapter. 
The coming chapter marks the beginning of the problem specification stage. It relates to the first research question of ‘Which relevant techniques are available and where have they been used in public health settings?’. The chapter sets out the key definitions, describes the range of evidence-based approaches to decision-making currently used in public health (and in NICE in particular), and the main MCDA approaches that could be considered in future.
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This chapter forms an important stage in the thesis in terms of setting the scene and defining key concepts. Common techniques used in public health decision-making are described, relevant concepts are defined and the main frameworks used in health economic settings in general are introduced. It therefore relates to the first research question outlined in Section 1.4 (and Figure 1.2) of ‘Which relevant techniques are available and where have they been used in public health settings?’ Specifically, this chapter aims to provide an introduction to the key frameworks used to aid decision-making in health settings, including current health economic techniques and the range of MCDA approaches. Chapter 3 will instead describe where such MCDA techniques have been used in public health in practice.
There are a range of possible interpretations of what is meant by ‘health’ and the context of healthcare provision in the UK. A broad background to this is given in the next section and evidence-based medicine is introduced in Section 2.2. This is followed by an introduction to approaches available to analyse this evidence and inform decision-makers in Section 2.3. Economic evaluation techniques are widely used for these purposes, and some of the most common techniques are described in Section 2.4. Multiple criteria decision analysis techniques, though closely related, offer a potential complementary approach (and perhaps in some settings MCDA techniques could potentially offer an alternative to current approaches), and are described in Section 2.5. MCDA approaches have already been used in some health settings at a variety of government levels, and some examples are described in Section 2.6. 
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There is little consensus around public perceptions of ‘health’. The Miriam-Webster dictionary defines it as “freedom from physical disease or pain”. But this ignores other aspects we might consider relevant, not least mental illness. The World Health Organisation (WHO), founded immediately after World War 2 and reflected the radical spirit of the times in its wholly more ambitious definition of health as “a state of complete physical, mental, and social well-being and not merely the absence of disease or infirmity” [24]. It is perhaps no coincidence that around the same time, the newly elected Labour government under Clement Atlee began to transform British society, establishing the welfare state and founding the National Health Service (NHS), changing the public’s access to, and expectations of, health provision since.
Health is a relative concept and what might be thought of as good health has varied over time and around the world. As Sen [25] (p.324) states, “a person brought up in a community with a great many diseases and few medical facilities may be inclined to take certain symptoms as ‘normal’ when they are clinically preventable”. This same point was made, only half in jest, by English comic writer Quentin Crisp that “health consists of having the same diseases as one's neighbours” [26] (p.19). How a society chooses to organise itself will inevitably have health effects, both directly and indirectly [27], in what diseases are prevalent, and even these may vary between communities due to socio-demographic, cultural and other issues. 
Such variation – judging its fairness and whether it may lead to further problems in future – plays a key role in current decisions about which healthcare approaches to prioritise in the modern NHS, including those considered in the National Institute for Health and Care Excellence. For any new intervention (whether a drug, device or some other measure), its impact in terms of Quality Adjusted Life Years (QALYs) can be estimated. This combines an estimate of the quality of life a patient will have if they receive a treatment with any length of time remaining they will be expected to have over time until their death. Decision-makers can then consider the intervention’s benefits and costs against those of current treatments. 
NICE provides “guidance for promotion of good health and treatment of ill health to professionals working in the NHS and those in the public health community” [28] (p.351), by gathering evidence and making judgments on how best to prioritise between different possible ranges of interventions in the health service. Once approved, decisions about whether or not to use them come into the realm of other decision-makers – the doctors prescribing them, the patients who choose to actually keep taking them or not, and potentially influenced by a range of other stakeholders, including pharmaceutical companies, other NHS professionals, and the patients’ families. Such concerns are largely outside the remit of this thesis, which focuses on the initial gate-keepers to the public health system: NICE and local authorities.
Public health broadly seeks to improve the quality and length of life of populations by preventing diseases and conditions associated with poor health, and promoting healthy behaviours that support good health. The emphasis on community and population level interventions, as opposed to treatment at the level of the individual patient, is another distinguishing feature. Typical measures include “organized community effort for the sanitation of the environment, the control of communicable infections, the education of the individual in personal hygiene, the organization of medical and nursing services for the early diagnosis and preventive treatment of disease, and… the development of the social machinery to ensure everyone a standard of living adequate for the maintenance of health, so organizing these benefits as to enable every citizen to realize his birthright of health and longevity” [29] (p.4). The concept of public health is dynamic and relative, and will shift as the population’s health improves, new technologies are invented and expectations change. Vickers called it the “successive re-definings of the unacceptable” [30] (p.600). In this radical spirit, it seems to share much with the WHO definition of health.
The differences between those working in public health – with its population level approach – and the general doctor, who has a solemn duty to her patient, leads to occasional if inevitable conflict. One oft cited comment is that “Medical intervention has made, and can be expected to make, a relatively small contribution to prevention of sickness and health” [31] (p.131), and that it is only by treating the causes of diseases (or indeed the causes of the causes) that we can make real advances in health outcomes. While this may be a dramatic choice of language, there is certainly much more to health outcomes than the availability of treatment for sickness, which is not confined to UK settings:
“Whereas inadequate medical care accounts for 10% of premature deaths in the United States, behavioural patterns, social circumstances, and environmental exposures have a far greater effect, accounting for roughly 60% of deaths. Yet despite these compelling data, public health receives less than 5% of US health spending” [32] (p.395).
There are many possible reasons for this budgetary gap, which will be discussed throughout this chapter and later in the thesis. But many of the actions required to foster such a step change in the nature of healthcare provision would be considered politically radical [27]. Those of low social status (whether defined by income, education level or some other prestige indicator such as profession) have poorer than average levels of health [33]. This is partly explained by high levels of disease (including predominantly self-inflicted diseases such as lung cancer). It also relates to causes of death outside the scope of how we might think of healthcare, such as violence, suicide, and accidents in cars and the workplace [33]. The lack of clarity amongst the public as to what constitutes ‘health’ leads to further confusion.
Part of the higher rates of non-communicable diseases such as heart conditions can be explained by chronic stress, caused by inadequate safety nets and the sense of lacking control over one’s own life [34]. This is also partially down to the very structure of society and social forces that flow from this. Societies with higher levels of societal equality tend to have higher levels of health for all (which itself is more equally distributed) [27]. While developed countries typically exhibit higher levels of health than developing countries on average, basic services such as clean water can play a major role in diminishing these effects [35]. Marginalised groups within developed societies may have substantially poorer health outcomes than the average level in less developed but more ‘socially equal’ countries. Marmot [27] gives the example of African Americans (with an expected lifespan of 71.4 years). Despite their relatively rich average income per capita of $26,000, their life expectancy is significantly below those of Costa Rica (77.9), Cuba (76.5) and various other ‘Medium Development’ countries [27]. Taken together, this may have important implications for organised health care provision and policy as part of a broader social agenda.
Tackling health inequalities has the potential to have much broader societal effects than in non-public health areas of healthcare. Doing so may also reduce rates of crime and violence and boost economic growth, social cohesion and well-being [36]. These issues are sometimes difficult to quantify and potentially be politically sensitive. It is also unclear which government department would be responsible for providing and paying for them. Healthcare decision-makers often ignore them as a result. Chapter 5 describes how NICE have attempted to incorporate such issues, though there appears to be much variation in how they have approached this.
Inequality, in terms of the variation in health within a society, is to a certain extent an inevitable (and amoral) issue. Young people can understandably expect to have better health than the elderly, for example, and there is very little we could reasonably do about this even if we were determined to. ‘Health inequities’ on the other hand is the term used to describe less acceptable variation. These are factors that are “unnecessary and avoidable but, in addition, are also considered unfair and unjust” [37] (p.431) and therefore differ from health inequalities [38], which reflect the general reality of variation. By definition, such inequities are remediable, and as Tawney [39] explained:
“to desire equality is not, as is sometimes suggested, to cherish the romantic illusion that men are equal in character and intelligence. It is to hold that, while their natural endowments differ profoundly, it is the mark of a civilised society to aim at eliminating such inequalities as have their source not in individual differences but in (social) organisation” [39](p.39-40).
One of the fathers of social medicine, Rudolf Virchow, stated that “politics is nothing but medicine on a large scale” [40] (p.137). Similarly, perhaps medicine is also politics on a smaller scale – how we live and die is inexorably tied up with the kind of society we wish to be part of. In a democracy, we can change those who control the levers of power to better reflect our concerns. With the foundation of the NHS, politics and the health service have become even more closely linked. As such, values play an inescapable role in how NICE and other bodies seek to prioritise the interventions available (though the idea of wholly value-free evidence is challenged later). It may not therefore be possible to be wholly objective about how best to divide the limited resources available to the NHS. But taking public preferences into account does not necessarily have to come at the expense of scientific or analytical approaches, and there are potentially a number of advantages to doing so. Health care decisions inevitably involve trade-offs. Analytical approaches can incorporate scientific and quantitative concerns in a rational way, while making explicit the assumptions used may have influenced the decision. Where outcomes can be quantified appropriately and codified by given frameworks – such as the principle of maximising QALYs – then the results are often clear. However, there are occasions where such frameworks are better considered as rules of thumb, or other factors should be taken into account. As a result, the need for human judgment remains to take responsibility for the decision, and as stated by Dowie [41]: 
“The primary virtue of analysis-based medical decision-making is that it makes explicit, on the one hand, the uncertainties and evidential gaps that science has not removed by way of clinical trials or a less robust method, and, on the other hand, the value differences and conflicts” [reported in Mussen et al. [42] (p.113)].
This allows for increased consistency for decisions compared to approaches that might otherwise combine evidence and values in a more ad hoc manner. It also increases the transparency and accountability of the process and decisions to be revised where necessary. 
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The evidence-based medicine paradigm is a relatively recent phenomenon. Archie Cochrane published his musings on the topic in the book “Effectiveness and Efficiency: Random Reflections on Health Services” in 1972 [43], which has since proven to be hugely influential. Doctors’ decisions, to him, too often relied on instinct and not on evidence or the scientific method. 
“Allocations of funds and facilities are nearly always based on the opinions of senior consultants, but, more and more, requests for additional facilities will have to be based on detailed arguments with ‘hard evidence’ as to the gain to be expected from the patient's angle and the cost. Few can possibly object to this” [43] (p.82).
The increased availability of such evidence since has allowed formal analytical approaches to be used in order to compare more meaningfully the effectiveness of interventions, for “no matter how ill a patient is it is hard to see how she can ‘need’ health care that does no good” [44] (p.326). From here, it requires only a short leap to comparing the cost-effectiveness of approaches using formal health economic techniques.
These techniques provide “a logical and explicit framework to aid health care workers, decision-makers, governments, or society at large, to make choices on how best to use resources” [45] (quoted in Phillips [46] (p.13)). There are a number of possible approaches available and these are explained in the next section.
Translating data on a spreadsheet into sensible, practical solutions is not necessarily simple and often requires interpretation. ‘Objective’ evidence may be illusory, particularly in the realm of public health [47]. Randomised control trials (RCTs) – as championed by Cochrane – are rarely possible in such settings, as the vast array of influences and stakeholders that may impact upon health cannot be investigated in isolation. RCTs are far more common and practicable in pharmacoeconomic settings, where commonly agreed upon quantitative markers of success can be measured, and subsequently compared against a price offered by the relevant company. In public health, often no such company, price or outcome measurements are known to exist or can be universally agreed upon. Experience, judgment and continual learning are required to meet these challenges. Such issues have long been observed and similar issues were reflected in the following excerpt is taken from a publication from 1849 on “moral statistics”, which seems to take a rather Bayesian approach to medical evidence:
“The man who studies society, however, labours under a great difficulty in being entirely denied the use of experiment, and limited most rigidly to observation; the observation of elements most subtilly [sic] combined, in a state of unceasing change, and wholly beyond his control. Analysis, therefore, in the sense of the chemist, is absolutely impossible; but by exhaustive enumerations of facts, which are strongly indicative of the existence of many others, or are their invariable concomitants, we get a means of detecting the excess or deficiency of certain social elements in definite classes or localities; and by multiplying these lines of observation, and the combinations in which they are arranged for purposes of comparison, we gradually arrive at higher and safe inductions, which will sometimes corroborate principles which we have reached by deductive reasoning from the moral elements of individual character, and by observations on society in the limited field of our person experience, and at others will present irreconcilable results, which the bigot of theory will despise, but which the man of science knows how to prize as gems” [48] (p.36).
Unfortunately, deciding what constitutes evidence and proof is not always clear. In 1849, the London Medical Gazette [49] dismissed John Snow’s theory of transmission of cholera via water, rather than ‘miasma’ as was theorised at the time. (Snow is now considered one of the founders of the discipline of epidemiology on the basis of this discovery).
“There is, in our view, an entire failure of proof that the occurrence of any one case could be clearly and unambiguously assigned to water… Notwithstanding our opinion that Dr Snow has failed in proving that cholera is communicated in the mode in which he supposes it to be, he deserves the thanks of the profession for endeavouring to solve the mystery. It is only by close analysis of facts and the publication of new views, that we can hope to arrive at the truth” [49] (from webpage).
The increased emphasis on evidence of course goes some way to solving this, including in public health. Changes to attitudes had continued for generations before Cochrane’s work. The rise of epidemiology allowed a more macro-level perspective to take hold rather than ascribing all successes and failures to each case’s “special determinism” [50]; this approach has been growing since at least the time of Florence Nightingale. But such perspectives posed challenges to practicing physicians, and a Lancet editorial on “Mathematics and Medicine” from 1937 presaged many of the same issues that we are to some extent still debating today.
“It is exasperating, when we have studied a problem by methods that we have spent laborious years in mastering, to find our conclusions questioned, and perhaps refuted, by someone who could not have made the observations himself. It requires more equanimity than most of us possess to acknowledge the fault is in ourselves” [51] (p.31).
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The wider availability of reliable evidence allows operational research techniques to play a more prominent role. OR is a field of mathematics that uses analytical techniques to improve and inform decision-making, with which there is significant overlap with implementation science [52], including an emphasis on real-world pragmatism. Classic uses of the approach in health settings relate to scheduling and management of rosters (whether of staff or other resources), risk management (such as predicting the risk of adverse events) and routing (which can be used for siting ambulance depots). Practically any formal analytical technique can fall under the OR banner, and mathematical modelling, computer simulation, quantitative analysis and simple logic models are used to inform decision-makers in a wide variety of settings. One offshoot of OR is MCDA, which can be used for particularly complex decision problems [53].
Utility theory can be used to express the relative ‘goodness’ of an outcome, given the events that influence this outcome and the choices available to the decision-makers. One or more criteria may combine to generate the specific utility function for a decision problem. Lindley [54] restricts utility to [0,1], so that a best-case scenario has a utility of 1, a worst case 0 and outcomes in between these vary proportionally. 
In most situations, most people are risk averse to some degree when facing choices. Kahneman & Tversky [55] have shown that in many situations, people intuitively value losses and gains differently, leading to predictable and irrational behaviour. The list of factors that may contribute to a good decision is practically endless, including, for example, rationality, timeliness, consistency with other actions, feasibility, avoiding unnecessary conflict, the incorporation of adequate consideration of temporal effects, the use of an appropriate value function, adequate addressing of uncertainty, the pursuit of dominant strategies, predictability to allies and unpredictability to rivals, and legitimacy and fairness. 
Despite the complications in how we define ‘better’, some decisions are intuitively clearly better than others. An option that is better than all alternatives on every relevant criterion is said to ‘dominate’ them, and should evidently be chosen where possible. An option that makes everyone better off (or at least makes some people better off and no one worse off) should also clearly be chosen; the pie gets bigger, allowing some people get a bigger slice, while no one loses out; a concept known as ‘Pareto optimality’. As decisions become more complex – such as the inclusion of more criteria and stakeholders in the decision – it inevitably becomes less and less likely that such options can exist. The logic of cost-benefit analysis – described later on – is that we should generally choose decisions that will increase the size of the pie, regardless of how this shifts the distribution of slices. There are circumstances when this is appropriate, and other times where stakeholders may have legitimate concerns about such an approach. 
It may be easier to describe situations that are clearly bad decisions. A ‘Dutch book’ is practically the worst-case scenario – this occurs where a decision-maker makes a series of decisions that in conjunction guarantee a loss. The etymology of this phrase has been lost to time – while it has been speculated to date back to the 17th century, the name first appears in the literature by the 1950’s, with no explanation of how this name came to be chosen [56]. Imagine a scenario where you have decided to bet on an upcoming World Cup, attempting to predict a winner – and you are so determined to have a bet on the winning team to get one over on a work colleague that you end up putting the bets on all four countries that have reached the semi-finals. The relevant odds and stakes being as shown in Table 2.1. Behaving in this way would in this case only succeed in guaranteeing you a loss of £8, regardless of the winner. (Though whether this price is worth paying – given the colleague in question – is one example of where MCDA techniques can start to be useful). 
[bookmark: _Toc444180784][bookmark: _Toc476241419]Table 2.1 – Example of a clearly bad decision: a ‘Dutch book’ betting strategy
	WC country
	Offered odds
	Implied probability of winning
	Bet price
	Bookie pays (if country wins)

	New Zealand
	Evens
	0.5
	£30
	£30 stake + £30

	Ireland
	2 to 1 against
	0.33 
	£20
	£20 stake + £40

	Argentina
	4 to 1 against
	0.2
	£12
	£12 stake + £48

	England
	9 to 1 against
	0.1
	£6
	£6 stake + £54

	 
	 
	Total: 1.13
	Total: £68
	Always: £60



Ideally any approach we use should ensure that such an event could not occur, ensuring rationality is incorporated into the decision-making process. The most common such approach is expected utility theory, which combines probability theory (i.e. the chance of an event occurring) and utility theory [57]. Different alternatives can be compared against each other, and the course of action representing the highest expected return chosen. The approach is transparent and easily understandable, so those looking over it can follow the various steps of the process and hold those who made the decisions accountable where necessary. It allows a clear ordering of the approaches, where more than one choice is possible. The results are transitive, allow dominance and ensure that the law of non-contradiction is met, ensuring coherence and consistency across decisions. This approach is in effect the predominant archetype used for structuring decisions in health [58]. 
However, catastrophic losses might still be possible (if unlikely) using expected utility theory, and it may not be suitable for situations that cannot simply be explained as maximisation (or minimisation) problems. For example, a football team may be trying to win a league, which is a slightly different aim from winning every match or maximising available points; so the best strategy against a direct rival might be to avoid losing rather than maximise the chances of winning. A range of other decision-making strategies are therefore available that maximise the worst-case outcome, minimise the maximum possible regret, or make it difficult for competitors to predict your next course of action. Satisficing approaches focus on achieving minimally acceptable levels of performance on specified criteria, rather than maximising total payoffs [59]. Where not all such constraints can be met, these can be balanced using goal programming approaches outlined in Section 2.5.5.
Some authors have argued that it is better to focus on improving the process of decision-making, rather than the outcome [60, 61]. Legitimacy and fairness could instead be the aim, particularly in public decision-making. Daniels and Sabin [62] specify four conditions required in order to ensure that a decision is derived fairly, in their Accountability for Reasonableness (A4R) framework:
· Publicity condition: rules and findings must be transparent.
· Relevance condition: decisions must rely on evidence that fair-minded decision-makers agree are relevant.
· Appeals condition: there should be a mechanism for challenging decisions, especially in light of new evidence.
· Enforcement decision: some regulatory mechanism to ensure the other three conditions are met.
NICE has incorporated these conditions into its own processes, as laid out in its Social Value Judgments document  [63] to ensure procedural justice. Their approaches are complex and quite nuanced, as befits value-laden decisions with outcomes of a life or death magnitude. Nonetheless, money and other resources are limited in the health service, and expectations and demand will always outstrip the possible supply of such services, which Aneurin Bevan himself recognised [64]. If we accept the QALY as the measure of health and that this is what we wish to maximise, it is clear that the health service should provide those interventions that proportionally have the highest positive impact on health given their use of resources – i.e. those interventions that are most cost-effective. In theory, the health service should provide as many of these interventions as possible, in order of their cost-effectiveness, until they reach the point where providing another service will displace services elsewhere in the NHS that would otherwise have had a larger effect than the approach under consideration. This point can be considered the ‘cost-effectiveness threshold’. 
Theoretically, it does not matter who receives these QALYs and how they are distributed [65], or even that identifiable patients will likely lose out (and may die) if any such approach is applied rigidly. By maximising the total number of QALYs generated by the health service, other patients somewhere else in the system will cumulatively gain even more than these patients stand to lose [66].
“There is an ethical dimension to this, as there was once a tendency among health professionals to see costs as being morally unimportant–a matter for the uncaring professions: the bean counters and the bureaucrats. In this sense, economists see themselves as standing up for the ‘silent majority’: the diffuse and unidentifiable groups of patients whose care is delayed, diluted, deterred, or denied whenever decisions are made to fund a costly new technology that will be loudly supported by the relevant industry and professional and patient groups” [67] (p.5).
In practice there are often complications, values to be considered and ethical concerns [68]. If, by following this approach, the NHS started exclusively or disproportionately catering for one group in society at the expense of others, the public may find this to be unacceptable. Providing approaches that make improvements to quality of life – at the expense of other approaches that save lives – is perennially controversial, regardless of the costs involved [66]. This preference to save lives over all else is referred to as the ‘rule of rescue’. There are no right answers to such issues, and choosing the appropriate balance between competing aims requires open debate at a societal level, through the media, democratic processes and elsewhere [69].
QALYs do not necessarily represent all aspects of health in practice. Members of the public may also expect more than health from the health service, such as being treated with dignity or that, all else being equal, the vast resources of the NHS are employed in such a way that adequately considers social equality and other societal issues. Decision-makers, including NICE, are known to take a range of such factors into account (described in Chapters 4 and 5), and even the formation of the Cancer Drugs Fund implies that the body politic consider certain illnesses more important than others. 
The use of a given treatment for a given condition is also not always as neat as we might initially assume. It may be unrealistic to rank all possible combinations of treatments and conditions in this way, and some rankings may lack face validity [70]. The effectiveness of an intervention may not be independent of the availability of other treatments, and may work better when combined with another approach (which could theoretically itself be ruled out on cost-effectiveness grounds). Treatments may be cost-effective only for certain subgroups of patients, but it can be difficult in practice to restrict the prescription of the treatment to other groups once the genie is out of the bottle. Finally, not all new interventions are tested for cost-effectiveness (and neither were those that predate NICE) so it is difficult to know for certain how cost-effective an intervention is in practice, as it is not clear which services are necessarily being displaced when a new treatment is made available. 
Normative health economics incorporates such concerns, considering how best we should distribute resources, given the opportunity costs in terms of health and other issues. Money, in this context, is simply a means to an end. Using a health economic approach allows a decision-maker to identify possible choices available to them, given the limits imposed by their overall budget. Each of these possible decisions may no doubt have its own attractions, but the decision-maker can at least be fully informed as to the best option available to them. Friedrich Hayek [71] (p.87) described economic considerations as “merely those by which we reconcile and adjust our different purposes, none of which, in the last resort, are economic (except for those of the miser or the man for whom making money has become an end in itself)”, while Aristotle wrote on a similar theme 2300 years earlier that “wealth is evidently not the good we are seeking; for it is merely useful for the sake of something else” [72] (p.619). Health economic settings are not an exception to this and allow the health services to deploy resources in a suitable way to best meet their aims.
Quantitative models that can be used to structure decisions in this way, including health economic approaches, thus have a number of advantages over ad hoc decision techniques and can ameliorate the fact that “humans are quite bad at making complex, unaided decisions” [73] (p.22).
Economics is ultimately about the studying of decisions, the incentives behind them and their consequences [74]; health economics relate to these choices in the context of the resources available in health generally. Public health economics can be defined as  the “study of the economic role of government in public health, particularly, but not exclusively, in supplying public goods and addressing externalities” [75] (p.229). The broader effects of such interventions, taking into account a range of other factors, mean that such decision-making is much more complex than some other settings in health.
When faced with complex decision problems, people tend to simplify the problem using heuristics, or rules of thumb [76]. These can introduce unwarranted and predictable biases into our decisions. For example, decision-makers may be disproportionately influenced by salient issues, such as things that have recently appeared on the news (the “availability heuristic” [77]), or may be unduly influenced by what is more familiar (the “representativeness heuristic” [76]). They may simply decide there are too many criteria to take into account and instead use a decision strategy such as choosing solely on the basis of a single ‘most important’ criterion [76]. 
There is some evidence that heuristics have developed for a reason, and that the biases introduced at times are less important than the way they allow timely answers to questions [78]. But there is little doubt that the incorporation of analytical approaches, when available, will lead to better informed decision-making, less prone to irrational or kneejerk behaviour [79]. Any such model used will have flaws of its own – models are simplifications after all – but it will at least specify clearly which criteria and assumptions are being used. Building such a model may reveal relationships that were not obvious before doing so, and allow decision-makers to experiment in order to ascertain the potential effectiveness of approaches in a way that would not be possible in real world settings given limited resources [80]. It may also indicate which data are particularly relevant to the analysis [81] and therefore reduce the risk of ‘unknown unknowns’.
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A variety of health economic approaches are available, varying in how they quantify benefits; ultimately all of those described in this chapter compare the costs of interventions in terms of money. The most common approaches (based on Coast [82] (p.1234)) are:
· Cost-effectiveness analysis (CEA) 
· Costs are compared with some single outcome measure.
· Cost-utility analysis (CUA) 
· A specific form of cost-effectiveness analysis in which outcomes are measured in terms of QALYs gained, and from which the incremental cost-effectiveness ratio can be calculated.
· Cost-benefit analysis (CBA) 
· Costs are compared with outcomes that have been translated into money equivalents, and the results presented in Net Present Values (NPVs).
· Cost-consequence analysis (CCA)
· Costs are compared with the complete list of expected outcomes, left intact in natural units and not combined into a single measure. Decision-makers are presented with predictions of the interventions’ efficacy in all relevant areas, such as that it will avoid x deaths, y hospital visits and z cases of pneumonia, costing £n.
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Cost-effectiveness analysis allows decision-makers to see clearly the effect that each pound spent is having on a relevant outcome measure, such as the cost per death averted or cost per kilogram of weight lost. Interventions under consideration can subsequently be prioritised accordingly. However, where different studies (including those of wholly different interventions) have used different outcomes, it may be unclear to decision-makers whether on a population level it is more important or effective to, say, save one life or have the population cumulatively lose 2000 kg. NICE therefore specifies in its ‘reference case’ that the use of CUA is preferred in order for direct comparison. Where only CEA results are available, these are typically modelled to estimate the intervention’s likely cumulative effect in terms of Quality Adjusted Life Years. These processes are explained in detail in Chapter 5.
QALYs combine an individual’s life expectancy with their expected quality of life in a single metric. The quality of life of a patient is measured in the form of a utility, from 0 (death) to 1 (perfect health), and with intermediate scores calibrated by polling the general public. Some health states may be considered worse than dead, leading to negative utilities. If a treatment for a particular disease, for example, extends a patient’s life by 2 years and their quality of life during this time is deemed to be 0.6, this would result in an increase in 2*0.6 = 1.2 QALYs. 
An Incremental Cost-Effectiveness Ratio (ICER) can be derived to inform decision-makers about the intervention’s cost-effectiveness. By comparing the difference in costs between the proposed treatment and a comparator (normally the current treatment used), and dividing by the change in expected associated outcomes, a figure is derived that indicates the cost per extra QALY gained. If the treatment described above generated 1.2 QALYs years and cost £10000, and the current treatment instead allowed the patient to live for 6 more months, at a quality of life of 0.4 (i.e. 0.5*0.4 = 0.2 QALYs), costing £2000, the ICER can be calculated like so:
ICER 	=	CostNew – CostOld	= 	10000-2000	=	£8000/QALY
		QALYNew-QALYOld		  1.2 – 0.2		
This approach has a number of potential attractions for decision-makers. It ensures that treatments that we can be confident will work will be provided. It allows both quality of life and the length of time added to the patient’s life to be taken into account, and apportions accordingly. Over time we would expect that following such an approach would reduce waste in the health service and lead to better overall outcomes. Following this process for the cumulative figures involved– the total amount of QALYs gained across the population versus the total cost – is equivalent to doing so on the level of an average patient, and will lead to the same results. 
Of course in practice, perfect information is not available and there are various stakeholders within the health system with some degree of power to delay such decisions. Guidance for technology appraisals is mandatory, and Clinical Commissioning Groups (CCGs) must implement NICE guidance within three months of approval [83]. For all other guidance, such statutory power is not applicable, though relevant decision-makers are expected to give guidance careful “consideration when developing strategies, planning services and prioritising resources” [84] (p.4). NICE provide a range of resources to help ensure the implementation of such guidance [85], though no records are kept as to which bodies actually implement them.
There are also problems with following such an utilitarian approach [86] (p.62), including:
· Indifference to distributional concerns
· This approach does not take into account how health is distributed in society, and whether or not certain groups permanently have better (or worse) health outcomes. There is no mechanism within them to ensure that no groups are systematically discriminated against, and it might well be expected that following these approaches could exacerbate health inequities.
· Neglect of rights, freedoms and other non-utility concerns
· This approach assumes that all aspects can be traded off and that all such issues are incorporated in the QALY measure. Evidently there are concerns that are not taken into account in the QALY, and even if they were, we still may not be willing to accept a health service that actively discriminates against certain groups, for example.
· Adaptation and mental conditioning
· People routinely adapt to their settings [87] and the utilitarian calculus does not take this into account, resulting in potentially unfair results on those who cannot ever improve. Given the health of a paraplegic is considered far less than that of a healthy person, the scope for improvements in health is also reduced – which may be considered discriminatory if treatments are rationed using such an approach. The approach could even be criticised for formalising inadvertent discrimination against the elderly, who (assuming they suffer from diseases that predominately affect this age group) will have less opportunity to have years to live and a lower expected quality of life over these years than young people in full health.
Whether or not such issues are necessarily unfair is ultimately a value judgment, as is the definition of health used in the QALY. Through quantifying it in this way, analytical approaches can be applied to inform decision-makers – but this does not necessarily mean that other considerations should not be considered if desired by decision-makers.
There is some reluctance amongst the public and some decision-makers to make decisions based on health economic measures alone [82, 88-91]. An attempt to use this approach in Oregon in the early 1990s had to be heavily doctored before implementation in order to better address the concerns of the population [70]. Healthcare decisions routinely require deliberation even when quantitative evidence of safety is available [92], and ultimately decision-making for problems of this nature should be owned by the people or committees responsible, rather than an algorithm which by its nature cannot take every possible factor into account. 
Some decisions are clearly better than others, and where a new treatment is cheaper and more effective than current practice, the newer one is dominant and should normally be recommended. Equally, treatments that are more expensive and are less effective than current practice should not be recommended. However, if the new intervention being examined is cheaper and less effective – or more commonly, both more expensive and effective – ICER valuations can prove very useful to decision-makers.
While these are the broad principles behind which CUA, the devil is in the detail and many variations are possible. For example, the analysis could take the perspective of the individual, the health system, the overall public service or the broader economy. In Williams’ landmark paper “Economics of coronary artery bypass grafting” [93], he proposes the impact on those caring for the patient should be included, which are not currently considered in NICE’s processes. Other assumptions used in the paper were framed by the economic conditions of the mid 1980s in which it was written, with high rates of unemployment. How this influenced NICE’s reference case, which was designed in very different economic circumstances, is unclear.
CUA represents “a logical and explicit framework to aid health care workers, decision-makers, governments, or society at large, to make choices on how best to use resources” [45] (quoted in Phillips [46] (p.13)) and should “be welcomed as a challenge to the covert, imprecise and inconsistent practice of prioritisation which exists in all healthcare systems today” [94] (quoted in [46] (p.135)). Thankfully, it is somewhat extraordinary that the statement that “[b]efore a well-informed judgment of whether it is in the public interest to increase, decrease, or keep constant the number of operations for coronary artery bypass grafting relatable comparisons must be made with other potential users of resources” [93] (p.683) today seems so self-evident.
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Cost-benefit analysis is a welfarist economic approach relating to the Pareto principle that in so long as some action can improve some individual’s lot in terms of welfare or overall utility (not to be confused with healthcare-specific utility measures, such as the QALY) without harming others, then this is considered an overall societal improvement. While on its own such a statement may seem uncontroversial, it is difficult to operationalize as an objective. Where decisions will inevitably take welfare from one group and give to another, the Pareto principle gives no indication of which is better [95]. 
The Kaldor-Hicks criterion can be used to identify if the winners in such a scenario could successfully compensate losers in terms of welfare [96], leading to a global improvement by increasing the consumer surplus [97]. This effectively uses a less strict definition of the Pareto principle, where losers are allowed. No such compensation is actually required to be paid (and even if it were the Boadway paradox [98] holds that for sufficiently large projects, this could change market prices and thereby make such compensation insufficient). There are two possible methods to gather such information [97]:
· Compensating variation – using a starting point of current utility, investigating the willingness to pay (WTP) for welfare improvement and the willingness to accept (WTA) a certain level of compensation for a disimprovement.
· Equivalent variation – using a starting point of the welfare that a potential recipient of an intervention would have where he to receive it, the WTP refers to how much he would pay to avoid deterioration in welfare and WTA the compensation demanded for not receiving the intervention. 
This compensation principle is effectively the foundation of CBA, totting up the benefits and costs of each potential course of action and, using some appropriate common metric (which is typically money converted using net present value) weighs the importance of these [97]. Decision-makers can thereafter judge whether on balance an intervention will have a net positive or negative effect, and act accordingly. CBA in health settings usually uses a societal perspective, rather than that of the NHS. It can therefore include issues that will help the broader economy, such as allowing patients to re-enter the workforce. By ignoring the distributional consequences of health, CBA may lead to discrimination against population groups outside the labour force, including the elderly [99]. This appears to be at odds with NHS ideology, which offers healthcare based on clinical need rather than the ability to pay [100].
Welfarist economic approaches, such as CBA, assume that the relative ‘goodness’ of alternative states of affairs must be based exclusively on the respective collections of individual utilities in these states [101]. While adherence to such an approach respects the individual sovereignty of the person making their own decision [100], when used alongside the cumulative aggregation of utilities to calculate total welfare, this too is equivalent to utilitarianism [101], leading to familiar ethical issues. Sen argues that such issues may lead to “perfectly disgusting” consequences [102]. To overcome this by ensuring that health-specific outcomes alone are considered, an extra-welfarist approach can be used. But this would undermine the main reason to use CBA, that of allowing the comparison of health and non-health outcomes in a single appraisal.
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CCA measures how alternatives perform on criteria directly in terms of explicit, natural units, rather than converting them into intermediate units such as QALYs (as in CUA) or money (as in CBA). Alternative ways of using resources can be compared against each other, highlighting the trade-offs that are required to choose one approach rather than another. CCA therefore allows decision-makers (and the public) to more clearly understand the consequences of following each approach. 
CCA can take the perspective of the Department of Health or broader societal concerns, as is appropriate on a case-by-case basis. Its disadvantages arise from the fact that it may be less easy to follow than the single figure given in CUA, and it may be more open to subjectivity and bias in arguments over which criteria to include and how to measure them. In many circumstances it will require more resources and expertise to conduct a CCA than a CUA and it may not be possible to test how an intervention would perform in a variety of scenarios.
In choosing a range of relevant criteria and scoring how well each intervention does on these, CCA is close to being an MCDA approach, and is analogous to a performance matrix. If there were a consensus on how these criteria should be weighted, it would in principle be possible to combine these to create an overall score for each intervention. This score could then be compared against its cost, as is currently the case with CUA (though using a broader definition of benefit/utility), perhaps as part of a deliberative process. This concept is further described in Chapter 5.
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Choosing between welfarist and extra-welfarist approaches gets to the heart of some of the complexities of health care decision-making. On the one hand, the welfarist approach follows the individual (and their welfare function, i.e. utility) as the unit of analysis [100], which is consistent with a liberal approach to morality and the role of the market. But providing health according to one’s willingness to pay for it is not necessarily in line with public opinion or the objectives of the NHS, which was founded so that everyone should be entitled the best treatment available, regardless of “whether they can pay for them or any other factor irrelevant to real need” [100] (p.331). Given the effects of the social gradient – the correlation of wealth and health status – the need for such separation between need and WTP is particularly stark [27], due to the risk of being caught in a vicious circle. A person’s overall utility may also adjust with new circumstances – whereas it is assumed that an unchanging health state can be represented as objectively better or worse than another state. Welfarism assumes that health only is a stepping-stone that may contribute to overall utility which will be reflected in one’s WTP and hence may be in conflict with the organisational aims of the health service. The derivation of a suitable social value function is always going to be flawed [103], and therefore a utilitarian framework of summing individual welfare functions is used, causing the previously described ethical dilemmas. 
Extra-welfarist approaches do not use this concept of ‘overall utility’ alone, instead substituting health – and hence avoiding some of these potential pitfalls. Welfarist approaches could theoretically leave such decisions to the market (at least assuming the absence of market failure), but in a NHS context this may be considered unacceptable. On the other hand, extra-welfarist approaches require some form of paternalistic decision-making body to provide values and/or weights for decision-making [100]. This could be for example a citizens’ council, some group of ‘wise elders’, the democratic process, or a technocratic body such as NICE. Such decisions will often require further choices on the economic perspective to be used, or when and where ‘equity weighting’ are deemed appropriate, and are hence value-laden (and open to criticism for being ‘subjective’ throughout).
CUA is included in the extra-welfarist tent for not relying on overall ‘welfare’ alone. However, by taking only health into account – rather than, say, a broader capabilities approach or any other factors that may impact on welfare – it thereby disallows cross-sectoral evaluation between government departments (which CBA nominally would facilitate) [95]. This may in turn make public health provision appear less cost-effective than it otherwise would by ignoring societal benefits arising outside of health [95] (or even health-related aspects which are not appropriately captured within the QALY).
Unlike welfarist approaches, extra-welfarist techniques do not by definition need to reflect a summation of individuals’ utilities [100]. They could theoretically reflect normative judgments such as the ‘fair innings’ argument [104] to counter ethical concerns of utilitarianism (though such an approach may create new problems). However, an unadulterated CUA approach, while extra-welfarist, retains many of the same issues as welfarism and fails to address equity or distribution issues directly [95]. The CPH nonetheless has a specific responsibility to consider the equity of outcomes alongside cost-effectiveness concerns [85].
Deciding on an approach to use for public health prioritisation – while still allowing comparison with other directorates within NICE – is therefore something of a quandary. Each approach has its advantages and disadvantages, and should be chosen carefully based upon the nature of the decision. Within the CPH, CUA is used whenever possible to allow comparison directly. To attempt to capture other effects, where necessary, the CPH also permits the use of CBA and CCA [10]. These appear to be becoming increasingly prominent, described in further detail in Chapters 4 and 5. CBA is particularly useful where societal level concerns are relevant and where the topic under consideration already uses CBA as a standard. For example, it has been used on guidance relating to transport issues, as transport planners use this as their go-to day-to-day economic evaluation technique. CCA is useful where multiple criteria need to be compared and traded off but where it is more difficult to quantify these in monetary terms. 
Applying cost-effectiveness techniques to public health decision problems, rather than the traditional pharmacoeconomic settings for which they were first designed, poses specific challenges, most notably: issues relating to attributing outcomes to interventions to obtain unbiased estimates of effect; measuring and valuing outcomes to ascertain how much better the quality of life is in one health state compared to another; incorporating equity considerations; identifying inter-sectoral costs and consequences to assess their impact on the health care sector; and impacts on other sectors of the economy [105, 106]. There are also issues relating to the wider variety of stakeholders, and hence a wider distribution of costs and benefits amongst organisations therefore posing practical problems with their implementation. The benefits also tend to accrue over long periods of time and may appear less worthwhile to decision-makers, depending on the discount rate used. 
Furthermore, taking a public health perspective, the cumulative health of a population may not necessarily reflect the health of all individual members [107]. Such an assumption ignores practical realities such as the fact that diseases may be contagious (and so curing a person may reduce the future incidence). Causes of ill health will also vary at the aggregate and individual levels [108]. Individual factors may not directly correspond to broader trends; Durkheim [109] for example found that there appeared to be underlying suicide rates within given communities that stay around the same level each year, even though each suicide is clearly a personal decision. 
As a result of these issues, the best choice for public health prioritisation decisions are not necessarily as clear as is the case in technology assessments in NICE. As a result, a range of special measures have traditionally been carried out in NICE in public health settings [10] and greater flexibility is given to committees devising public health guidance than elsewhere.
Each approach allows for more and more criteria to be formally analysed – CUA compares the costs and QALYs of approaches (which are themselves derived from length of life gained and quality of life over that time). CBA allows for more criteria (including those from outside health) to be valued on a single metric. And CCA allows for as many criteria as necessary to be valued in natural units. The CPH in NICE has stated that when CCA techniques are used, they can be further combined using a number of formal approaches [10]. This could potentially set the scene for MCDA techniques to be tested in future, described further in Chapter 5.

[bookmark: _Toc313187826][bookmark: _Toc441508923][bookmark: _Toc453235361][bookmark: _Toc453595434][bookmark: _Toc476241531]2.5		Defining MCDA

Decision analytic approaches are used to investigate and describe the nature of a given problem, showing the full range of possible actions available to the decision-maker, possible states of nature outside of their control including the actions of other stakeholders, the associated consequences and the uncertainties of each. 
“The spirit of decision analysis is divide and conquer: decompose a complex problem into simpler problems, get one’s thinking straight on these simpler problems, paste these analyses together with logical glue, and come out with a program of action for the complex problem” [110] (p.271).
Decision analysis can be used to maximise a given criterion, such as the level of profit or utility; equally other objectives could be minimised. In other situations, decision-makers may wish to use a satisficing [59] strategy to align outcomes as closely as possible with a pre-defined list of minimum targets to be achieved. 
“The normative assumption that individuals should maximize some quantity may be wrong. Perhaps … there exists nothing to be maximized. Ordering may be partial … because the calculations are impossible in principle: People do and should act as problem solvers, not maximizers, because they have many different and incommensurable … goals to achieve” [111] (p.34).

[bookmark: _Toc313187827][bookmark: _Toc441508924][bookmark: _Toc453235362][bookmark: _Toc453595435][bookmark: _Toc476241532]2.5.1		Background to MCDA use in health settings
In practice, decisions in healthcare settings are not always made on the basis of cost-effectiveness alone and also include other factors. Both decision-makers and the public seem to value the inclusion of other criteria, preferring pluralistic methodologies [44, 82]. The analytical approaches already outlined in this chapter can be used to structure decision problems, informing decision-makers and making explicit the trade-offs and assumptions used. This could lead to a more open decision-making process and ultimately better decisions. Multiple criteria decision analysis fits firmly amongst these approaches, and by “reducing a complex problem into small, easily managed parts, the analysis helps avoid errors that result from attempts to make highly complex decisions intuitively” [112] (p.44).
Multiple criteria have unquestionably been widely used in healthcare for a long time; the QALY combines two criteria, and the quality of life component itself is generated using the EQ-5D instrument, incorporating five criteria. None of this is necessary new: Lagrange incorporated multiple commodities into single units in an approach reminiscent of CBA (though not using money) around 1800. 
“Joseph-Louis Lagrange, the great mathematician, was particularly innovative in converting commodities into the function related characteristics: amounts of wheat and other grains into their nourishment equivalent, amounts of meat into equivalent units of beef (in terms of their nutritional qualities) and amounts of all beverages into units of wine (remember, Lagrange was French)” [86] (p.25).
MCDA approaches operate similarly to CBA, but instead of comparing alternatives on units of monetary (or, as above, nutritional) value, they use preference value [92], and the best value is chosen. A formal set of approaches is available to structure and understand particularly complex problems, and together they can be thought of as “the study of methods and procedures by which concerns about multiple conflicting criteria can be formally incorporated into the management process” [113] (from webpage) to improve decision-making.
MCDA and other economic approaches previously outlined have much in common, and these approaches need not be mutually exclusive. Joubert et al. [114] suggested that MCDA could be used to complement CBA when non-tangible market goods are important. Leys [115] notes that qualitative data in health technology assessments are too often not considered ‘real’ evidence and therefore not given adequate weight; MCDA is one possible alternative to mitigate this effect. It is important to also acknowledge that decisions can be informed by a variety of analyses – whether in sequence or simultaneously – and MCDA and current health economic approaches could be used side by side in these settings. A two-stage process incorporating both MCDA and CUA (for example) could allow opportunity cost to be ignored at the MCDA stage, while ensuring that it is still included in any final decision. In this vein, both chapters of the ‘intervention development and implementation’ stage of the thesis deal with questions at stages of the decision process prior to the consideration of costs.
[bookmark: _Toc313187828]
[bookmark: _Toc441508925][bookmark: _Toc453235363][bookmark: _Toc453595436][bookmark: _Toc476241533]2.5.2		MCDA overview
MCDA approaches are inter-disciplinary, incorporating concepts from OR, mathematics, psychology and decision theory. These problems typically include not only multiple conflicting objectives, but also multiple stakeholders, multiple potentially relevant criteria to judge and/or high levels of uncertainty. Such situations are not uncommon in public health scenarios. Structuring decisions in this way helps decision-makers to avoid oversimplifying the problem using heuristics and overly ad hoc approaches [76], which may lead to sub-optimal outcomes:
“When confronted with such complex problems, policy-makers tend to use intuitive or heuristic approaches to simplify complexity, and in the process, important information may be lost, and priority setting is ad-hoc... policy makers may not always [be] well placed to make informed well-thought choices involving trade-offs of societal values” [116] (p.2 of 9).
MCDA techniques are by their nature transparent, structured approaches to investigating the performance of alternative courses of action in order to provide recommendations for decision-makers. They typically involve a period of reflection, in a group setting if possible, to discover the key attributes that will influence the decision. If necessary, the problem itself may have to be thought through more thoroughly and defined formally. There are numerous MCDA approaches used, which tend to fall into three broad families, of value measurement, outranking or goal programming methods [117], though other approaches are also possible [118].
The involvement of stakeholders, which is integral to MCDA decision processes, may improve the quality of decisions [119], increase the likelihood of public acceptance [120] and increase the likelihood of managerial ‘buy-in’, which should increase the likelihood of successful implementation [121]. In some circumstances, however, political considerations may limit the opportunities for meaningful stakeholder involvement [122].
Decision-makers employing any such approach need to initially identify the problem, alternative options, the criteria that can be used to assess performance of each of these alternatives and the relative weights of these criteria to ensure that key attributes are defined as such. There are a number of factors to consider in choosing criteria that will work together in the model [8]:
· [bookmark: _Toc303953392]Complete: criteria completely define the objectives
· Operational: criteria are meaningful 
· Decomposable: The criteria can be analysed one at a time, do not depend on each other.
· Absence of redundancy: criteria are mutually exclusive, do not mean the same thing.
· Of minimum size: Decision-makers cannot handle large number of criteria.
Other issues are also clearly relevant in choosing final criteria. Decision-makers should avoid falling into the trap of ‘double counting’, where the same effect is counted in more than one criterion, leading to it receiving more weight than is intended. Correlated results are not necessarily a problem in all such cases, so long as it is clear that the criteria are independent. This may require a thorough understanding of the organisation’s values and the decision problem’s broader context.
Temporal impacts may also play an important role in decision-making in practice. For decisions with costs and benefits arising a long time in the future, there needs to be some recognition of this, whether through discounting (as with current economic approaches) or by weighting the long-term effects separately from those more immediately apparent.
Other issues can also be designed into the system and it is tempting for example to argue that criteria should also meet the four criteria required in the Accountability for Reasonableness framework [123] to ensure fairness. However, as more requirements are imposed, trade-offs (perhaps fittingly) may have to be made to ensure the most important criteria are included in a workable model. Criteria should also ideally be easily understandable and measurable. Weights may initially be elicited from discussion or by some algorithm such as averaging anonymous preferences of the stakeholders or through discrete choice experiments (described in Section 2.5.3.3). Sensitivity analyses is required to better understand the role of each of these processes on the final ranking; answering the question “What makes a difference in this decision?” [124]. There is typically an option for revision later in the process if necessary, and to a certain extent even within each stage. MCDA is best considered an iterative process that works towards building agreed objectives. 
There are therefore eight commonly agreed upon stages required to carry out an MCDA project [125] (p.50), though they need not always be carried out in this order:
1. Establish the decision context.
a. Establish aims of the MCDA, and identify decision-makers and other key players.
b. Design the socio-technical system for conducting the MCDA.
c. Consider the context of the appraisal.
2. Identify the options to be appraised.
a. Identify objectives and criteria.
b. Identify criteria for assessing the consequences of each option.
3. Organise the criteria by clustering them under high-level and lower-level objectives in a hierarchy.
4. ‘Scoring’. Assess the expected performance of each option against the criteria. Then assess the value associated with the consequences of each option for each criterion.
a. Describe the consequences of the options.
b. Score the options on the criteria.
c. Check the consistency of the scores on each criterion.
5. ‘Weighting’. Assign weights for each of the criterion to reflect their relative importance to the decision.
6. Combine the weights and scores for each option to derive an overall value.
a. Calculate overall weighted scores at each level in the hierarchy.
b. Calculate overall weighted scores.
7. Examine the results.
8. Sensitivity analysis.
a. Conduct a sensitivity analysis: do other preferences or weights affect the overall ordering of the options?
b. Look at the advantages and disadvantages of selected options, and compare pairs of options.
c. Create possible new options that might be better than those originally considered.
d. Repeat the above steps until a ‘requisite’ model is obtained.
These 8 steps are revisited for both case studies in the intervention development/implementation stage of the thesis.
A model is normally imperfect, but should be ‘requisite’ – sufficient to represent the mental models, beliefs about uncertainty and preferences of the participants, and where additional model refinements do not generate new insights in the problem [121].
MCDA approaches are rarely used in value-free contexts and need further interpretation before the ‘answers’ provided are to be used. There is always a danger of the false legitimacy of looking mathematical with any of these approaches [126]. Decision-makers will still require their judgment in making final decisions, but such approaches are nonetheless useful in building up shared understanding and a sense of common purpose, increasing the chances that changes will be implemented [127]. There may not be a ’correct’ answer, though in many situations some answers are more correct than others, and MCDA approaches can highlight interventions that are likely to do particularly well or poorly. 
Dolan [112] provides a simple example of how MCDA might be used in a health context – in this case how doctors could structure the decision for patients about which colorectal cancer screening method would be most appropriate for them. This objective is broken down into six criteria and there are six alternative screening programmes (including a no screening option), shown in Figure 2.1. 
[bookmark: _Toc476241444][bookmark: _Toc444180807]Figure 2.1 – Example MCDA model for use in shared decision-making settings to structure the process for patients trying to choose between potential options for colorectal screening. Adapted from Dolan [112]
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[bookmark: _Toc303953393]
[bookmark: _Toc313187829][bookmark: _Toc441508926][bookmark: _Toc453235364][bookmark: _Toc453595437][bookmark: _Toc476241534]2.5.3		Value measurement models
Value measurement models include various approaches that assign scores to each alternative course of action comparing how well each would perform. They are the most commonly used family of approaches in health settings [128]. Unlike other approaches, they are a compensatory method, allowing direct trade-offs between criteria. Therefore, if an alternative performs badly on one criterion, it is not automatically excluded (as might be the case with other techniques) and may still turn out to be the best option overall if it performs well on the other criteria. Value measurement models use various approaches in order to assign scores to each of the alternatives to indicate how well they perform, allowing the ranking of these interventions. This is useful when the decision problem allows for the choice of more than one option.

[bookmark: _Toc441508927][bookmark: _Toc453235365][bookmark: _Toc453595438][bookmark: _Toc476241535]2.5.3.1		Linear Additive approach
The most common of these methods is probably the Linear Additive Model (it is also referred to as Multi-Attribute Utility Theory (MAUT) or Multi-Attribute Value Theory (MAVT)); it is also one of the simplest. Each alternative is given a score on each criterion. Then the relative importance of each criterion is elicited from stakeholders. This is normally carried out using swing-weighting, which initially requires the identification of the most important criterion by thinking about the difference between the best and worst performance on each criterion for the alternatives under consideration. Criteria that under normal circumstances would be considered critical a priori may not end up important in the context of the model if similar levels are present in each of the alternatives, and vice versa. 
These scores may initially come in natural units, rates, ordinal values or some other measurement. They are typically normalised (i.e. placed on a common scale such as 0 to 1 or 0 to 100) in order to make comparisons between criteria easier. There are a number of suitable ways for eliciting these from the stakeholders. Once the most important criterion is decided upon, stakeholders can assign relative weights to each of the remaining criteria; for example, the swing for X is 80% as important as that of Y. A weighted sum is calculated for each alternative, which then represents its ‘score’, where the highest score represents a suggested course of action.
If the findings are wholly counterintuitive to the point that stakeholders doubt the result, or if they realise that a key attribute has not been included, the process can be revisited if necessary iteratively. If on the other hand, two or more alternatives have similar scores, this can serve as a basis for further discussion amongst the stakeholders and sensitivity analyses can be performed to test what courses of action would be preferred under certain circumstances. Taken together, the process can tease out meaningful rankings and potentially identify and incorporate further relevant criteria and relationships. 
[bookmark: _Toc444180785][bookmark: _Toc476241420]Table 2.2 – Arnold's weights for each of the criteria using swing weighting, with ‘Avoiding false positives’ the most important
	
	Relative importance
	Normalised importance ratio

	Avoid Cancer
	0.5
	0.17

	Avoid side effects
	0.8
	0.28

	Avoid false positives
	1
	0.34

	Frequency
	0.3
	0.1

	Test preparation
	0.1
	0.03

	Procedure
	0.2
	0.07

	Total
	2.9
	1



Using the colorectal screening decision problem, for example, a patient (let’s call him Arnold) may initially feel that preventing cancer seems the most important consideration. However, if the chances of developing cancer are very similar regardless of the intervention chosen, then avoiding the worry associated with a false positive diagnosis of cancer from the various screening tests may become the most important criterion for him. This criterion is given an importance of 1.0. Arnold decides that the difference in rates of cancer avoidance is about half as important as the differences between the false positive rates. Thus the cancer avoidance criterion is given an importance weight of 0.5 relative to the avoiding false positives criterion. This is carried out for each criterion, and weights are then normalised so that they add to 1 for ease of interpretation. Table 2.2 shows the final weightings.
Each of the weights is multiplied by each alternative’s score for each criterion, which are summed to give its total score. The highest total score represents a suggested course of action. Table 2.3 shows Arnold’s scores for each alternative programme and criterion. The best alternative according to Arnold’s expressed preferences is no screening, with a total score of 0.84. However, MCDA approaches are not intended to give the ‘correct answer’ per se; if Arnold is uncomfortable without a screening programme he can still see that annual faecal occult blood tests also reflect his preferences relatively well. Further analysis or reappraisal can be carried out if he is still not sufficiently comfortable with the findings. 
Sensitivity analyses can be used to indicate the relative importance of each criterion upon the result, which can subsequently be represented visually using techniques such as tornado diagrams. The findings, whether built based on the preferences of one patient’s preferences or the consensus of multiple stakeholders, can offer important insights helping to ensure that these preferences are reflected.
[bookmark: _Toc444180786][bookmark: _Toc476241421]Table 2.3 – Combined weights and scores for Arnold, using the linear additive method
	 
	Avoid Cancer
	Avoid side effects
	Avoid false positives
	Freq.
	Test prep.
	Procedure.
	Total Score

	Weight
	0.17
	0.28
	0.34
	0.1
	0.03
	0.07
	 

	No screening
	0.1
	1
	1
	1
	1
	1
	0.84

	Faecal occult blood tests/year
	0.9
	1
	0.8
	0.1
	0.9
	0.95
	0.81

	Flexible sigmoidoscopy/ 5 years
	0.95
	0.8
	0.7
	0.5
	0.8
	0.7
	0.75

	Faecal occult blood tests/ year & flexible sigmoidoscopy/ 5 years
	1
	0.8
	0.85
	0.1
	0.7
	0.65
	0.77

	Double contrast barium enema/ 5 years 
	0.9
	0.1
	0.7
	0.5
	0.1
	0.2
	0.49

	Colonoscopy/10 years
	0.5
	0.6
	0.1
	0.8
	0.1
	0.1
	0.38




[bookmark: _Toc441508928][bookmark: _Toc453235366][bookmark: _Toc453595439][bookmark: _Toc476241536]2.5.3.2		Analytic Hierarchy Process (AHP) 
AHP follows a similar model to the linear additive model in both the early and final stages, but the preferences are elicited differently. The patient’s preferences between criteria are indicated using pair-wise comparisons on a qualitative scale, represented by a number from 1 to 9, using the list shown in Table 2.4. 
[bookmark: _Toc444180787][bookmark: _Toc476241422]Table 2.4 – Saaty's [129] 'fundamental scale of absolute numbers' which can be used to show the importance of the difference between the weights of two criteria or the performance of two alternatives in AHP
	Importance
	Definition
	Explanation

	1
	Equal importance
	Two factors contribute equally to the objective

	3
	Somewhat more important
	Experience and judgment slightly favour one over another

	5
	Much more important
	Experience and judgment strongly favour one over another

	7
	Very much more important
	Experience and judgment very strongly favour one over another

	9
	Absolutely more important
	The evidence favouring one over the other is of the highest possible validity

	2,4,6,8
	Intermediate values
	When compromise is needed



If, for example, the patient decides that avoiding cancer is slightly more important than the nature of the procedure, then this relationship is represented by a 3. Similarly, the relationship between nature of the procedure and avoiding cancer (the opposite of the previous example) will be represented by its reciprocal, . Avoiding cancer is then compared with the next criterion and so on, until a complete picture of the relationships between each of the criteria has been indicated. These figures and their relationships can be represented in a matrix; an example is shown below in Table 2.5. Note that along the diagonal, all relationships are given a score of 1 (i.e. avoiding cancer is equally important to avoiding cancer, etc.) and that figures on one side of the diagonal are the reciprocal of their mirrored opposites.
The weights of each criterion can be derived by calculating the maximal eigenvector for this matrix and normalising. These weights are shown in the right-hand-most column of Table 2.5. A similar approach and scale are used to indicate how each alternative under investigation performs on each criterion using the same scale, and again the normalised eigenvalue is found. The performance of each alternative on each criterion is combined with their associated weights using a weighted score approach (as with the linear additive method) to calculate a total score for each intervention.
[bookmark: _Toc444180788][bookmark: _Toc476241423]Table 2.5 – Example AHP matrix showing the weights derived for each criterion
	 
	Avoid cancer
	Avoid side effects
	Avoid false positives
	Procedure
	Derived weights

	Avoid cancer
	1
	2
	1
	3
	0.365

	Avoid side effects
	0.5
	1
	1
	2
	0.233

	Avoid false positives
	1
	1
	1
	2
	0.277

	Procedure
	0.33
	0.5
	0.5
	1
	0.125



An inconsistency index is also calculated to ensure that relationships between pairs do not conflict with each other. This ensures that the weightings are rational – if, for example, false positives were deemed more important than colorectal cancer, which was in turn more important than avoiding side effects, which was more important than avoiding false positives, then the weightings would be unworkable and results likely to be flawed. The rule of thumb is that if the inconsistency index is below 0.1, then this is deemed acceptable. 
A clear advantage of the AHP approach is its use of intuitive, verbal reasoning that can be easily understood by non-experts and those uncomfortable working explicitly with numbers. This approach may therefore prove useful in healthcare scenarios, where important stakeholders may not have significant numerical experience.
Fuzzy AHP follows similar procedures but incorporates the concept of ‘fuzzy sets’ which allow for ‘degrees of membership’. This can be used to signify uncertainty, in contrast with the deterministic result of the standard AHP technique. 
[bookmark: _Toc303953394]
[bookmark: _Toc441508929][bookmark: _Toc453235367][bookmark: _Toc453595440][bookmark: _Toc476241537]2.5.3.3		Discrete-choice experiments (DCEs)
DCEs are a stated preference method, which are used for studying the preferences of patients and other stakeholders [130]. DCE participants are offered a series of vignettes, each containing two (or sometimes more) options scored on multiple criteria, and asked to choose which one they would prefer, an example of which is shown in table 2.6 below (using fewer criteria than previous examples for simplicity). 
Based upon sufficient numbers of such decisions for multiple such questions, the implied weightings of each criterion can be deduced using multinomial regression [131]. While in practice, choosing between 6 screening options may be easier to do ‘by hand’ or through deliberation than by the use of such an approach, DCE would be appropriate where there were too many options to realistically expect decision-makers to be able to rank the options in this way, but where importance of the criteria needs to be deduced somehow, providing an example of importance of choosing a model appropriate to the decision context. Similarly, this approach can be used for where large numbers of respondents are required, to ascertain a general picture of population preferences using a relatively user-friendly format [132, 133]. The options available need not correspond to actual treatments options – in fact, with careful experimental design, it may be possible to reduce the number of comparisons necessary to generate a statistically meaningful mode using hypothetical examples. DCE approaches have increasingly been used over recent years in healthcare settings [134].
Table 2.6 – Example DCE vignette, where a participant has chosen the second of two hypothetical screening options. Subsequent vignettes would also be presented.
	
	Screening option A
	Screening option B

	Avoid Cancer
	Good
	V good

	Avoid side effects
	Excellent
	Good

	Avoid false positives
	Excellent
	Good

	Frequency
	Excellent
	Good

	Which option would you choose?

	
	☐
	☑




[bookmark: _Toc313187830][bookmark: _Toc441508930][bookmark: _Toc453235368][bookmark: _Toc453595441][bookmark: _Toc476241538]2.5.4		Outranking models
As previously explained, where an Option A is at least as good on all criteria as Option B, and better on at least one criterion, then A is said to dominate B. In Figure 2.2, the option of a flexible sigmoidoscopy dominates double contrast barium enema (DCBE). Regardless of the weights that Arnold had decided on for each criterion, given these scores it would have been impossible for DCBE to achieve a higher total score. As such there is no point including it as one of the alternatives, assuming that the criteria used are requisite and representative. 
As the number of options available to decision-makers and the number of criteria to be judged increases – as is likely to occur in many healthcare settings – it becomes unlikely that there could be a single option that strictly dominates all others in this sense. However, outranking methods of MCDA build upon this principle, carrying out pair-wise comparisons between alternatives for each criterion. These are used as the basis for calculating so-called concordance and discordance indices, which are used to indicate whether there is a strong argument that one option is better than the other and that there’s no strong argument that the opposite is true, in which case the first option is deemed to dominate (in a less strict sense) the second option. In doing so, alternatives that do particularly badly on a key criterion are very unlikely to be deemed acceptable by the algorithm.
There are four potential outcomes between any comparison: either alternative may be deemed to dominate the other, they could be equivalent or they could be incomparable. Ultimately decision-makers are likely to end up with a shortlist of non-dominated alternatives as a starting point for further discussion. Obviously where one alternative is particularly strong, this will at times end up as a shortlist of one. 
[bookmark: _Toc444180808][bookmark: _Toc476241445]Figure 2.2 – Performance of three possible screening regimens, based on all criteria and the scores shown in Table 2.3. Flexible sigmoidoscopy /5 years dominates DCBE/ 5 years.

There are several outranking approaches, which may require only basic levels of mathematical knowledge at the stakeholder level. Once alternatives are scored and weighted, potentially in much the same way as in the value measurement approaches, the relevant algorithm will do the rest. The approaches include ELECTRE (ELimination Et Choix Traduisant la REalité) – of which there are a number of versions, PROMETHEE (Preference Ranking Organization Method for Enrichment Evaluations) and TODIM (Tomada de Decisão Interativa Multicitério). Outranking methodologies are most often associated with use in continental Europe [53]. 

[bookmark: _Toc441508931][bookmark: _Toc453235369][bookmark: _Toc453595442][bookmark: _Toc476241539]2.5.4.1		Example using ELECTRE 1
For the sake of simplicity, only three criteria and alternatives have been included and the weights are pre-defined. Again, there are numerous ways of eliciting these from the patient (in this case Caroline). The scores are based upon those given in Table 2.3, though they need not necessarily be normalised using this technique.
[bookmark: _Toc444180789][bookmark: _Toc476241424]Table 2.6 – Scores and weights for colorectal screening decision, using ELECTRE 1
	
	Weight
	No screening (a)
	Faecal occult blood tests/year (b)
	Colonoscopy/ 10 years (c)

	Avoid Cancer (x)
	0.6
	0.1
	0.9
	0.5

	Avoid side effects (y)
	0.25
	1
	1
	0.6

	Avoid false positives (z)
	0.15
	1
	0.8
	0.1



Value measurement models, as explained in the last section, would be ready at this stage to calculate total scores, given we already have weights and scores for each alternative on each criterion. However, outranking approaches require the calculation of concordance and discordance indices to investigate how well the alternatives do on key criteria. In this way they do not allow trade-offs in the same sense as the value measurement approaches do. However, highlighting potentially infeasible decisions in this way may be more practical in certain circumstances.
Both indices are calculated n*(n-1) times, where n is the number of alternatives, and the index F(i,j) will not necessarily be equal to F(j,i) or its reciprocal. 
[bookmark: _Toc444180790][bookmark: _Toc476241425]Table 2.7 – Concordance and discordance indices and dominance relationships for each pair-wise comparison, using ELECTRE 1
	 
	Concordance
	
	Discordance
	 
	Dominance

	 i,j
	i ≤ j
	Total
	 
	x
	y
	z
	Max
	 
	c(i,j)>c*
	d(i,j)<d*
	Overall

	a,b
	y,z
	0.40
	 
	1.00
	-
	-
	1.00
	 
	 
	 
	 

	a,c
	y,z
	0.40
	 
	0.50
	-
	-
	0.50
	 
	 
	Yes
	 

	b,a
	x,y
	0.85
	 
	-
	-
	0.22
	0.22
	 
	Yes
	Yes
	Yes

	b,c
	x,y,z
	1.00
	 
	-
	-
	-
	0.00
	 
	Yes
	Yes
	Yes

	c,a
	x
	0.60
	 
	-
	1.00
	1.00
	1.00
	 
	Yes
	 
	 

	c,b
	-
	0.00
	 
	0.50
	1.00
	0.78
	1.00
	 
	 
	 
	 

	 
	c*=
	0.54
	 
	 
	 
	d*=
	0.62
	 
	 
	 
	 



The concordance index [C(i,j)] is equal to the sum of the weights of criteria for which i has a greater or equal score than j [117]. In Table 2.6 we see that No screening (referred to as a) has a higher score than Faecal occult blood tests (b) on avoiding false positives (z), and an equal score on avoiding side effects (y). This means that C(a,b) = wy + wz= 0.25+0.15 = 0.40, and likewise C(b,a) = wx+wy = 0.60+0.25 = 0.85. This is carried out for each pair of alternatives, and the results are shown in Table 2.7.
The discordance index requires a more difficult series of calculations. For each criterion for which i is strictly less than j, the difference between the scores is calculated. This figure is then divided by the difference between the maximum and minimum scores for that criterion, including scores for other alternatives. It is possible that multiple such calculations will have to be carried out for each alternative, in which case the maximum is used. Hence:
D(a,c) = Dx(a,c) 	=  	=  	= 0.5;

D x(c,a)		=  	= ;		D y(c,a)	 	=  	= ;		
D(c,a) = max [D x(c,a), D y(c,a)]= 1.

Once the concordance and discordance indices have been calculated for each pair-wise comparison, they can be used to investigate which alternatives are dominated and should not make a final shortlist of suggested topics. To do so they must perform adequately on both indices, which are indicated by a given threshold. However, these thresholds are somewhat problematic as they are effectively arbitrary and different combinations of thresholds will as a result lead to different decisions. This may result in confusion and loss of faith in the findings amongst decision-makers, or even cherry picking of the thresholds to change the nature of the ultimate decisions.
One commonly used initial threshold level is the mean result for each index [125], shown as c* and d* in Table 2.7. If C(i,j) is above c* and D(i,j) is below d*, then strategy/treatment i therefore dominates strategy/treatment j according to this methodology. These thresholds can if necessary be altered as a form of sensitivity analysis and to gain insights into the relationships between the alternatives. 
In the final column of Table 2.7, two relationships are dominant; Faecal occult blood tests dominated both No screening and Colonoscopy. This means there is a clear ‘best’ programme for the patient, rather than a shortlist for further discussion, as assuming that only one screening strategy can be used the relationship between No screening and Colonoscopy is irrelevant. Nonetheless, sensitivity analyses are advised to investigate the robustness of these findings.
Wherever the decision-maker can decide on more than one course of action, outranking approaches are less suitable than value measurement approaches as the 2nd best option may be outranked by the first. Trying to back-calculate a ranking using this approach is unnecessarily cumbersome. However, the implicit requirement that alternatives not perform badly on key criteria will better reflect certain decision settings – including political ones – where the public may not accept simple trade-offs.
[bookmark: _Toc303953395]Other versions of ELECTRE, PROMETHEE and TODIM use similar in principle, non-compensatory methods to rank alternatives. These are beyond the scope of this chapter but are further described in practice in the next chapter.

[bookmark: _Toc313187831][bookmark: _Toc441508932][bookmark: _Toc453235370][bookmark: _Toc453595443][bookmark: _Toc476241540]2.5.5		Goal programming methods
Goal programming methods are related to the linear programming methods common in operational research, where a user attempts to maximise a certain criterion (or to minimise it, or ensure that it is equal to a certain figure) such as profit, given certain constraints, such as maintaining market share. In terms of health care, a raw form of cost-effectiveness analysis might try to maximise the QALYs gained subject to a certain budget, which is a so-called ‘knapsack’ problem. With goal programming, multiple goals can co-exist and the importance of meeting each target can be weighted. Depending on the approach used, it may therefore correspond to the concept of satisficing, ensuring certain reasonable standards are met on selected criteria, and finding the best course of action subject to these. 
Goal programming techniques therefore differ from linear programming primarily in that they are used to structure decisions when there are multiple objectives, each with given priority levels, and where it is unclear or unlikely that all aims can be met simultaneously [135]. There are two broad approaches to manage these, where:
· Trade-offs are allowed, and precedence of aims is weighted accordingly.
· Goals must be met in order of precedence (the lexicographic method), where meeting the more important objective is effectively infinitely more important than those below it, and hence the algorithm stops when an aim cannot be reached [136].
[bookmark: _Toc303953396]Like the previous example using DCE, goal programming would in practice probably be unnecessarily complicated for a relatively simple choice between 6 screening options for one individual, and would be better suited to situations were a large number of alternatives were available or an optimal portfolio of alternatives had to be constructed. However, the principles can nonetheless be described using this example. Using the lexicographic method, a decision-maker could, for example, consider the importance of their goals in this order:
1. The alternative must be at least 75 at avoiding side effects.
2. The alternative must be at least 60 at avoiding false positives.
3. The alternative must be at least 80 at avoiding cancer.
4. The alternative must be at least 95 at frequency.
[bookmark: _Toc476241426]Table 2.8 – Sample scores for goal programming example
	 
	Avoid Cancer
	Avoid side effects
	Avoid false positives
	Frequency

	No screening
	70
	100
	100
	100

	Faecal occult blood tests/year (FOBT)
	90
	80
	70
	30

	Flexible sigmoidoscopy/ 5 years (FS5)
	90
	70
	70
	70



If we initially consider the objective function to be the maximisation of the score of avoiding side effects, flexible sigmoidoscopy is ruled out by not meeting Goal 1. The next goal then becomes the objective function, with the previous goal as a de facto constraint, i.e. of the approaches available that met the prior goal, which ones scored at least 60 on avoiding false positives? Both No screening and FOBT, therefore are both eligible, but only FOBT meets the next goal. As a result, there is no need to continue to the fourth goal and FOBT is chosen. The algorithm would similarly stop at the point at which a goal could not be met and the best, previously remaining option chosen.
The weighted approach would assign explicit weights to each goal (whereas in the lexicographic example above, it implicitly places 100% of the weight on each goal in turn). Dummy variables can be used to measure by how much each option over-achieves or under-achieves pre-specified goals on each level, and associated dummy penalty variables are assigned to each. A single objective function is used - corresponding to the sum of the deviations, weighted by their penalty function - which is minimised using a linear program. In such an approach, a particularly good performance on the fourth goal could feasibly make up for a poor performance on prior goals, which is not possible using the lexicographic method. 
However, such an approach would be more practical when used to derive an optimal mix of alternatives. In principle, given constraints about the minimum and maximum likely need for each service, their costs and so on, goal programming methods could in theory be useful in identifying an initial basket of services that a provider might offer, which could then be further discussed and updated. This method does not appear to have been widely applied to public healthcare in the literature, at least formally, as shown in the next chapter.
The division between the weighted and lexicographic methods corresponds to the other MCDA approaches which stress the importance of trade-offs or where key criteria must be met in order to find practical solutions. Like other MCDA approaches, the approach is necessary in particular where the criteria are in conflict and not all objectives can be met. Each approach should be paired with the nature of the problem at hand. In public health, trade-offs are often required in finding the best possible solution [6], but real life concerns must be taken into account in practice too. 
It is possible that many decisions in healthcare might well be described as following ad hoc goal programming or satisficing approaches. Politically, there may well be ‘red line issues’ that it would be unwise to ignore, or key constituent groups in society that are implicitly or explicitly deemed worthy of preferential treatment. While speculative, it is plausible to interpret the foundation of the Cancer Drugs Fund as a step of this nature. Because they are implicit in nature – and that decision-makers may have specifically chosen not to use explicit techniques – they will not be referred to in the literature specifically as goal programming. But it is possible such approaches could be more common than the literature suggests.

[bookmark: _Toc313187832][bookmark: _Toc441508933][bookmark: _Toc453235371][bookmark: _Toc453595444][bookmark: _Toc476241541]2.5.6		Programme budgeting and marginal analysis (PBMA)
While Belton & Stewart [117] and Thokala & Duenas [5] identify the previous three areas as the major families in MCDA, Gamper & Turcanu [118] (p.302) identify one more such area, “interactive, trial-error methods, which explore the space of feasible alternatives through a dialogue with the decision-makers”.
 Programme budgeting and marginal analysis (PBMA) is one such technique, centred on dialogue and compromise (assigning costs and benefits only in the latter stages) for prioritising health sector spending. Its reported use seems especially common in the UK and Commonwealth countries (as reported in Chapter 3). With this approach, multiple stakeholders make investment and disinvestment recommendations on the basis of a transparent programme of deliberation. Current resource use is calculated (programme budgeting) and the benefits arising from investments and disinvestments at the margin compared (marginal analysis). 
PBMA was first developed in the early Cold War period in the US to help better identify and understand military spending and to prioritise accordingly. It has become noticeably more widely applied in health settings since the early 1990s; the most common reasons given in the literature being NHS reforms relating to a purchaser-provider divide in 1991, spurring an increase in economic responsibility, and broader societal acceptance that a healthcare service can only have limited resources (though this realisation still appeared as “a considerable revelation” to some decision-makers until at least the mid-1990s [137] (p.167)). The continuing move towards evidence-based medicine is also frequently discussed.  
Whether or not PBMA should be classified as a formal MCDA method is to a certain extent a matter of opinion. It does not explicitly weight the criteria or generate final scores for each alternative. However, it can take into account multiple criteria such as effectiveness, cost-effectiveness and equity. Its popularity has grown as problems with single metric approaches such as QALY league tables and cost-benefit analyses have become more recognised. Its principles of transparent, rational and conciliatory decision-making also dovetail nicely with those of MCDA. 
This ambiguity is an advantage in its own way. It appears less rigid to stakeholders than other health economic (or MCDA) techniques, allowing for “more flexible, accessible and locally appropriate” outcomes [138] (p.22), which may be easier to implement. As such, it may under certain circumstances achieve many of the aims of other harder-nosed analytical techniques through mutual consensus. 
[bookmark: _Toc303953397]Mitton and Donaldson [139] (p.3) list the seven stages for stakeholders engaging in a PBMA:
1. Determine the aim and scope of the priority setting exercise
2. Compile a programme budget (i.e. map of current activity and expenditure)
3. Form marginal analysis advisory panel
4. Determine locally relevant decision-making criteria
a. Decision-maker input
b. Board of Director input
c. Public input
5. Advisory panel to identify options in terms of:
a. areas for service growth
b. areas for resource release through producing same level of output (or outcomes) but with less resources
c. areas for resource release through scaling back or stopping some services
6. Advisory panel to make recommendations in terms of:
a. funding growth areas with new resources
b. decisions to move resources from 5(b) into 5(a)
c. trade-off decisions to move resources from 5(c) to 5(a) if relative value in 5(a) is deemed greater than that in 5(c)
7. Validity checks with additional stakeholders and final decisions to inform budget planning process
Again, further experience of the approach’s use in practice is described in the next chapter.

[bookmark: _Toc313187833][bookmark: _Toc441508934][bookmark: _Toc453235372][bookmark: _Toc453595445][bookmark: _Toc476241542]2.6		Previous use at various (quasi-)governmental levels

The ability of MCDA techniques to incorporate data and both qualitative and quantitative judgments in a formal manner means that they are well suited to structure governmental decision-making, where evidence is often only partially available and many policies are value-driven. They have been applied in a wide variety of settings. Some are discussed here, while others discovered as part of the systematic review are described in the next chapter. 
At a local level, Airoldi et al. [68] prioritised health measures at a Primary Care Trust (PCT) level for the Isle of Wight PCT. This project used MCDA techniques to structure a prioritisation process, identifying approaches that best reflected the PCT’s preferences, within the bounds of the overall budget. This exercise was completed using a decision conference setting where an impartial facilitator works iteratively with decision-makers to generate an explicit model intended to help those present to think more clearly about the relevant issues [127]. A range of stakeholders were included at various stages to choose the relevant interventions and criteria; scores and weights were decided at the decision conference itself. The process generated overall scores for each alternative on the ability to improve quality of life and reduce health inequity across the island. These were compared to the alternatives’ expected costs, and interventions ranked in a similar way to CUA (though using the newly defined ‘benefit’ rather than utility). The PCT subsequently used this as a basis for spending for the following year. 
Formal approaches similar in nature to MCDA have been attempted for some time in local settings. Approaches using option appraisal, a simple decision analysis technique, were used in Yorkshire in the 1980s. A study by Brazier [140] compared a range of spending options on a range of criteria, removing strictly dominated options from further consideration before further judgment was used. A more formal approach was used [141] comparing 54 possible spending plans on how they performed on targets for criteria developed through seminars, questionnaires and broader liaison between Health Economics Consortium and Yorkshire Districts. A total score was generated for each approach using explicit weighting and these were linked with costs. 
On a more national level, the Health Protection Agency (now part of Public Health England) used MCDA to prioritise between a range of environmental hazards for further investigation [142]. These hazards correspond to 14% of the total burden of disease in the UK each year. A linear additive model was used, after initially identifying criteria that could be used to compare hazards. These were scored on the relevant criteria, and these subsequently weighted. A score was then generated, signifying each hazard’s importance. These weights were allowed to change over time to reflect different priorities as different threats and conditions emerge. 
MCDA approaches have also been used at the supra-national level. At an EU level, the European Medicines Agency (EMA), for example, have used such approaches to structure benefit-risk assessment processes. Making decisions in this area requires value judgments, which must be integrated with the technical judgments related to the evidence. 
A study by Phillips & Bana e Costa [127] (built upon previous work by Mussen et al. [143]) to investigate whether an MCDA approach would be suitable for doing so in the EMA, while increasing the transparency, consistency and communicability of regulatory benefit-risk decisions. This exercise was carried out using a series of decision conferences, across a number of national agencies with up to five stakeholders present. Each of these included at least two clinical assessors, and was completed within 6 hours. These decision conferences involved a facilitated workshop where the decision-makers together built an appropriate drug-specific model, with the necessary discussion taking place within this framework. Scoring and swing weighting was carried out in real time, generating numerical judgments for the drug under consideration and its comparator, and drawing attention to the criteria on which each does well or badly. The study showed that such an approach was feasible, and allowed for uncertainties in data to be further investigated, such as exploring whether decisions may change if the drug were to be less effective than predicted. It also allowed the process to be structured, value judgments to be combined with uncertain scientific data in a meaningful way, and included a range of perspectives. 
The United Nations has used MCDA approaches on a number of occasions, particularly in environmental and public health issues [118]. MCDA approaches could prove useful in structuring complex decision processes with conflicting objectives between nations in competition for resources as the global population increases over the coming century. However, the UN has previously stated that MCDA is only warranted when more conventional economic analysis techniques are likely to prove impractical.
“Given the fact that CBA is the more objective method and goes beyond mere ranking of activities, this technique is superior to [MCDA] and it should be applied whenever possible. If criteria, which cannot (easily) be accommodated in CBA (such as institutional, sociological or cultural barriers), are important or when benefits cannot be quantified and valued (such as preserving bio-diversity), one has to resort to [MCDA]” [144] (p.33).
Decision-making approaches should certainly be chosen in line with the nature of the problem, and there certainly are occasions when CBA and other economic evaluation techniques should be used in place of MCDA. But where data is limited and judgment required, MCDA may be best placed to structure the decision process.

[bookmark: _Toc313187834][bookmark: _Toc441508935][bookmark: _Toc453235373][bookmark: _Toc453595446]


[bookmark: _Toc476241543]2.7		Summary

Decision analysis techniques can be used as a framework by which to provide a “structure to thinking, a language for expressing concerns of the group and a way of combining different perspectives” [145] (p.150). MCDA can be used for the messy or wicked decision problems where multiple criteria are relevant and in conflict. These kinds of scenarios are common in public health and social sciences in general.
Such approaches can be used in circumstances where values or human judgment need to be incorporated into the decision, and decision-makers want to ensure that this is done in a rational and transparent manner. In some circumstances, it will be unclear (even after the process is complete) whether there is any ‘right answer’ – but ensuring that relevant decision-makers or stakeholders can take part in an open and transparent process may reduce rivalries and mistrust and increase buy-in, as seen later in Chapter 7. On the other hand, whether full transparency with the broader public (or generally outside of the group of decision-makers) is desirable depends on the exact context of the decision, and should be considered carefully.
MCDA techniques are also surprisingly robust [146], and sensitivity analyses will in many circumstances further reassure worried stakeholders. They are probably not necessary or worthwhile in many optimisation problems where data is widely available or where processes need to be optimised without meaningful recourse to values. This said, values and ethical concerns may be considered more relevant in health settings than elsewhere.
This chapter described evidence-based healthcare decision-making approaches, health economic techniques and MCDA methods. This provides an introduction to how decisions are made in public health settings, one of the aims of thesis’ framework. It also provides a basis (and hopefully a useful reference) for key concepts in all future chapters. 
The next chapter is a systematic review of the literature, investigating where MCDA has been used in public health settings, defined broadly. A wide variety of approaches introduced in this chapter are explained further. It was last updated in 2013, though an updated bibliographic analysis of papers published up until the end of 2014 is included as a postscript.




[bookmark: _Toc453235374][bookmark: _Toc453595447][bookmark: _Toc476241544]:	Systematic review of the previous use of MCDA techniques in public health

This chapter forms the second part of the research question of ‘Which relevant techniques are available and where have they been used in public health settings?’ outlined in section 1.4. As with the other problem specification stages, it describes why such approaches are used, though in this case it also addresses in part how we might use MCDA in such settings. It is hoped that this chapter will be useful in providing a snapshot of the research previously carried out in the broader area, the methods available and the lessons learned for the public health context. It also reflects upon the pattern of MCDA use in public health reported so far and was particularly helpful in informing choices of appropriate studies over the following chapters.
The review describes all known uses of MCDA in public health in published academic literature. The papers generally followed independent, case-study style formats, making comparisons of quantifiable outcome measures impractical. Quantitative synthesis of results was therefore neither possible nor appropriate and instead this review aims to give a broader picture of how such approaches are used. A narrative approach was therefore used, which is appropriate for summarising and synthesising what is known about the topic [13], and which “relies primarily on the use of words and text to summarise and explain the findings of the synthesis... to ‘tell the story’ of the findings from the included studies” [147] (p.1).
Case studies of the type described are particularly useful in incorporating the context of the decision, and highlighting pragmatic concerns [18]. They allow for a depth of understanding to be reported [19] and for idiosyncrasies of the case study to come through to the reader [148]. Sufficiently well reported case studies can be considered exemplars [21], against which other reports can be compared. Literature reviews of such studies can be used to draw these findings together into a more general picture, from which new theories can be built [22]. 
It is debatable whether the approach used in this chapter is better described as a ‘narrative review’ or ‘narrative synthesis’ (aka ‘systematic narrative review’). Cooper [149] offers four possible approaches to literature reviews: 
1. Exhaustive coverage, citing all relevant literature;
2. Exhaustive coverage, with a selected sample of works described;
3. A representative sample, illustrative of the larger group; and
4. Coverage of pivotal works.
The approach used in the chapter seems to fit firmly into the first category. It goes beyond a narrative review by describing clearly the protocol used, including reproducible search terms and in attempting to describe all papers discovered. However, this does not necessarily make it ‘systematic’, which requires that the “synthesis of primary research studies that use (and describe) specific, explicit, and therefore reproducible methodological strategies to identify, assemble, critical (sic) appraise and synthesise all relevant issues on a specific topic” [150]  (quoted in [148] (p.19)). Rather than describing each study individually, narrative synthesis normally attempts to characterise papers in terms of multiple groupings [148].
This is only arguably the case in Part 1 of the chapter, in which case studies broken down by MCDA family, but generally described in isolation because of the small number of papers involved. The PBMA section (3.4.5) in particular compares and contrasts between papers very much in this style. The final section also allows for some conclusions to be drawn. The case for this chapter being considered a systematic review is strengthened by the further discussion in Parts 2 and 3 of this chapter, which offer a more holistic approach to describing the outputs and their implications for the thesis.
Regardless of what we might call the approach used, the review aimed to identify and summarise all academics paper published in English (initially up until 2011, but later extended via pearl growing in 2013 and using a bibliometric analysis approach up until December 2014) that related to the use of MCDA methods (including PBMA) in public health settings. Papers that failed to fully address both MCDA and public health were excluded – such as those that referred to either approach in passing or others that employed a definition of ‘public health’ which was clearly outside the scope of the thesis. Some papers which were ambiguous with regards to whether they were public health interventions were included to illustrate certain methods. The exact search terms used are described in Section 3.3.3. The research aims of the chapter can therefore be summarised as:
· Which MCDA techniques have been reported as being used in public health?
· And subsequently what conclusions can be drawn about:
· These patterns of usage?
· The areas and approaches not encountered?
Part 1 of the chapter provides a systematic review investigating the use of MCDA techniques in public health. It was originally carried out in late 2011 as part of a mandatory course for PhD students. Its intention at that point was to better inform the project as to how MCDA had been previously used in public health settings and where gaps remained, in order to use these findings to inform what might be suitable areas to pursue in the future. In 2013, it was updated as part of an external project I became involved in[footnoteRef:2] [151, 152], where it was used as a discussion document to illustrate the potential role for MCDA in future local government public health settings. This 2013 update was not carried out systematically using the prior search terms – instead it incorporated known key papers that had been published in the interim, effectively loosely following a ‘pearl growing’ strategy [153], and Part 1 is based upon this paper presented to the project team in 2013. [2:  The project was under the banner of Fuse – a public health translational research centre incorporating 5 universities in North East England – entitled “Shifting the gravity of spending”. This study investigated how best to invest strategically in public health across local authority departments. It took place at a time of both financial stringency and as the local authorities prepared to take control of public health budgets, in light of the changes to provision introduced as part of the Health and Social Care Act. Papers are now being published in light of this work, referenced above.] 

Part 2 of this chapter provides a bibliometric analysis of the results until the end of 2014, investigating the trends in publication by MCDA family, public health area and geographical setting. Paper-specific summaries are not given in this section.
Part 3 provides concluding comments, bringing together the two previous sections and describing further the chapter’s role in the context of the rest of the thesis.
The chapter shows just how varied both MCDA and public health settings can be, and in doing so illustrates how an appropriate MCDA approach can be chosen given the nature of the problem at hand. The results in Part 1 are grouped by the MCDA approach used, as outlined in the previous chapter: overall discussion papers (§3.4.1), value measurement models (§3.4.2), outranking models (§3.4.3), goal programming models (§3.4.4) and programme budgeting and marginal analyses (§3.4.5). Section 3.5 discusses some preliminary implications of the findings, which are expanded upon in Parts 2 and 3. 
[bookmark: _Toc283984107][bookmark: _Toc304640197]CPH guidance normally requires that a systematic literature search is undertaken as a starting point for further investigations on any given topic. This is used to help identify if economic modelling will be required in estimating the cost-effectiveness of the interventions under consideration. While this chapter is not used directly in this way, it provides tangible examples of how MCDA can fit into practical public health decision-making settings.
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[bookmark: _Toc441508937][bookmark: _Toc453235375][bookmark: _Toc453595448][bookmark: _Toc476241545]Part 1: 		Narrative review

[bookmark: _Toc283984108][bookmark: _Toc304640198][bookmark: _Toc303953401][bookmark: _Toc441508938][bookmark: _Toc453235376][bookmark: _Toc453595449][bookmark: _Toc476241546]3.1		Background

Because the bulk of research in this section was carried out in 2011, the systematic search only includes papers published up to this date. Other known papers up to 2013 have also been included for discussion but, given the difficulties in precisely defining both public health and MCDA, it was always going to be difficult to be wholly comprehensive in such a review. As such, the results in Part 1 instead should be interpreted for what they are: an attempt to represent the wide variety of areas where such methods have been applied. 
As described in the previous chapter, MCDA methods are a family of approaches used to help policy makers make better decisions about complex issues featuring conflicting objectives and potentially other competing factors. A variety of methods are available, which attempt to structure the problem and solve it in a transparent and conciliatory manner, ultimately potentially leading to greater accountability, acceptability to the community, a higher level of community enfranchisement and an increased likelihood of success in implementing the findings [125].
The UK Faculty of Public Health defines their field as “the science and art of promoting and protecting health and well-being, preventing ill-health and prolonging life through the organised efforts of society” [154] (p.352), which can manifest in an eclectic range of topics. Indeed, it can be difficult to clarify whether certain approaches should be described as public health or not. As such, this review has been limited to papers that specifically contain the phrase “public health” or “health intervention”. This will almost inevitably exclude some papers that have a legitimate public health dimension to them, but it would not be feasible with the limited time and resources for this review to carry out a comprehensive search of all potential public health topics. Therefore, this chapter serves to provide an introduction to how and where MCDA approaches are being applied in the area; but it cannot claim to be definitive. In doing so, however, it should convey just how diverse public health can be.
‘Public health’ and ‘public healthcare’ have been used largely interchangeably throughout this chapter but, as elsewhere in the thesis, relate solely to the British definition; i.e. what is generally known as population health in the United States. “Population health*” was thereafter included in a revised search strategy outlined in Part 2. The definition was not intended to include primary and secondary care provided by the public purse; any papers which included only these were excluded. Health interventions discovered which did not conform to this definition were similarly excluded.
Systematic reviews in public healthcare have become increasingly popular in recent years, and the Cochrane Collaboration has constituted a Public Health Group to investigate a number of topics. The group’s first completed review, on the effects of flexible working conditions on employee wellbeing, was published in 2010 [155]. 
This chapter, to my knowledge, was the first attempt to investigate the effects of MCDA in public healthcare. Since its completion, a number of reviews of MCDA in healthcare more generally have been published [7, 128, 156], though none have specifically focussed on public health. In the context of increasing emphasis on evidence-based medicine and the growing economic and demographic pressures on healthcare resources, choosing the most appropriate decision-making approach is fundamentally important. This review attempts to provide an introduction to whether MCDA methods might be useful in these circumstances.

[bookmark: _Toc283984109][bookmark: _Toc304640199][bookmark: _Toc303953402][bookmark: _Toc441508939][bookmark: _Toc453235377][bookmark: _Toc453595450][bookmark: _Toc476241547]3.2		Objectives

This review attempted to identify all English-language peer-reviewed journal articles using self-described MCDA approaches that have been employed to solve conventional public health issues, whether subsequently implemented or not.
Its aim was to identify and describe a selection of papers that illustrate the breadth of multi-criteria decision analysis approaches that have been applied to various aspects of public health, in order to show which methods have been applied successfully and how and where they might be applied in the future. 
Formally, the primary research question for this part of the chapter was ‘which MCDA techniques have been reported as being used in public health?’ The specific search terms used are given in section 3.3.3. 
Some implications of these findings are discussed at the end of Part 1, and further developed in Part 3.
[bookmark: _Toc303953403] 
[bookmark: _Toc441508940][bookmark: _Toc453235378][bookmark: _Toc453595451][bookmark: _Toc476241548]3.3		Methods
[bookmark: _Toc303953404]
[bookmark: _Toc283984110][bookmark: _Toc304640200][bookmark: _Toc441508941][bookmark: _Toc453235379][bookmark: _Toc453595452][bookmark: _Toc476241549]3.3.1		Types of studies
Only a small number of papers were anticipated to meet all inclusion criteria. Given this, and difficulties associated with carrying out reviews on the highest levels of the hierarchy of evidence in public health settings, any attempts to pre-emptively exclude papers below a certain level were felt likely to be counter-productive and no such exclusion criteria were therefore employed. Any papers that clearly did not relate to public health topics and/or did not use MCDA approaches were not included.
[bookmark: _Toc303953405]
[bookmark: _Toc283984111][bookmark: _Toc304640201][bookmark: _Toc441508942][bookmark: _Toc453235380][bookmark: _Toc453595453][bookmark: _Toc476241550]3.3.2		Outcome measures used 
Because of the ambiguous nature of what constitutes both public health and MCDA, from the outset it was clear that a comprehensive review could not take place without strict definitions of the criteria. Furthermore because of the difficulties in explicitly comparing outcomes with MCDA versus more conventional approaches, evaluation of the methods is largely based on the feedback, opinion and case studies presented by the relevant papers’ authors, making meta-analyses impossible. 
[bookmark: _Toc303953406]Instead, the purpose of this review was to discover areas where relevant research has previously been carried out, what methods have been employed and whether the authors draw any useful conclusions from the exercise, using a narrative synthesis approach. Such an approach gathers information from a range of sources and perspectives, presenting qualitative results [13], as was necessary given the heterogeneous nature of the papers discovered.

[bookmark: _Toc283984112][bookmark: _Toc304640202][bookmark: _Toc441508943][bookmark: _Toc453235381][bookmark: _Toc453595454][bookmark: _Toc476241551]3.3.3		Search methods
Searches were carried out in PubMed and ISI Web of Knowledge. The search within each database was initially for the phrase “public health*”, (the asterisk was included to ensure that public healthcare would also be included in the results) with any of the many possible spellings and sub-categories of MCDA. The complete text from the PubMed search was:
(((((((((((("multicriteria decision analy*") OR "multi-criteria decision analy*") OR "multi criteria decision analy*") OR "multiple criteria decision analy*") OR "MCDA") OR "MCDM") OR "multicriteria decision-making") OR "multi-criteria decision-making") OR "multi criteria decision-making") OR "multiple criteria decision-making") OR “PBMA”) OR "programme budgeting and marginal analy*”) AND "public health*" 
It was also decided that health interventions and preventative measures that help to define public health should also be included explicitly in case they were not found in the first search. As such a similar searching text was used:
(((((((((((("multicriteria decision analy*") OR "multi-criteria decision analy*") OR "multi criteria decision analy*") OR "multiple criteria decision analy*") OR "MCDA") OR "MCDM") OR "multicriteria decision-making") OR "multi-criteria decision-making") OR "multi criteria decision-making") OR "multiple criteria decision-making") OR “PBMA”) OR "programme budgeting and marginal analy*”) AND "health interventio*”
It was not possible on the ISI Web of Knowledge site to search for such a long string, which instead required that a drop-down list approach be used. Papers were therefore identified using two short strings:
(MCDA OR MCDM) AND (“Public health*” OR “Health intervention*”)
(PBMA OR “programme budgeting and marginal analy*”) AND (“Public health*” OR “Health intervention*”)
This reduced search was justified on the basis that it would be unlikely (though not impossible) that papers discussing MCDA approaches in this context would not use any of these acronyms throughout the entire length of the article. To ensure the widest possible variety of papers would be available for review, no threshold was imposed to limit the timeframe from which the papers were first published. The publication dates for the included papers described in this section ranged from 1995 to 2012.
[bookmark: _Toc303953407]
[bookmark: _Toc283984113][bookmark: _Toc304640203][bookmark: _Toc441508944][bookmark: _Toc453235382][bookmark: _Toc453595455][bookmark: _Toc476241552]3.3.4		Data synthesis
As previously described, a meta-analysis was not feasible for this review due to the variety of approaches used and the fact that the defined outcome of the review was effectively a broad description of the relevant papers. As such, a narrative synthesis has been used throughout to present the results in the most meaningful and systematic way possible. The review is structured according to the family of the approach defined in the previous chapter.
[bookmark: _Toc283984114][bookmark: _Toc304640204]
[bookmark: _Toc441508945][bookmark: _Toc453235383][bookmark: _Toc453595456][bookmark: _Toc476241553][bookmark: _Toc303953408]3.4		Results

Literature searches were conducted in two databases: MEDLINE and the ISI Web of Knowledge, using the search strategy presented in the Methods section. 93 papers were found in the 2011 review, of which fifteen were duplicates. After several stages of pruning shown in Figure 3.1 (and Appendix C), 18 suitable papers were initially identified. 
[bookmark: _Toc283984227][bookmark: _Toc444180809][bookmark: _Toc476241446]Figure 3.1 – PRISMA flowchart of search process, including original 2011 search (left and centre) and subsequent 2013 revision (right), using a pearl growing strategy 
[image: ]

At the time of the 2011 search, 24 full-text articles were screened for eligibility and 6 were not included in that review:
· 2 of these related to industrial processes in which public health outcomes were secondary objectives, if objectives at all [157, 158]. 
· 1 paper described statistical associations between socio-economic and demographic factors and mortality but was not explicitly about priority setting [159].
· 1 paper related to what were public health approaches for animals using MCDA [160]. It was decided that it was implied from the beginning that the ‘public health’ definition for this review related to humans alone (even if this had not been explicitly stated).
· “Communitarian claims and community capabilities: furthering priority setting?” [161] offered a philosophical critique of PBMA but this was not felt to be compatible with the purposes of the project. 
· “Resource allocation in health care: Health economics and beyond” [162], employed a new approach (‘macro-marginal analysis’) and it was unclear whether or not it could be classified reliably as an MCDA; as such, the paper was rejected.
The majority of the papers focussed on application of these approaches in the UK, Canada, Australia or New Zealand, who share similar cultures in healthcare and elsewhere. However one was set in Brazil [163], another in Iran [164], while another discusses when best to employ MCDA techniques largely in the context of the developing world [165]. The papers cover a broad range of topics and are aimed at decision-makers at a variety of hierarchical levels within the healthcare system. 
[bookmark: _Toc303953409]6 further papers were investigated in early 2013 in order to ensure that the briefing paper for the Fuse project would reflect more recent advances and applications of the techniques. These were identified through pearl growing [153] and are shown in the right-hand side of Figure 3.1. A proof of concept report by NICE [166], which investigated alternative approaches to presenting public health interventions’ effectiveness at local government level is discussed in the next section. Three further papers investigating value measurement approaches were included:
· Two related papers describing a discrete choice experiment approach to prioritising public health spending [167, 168].
· An application of the simple multi-attribute rating technique (SMART) to evaluate the seriousness of disease areas to the public and policy makers [169].
Two further papers [170, 171] also formulated approaches to preparing business cases for public health interventions at local government level, but were deemed outside the scope of this review as they did not directly relate to MCDA techniques.

[bookmark: _Toc283984115][bookmark: _Toc304640205][bookmark: _Toc441508946][bookmark: _Toc453235384][bookmark: _Toc453595457][bookmark: _Toc476241554]3.4.1		Overall discussion papers
Baltussen and Niessen [6] provide an overview of MCDA methods employed in healthcare settings. While the sharp rise in the cost of healthcare over the last decades and the increasing realisation of the need for evidence-based medicine approaches have made some form of cost-effectiveness analysis inevitable, the authors argue that relying on any single metric (such as the QALY) is wholly unsatisfactory, as all such methods remain too ad hoc and miss the nuances inherent in complex health care decisions. MCDA has been shown to help people to make more rational and better-rounded decisions, and is better suited in this regard to the complicated nature of priority setting for health interventions. There is no reason, however, that the metrics used in CEA approaches, including QALYs, could not be used as part of this broader approach. The authors are in favour of their quantitative nature, which allows a more detailed picture to emerge than with qualitative approaches. They detail how dominance, the linear additive method, AHP and outranking methods could work in practice. Though each problem should be considered on its own merits, in summary they state that:
· Intuitive processing of complex healthcare decisions will inevitably lead to suboptimal decision-making;
· The context of public health decision-making typically requires some degree of trade-offs so non-compensatory approaches, which preclude this, should be avoided;
· Linear additive models are more useful where the decision-makers require a scaled ranking of the options available rather than a single ‘winner’;
· The priority setting process should be strongly embedded in the organisational context and should be as transparent and systematic as possible.
[bookmark: _Toc303953410]NICE’s report investigating alternate approaches to presenting public health information to local government decision-makers [166] highlights the fact that identical information, framed in different ways, may produce different decisions. Furthermore, despite NICE’s supposed reliance on the ICER, its use alone was found to be insufficient to merit investment in local government settings. Decision-makers typically required further information even for very cost-effective techniques. As such, the report suggested that CUA be used in conjunction with cost-consequence analysis (i.e. predicted, non-aggregated costs and benefits of interventions) and that all information gathered as part of these steps be made available to local decision-makers so they can perform their own analyses and use their own judgment in prioritising them if they so wished. The authors state that NICE should also explore suitable ways to use MCDA and PBMA techniques for prioritisation in future.

[bookmark: _Toc283984116][bookmark: _Toc304640206][bookmark: _Toc441508947][bookmark: _Toc453235385][bookmark: _Toc453595458][bookmark: _Toc476241555]3.4.2		Value measurement models
[bookmark: _Toc283984117][bookmark: _Toc304640207]
[bookmark: _Toc441508948][bookmark: _Toc453235386][bookmark: _Toc453595459][bookmark: _Toc476241556]3.4.2.1		Linear additive method
Nutt et al. [172] uses a decision conference setting to elicit the relative harm caused by twenty legal and illegal drugs common in the UK across 16 relevant criteria, 9 of which related to harm to the user and 7 to harms to broader society. The criteria were then swing weighted according to the differences in severity of outcomes within and between these factors. The study was carried out in a deliberative manner, presenting the findings in terms of the criteria and to whom the drug causes most harm. The correlation between the findings and the classification of drugs according to the UK Misuse of Drugs Act, 1971 is 0.04, showing that “it is clear that the UK drug classification system is not simply based on considerations of harm” (p.1564). They argue that policing and social care resources could be better prioritised to decrease the harm associated with each of the drugs if legislation were to be amended to allow for these findings. 

[bookmark: _Toc283984118][bookmark: _Toc304640208][bookmark: _Toc441508949][bookmark: _Toc453235387][bookmark: _Toc453595460]
[bookmark: _Toc476241557]3.4.2.2		Analytic Hierarchy Process
Koch and Rowell [91] use AHP to elicit views of various stakeholder groups (two mixed groups of medical professionals, one of lay people and one of families of a high risk group). They attempt to decide how best to create bioethical inclusion and exclusion criteria for organ transplantation given limited supply, and how to align policy to the findings. The paper tests their hypothesis that well-intentioned groups can find practicable solutions to ethical issues, and the results suggest that MCDA is an appropriate method to employ to achieve this aim. The participants seemed comfortable and capable in using the approach. Broad consensus was reached within and between each of the groups. One problem arose due to differences in perceived definition of a criterion, but broadly it appears that a consensus-based approach could be useful in complex bioethical decisions, and that AHP would be useful in structuring this process. While nominally a prioritisation exercise, this paper highlights that the MCDA process can facilitate such decisions being made by allowing difficult conversations to take place, rather than presenting results alone.
Dolan [112] discusses the role for MCDA in shared decision-making with individual patients over which colorectal cancer screening technique to employ. The author argues that where no intervention is clearly superior, patients should be involved where possible. Previous studies have provided evidence that patients with chronic diseases who participate in decisions about their healthcare have better outcomes and the author argues that there may be a similar effect with regard to screening. Given the complex nature of deciding which approach is best for the patient, an AHP approach could help patients make better decisions in collaboration with their doctor. Studies have also shown that patients are capable of both eliciting preferences using a shared decision-making approach, and that they are overwhelmingly in favour of doing so. Dolan concludes by stating that by encouraging patients to make these choices for themselves, decision-making, patient outcomes and doctor-patient relationships could all be improved. However, it is time-intensive and may not be feasible in an already extremely busy setting. Where doctors (and other health professionals) could find the time to elicit the preferences from patients this could be a worthwhile approach in interventional contexts. 

[bookmark: _Toc283984119][bookmark: _Toc304640209][bookmark: _Toc441508950][bookmark: _Toc453235388][bookmark: _Toc453595461][bookmark: _Toc476241558]3.4.2.3		Fuzzy AHP (FAHP)
The paper by Vahidnia et al. [164] straddles public health and other areas, but was included partly in the interests of ensuring that a fuzzy AHP approach could be discussed. The authors wished to find the optimal site for a new hospital in Tehran using five criteria and explicitly allowing for uncertainty. AHP has been criticised in the past for using a deterministic model for selecting between alternatives, and this paper uses the FAHP approach to better describe the uncertainty in the decision-making process. Five potential sites were compared in a pair-wise fashion, as was the relative importance of the criteria themselves in much the same manner as with AHP. With FAHP, however, upper and lower limits were also specified in order to create so-called ‘triangular numbers’. The results were calculated using three methods (extent analysis, centre-of-defuzzifying and α-cut based methods), which unanimously decided on one site. A ratio of population density to travel time was also calculated for each site, and the chosen option would have reduced this in total by 6.5% within the urban area. It is unclear from the paper whether or not the findings were implemented. 
[bookmark: _Toc283984120][bookmark: _Toc304640210][bookmark: _Toc441508951][bookmark: _Toc453235389][bookmark: _Toc453595462][bookmark: _Toc476241559]3.4.2.4		Discrete choice experiments
The Health England Leading Prioritisation (HE.LP) report by Matrix Insight [168], which was subsequently reported in the Journal for Public Health [167], uses a DCE approach entitled  to prioritise and rank public health interventions. This ranking was consciously used in contrast with NICE’s ‘recommend’ or ‘do not recommend’ approach.
17 interventions were considered across 6 public health areas. A stakeholder workshop produced 40 potentially useful pieces of information that could influence investment decisions. An online survey refined this to 7 key criteria, though 2 of these were deemed unquantifiable and removed from further investigation. Scores for each of the interventions on each of these 5 remaining criteria were generated using literature searches. Three of the five remaining criteria were included in a DCE survey, in which decision-makers were asked to choose between hypothetical interventions with varied scores on each of the criteria. Based on the probability of each of these interventions being chosen, a multinomial regression could be used to calculate the implied importance of each criterion. These weights, combined with the previously derived scores, were used to rank the list of actual interventions.
The approach was researcher-led and used quantitative approaches throughout, in contrast to others such as AHP, which seek to use expert judgment directly to prioritise between interventions. This has advantages and drawbacks, but was shown in this example to successfully produce rankings, which is an important finding in itself.

[bookmark: _Toc283984121][bookmark: _Toc304640211][bookmark: _Toc441508952][bookmark: _Toc453235390][bookmark: _Toc453595463][bookmark: _Toc476241560]3.4.2.5		Simple multi attribute rating technique (SMART)
The paper by van Gennip et al. [169] did not turn up in the 2011 systematic review, despite long predating it, and was added for the revised 2013 paper alongside the DCE project described above. It is an early example of attempts to use MCDA in public sector prioritisation, and states in the epilogue that the authors primarily wanted to show that such an approach was “humanly and technically feasible!” (p.240). Three criteria were used – prevalence, cost and life years lost. Officials from the Dutch Ministry of Health, Welfare and Sport were brought together to define a SMART range, wherein scores on a 0-10 scale would be assigned depending on how each intervention performed on each criterion. The total scores for each health area could be calculated by adding the criterion scores together, and then subsequently ranked. The approach shows clear similarities with the linear additive method. The officials were brought together to perform the approach separately from the perspective of both policy-makers and the patients. It is unclear from the paper whether the rankings had a direct policy impact, though it had support from the Director General of the Ministry and was part of a report submitted to parliament. But it certainly met its aims in showing that the technique could be used in practice in such a setting.
[bookmark: _Toc283984122][bookmark: _Toc304640212][bookmark: _Toc441508953][bookmark: _Toc453235391][bookmark: _Toc453595464]

[bookmark: _Toc476241561][bookmark: _Toc283984123][bookmark: _Toc304640213][bookmark: _Toc303953414]3.4.3		Outranking models

[bookmark: _Toc441508954][bookmark: _Toc453235392][bookmark: _Toc453595465][bookmark: _Toc476241562]3.4.3.1		PROMETHEE
Ruzante et al. [173] describe a prioritisation framework which considers four risk areas of food-borne disease (public health, market impact, consumer risk acceptance and social sensitivity) to support decision-makers attempting to compare potential pathogens, their multiple potential sources and the multiple stakeholders involved, and carried out in a Canadian context. Six case study pathogen-food combinations are presented to show how the system would work, each one represented by ‘score cards’ documenting how serious the condition is on various sub-criteria. The results presented are then used as the basis for a PROMETHEE analysis. The conditions were ranked according to three basic scenarios: one where all four headings are given equal weightings (and their sub-criteria subsequently proportionally split into equal groups), a similar weighting structure but with social sensitivity removed, and considering only the public health aspects. This led to differing rankings with each set of assumptions. The framework informs decision-makers in a relatively transparent, balanced and scientific manner.

[bookmark: _Toc283984124][bookmark: _Toc304640214][bookmark: _Toc441508955][bookmark: _Toc453235393][bookmark: _Toc453595466][bookmark: _Toc476241563]3.4.3.2		TODIM
Nobre et al. [163] prioritised the purchasing of health equipment for a hospital in Rio de Janeiro, identifying a clear winner (the video-laprascope). They used the TODIM approach to capture decision-makers’ preferences, uncertainties and conflicting viewpoints using fuzzy set aggregation rules, measuring eight alternatives across eight criteria. Their approach was rooted in Kahneman and Tversky’s Prospect Theory [55] in order to ensure that the risk of equipment failing to have the predicted impact is minimised, by weighting potential losses as more significant than potential gains.
The approach seems to have some merit, although the mathematical complexity of the approach may undermine somewhat the transparency associated with MCDA approaches. It concludes that TODIM may be particularly useful for such situations where opinions are polarised though extreme care must be taken to ensure that the methods are carried out appropriately, such as defining the attributes to be measured, questionnaire design and fuzzy aggregation procedures. 

[bookmark: _Toc283984125][bookmark: _Toc304640215][bookmark: _Toc441508956][bookmark: _Toc453235394][bookmark: _Toc453595467][bookmark: _Toc476241564]3.4.4		Goal programming

No suitable goal programming studies were found for this review. 



[bookmark: _Toc283984126][bookmark: _Toc304640216][bookmark: _Toc441508957][bookmark: _Toc453235395][bookmark: _Toc453595468][bookmark: _Toc476241565]3.4.5		Other methods – PBMA 

PBMA has been applied to a wide range of topics. Understandably, some of the early papers are devoted to describing exactly what PBMA actually is [137, 174, 175]. Some of the most recent papers are still reconciling the best available approaches for its use [126] and which contexts are suitable for PBMA rather than other MCDA approaches [165]. A useful guide employing a transaction cost economic interpretation of PBMA is discussed by Jan [176] and a broad framework as to how to apply PBMA is presented by Mitton and Donaldson [139], which had initially been intended for application to a wide range of listed topics in Canada. Other areas to which is has been applied include gynaecological services [177], diabetes care in general practices [178], respiratory disease [179] and coronary heart disease [180].
The tone of these papers is subtly - but nonetheless noticeably - different from those of the other methods. While traditional MCDA approaches undoubtedly emphasise finding practical and ‘requisite’ models to inform decision-makers, in PBMA papers there seems to be a clear desire to ensure that the method will be specifically helpful to management-level decision-makers. Advice as to how to carry out PBMAs seems more practical in tone, lacking in mathematical equations but containing flow-charts and language familiar to managers. The point is tangentially addressed in Mitton and Donaldson [139] (p.337), who consider success to be measured as “whether managers continue to support the priority setting approach taken”. As with other MCDA approaches, the fact that it is ultimately the same decision-makers that have to identify cost savings to match any extra increased expenditure should make it all the more likely that the findings will be implemented [180]. 
PBMA explicitly measures the change in need as the primary outcome measure as opposed to intangible (i.e. potentially inefficient) concepts such as “burden of illness” [175]. It is often “compared favourably with historical funding mechanisms, first, because of its transparency and second, because it is geared toward a defined objective of efficiency” [176] (p.633). It is also argued that the approach is likely to increase “accountability, credibility and acceptability of results by [broader] society” [165] (p.263), as with other MCDA approaches. Conventional forms of economic analysis can produce a blinkered view of healthcare without considering explicitly its objectives [126, 176]. Without the input of stakeholders of PBMA, these approaches could encourage ‘short-termist’ views on spending, rather than long-term cost savings and health benefits [177]. Issues for consideration may be too broadly defined for economic analysis [175], removing the possibility of meaningfully weighing up its constituent sub-programmes.
PBMA, (as with the other MCDA methods) should primarily inform the decision-makers rather than remove their responsibility to consider the final decision [126]. PBMA does not try to maximise benefits across all programmes at the same time – to do so would not be feasible – but attempts to rank a subset of options in a given year to maximise the benefits provided by that subgroup [126]. Baltussen et al. [165] argue that PBMA is particularly useful for choosing between a small set of alternatives in a specific context, but that studies that aim to inform prioritisation discussion on a larger scale are better suited to other forms of MCDA. 
One major difficulty in carrying out a PBMA is that the information collection stage can be very difficult and so must be carried out carefully [175, 178, 180], whether the details are to be provided from the NHS, other organisations, literary searches or expert opinion. However, this is not an excuse not to undertake PBMA; data quality in the NHS is always improving. PBMA use will accelerate this process [174] and results can still be interpreted where it is suspected that data is likely to be incomplete [178]. It is also likely that data quality has improved substantially since these two papers were written.
Another difficulty is that PBMA requires a large amount of time [175], and that the stakeholders working in the health sector are likely to already have hectic timetables. However, this is an issue with all MCDA approaches and is not without its own advantages, allowing time for stakeholders to reflect upon the previous meetings. It is also likely that, if repeated over a number of years, participants would become more familiar with the technique and that less such resources will be required. Nonetheless, with so many pressures in this regard, it is vital that somebody is given responsibility to ensure it stays on course [175], as chairman or in a similar role. 
The group of stakeholders must be large enough to be representative but small enough to be manageable and for decisions to be made within a reasonable timeframe [139]. If necessary, further members of the group should be added after the set of alternatives is identified to ensure there is sufficient expertise to make suitable judgments [179]. Group dynamics also have to be carefully managed [180]. One such approach that proved useful in overcoming this was the identification of potential disinvestments through one-on-one meetings with stakeholders [139] to remove any stigma or reluctance on their part to question programmes openly.
There is a clear risk of gaming occurring in PBMA, as stakeholders may be tempted to ensure that their particular field is better catered for by behaving dishonestly. This is potentially exacerbated by asymmetry of information between purchasers and providers [175], where such a system exists. Even the fact that the costs and benefits of a given decision may impact in other disease areas or programmes [180] could be manipulated by unscrupulous stakeholders. However, by “establishing PBMA as a continual, on-going process, the incentive for gaming is diminished because it brings into consideration, for each individual, reputation effects” [176] (p.636). Regular PBMA reviews should ensure that better decisions are being made, and should also foster a commitment and compliance to the process [180]. 
The method used to calculate scores is important, and the balance must be made between simplicity and complexity: “an overly simple form will ignore important subtleties in the decision-making process, whilst an overly complex form may acquire a ‘false legitimacy’ by virtue of it ‘looking mathematical’” [126] (p.470). This is an important issue throughout MCDA, and issues relating to parsimony and requisiteness have been widely discussed in the literature.
At the time of the review, there were apparently no published attempts at evaluating PBMA as an approach [139, 176]. However, there is a surprising consensus in PBMA being described as a significant help for decision-makers in helping to define objectives or in discovering appropriate courses of action. Clearly this may reflect some publication bias and a review, if not yet completed, would be an interesting path for further research in future.

[bookmark: _Toc283984127][bookmark: _Toc304640217][bookmark: _Toc303953415][bookmark: _Toc441508958][bookmark: _Toc453235396][bookmark: _Toc453595469][bookmark: _Toc476241566]3.5		Discussion
[bookmark: _Toc303953416]
[bookmark: _Toc283984128][bookmark: _Toc304640218][bookmark: _Toc441508959][bookmark: _Toc453235397][bookmark: _Toc453595470][bookmark: _Toc476241567]3.5.1		Summary of main results
There are a wide variety of approaches to MCDA in use, each of which offers slight variations on the theme of how best to manage and trade-off competing objectives. This variety allows for the most appropriate approach to be employed to solve the specific problem, given the context in which it takes place. These MCDA approaches have themselves been employed in a wide variety of public health areas: bioethics, hospital location, equipment purchasing, the relative harm of various drugs, screening and various types of healthcare provision. 
The review provides a snapshot of the areas of public health where an MCDA approach has been tested. Though MCDA techniques have been applied in a wide range of settings, if a more comprehensive search strategy had been employed it is likely that other public health areas may also have been included. As it stands, all 93 papers found are shown in Appendix B. More recent papers are described in Part 2 of this chapter, and further explained in Appendices C and D.
MCDA approaches provide an intuitive approach that break a complex problem into smaller sub-issues that can be better understood by the decision-maker, before reassembling the pieces in order to give insights into the broader picture. Dolan states that by “reducing a complex problem into small, easily managed parts, the analysis helps avoid errors that result from attempts to make highly complex decisions intuitively” [112] (p.44), which seems a key benefit of the MCDA approaches used. On occasions this will result in clear ‘winners’ being unearthed and will offer clear advice to the decision-makers. At other times it may result in similar results between alternatives or counterintuitive findings that require further study and even recalibration of the criteria. These similarities can in themselves also provide valuable insights.
The primary purpose of MCDA is to inform the decision-makers about the relative merit of alternatives rather than remove their responsibility to consider the final decision. There may still be other factors that have to be taken into account that cannot be included at the problem formulation stage, such as changes in circumstances over the time taken to undertake the analysis.
MCDA approaches provide an ethical basis for decision-making, as “priority setting is said to be fair if the priority setting process, decisions and rationales are accessible and relevant” [6] (p.8). The fact that MCDA approaches typically include multiple stakeholders in the decision process may further strengthen these ethical credentials. As seen in Koch and Rowell’s paper [91], MCDA approaches can even be used to devise ethical rules.
The MCDA approaches used progress in a deliberate and practical manner, involving multiple stakeholders where appropriate, often the very same decision-makers that will be charged with implementing the decisions that they themselves have recommended [180]. Although the risk of bias in the papers reviewed is very possible, no paper contained significant negative comments about the approach used. Other biases are discussed in the next section.
One constraining factor that was discussed (sometimes obliquely) is that the approach requires time, patience and other limited resources [175, 178] and where these are already particularly limited, it is important to be sure before undertaking an MCDA that the problem merits the resources required. Group size must also be taken into account in designing the process, to ensure the timing of the project’s decisions is appropriate [139]. Issues relating to gaming [175, 176] and group dynamics [139, 180] can also become a problem if not carefully managed by the facilitator or chair [175].
[bookmark: _Toc303953417]As Mitton and Donaldson [139] (p.345) state, “the first step in overcoming barriers to change is identifying what those barriers are”. MCDA approaches provide a solid foundation not only to discovering answers to complex questions but also to formulating what the aim of the exercise (and even the broader organisation) really is, what attributes are most important and how these can be measured. The process may also identify what were previously ‘unknown unknowns’ and lead to understanding and codification of the organisation’s role and aims in the context of such decisions. 

[bookmark: _Toc283984129][bookmark: _Toc304640219][bookmark: _Toc441508960][bookmark: _Toc453235398][bookmark: _Toc453595471][bookmark: _Toc476241568]3.5.2		Quality of evidence and potential biases 
Due to the specialised nature of this study and strict search strategy employed, the 18 applicable papers initially found was a higher number than expected. Nonetheless 11 of these were PBMA papers, which are not universally accepted as an MCDA approach and were ultimately out of scope for the rest of the thesis.
The fact some studies were found from developing countries was a bonus, but the vast majority (15 of the 18) were set in the English-speaking Western world. This may be partially due to the fact that searches were only carried out in English. It is conceivable that this may have disproportionately reduced the numbers of outranking approaches reported, due to the fact they are often perceived to be more commonly employed in continental Europe [53].
The fact that both MCDA and public healthcare have definitions that are open to interpretation led to difficulties as to which papers to look for, how to do so and how to establish the relevance of those that were found. Strict criteria were employed to define public health in the search stage, but in doing so it seems likely that some studies that might broadly relate to the relevant topics may have been excluded. 
Though the 18 papers found was higher than expected, it is still a relatively small number of studies, and the results cannot be considered conclusive. The fact that grey literature was not included means that the review may not be fully representative of the types of approaches where MCDA has been used in public health settings. It is credible that many MCDA approaches may not be deemed (whether by referees or potential authors) as having a sufficient level of economic merit to justify publication in health economic journals, while at the same time may be ‘too economic’ for operational research settings.
Within the published studies positive publication bias cannot be ruled out as a factor in the unanimous agreement of their usefulness; potential authors with negative experiences of the approach may rightly or wrongly believe that journals would have less interest in publishing their findings, and hence lack the motivation to complete an article. Other papers may never have been submitted with regard to the sensitive and necessarily confidential nature of certain aspects of healthcare, such as commercial factors and pressures arising from public opinion. And because of the standalone (and pragmatic) nature of the projects, it may be that the kinds of people involved in many such studies may not have sufficient time for (or a role with sufficient emphasis on) the publication of academic studies. 
The narrative synthesis approach used throughout this review may lead to biases. The Cochrane handbook [181] (from webpage) also warns of the “possibility that systematic reviews adopting a narrative approach to synthesis will be prone to bias, and may generate unsound conclusions leading to harmful decisions”. Judgment was required in deciding on which papers to include and how they have been reported, potentially reducing the transparency and repeatability of the findings. It is also possible that my own views will subconsciously be imprinted in the document. The protocol is however relatively clear and such issues are not necessarily confined to narrative syntheses [147].
Given that the approach used allows for context to be more fully explored than meta-analyses [148], it is also possible that the finding that context is fundamental to the success of these approaches is a self-fulfilling prophecy. At the same time, the chances of this seem relatively small, given how crucial context is in the evaluation of public health interventions more broadly [182] and in the fundamental importance of understanding fully the decision context prior to applying MCDA techniques [125].
Due to the reasons listed above, the findings in this review should be interpreted with some degree of caution. 

[bookmark: _Toc283984130][bookmark: _Toc304640220][bookmark: _Toc441508961][bookmark: _Toc453235399][bookmark: _Toc453595472][bookmark: _Toc476241569]3.5.3		Conclusions on this section
Multi-criteria decision analysis approaches appear to be well suited to inform decision-makers in public health, on a wide range of topics. There are a variety of approaches available, which can be used depending on the nature of the problem at hand. They fulfil ethical and transparency requirements central to the mission of organisations such as NICE, and have been shown to provide valuable information to decision-makers at various levels and may even improve outcomes for patients and the broader patient experience, given that studies have shown that patients who participate in decisions about their healthcare have better outcomes [112], and that MCDA can help to facilitate this process. 
Nonetheless, more research is required to ensure that these conclusions can be established more convincingly. This review provides an introduction to how they have been employed in a variety of settings but cannot claim to have established comprehensively where MCDA should be employed. The review is also subject to a large number of possible biases, listed in the Section 3.5.2. While some of these could be remedied with extra time and resources, it is unlikely that they could be completely removed due to the relatively heterogeneous nature of the papers available.
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The purpose of this section is to revisit the search terms of the previously carried out systematic review and examine the trends in papers published up until the end of 2014. The previous section of this chapter provided examples from a wide range of MCDA and public health settings, and it may be worthwhile to examine the trends in MCDA techniques used and public health areas covered in the interim. All relevant papers returned in the updated search are listed in Appendix D.
The original study was limited in the aspect that it did not include ‘population health’ in the search term, given this is a more commonly used synonym of public health in North America (and journals published there). It was therefore included in the revised search term for this update. Since 2011, the ISI Web of Knowledge had in the meantime been subsumed into its sister search engine ISI Web of Science (WOS), and the updated search therefore took place in WOS. Otherwise the search terms remained largely the same as previously. 
PubMed search term used:
(((((((((((("multicriteria decision analy*") OR "multi-criteria decision analy*") OR "multi criteria decision analy*") OR "multiple criteria decision analy*") OR "MCDA") OR "MCDM") OR "multicriteria decision-making") OR "multi-criteria decision-making") OR "multi criteria decision-making") OR "multiple criteria decision-making") OR "PBMA") OR "programme budgeting and marginal analy*") AND 
((("public health*") OR "population health*") OR "health intervention*")
ISI Web of Science search term used: 
((MCDA OR MCDM OR PBMA OR “programme budgeting and marginal analy*”) AND 
(“Public health*” OR “Health intervention*” OR "population health*"))
In total, the combined searches discovered 280 papers, of which 30 were duplicates. As with the prior search, a large number of returned papers related to environmental and waste issues, with perspectives and themes outside the scope of this review. The earliest relevant abstract returned was published in 1982, entitled “A multicriteria tool for the analysis of health status indicators of a population” – though the full text was unavailable (and written in French), and as such did not meet the inclusion criteria. 
[bookmark: _Toc283984228][bookmark: _Toc444180810][bookmark: _Toc476241447]Figure 3.2 – Cumulative number of relevant papers published by date of publication, split by whether relating to PBMA or other MCDA technique

Using the same process as previously, 49 papers did meet the inclusion criteria, a significant increase on the 18 found in 2011. Most have been published since the previous review was completed. The first relevant papers to meet all inclusion criteria were actually published in the same issue of Health Policy in 1995; four of these were included previously, and a further three had not shown up in the original search. This may be either due to the incorporation of the ‘population health’ term, or improvements the quality of databases or search algorithms in the meantime. No other relevant paper was published until 1998, which was again related to PBMA. The first non-PBMA papers to be included were published in 1999; Koch’s use of AHP to arrive at bioethical principles [91] and Nobre’s use of TODIM for priority setting [163]. 
In general, papers remained relatively sparse until 2010. In the 14 years from 1996 to 2009, 18 eligible papers were published, of which only 5 did not relate to PBMA. However, since 2010, the number of published papers has spiked considerably, with non-PBMA papers dominating (7 PBMA vs. 24 non-PBMA). 
[bookmark: _Toc283984229][bookmark: _Toc444180811][bookmark: _Toc476241448]Figure 3.3 – Primary purpose of MCDA approach used in included papers

26 relevant papers that met all inclusion criteria were published over the review periods. They were predominantly used to prioritise between options. Further information on these papers is shown in Appendix D. Of these, 3 papers specifically used MCDA approaches to structure shared decision-making between health professionals and patients – 2 using Annalisa (an MCDA software developed by Jack Dowie, an early proponent of MCDA use in health settings), and an update [183] to the prior Dolan colorectal cancer screening paper again using AHP [112]. The approaches were used in a wide variety of areas – aside from generic papers giving an overview of the field, no public health area was encountered twice.[footnoteRef:3]  [3:  Thus, excluding generic approaches, the included public health topics covered since 2011 related to: Cardiovascular disease, Cervical cancer screening, Chagas disease, Choosing guidance topics, City design/walkability, Colorectal cancer screening, Comparison of national preferences, Contraceptive method, Diagnostic imaging, HIV/AIDS, Inclusion in universal health care basket, Lyme disease, Malaria, Measuring decision quality, Physiotherapy, Spatial modelling, Systems Change techniques, Vector borne disease.
] 

While PBMA was the single most used MCDA approach, the majority of papers since 2011 used more conventional MCDA approaches. Value measurement approaches were the most common family, as we might expect given the large number of papers related to prioritising between topics. As previously stated, they are the most commonly used approach in healthcare more generally [128]. Again, no goal programming approaches were found using this search strategy. ‘Generic approaches’ refer to discussion papers on MCDA overall, incorporating multiple practices.
[bookmark: _Toc283984230][bookmark: _Toc444180812][bookmark: _Toc476241449] Figure 3.4 – Count of MCDA methodology used in included papers

While reviews and the premises of proof of concept articles would generally apply equally anywhere, most of the papers specified the setting in which their study took place. Europe and North America were the setting for 5 papers each (in which 4 were set in the UK and Canada respectively). Two studies were set in cross-border regions – one in South America, and one in the Mediterranean basin incorporating Palestine, Syria, Turkey and Tunisia. These are included in Figure 3.5 – in the latter case in proportion to the countries included (which is why Africa and Asia do not have whole numbers attributed to them). The darker colour on the graph indicates the number of studies arising from the most common country in each. Aside from those already mentioned, individual studies also took place in Norway, USA, China, Brazil and South Africa. 
Two of the reviews published are particularly notable to this review. One relates to how to measure success in a PBMA [184], directly addressing a concern expressed in the closing part of section 3.4.5 about how successful these approaches are in practice. Another charts the use of MCDA in health interventions [167], which has clear parallels with this review (although their review does not focus on public health interventions specifically).Having completed this review, it is heartening to see many of the same trends emerging between these two papers and this chapter’s findings.

[bookmark: _Toc283984231][bookmark: _Toc444180813][bookmark: _Toc476241450]Figure 3.5 – Geographic spread of papers included, where the setting has been specified. The stronger colour indicates the proportion of studies that came from the most common country on each continent (i.e. UK, Canada, China, Brazil, South Africa).
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Whether or not PBMA papers should be considered as part of MCDA is debatable but, given that this review was first carried out early in the research project, it was appropriate to include them in this study to ascertain where these limits should be. Chapter 1 defined MCDA as “approaches that can rank, prioritise or choose between given alternative potential actions, by scoring the actions on explicit criteria, and where the criteria are themselves weighted (unless it is clear from the prior stages that such weighting is unnecessary because of dominance or effective dominance)”. PBMA, which contains no weighting stage and instead focuses on facilitating decision-making through deliberation (albeit through implied and informal weighting), therefore is strictly outside of the scope of this work. At the same time, to exclude it from this chapter would have risked missing out on important related research, investigating similar themes and with similar objectives, at a time when the boundaries of what was in scope was unclear. I feel that excluding them at this point would achieve little and that learning about, and reporting, such techniques is a worthwhile exercise.
Until relatively recently, PBMA made up the vast majority of these more-broadly-defined MCDA papers in public health settings. This situation has changed considerably, and of the 49 papers described in Part 2, the majority are now formal, within-scope MCDA techniques. The number of applications of these approaches is now growing quickly.
Excluding the PBMA papers, the remaining papers predominantly relate to prioritisation (20 of the 30) – and the excluded PBMA papers, by their very nature, relate to prioritisation as well. Of these 20 prioritisation papers, 18 use value measurement techniques (especially AHP, the Linear Additive approach and DCEs). The remaining 2 approaches use outranking techniques – PROMETHEE and TODIM.
Of the others, 6 papers give general overviews of MCDA use. The remaining 4 are described as risk monitoring, which do not require direct inter-alternative ranking. Despite the small numbers involved, these appear to show a greater range of approaches being used – 2 used PROMETHEE, another used AHP and the other spoke in more general terms. 3 of these papers employed ‘spatial MCDA’, using a geographical information system (GIS) technique to map areas of high risk.
It is clear that value measurement approaches currently make up the vast majority of MCDA techniques used in public health, where they have largely been used for prioritisation between topics. Reported approaches can generally be described as once-off studies, rather than following a general framework, making direct comparison of outcomes difficult and implying such a framework may be less important than the careful case-by-case matching of an appropriate MCDA technique to a particular decision problem. While MCDA approaches are unlikely to be a panacea – addressing all possible concerns with current processes – it is clear that they can be successful in certain public health settings, and in time may have a meaningful role to play in the context of more complex decision-making bodies such as NICE. They not only successfully prioritise between possible courses of action, but also were shown to facilitate difficult conversations between decision-makers (e.g. bioethics paper) and allow for non-direct comparisons between potential risks (GIS papers). 
[bookmark: _Toc444180791][bookmark: _Toc476241427]Table 3.1 - Breakdown of within-scope MCDA techniques used and the type of decision problem
	 
	 
	Overview
	Prioritisation
	Risk monitoring

	Generic 
	No single method
	6
	
	1

	Value measurement
	Lin Add
	
	5
	 

	
	AHP
	
	6
	1

	
	DCE
	
	5
	 

	
	SMART
	
	1
	 

	
	EVIDEM
	
	1
	 

	Outranking
	PROMETHEE
	
	1
	2

	
	TODIM
	
	1
	 

	Goal Programming
	NA
	
	
	



Tentative patterns also emerge as to where certain approaches have not been used. As previously stated, no goal programming techniques have been used in public health (or at least labelled as such). It appears that outranking approaches may have been more useful in risk monitoring settings than for prioritisation, albeit there were small numbers of such techniques used. Rather than ranking geographical areas that were at risk, these risk monitoring approaches try to show a general picture of risk of disease, and it is interesting that outranking techniques appear to have disproportionately been considered the best approach to do so. These studies were used to flag issues and risks to decision-makers, without necessarily prioritising from a range of appropriate actions for deliberation. If, in the coming years, a pattern emerges that associates such issues therefore with outranking techniques then this would be an interesting finding, though at present it is probably too soon to conclude this.
There are clearly a wide range of MCDA techniques in use, so there remains a question as to why organisations such as NICE and the EMA do not employ them systematically in their work. This literature review cannot comment directly on this issue (by definition) given the relative absence of papers in the area. But it may be instructive to consider where and by whom such approaches are being used. The case study approach used in studies suggests that the context is vital for pairing a suitable approach with a given problem. In England, studies have largely used PBMA approaches, which require deliberation by a manageably small number of people on a convenient number of topics – and which cannot guarantee external consistency across a health service, potentially undermining its potential use in settings such as NICE. 
For other MCDA techniques, again given the once-off nature of most studies, it is likely unrealistic to suddenly scale up such techniques for recurring use in large, complex public bodies. This is an important finding – and suggests the implementation stage of the thesis might somehow investigate how to incorporate MCDA approaches into NICE (or similar organisations) – even at a once-off level - to explore how they can begin to be implemented in such settings.
Another issue is that in no implemented study were concerns of cost-effectiveness or budget impact considered as an aim, and hence the role for their use in health economic bodies such as NICE may not be immediately apparent in making decisions. This does not mean that MCDA approaches are necessarily unsuitable in such scenarios, though any such implementation would clearly require careful planning. Recent papers have largely avoided weighing up costs versus benefits (Baltussen’s early works tended to include cost-effectiveness criterion [6], a position he has since stepped back from [185]) – and how to address such concerns can be considered beyond the scope of this thesis. Wahlster et al.’s [156] systematic review of the application of MCDA methods in broader healthcare settings (i.e. not confined to public health) found that such issues have been occasionally previously been taken into account, but often in inappropriate ways. Such models have included costs, benefits and cost-effectiveness simultaneously, which may lead to double counting. EVIDEM, a standardised MCDA framework for use in health settings, also incorporates both cost-effectiveness and budget impact amongst other criteria in this way [186].  One paper using this approach was found in Part 2. Where such issues have to be included in the broader decision-making process, it is not necessarily the case that MCDA models are the ideal place to include them, and the broader context should also be considered. It is clear, however, that in certain circumstances alternatives that do not have a clear health economic component could be weighed up more easily (for the reasons listed in the last chapter) by considering the benefits arising from them using MCDA techniques.
The formal adoption of MCDA techniques to incorporate factors such as innovation could open up the decision-making process to issues around gaming and dishonest behaviour [187]. If MCDA techniques were to replace current HTA-led approaches, this would present major logistical challenges if done methodologically (and organisationally) – and if not done systematically in this way would run the risk of being wrong, and hence producing worse decisions [188]. Given that deliberation will almost certainly be required even with such an approach, this does not necessarily fully resolve the issues of lack of transparency and consistency between decisions anyway, which is a major purported benefit of using MCDA techniques [4]. Institutionally, there are also issues related to who should pay for non-health (positive or potentially negative) externalities – and that as a result, taking non-health factors systematically into formal consideration at the expense of health outcomes could be considered unjustifiable for the health service [105].
Each of these issues has counter-arguments that at least merit further consideration. Dishonest behaviour is possible through a more deliberative process too, and it is very possible that the presence of an MCDA model to guide this discussion would help to ameliorate this. If a general picture of population preferences really needs to be derived, a study comparable in scale to the Measurement and Valuation of Health (MVH) study [189] to estimate the health-related quality of life of various health states could be carried out, if sufficient will was there. However, such a study may not be required; such issues could if desired be managed through the democratic process and/or through careful use of public representation on appropriate decision-making councils. The potential for MCDA to nonetheless reduce the opaqueness of decision-making might be worthwhile [16] – otherwise a similar case could be made for removing the HTA process as it stands and replacing it with deliberation alone. Finally, findings in Chapters 4 and 5 make clear that the impacts of non-health effects (and of health effects not currently considered in cost-utility analyses) are already considered in the deliberation stage (at least some of the time). Avoiding an approach to appraise them more formally does not undo this fact.
All health agencies worldwide seem to use deliberation before making final decisions [92], so any models already in use offer only a recommendation for a course of action, rather than a final decision in itself. Some researchers in the area refer to MCDA as ‘multiple criteria decision aid’ to reiterate its role as only one step in the decision-making process [190]. MCDA, as an operational research technique, places a particular emphasis on pragmatism. The ultimate aim of the model-building process may not be to simply optimise potential decisions, but to set the scene in which decisions can actually be implemented. This was referred to earlier in the chapter in Koch and Rowell’s bio-ethics paper [91] which described how the approach allowed difficult conversations to take place, furthering the process, rather simply prioritising. A key task in future chapters will be to incorporate MCDA techniques into a broader decision process, incorporating contextual factors. The focus on actual implementation of such approaches is in tune with the OR and implementation science-influenced approach of this thesis.
MCDA is seen in this approach at various levels of the decision-making process and implementation appears to be dependent on decision-maker buy-in [180], which was also discussed in the previous chapter [121]. This too remains a focus in subsequent chapters.
It can be difficult to determine the success of priority-setting techniques [1, 184], not least because of the absence of a counter-factual approach. But the approaches shown in this part demonstrate that the use of such methods certainly is “humanly and technically feasible”, as van Gennip [169] had hoped. The fact that many such approaches were implemented (for some papers this is not reported) give credence to the notion that they have been ‘suitable’, as defined in the first chapter, and as Mitton and Donaldson [139] (p.337) argued, success is “whether managers continue to support the priority setting approach taken”. 
This chapter informed all future decisions taken for this thesis, strengthening the evidence base as to both:
· why MCDA approaches could be used in suitable public health decision-making settings in England; and
· in how they could be used there in practice.
Given the current focus on case studies, the importance on focussing on context and, given that no such approaches had been used in NICE previously, case studies at decision-maker level in England seemed an appropriate approach to investigate their use further. This influenced the subsequent intervention development and implementation chapters. These would need to be carefully matched to the nature of chosen sub-processes at hand, rather than immediately attempting to create a grand MCDA technique to make beginning-to-end decisions on behalf of NICE (or local governments). The organisational context of how decisions are actually made in practice is also therefore fundamentally important to the success of these techniques. 
The next chapter investigates the processes that NICE use in making their decisions and other factors that could influence the success of any such implementations in future to better ensure that such context in NICE is better understood. It therefore corresponds to the thesis’ second research question.
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[bookmark: _Toc453595475][bookmark: _Toc476241572][bookmark: _Toc313523527]:	Public health decision-making in NICE
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This chapter’s role is particularly wide-ranging and important in terms of the thesis, setting out the context in which NICE currently makes its decisions. Understanding these processes is vital to better understanding if MCDA can play any role in such a setting in future, as well as in directing any further investigations appropriately.
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This chapter relates to the research question of ‘How are decisions made in the CPH, according to its reference case and in practice?’ This chapter describes an overview of decision-making in the CPH, whereas chapter 5 provides the results from a review of the economic modelling stage of the guidance process. 
The methods manual (and similar documents described in this chapter) cannot describe how approaches are carried out in practice in all circumstances. For one, evaluations in the CPH do not always stick ‘to the book’, shown clearly in the next chapter, which highlights many departures from the reference case. Ambiguities as to how to interpret some issues also remain, alongside questions of how to prioritise between the identified relevant factors. Some of these issues may only be evident in trying to implement them in practice. The latter half of this chapter therefore also describes a number of practical challenges inherent in current processes. The potential role that MCDA could play in better addressing these concerns than the status quo is investigated in the next chapter.
Understanding decision-making practices in NICE ‘from above’ (i.e. de jure) and at ‘ground-level’ (de facto) required a two-prong approach. The overall structures and frameworks used were identified based upon a review of NICE approaches, particularly focussing on – but not confined to – the CPH method manuals, alongside other relevant reports. Practical applications of approaches were informed by a 6-month secondment that I undertook in the CPH during the second year of the thesis, working full time as an analyst on two public health guidance topics: “Walking and Cycling” [191] and “Obesity: Working with local communities” [192]. In practice, both the secondment and the literature search informed and supported each other, in allowing for the identification of further relevant reports and in gaining insights and access to decision-makers that would not have otherwise have been possible. Mintzberg [193] (p.587), speaking about such a synergy, stated that we “uncover all kinds of relationships from our hard data but it is only through the use of this soft data that we are able to explain them.” Tying the extant literature to the experience of the secondment should enhance “the internal validity, generalizability and theoretical level of theory building from case study research” [22] (p.544-545). As such, case studies of this type can be used to provide descriptions of organisations and their processes [194].
The approach used in this chapter was iterative and used a pragmatic, if somewhat unstructured combination of a literature search and semi-ethnographic approach in order to arrive at a realistic and fair description of decision-making processes in NICE. The aim was that insights generated could then be used to direct the remaining chapters towards areas where MCDA approaches would be genuinely worth investigating. 
The iterative nature allowed for something of an overlap between data analysis with data collection, especially in the field notes that I took during my time in the secondment. These notes provided a stream of consciousness commentary on what was happening [195] which allowed me to transcribe routine activities while noting and acting upon issues that seemed important; through articulation of what was being learned; and in adjusting the emphasis of future research during the data collection process [22]. This constant reappraisal of the situation allowed to a certain extent for me to remain on a research footing and hence avoid some of the risks of ‘going native’. At the same time, I was to a certain extent constrained in that I carried out the normal duties of the position and hence attended the meetings that I was scheduled to attend, rather than operating as a floating and fully detached observer. The potential for me to go native could therefore only be minimised and not wholly removed.
The approach I used was intended to be pragmatic - both in ensuring that I could gain the most appropriate findings in the context while nonetheless on assignment, and in helping to ensure ultimate implementation of relevant concepts - and was influenced by my prior experience in operational research. ‘Soft OR’ techniques have much in common with implementation science [11] and action research [196] approaches, emphasising:
· The structuring of messy, complex problems, rather than solving well-defined problems; 
· Exploring the differing views and perspectives of stakeholders in a situation; and 
· Facilitating participation and engagement, rather than analysing abstract data and models [197].
At the secondment’s outset I had only vague ideas of exactly how to ‘better understand NICE decision-making’, which I knew could only be appreciated in the context in which it took place. This ambiguity clearly has disadvantages as well as advantages. Mintzberg [193] (p.585) described the importance of always going “into organisations with a well-defined focus – to collect specific kinds of data systematically”. The use of note-taking combined with iterative reappraisal is somewhat similar to grounded theory. In hindsight the use of such an approach more formally would probably have been better, in influencing the data that seemed worth collecting as the project developed, in developing novel theories from this and in terms of clarity and structure in reporting the results [198]. Without having knowledge or experience of using the grounded theory approach, I converged coincidentally on using some similar techniques – but using the previously developed technique would have assumedly been easier and produced clearer findings. 
One clear difference between soft OR and grounded theory-based techniques is that soft systems methodologies emphasise the role of context [196, 197] and in acknowledging that this (and the researcher’s prior knowledge) is unavoidably subjective [196, 197]. Though a tabula rasa - as required with grounded theory - is rarely the case in practice anyway [22], the use of such an approach may have been difficult in the case of this study, given a literature review and other research had already been completed.
Soft OR emphasises the importance of gaining a rich understanding of this context [197] and its techniques are perceived as being particularly useful in structuring: 
· of the study’s processes; 
· the thinking of analysts and stakeholders; and 
· of complex and messy structures [199].  
Understanding the context, and better understanding the softer, human issues in decision-making, such as “information quality, credibility and trust” can mean that the harder questions of resource allocation can be dealt with more easily and with greater confidence [200]. 
The role of the secondment was therefore to better understand the important, if somewhat intangible, contextual factors that would be likely to influence the practicality of any attempts at implementation of MCDA approaches in these settings later on. These were not likely to be articulated or codified in NICE’s manuals and other related literature, by definition. This chapter reports the key findings of this secondment and the related literature search. The remainder of this section gives some background and history of NICE, and a description of its basic functions. The following section (4.2) describes the formal processes used in producing guidance. Section 4.3 describes some of the practical challenges encountered in decision-making that became clear over the time on the secondment (and which are revisited in the next chapter), and the final section (4.4) offers conclusions. 
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NICE[footnoteRef:4] was founded in 1999, to provide national-level guidance on both the effectiveness and cost-effectiveness of new health technologies in the NHS in order to address geographic variations in access [201]. It aimed to curtail controversies around ‘postcode lotteries’ – geographic variations in access based upon the decisions of local trusts. In a nominally national health system these were considered by members of the public to be incongruous and unfair. Since this time it has “provided guidance for promotion of good health and treatment of ill health to the NHS and public health community” [28] (p.351). This guidance has tried to balance the competing aims of the health service, of which Aneurin Bevan once said “expectation will always exceed capacity” [64]. [4:  NICE was initially founded as the National Institute for Clinical Excellence. From 2005 it was renamed the National Institute for Health and Clinical Excellence, and from 2013 became the National Institute for Health and Care Excellence. Its acronym remained as ‘NICE’ over this time.] 

The National Institute for Clinical Excellence (as it was initially named) was described in the first health white paper published by the New Labour government [202], though health economic techniques had been applied in an increasingly organised fashion by the previous administration. It aimed to tackle head-on the lack of coordination and the seeming arbitrariness of the health services offered in different health authorities and by different hospitals. While a degree of local autonomy continued, NICE aimed to ensure that (at the very least) the same basket of cost-effective interventions would be available everywhere in England and Wales. Upon its foundation, it consisted of a Chairman, 4 officers and 7 non-officers [203]. When Frank Dobson, then Secretary of State for Health, was asked if it would work, he said “Probably not, but it’s worth a bloody good try” [28] (p.352).
NICE’s founding represented “an economist’s-dream-come-true” [104] (p.3) and a coming of age for evidence-based approaches, which had been argued for since the 1970s by Cochrane [43] and others. It also addressed Bevan’s concerns at a governmental level, in recognising that resources available, financially and otherwise, are limited. The economic approaches used can inform decision-makers of the consequences of recommended interventions, as free as possible from direct political intervention. As Maynard [94] stated, such health economic approaches “should be welcomed as a challenge to the covert, imprecise and inconsistent practice of prioritisation which exists in all healthcare systems today” (quoted in Phillips [46] (p.13)). NICE has faced widespread scrutiny [204], but the organisation’s reputation has grown since its foundation. Some praise has been more hyperbolic than others; “NICE may prove to be one of Britain's greatest cultural exports, along with Shakespeare, Newtonian physics, the Beatles, Harry Potter, and the Teletubbies” [205] (p.2). An indication of its growing standing has been its continually expanding remit since.
Clinical guidelines have been provided since 2001, which recommend appropriate treatment for specific diseases. In 2005 NICE merged with the Health Development Agency and became the National Institute for Health and Clinical Excellence. In doing so it took on a responsibility for public health guidance with the foundation of the CPH.  In 2008, NICE International was founded on a non-profit basis, in order to advise governments around the world on how to build capacity within their health services to evaluate evidence critically. 
With the Health and Social Care Act 2012 [17] it was again renamed, to the National Institute for Health and Care Excellence. It now has further responsibility for developing guidance and quality standards for social care. It is no longer formally part of the NHS and is now a ‘non-departmental public body’ (or ‘quango’). While answerable to the Department of Health, it now has a statutory grounding to operate at arm’s length from ministerial interference and has much further protection from dissolution at the whim of the Minister [206]
As its role has expanded, varying approaches to developing guidance have been required, and it has differing responsibilities and powers in different directorates. The NHS and its local subsidiaries are obligated legally to follow guidance prepared for technology appraisal [207]. But elsewhere the situation is more complicated.
With the Health and Social Care Act, public health in England became the responsibility of local authorities, rather than locally organised NHS Primary Care Trusts, leading to a number of consequences. Decision-makers will now be more accountable to the democratic process and to their constituents, though there remains a reasonable expectation that local authorities will comply with any guidance published [84]. There are also issues about how to define what constitutes a public health intervention at local government level [138], while routes of provision may vary around the country [182], posing challenges regarding the public health budgets available. NICE has tried to address this by committing to working with local authorities and other organisations to help coordinate how best to implement findings in their local context [166]. Nonetheless, and perhaps rightly, local governments retain the scope to take into consideration local populations, concerns and requirements when making prioritisation decisions.
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In the 1950s, Charles Lindblom described the policy-making system of the public administrator as “disjointed incrementalism” [208] (p.517) or, more prosaically,  “the science of muddling through” [209] (p.79). He argued that any attempt to apply overly rational economic approaches to frame policy decisions “fails because it does not recognise man’s inability to cope with complex problems, the usual lack of information, the cost of analysis, the problems of timing, and the difficulties of stating realistic goals” [210] (p.16). NICE, as an administrator of the health service, faces many of these same issues in its decisions as part of generating guidance. 
Despite the fact that NICE operates at arm’s length from ministerial interference, in reality its decisions interact with a highly political world: in government, parliament, organised patient and taxpayer groups, the media, and in frequent opposition from special interest groups in pharmaceutical and other industries. The recommendations must take such issues into account alongside considerations of feasibility. How and where such social and political imperatives have impacted upon past decisions is not necessarily clear, and cannot be stated explicitly in NICE documents. But there is need to recognise the role that such pressures are likely to play given the real life strictures within which the institute must operate. 
Other factors, such as confidential agreements with industry, by their nature do not reach public knowledge, thereby making retrospective analysis of their impact difficult [201]. In public health there are further difficulties – both in terms of its inherently political role [211] and in gathering and interpreting evidence [3]. This may at times lead to conflict, not least because some conclusions may be politically unpalatable. While this cannot be investigated directly, previous experience is instructive. For example, after the coalition government was formed in 2010, a number of public health topics approved by the previous administration were frozen, had their scopes changed or were altogether abandoned, seemingly for political reasons.
Once topics are approved, NICE also has to be conscious of the political and social backlash that may ensue from their recommendations. NICE has appeared frequently in the media, most commonly when they decline to reimburse drugs. Though guidance is based upon the best available evidence, some decisions are difficult to explain to the public who are often instead presented by the media with “anecdotes, often in the form of patients describing miraculous responses to a new drug” [50]. Compared to other directorates, guidance in public health typically has lower levels of evidence and potentially broader coalitions of stakeholders that might oppose them, from industries and the public. The CPH’s guidance on “Alcohol-use disorders: preventing harmful drinking” [212] recommended the implementation of a minimum price per unit of alcohol. The Prime Minister ultimately intervened and said that there was not enough evidence to introduce it [213] – despite appraising such evidence and recommending accordingly being NICE’s raison d’être. This recommendation was to be kept ‘under consideration’, but so far appears to have been ignored. 
As previously stated, Virchow’s memorable statement that “Medicine is a social science, and politics is nothing else but medicine on a large scale” [40] (p.137) works both ways. Many medical decisions remain steadfastly in the political realm, even when some of them are packaged and sent off to NICE to be deliberated upon. NICE therefore has to be pragmatic and draw upon a range of criteria before making final decisions.
NICE sits as a bridge between research and policy-making acting as mediator between the disciplines. Trying to negotiate an appropriate middle ground inevitably imposes challenges and conflicts. A paper by Lomas et al. [214] outlines some of the main conflicts arising from this:
	Researchers
	Policy makers

	Statements backed up by science
	Decisions dependent on context

	Proven empirically
	Must reflect common sense

	Theoretically driven
	Policy relevant

	Study takes as long as required
	Timeliness imperative

	Caveats and limitations highlighted, with the need for further research seemingly inevitable
	Clear message


NICE’s role involves interpreting such empirical evidence and its translation into feasible guidelines, which must be palatable in policy settings. It inevitably encounters regular controversy of varying degrees, from a wide range of stakeholders. Whether the two points of view are ever wholly reconcilable is disputable. NICE serves a useful purpose for both the government and the health service in setting clear ground rules and allowing physicians to focus entirely on the treatment of their patients, rather than requiring them to consider whether or not this represents a responsible use of healthcare resources on a population level. Sociologist Richard Titmuss stated that "the conflict between professional ethics and economic man should be reduced as far as humanly possible" [215] (p.998) and NICE’s existence allows these concerns to be separated into parallel contexts.
Virchow too described this disconnect between the theory-driven medical world and the practical realities of politics (which his compatriot Otto van Bismarck defined as “the art of the possible” [216] (p.218). Compromise, trade-offs and pragmatism are at the heart of NICE’s role, combining both perspectives, in line with what Virchow stated at the time:
 “Medicine, as a social science, as the science of human beings, has the obligation to point out problems and to attempt their theoretical solution: the politician, the practical anthropologist, must find the means for their actual solution” [217] (p.15). 
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[bookmark: _Toc476241578]4.2.1		Stakeholders and decision-makers 
The process of transforming the original topic idea into published guidance, which is ready for implementation, involves a range of processes and stakeholders. 
Potential topics for public health guidance are evaluated at Topic Appraisal Workshops (TAWs), which take place a number of times each year. Scopes for each potential topic are drawn up in advance of the meeting by the Information Services team. These are based on suggestions from within NICE, the Department of Health, other stakeholders and (until 2012) directly from public submissions. These are discussed at the TAW until a general consensus emerges and about 5 are selected. Other topics will be directly chosen by the Minister, who will instruct NICE to investigate them further. Minsters have no further involvement with – and will not comment on – the guidance until its publication [3]. 
Once a topic has been selected, a draft scope is drawn up, explaining what the guidance will and will not cover, in light of previous guidance and other concerns. CPH staff must then recruit suitable members for the Public Health Advisory Committees (PHAC) – the committee ultimately charged with devising the guidance – who will investigate the topic and weigh up evidence going forward. 
The selection of PHAC members can be a delicate process. Typically, a PHAC for any given topic will contain around 12 members. About half of these will come from a sitting core group, which works together as part of the PHAC for a period of 3 years, over a number of pieces of guidance. Core members include specialists in methods, epidemiology, health economics and statistics but may also have an interest in a given area, such as obesity or diabetes. While not necessarily expert on the exact topic at hand, they can be assigned to topics on the basis of their general area of specialisation. The remainder of the PHAC will be largely made up of specialists on the topic in question, alongside 1-2 lay members. It is vital at this stage that the right combination of expertise is selected. Group dynamics must also be managed – with one topic I worked on during my time in the CPH, a prominent doctor was ruled out of contention because of perceived conflicts of interest and a fear that he/she may have ended up carrying too much influence within the group given their regular media presence.
CPH staff do not sit on the PHAC itself, though they attend meetings and are involved throughout the process in advisory and other roles, and carry a great deal of influence over the group. Once the committee has begun considering evidence, their role is primarily one of facilitating and providing oversight. CPH staff are responsible for the initial drafting of minutes, comments and early versions of the recommendations, which are revised after comments from the committee. They also manage other processes throughout, such as inviting expert testimony to fill evidence gaps at the request of the committee. Once the PHAC has stood down, NICE is responsible for ensuring that the guidance is disseminated, and later for ensuring the timely revision of guidance, if and when that is necessary.
Literature searches and economic modelling are normally carried out by ‘evidence providers’. These groups are contracted to develop one or both of these stages, again guided by the CPH staff assigned to the project. Evidence providers are typically university units that have tendered for the contract, chosen based upon experience and expertise in the area. On occasion, CPH staff have also carried out these stages on behalf of the committee when necessary.
The Patient and Public Involvement Programme (PPIP) involves other perspectives in the guidance process. It facilitates testimony from members of the public with experience of the topic who can better describe perspectives of those with the condition, as well as their family and carers. They may also help to fill places on the committee itself, and provide commentary on the draft guidance before the final version is published. 
NICE staff from other departments outside of the CPH also play a role. Editors help to write and format the guidance in line with the NICE house style. The communications team disseminates the findings to stakeholders, the public and the media. The Information Services team obtains the literature required in the early stages of the process – such as scoping – and provide oversight to the literature review process. The CPH Director and ultimately the Chairman and Board of NICE, while not taking part hands on in the guidance development process, remain ultimately responsible for the output, and provide advisory roles and further oversight throughout.
Prior to the 2012 public health methods manual [10], there were two different types of committees in place of PHACs. The Public Health Intervention Advisory Committee (PHIAC – not to be confused with PHACs) was a standing multi-disciplinary panel which could look at clear, well defined public health topics with a relatively tight scope and a short turnaround time. These included topics such as “Prevention of sexually transmitted infections and under 18 conceptions” [218] and “School-based interventions on alcohol” [219]. Programme Development Groups (PDGs) were assembled on a topic-by-topic basis, to create guidance in broader, more complicated or less clearly defined areas, such as “Behaviour change” [220] or “Community engagement” [221]. PDGs could take up to a year to create suitable guidance. Over time, the question of whether the PHIAC or a PDG should be used for a given topic became less clear, and PDGs became more common. The revision of procedures and founding of PHACs was an attempt to reflect this reality and to take the best from both approaches. Appropriate committees could be assigned to the topic at hand, with the benefit of having worked together before and of a broad knowledge of the area, while also allowing subject experts to be included to ensure that all relevant areas were covered. 

[bookmark: _Toc304640226][bookmark: _Toc313523533][bookmark: _Toc441508971][bookmark: _Toc453235409][bookmark: _Toc453595482][bookmark: _Toc476241579]4.2.2		Stages in the public health guidance development process
Once a topic has been selected for the CPH – whether through the TAW process, or from a direct request from the Minister – the scoping stage begins. This is concerned with defining the fine grained details pertaining to the rest of the work: the identification of other relevant guidance previously issued, boundary setting for what is in and out of scope of the work arising from this, identification of the key systematic reviews and broadly setting parameters for the study. 
[bookmark: _Toc304643523][bookmark: _Toc444180814][bookmark: _Toc476241451]Figure 4.1 – Stages to CPH guidance development process
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The PHAC is not involved until the actual guidance development process begins; at which point the evidence is disclosed and weighed up to draw out the relevant considerations, recommendations are drafted, and recommendations for future research proposed. The panel will generally meet around 10 times over the course of about a year. Early on they are presented with the evidence reviews from the evidence providers, indicating the level of scientific evidence available in a range of potential settings. The likely costs of the intervention may be included at this stage or in a subsequent economic report, so that the cost-effectiveness of the intervention can be estimated. It is rare in public health that high quality cost-effectiveness data will be available at this stage. Remaining gaps in the evidence base can be filled through four channels:
· Invited expert testimony from practitioners or academics specialising in the topic’s field. 
· Further economic modelling, including what if analysis, depending on the level of evidence available.
· Grey literature and contact with authors of as yet unpublished work.
· The collective judgment of the PHAC.
‘Evidence statements’ spell out the evidence accepted in devising the guidance. This section outlines the extrapolations and judgments used in arriving at the decisions, the barriers and facilitators to following through on guidance, equality and diversity issues, and the potential for broader societal impacts.
The recommendations themselves are based upon a number of factors. The strength of the supporting evidence – its type, quality, quantity and consistency – must all be taken into account. The applicability of the evidence to the relevant populations and settings must also be considered. For example, if it worked in a city, will it work in rural communities? Is the study still relevant if it was carried out 20 years ago? If it worked in Japan, will it work in the UK? Issues relating to the context of the intervention’s delivery come to the fore in public health decisions, which are bound up with the health system and broader societal and sociological structures. There is clearly a less complex relationship at play with pharmacological impacts of drugs on the body; we would expect a drug’s efficacy in Leicester to work throughout the country and perhaps the world, whereas a community level obesity intervention may not even work on the other side of the city [182].
The cost-effectiveness of the intervention is of fundamental importance to all NICE decisions, and the size of the effect may also be considered independently of this, both on individual and population health. Other considerations must also be taken into account, including the impact on inequalities, the potential risks to health, the feasibility of implementing the guidance and in many cases unique aspects particular to that guidance topic. It is extremely unlikely that a single formula could ever be applied to make decisions for NICE in this way capturing all relevant factors, so deliberation is likely to remain vital to ensure common sense can prevail. 
Questions relating to the quality of the evidence must also be considered, and balanced with the degree of applicability of the literature to the context in which the intervention would be used. Inevitably these will come into conflict at times. Where evidence is mixed, the PHAC and evidence providers must consider reasons why this is the case, what the overall message and direction of travel is in these findings, and whether it is appropriate to extrapolate and apply these to the UK today. These are not simple questions and require careful consideration, interpretation and application of previously established social value judgments. 
Based upon the discussions at these meetings CPH staff will begin to write up the suggested recommendations of the committee, from the second half of the process onwards. These are presented to the committee for further discussion and are fine-tuned accordingly. Weighing up of each of these questions is carried out through the deliberation process, overseen by the CPH staff assigned to the topic. Judgment is required to interpret each step of the process and arrive at suitable recommendations. Guidance development faces challenges throughout in weighing up the beliefs and knowledge of PHAC members, which may well contrast with the published evidence available. There is also the risk of scope creep; it is natural that the PHAC will be eager to push right up to bounds of what it is allowed to recommend, but NICE staff and the chair must ensure that they push no further. For example, in the ‘Obesity – working with local communities’ guidance, what constitutes a ‘local community’ in truth has a level of vagueness associated with it, and the chair had to ensure that the committee did not overstep the mark on this issue on more than one occasion.
The recommendations, once agreed, are made available to stakeholders so that they can comment and influence the final recommendations before their publication. Such groups include those responsible for delivering care, those receiving care (including patient groups and PPIP), those financing it, those managing care (policy makers and public health services), in certain cases employers, those monitoring the care provided, the pharmaceutical/device industries, and other industries that may be affected by the guidance (such as tobacco firms in smoking-related topics). 
Once the validation stage is completed, the recommendations are published and the results are widely distributed to stakeholders and the public through appropriate channels. The results are also made available online, through NICE’s ‘Pathways’ website, which allows users to drill down to find guidance specific to the health area in question.
NICE are also committed to helping local authorities implement the findings in their communities. This remains a crucial and sensitive area in light of the devolution of public health responsibility to local government. There is a variety of ways in which NICE can help with this, whether by allowing local communities access to meetings with CPH staff, or providing tools which might help monitor and understand the impacts of the intervention on the local community or show the likely return on investment from providing such services. 
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The CPH has a standardised framework by which to structure the guideline development process, referred to as the reference case. It specifies the perspective that should be used for the economic evaluation and the appropriate time horizon, discount rate and so on when considering the impact of an intervention. These are better characterised as norms rather than strict rules, as certain deviations are permitted when deemed necessary, though they need to be justified transparently and clearly. The approach ensures evaluations broadly follow the same format each time, so that the results within the CPH (and across other NICE directorates) are largely comparable. This also ensures ease of understanding for practitioners, increasing confidence in the findings.
The CPH’s reference case has gradually shifted since it was first issued in 2006, shown in Table 4.1 [10, 222-225]. In 2006, it borrowed heavily from the standard NICE reference case, but experience in applying these approaches to the more complex area of public health appears to be pushing it more and more towards a tailored set of techniques and assumptions. The 2012 methods manual [10] reflected this, alongside changes in line with those introduced in the Health and Social Care Act [17]. The latest updates to methods guidance [225], published in October 2014, allow for further discretion still.
Since 2012, a local government perspective has been permitted when the costs and benefits largely accrue at this level, as would be expected with the changes arising from the Health and Social Care Act. A societal perspective is also allowed, which has previously been used in a secondary role on occasion. The 2014 guidance will apply across directorates for the first time. It allows discretion depending on the nature of health, non-health and social care outcomes.
[image: ][bookmark: _Toc476241428]Table 4.1 – The CPH's evolving reference case from 2006-2014, continued over coming pages
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While cost-consequence analysis has always been allowed (if rarely used) since 2006 [222], and cost-benefit analysis permitted since 2009 [224], they are featured much more prominently in the manual since 2012 [10], with cost-utility analysis seemingly recommended primarily to ensure comparability with other NICE departments. 
The discounting rate has been reduced from 3.5% to 1.5% on both costs and benefits in public health, reflecting the necessity of taking a longer-term perspective in public health to accurately reflect the savings made. The Treasury Green Book [226] allows a discount rate of anywhere between 1.5% to 3.5% be used across government departments, provided the decision is justifiable. Within other NICE directorates, the lower rate was already used where “treatment effects are both substantial in restoring health and sustained over a very long period (normally at least 30 years)” [227], further necessitating the apparent need within the CPH to revise the rate downwards in order to allow fair comparisons of cost-effectiveness. Sensitivity analyses are required to show the effect of applying the higher discount rate, again to ensure comparability. 
Other elements of the reference case have not changed over this time; QALYs remain the sole recommended measure of health effects, and explicit equity weighting is not permitted. These too may change in future, even outside the realm of public health. Before his retirement as chair of NICE, Sir Michael Rawlins made clear his view that changes seem required in future in both areas:
“I am uneasy about the mantra of ‘a QALY is a QALY is a QALY’. It means that an increase in utility from 0.3 to 0.5 is valued the same as an increase from 0.7 to 0.9. I am not sure that this is fair. It certainly fails to meet John Rawls’ approach to distributive justice, which states that resources should be allocated in a manner that brings the greatest benefit to the least-advantaged members of society” [228] (p.568).
In the same article, Rawlins also speculated about the future role of equity weighting being formally incorporated into the process. 
“It would be better, though, if – at least in part – such judgments were to be incorporated quantitatively, rather than qualitatively, into decision-making. In other words, ‘equity weighting’ needs to be developed in a robust manner so that allocative decision-making becomes more explicit” [228] (p.568).
[bookmark: _Toc304643524]The shifts in the processes employed in the CPH, particularly the use of CCA and the more complex perspectives, could be used as a stepping stone towards a more quantitative decision analytic approaches, examined further in Section 5.4.2 of the next chapter. One perhaps surprising omission from the reference case is the cost-effectiveness threshold employed, which has not officially changed since NICE’s foundation. 
In such issues there is a recurring challenge in reconciling the need for flexibility while ensuring as standardised a framework as possible, in both the reference case and in relevant legislation. No such framework can cover every eventuality and NICE has also published principles to be followed to structure such social value judgments [63], shown in Figure 4.2. These are informed by ethical principles used in healthcare, as well as issues around distributional and procedural justice and were designed to correspond to the accountability for reasonableness framework [123], to ensure a fair decision-making process. 
[bookmark: _Toc444180815]The social value judgment principles broadly ensure that recommended interventions should be both effective and cost-effective, while incorporating other relevant concerns into the decision-making process. They also ensure that a wide variety of inequalities should be addressed where possible, and that dividing the population into distinct subgroups is only acceptable where there is clear evidence of differences in effectiveness between these groups. 
Figure 4.2 – The eight principles outlined in NICE's Social Value Judgments document [63]1. NICE should not recommend an intervention (that is, a treatment, procedure, action or programme) if there is no evidence, or not enough evidence, on which to make a clear decision. But NICE’s advisory bodies may recommend the use of the intervention within a research programme if this will provide more information about its effectiveness, safety or cost.
2. Those developing clinical guidelines, technology appraisals or public health guidance must take into account the relative costs and benefits of interventions (their ‘cost-effectiveness’) when deciding whether or not to recommend them.
3. Decisions about whether to recommend interventions should not be based on evidence of their relative costs and benefits alone. NICE must consider other factors when developing its guidance, including the need to distribute health resources in the fairest way within society as a whole.
4. NICE usually expresses the cost-effectiveness of an intervention as the ‘cost (in £) per quality-adjusted life year (QALY) gained.’ This is based on an assessment of how much the intervention costs and how much health benefit it produces compared to an alternative. NICE should explain its reasons when it decides that an intervention with an ICER below £20,000 per QALY gained is not cost-effective; and when an intervention with an ICER of more than £20,000 to £30,000 per QALY gained is cost-effective.
5. Although NICE accepts that individual NHS users will expect to receive treatments to which their condition will respond, this should not impose a requirement on NICE’s advisory bodies to recommend interventions that are not effective, or are not cost-effective enough to provide the best value to users of the NHS as a whole.
6. NICE should consider and respond to comments it receives about its draft guidance, and make changes where appropriate. But NICE and its advisory bodies must use their own judgment to ensure that what it recommends is cost-effective and takes account of the need to distribute health resources in the fairest way within society as a whole.
7. NICE can recommend that use of an intervention is restricted to a particular group of people within the population (for example, people under or over a certain age, or women only), but only in certain circumstances. There must be clear evidence about the increased effectiveness of the intervention in this subgroup, or other reasons relating to fairness for society as a whole, or a legal requirement to act in this way.
8. When choosing guidance topics, developing guidance and supporting those who put its guidance into practice, the Institute should actively consider reducing health inequalities including those associated with sex, age, race, disability and socioeconomic status.
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NICE can be seen as a manager of the healthcare system with responsibilities for “planning, organising, coordinating, commanding and controlling” [210] (p.9). Mintzberg contrasted different types of manager, and to some extent NICE’s contradictions and challenges might be explained by how it is trying to reflect the values of two of these simultaneously. 
The entrepreneurship school expects mangers to act rationally; “ambiguous problems, ill-defined and conflicting goals do not exist” [210] (p.12). In such a situation there is an explicit problem, explicit goals and possible courses of action with known consequences; manager ranks these and chooses best option, maximising the known objective function, which in the case of NICE might align with population level QALYs (or some objective function that further includes equity or other concerns). Such a positivist system might on some level remain the aspiration of NICE, but in practice its decision problems are rarely so neat. 
Mintzberg’s Decision Theory School characterises the nature of decision-making as “complex and poorly understood and the manager can use no predetermined method in its solution” [210] (p.13-14). While clearly this is not wholly applicable to NICE either, there are limits to what is known and how far systems can solve them in reality. In such a setting, managers “may not have explicit goals systems or preferences functions…a most important and neglected part of the decision-making process is the step to define the problem… alternatives and the consequences are seldom known with clarity and choices are made to satisfy constraints and not to maximise objectives” [210] (p.14).
The CPH, on some level, attempts to do both of these at the same time. The problem itself is not always known, and the scope must be crafted and interpreted throughout, building the evidence base and recommendations, weighing up and reconciling conflicting outcomes and revising.  By precedent, through the reference case and other formalised structures in place, NICE has a set of procedures that it follows in order to ensure that the findings are at least comparable and likely to be relatively consistent across health settings. Though a simplification, the entrepreneurship school can be seen as corresponding to the health maximisation stage and the decision theory school the less structured attempts to combine other factors to arrive at a final answer. The approach attempts to combine the best of both, but is inevitably a compromise. Judgment is required at all stages to ensure any conflicting objectives and outcomes are weighed up appropriately. Though evidence is paramount in NICE, such value judgments and other concerns are ultimately inescapable. 
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While the previous section described the formal processes used in theory – in some sense a more detailed explanation of the flowchart of Figure 4.1 – in practice there are a number of factors that complicate their implementation. NICE’s role has evolved since its foundation, expanding beyond its original mandate of reducing local variation. With the incorporation of new perspectives comes the need for compromise. As the organisation has become more complex, this has implicitly required the re-evaluation of its own organisational objectives; some explicitly stated and some not. These objectives are, at times, in conflict.
NICE may face challenges in that local authorities are further removed from CPH settings than their predecessors in the NHS-based PCTs, which may impact on their likelihood of implementation. Current pressures on financial resources in the healthcare system are likely to continue for the foreseeable future, and as such there will be increased need on the part of public health to justify expenditure on interventions and programmes, and to ensure that cost-effective interventions are employed. This takes place in a context where there is also likely to be increased pressure from other healthcare settings given the aging population and other factors.
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The NHS places as a central tenet the objective of ensuring equal access to health care for all, regardless of ability to pay. NICE was founded to further ensure equal access to healthcare regardless of geography. It is bound by the Equality Act, 2010 [229] and the Human Rights Act of 1998 [230]. As a result, for a time it was unclear if characteristics such as age, sex and social class could be considered in prioritising specific drugs for patients, on grounds of discrimination legislation [201]. Similarly, an attempt to use a cost-utility analysis based ‘league-table’ approach to prioritise Medicare funding in Oregon in the early 1990’s required a presidential waiver and significant political horse-trading to ensure that it did not fall foul of the Americans with Disabilities Act [70]. 
However, a number of specific issues are explicitly allowed when there is clear evidence of differences in effectiveness between groups: in terms of race, age, and sex/gender and sexual orientation [63]. Decision-makers should give special consideration when there are issues related to disability and diseases associated with social stigma. Conditions related to previous patient behaviour (such as those potentially considered self-induced due to addiction issues) should not be taken into account as it is often very difficult to know for certain the causation of the health issue, although if the behaviour is unlikely to change this may be considered [63]. Guidance should not be given specifically for different socioeconomic groups, though in practice deciding which topics to investigate is of course also value-laden. Some CPH guidance has been explicit in the social groups at which it is aimed, such as certain age groups (such as Interventions to reduce substance misuse among vulnerable young people [231]) or ethnic groups (Smokeless tobacco cessation – South Asian communities [232]). Other health issues chosen for guidance may inescapably be more relevant to certain groups without explicitly stating so, including certain socioeconomic groups.
It is also unclear how NICE defines equity and whether it should consider, for example, equality of access to health as of greater or lesser importance against access to alternative treatments. There are practically limitless potential visions of equity that might be used, and definitions arising from these. Absolute and relative concepts of equity can come into conflict, and this can be further complicated by temporal concerns.
For example, even a cost-saving intervention might increase inequality in the shorter term, if wealthier populations are likely to be early adopters of the technology. While the introduction of ‘Boris Bikes’, for example, has led to increased levels of population-level health [233], it has also increased levels of health inequality, as residents from deprived areas have used the service proportionately less than average (as did women) [234]. In the long run, such inequality may reverse as their use spreads to all groups. But new interventions will always come along, and in the longer run such health inequalities seem to perpetuate over long periods.
Aside from conflicting visions about what constitutes an appropriate approach to defining equity, there are other issues, including non-health concerns, which should be considered as part of any deliberations such as “reduced levels of public disorder resulting from reduced alcohol consumption” [10] (p.110). One NICE report [235] stated that the following areas are also relevant to the prioritisation process:
· Burden of disease (population affected, morbidity, mortality).
· Policy importance (that is whether the topic falls within a government priority area).
· Whether there is inappropriate variation in practice across the country.
· Factors affecting the timeliness or urgency for guidance to be produced. 
Golan et al. [120] also identified nineteen themes that are employed in health systems worldwide to decide upon whether a programme or procedure should be provided, shown in Table 4.2.  Five of these are taken into consideration in the UK, along with two ‘other factors’.
[bookmark: _Toc476241429][bookmark: _Toc444180793]Table 4.2 – Criteria used for prioritising interventions, adapted from Golan et al. [120]
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With public health responsibilities moving to local government, these concerns may align better than previously in an NHS context. For better or worse, local authorities may also consider some health issues to be more socially valuable than others, or at least prioritise them differently than PCTs might have, though the York report on the de facto cost-effectiveness threshold [236] also found significant disparities between treatment groups already present in the NHS. Rawlins [237] describes six special circumstances used as criteria when making judgments relating to cost-effectiveness of pharmacoeconomic decisions. 
· Severity of underlying illness
· Significant innovation
· End-of-life treatments
· Disadvantaged populations 
· Stakeholder persuasion	
· Children
This list might differ somewhat if it described public health decisions rather than pharmacoeconomic ones (for example, disadvantaged populations could likely become more important, innovation perhaps less so, and other special circumstances might be considered). In current NICE practice, the issues are not explicitly weighted for a number of reasons: the methodology to do so is untested, it was not clear if additive or multiplicative approaches to combine these would be more appropriate, and there was a fear that implementing a formal approach might reduce the role for judgment of advisory bodies.
There are a range of other concerns that NICE must also take into account. A number of sets of guidance (including recent ones such as PH47 [238], PH48 [239] and PH50 [240]) describe the deliberation process as one of “informal consensus, based on the following criteria”:
· Strength (type, quality, quantity and consistency) of the evidence.
· The applicability of the evidence to the populations/settings referred to in the scope. 
· Effect size and potential impact on the target population's health.
· Impact on inequalities in health between different groups of the population.
· Equality and diversity legislation.
· Ethical issues and social value judgments.
· Balance of harms and benefits.
· Ease of implementation and any anticipated changes in practice.
In line with the changes arising from the Health and Social Care Act, NICE has begun to offer tools around which local governments can structure and tailor local health services [241-243]. One preliminary report [166], which intended to help local decision-makers and commissioners determine the cost impact of – and returns on investment from – public health interventions, was based on 14 criteria: 
· Effectiveness
· Cost-effectiveness
· Affordability
· Impact on health inequalities
· Burden of disease	
· Quality of evidence
· Cost of intervention
· Population eligible
· Cost saving in less than 5 years
· Feasibility
· Acceptability 	
· Cost saving in more than 5 years
· Certainty	
· Non-health effect
These issues are tailored for a local governmental audience with their own political objectives. NICE must always keep an eye on what is feasible in practice – including politically – and it seems very possible that they may have been taking them into account implicitly already. If so, there is clearly an extremely complex structure to the decision-making process. 
This chapter does not attempt to take a systematic view of every issue NICE might consider outside of cost-effectiveness, but even if the issues highlighted are considered, they would have to implicitly weigh up more than 30 factors as part of their deliberations. To do so in a comprehensive, consistent and rational way is likely to be extremely challenging, and as previously described mistakes are likely in such circumstances without the use of some formal decision analysis technique [6].
Ultimately decisions relating to the guidance have to be made by people, regardless of the frameworks used to structure them. These judgments are “informed by science but nevertheless judgments” [237] (p.347). There are circumstances where not all data is available, or where political realities need to be taken into account before making binding judgments. NICE needs to be pragmatic in its decisions and, as a general rule, they need to reflect ‘common sense’, in a similar fashion to the CUA analysis rankings that needed ‘correction’ by policy experts in Oregon to make the results more palatable [244]. In NICE, this is achieved through deliberation.
However, these committees remain something of a ‘black box’. Consensus eventually emerges within the group about guidance but this is difficult to observe or measure and thus remains something of an enigma. The full range of nuances and the complex nature of the meetings cannot really be recorded accurately, leading to a lack of clarity about how final decisions are made, such as whether all relevant criteria have been given the appropriate consideration throughout, or how factors have been weighted implicitly.  On the other hand, arguing out such matters can uncover issues that merit further consideration, and ensure that common sense comes through. Replacing the discussion with some box ticking exercise that incorporated multiple criteria, however well designed and intentioned, would likely be deeply destructive, and would eliminate the important democratic aspects of debate [86].
The deliberative process currently used in NICE has its downsides, being neither fully explicit nor transparent and limiting its openness to public scrutiny. However, some deliberation will always be required to better inform the decision and ensure decision-makers are held accountable. The question therefore is not whether it can be replaced, but whether it can be improved. 
[bookmark: _Toc313523538][bookmark: _Toc441508976][bookmark: _Toc453235414][bookmark: _Toc453595487]
[bookmark: _Toc476241584]4.3.2		Defining health and use of evidence based medicine approaches in public health
There are many previously described problems in applying an evidence-based medicine methodology directly to public health. Issues around the availability of evidence, difficulties in articulating the social dynamics of population health and in describing the causes and effects of interventions pose particular challenges [3]. The CPH needs to carefully manage the guidance process to reflect these concerns, and PHACs often rely on expert evidence for this purpose. This by its nature needs further interpretation and is subject to values, subjectivity and the risk of bias, making the process much more complex than with clearer quantitative data.
The most obvious tension in public health guidance is between how to prioritise between cost-effectiveness and equity concerns.  NICE has a number of principles used for balancing these, informed by the Citizens Council [63, 245], but does not offer explicit weights to express how and where one is more important than another. It also avoids weighting QALYs for certain groups, which could in principle otherwise address this trade-off. Equity outcomes are instead considered during deliberations, so this weighting process takes place implicitly. However, this conflict, and the seemingly purposeful ambiguity around it, is at the heart of many of the apparent contradictions in CPH prioritisation.
Before equity and other concerns are deliberated upon, NICE follows a positivist, effectively utilitarian, approach to prioritisation [228]. This approach requires an underlying chain of assumptions that the evidence of effectiveness will be weighed up impartially and combined with the known costs of the intervention, and that the subsequent ICER will give some clear indication of the ‘correct’ course of action which in turn will be implemented consistently, leading to better outcomes across the health service. In practice, there is likely to be some level of uncertainty in every one of the underlying stages, potentially leading to higher levels of uncertainty when combined. Other constraints may be present in some form, including political or ethical concerns, such as ensuring that certain patient groups gain access to treatment. This seems to call for precisely the sort of muddling through discussed by Lindblom [209].
At times it is not necessarily clear what constitutes a health intervention, or where the limits of NHS intervention in the society are acceptable. This is a perennial issue in public health, but at times can extend into other NICE decisions. Viagra provides a standout example, with extensive media coverage given in the late 1990’s as to whether this was an appropriate use of NHS resources. Despite being cost-effective (with an ICER at around £11,000 per QALY), there was considerable controversy over whether the treatment of impotency is actually more important than treating more expensive, life threatening conditions [246]. NICE’s work, and use of the QALY, can only facilitate such discussion on values within the health community – and ICERs do not necessarily represent the final word on any intervention.
The Viagra issue was complicated by the fact that the budget impact of providing the drug was feared to be of huge magnitude, meaning that many services would have to be displaced in order to provide it. NICE committees are prohibited from considering budget impact directly in decisions, relying solely upon cost-effectiveness when considering the financial effect. In practice there are hurdles put in place to ensure that issues (such as start-up costs, administrative issues, sunk costs and the political fallout of removing care from the population) are also taken into account, including explicitly considering budget impact at the topic selection stage. These concerns are particularly pertinent in situations that touch on social issues outside the traditional remit of the NHS, whether it be Viagra or injuries from transport or alcohol consumption. Again, these are by their nature more commonly faced in the CPH. 

[bookmark: _Toc313523539][bookmark: _Toc441508977][bookmark: _Toc453235415][bookmark: _Toc453595488][bookmark: _Toc476241585]4.3.3		Balancing differing levels of democratic decision-making and combining with science 
There are challenges in applying an evidence-based medicine framework to democratic (and potentially populist) processes and an inherent contradiction in NICE’s perceived role as a floating island of technocracy and evidence, operating as part of a democratic, government-led health system.  The need to keep the organisation at arm’s length from ministerial and other democratic interference seems profoundly inegalitarian, and risks reflecting the concerns of the ‘experts’ rather than those of the public at large. The consensus of experts may not reflect the views of broader society [156], coming into conflict with ‘fairness’ according accountability for reasonableness framework [62].  On the other hand, the organisation was set up by a newly elected and popular government and has been growing since, seemingly reflecting its acceptance. NICE has been careful to include lay members on every committee to allow the public to have a voice in decision processes, alongside the role of its Citizens’ Council, to allay some of these concerns. Other checks and balances are provided by intensive scrutiny in the media, and in that its decisions are subject to judicial review.
There is a related apparent tension between a national organisation imposing constraints that must be followed at a local level. On the one hand, NICE’s success has led to reduced levels of variation of access to treatments and other interventions. But there is a strong case – particularly in public health – that populations should be allowed to implement interventions designed to meet local priorities and local needs, and to reflect the populations living there who will benefit from them. Some areas will naturally have higher levels of elderly people or ethnic minorities, or have high smoking rates or poor housing stock. Moves in the previous government to give full control of public health budgets to local government attempt to address this. However, with local governments no longer directly answerable to NICE, there is a risk that some level of undesirable local variation may return. 

[bookmark: _Toc313523540][bookmark: _Toc441508978][bookmark: _Toc453235416][bookmark: _Toc453595489][bookmark: _Toc476241586]4.3.4		Inconclusive evidence and value judgments
Evidence itself is rarely unequivocal, and NICE’s decisions ultimately must reflect social value judgments, equity concerns and perceived common sense in order to ensure their implementation. Reconciling the evidence of effectiveness and cost-effectiveness, and these other concerns, is fundamental to NICE’s work. Some evidence is effectively indisputable, whether on its own or when aggregated, but in many cases judgment and experience remain necessary. Scientific value judgments reflect “what can be inferred from the available evidence base and the extent to which imperfections in the evidence base should influence decisions” [237] (p.346). But these must be interpreted through some kind of framework in terms of suitable prioritisation of available resources. These judgments are “concerned with what is appropriate and acceptable for society in delivering healthcare across the NHS” [237] (p.346) and are required in representing perceived public desire for treatments and common sense. 
The need to adequately capture uncertainty in evidence is key. NICE has a number of processes for doing so, though what constitutes ‘evidence’ itself is always not necessarily clear. Lomas et al.’s [214] systematic review described three different types of evidence: 
“Medical effectiveness research (context-free scientific evidence); social science orientated research (context-sensitive scientific evidence); and or the expertise, views, and realities of stakeholders (colloquial evidence). These views of evidence are not incompatible and each has a role to play in producing evidence-based guidance for the health system” [32] (p.5).
This approach seems to reflect the Kantian distinction between analytic judgments (which are known by definition to be true), empirical judgments (which are accepted as matters of fact that arise from previous studies), and synthetic judgments (which we can only know to be true by making assumptions which reflect our own experience) [247]. Whereas health technology assessments may have analytical judgments (such as the decision frameworks set by NICE) and empirical judgments (data which are at times overwhelming), such situations are not necessarily possible in all circumstances in public health. As such, we must carefully incorporate synthetic judgments, normally using economic models overseen by the PHAC [248]. Hierarchies of evidence are seen as unsuitable in public health settings [3] and Rawlins ultimately regarded them as overly reductionist in general across NICE [249]. 
Deciding what constitutes acceptable evidence through this framework is challenging, and not always universally agreed upon. There was tension at discussions stage in writing the “Walking and Cycling” guidance for example, as one member frequently sought ways to incorporate the anecdotal evidence that cycling was becoming more popular in London but that “just because no one has done a nice study in a nice journal”, such evidence was inadmissible. Such tensions have been common in CPH decision-making since its foundation [3]. Expert evidence can be incorporated to ensure that knowledge, though unpublished, can still be included and influence final guidance decisions. There is a risk in including overly anecdotal evidence in that it may not be wholly reliable – it may instead reflect the interests and assumptions of the committee, which can never be wholly impartial. Figure 4.3 shows the back of the room at one meeting of the “Walking and Cycling” group, which illustrated this point quite neatly. Four members showed up to the meeting on fold up bikes, (and if I recall correctly, another three had cycled and had locked their bikes outside). It is hardly coincidental that cycling enthusiasts happened to end up on the committee, and without the appropriate checks that NICE uses and its considerations, there is a risk that the guidance could inadvertently reflect a cyclists’ wish list rather than an evidence-based reflection of cost-effective interventions.
[bookmark: _Toc444180816][bookmark: _Toc476241453]Figure 4.3 – Without appropriate checks and processes to reduce the risk of biases, NICE committees should just fold up now
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[bookmark: _Toc313523541][bookmark: _Toc441508979][bookmark: _Toc453235417][bookmark: _Toc453595490][bookmark: _Toc476241587]4.3.5		The cost-effectiveness threshold
NICE’s approach to reducing regional variation is in essence to propose a ‘bare-minimum’ list of interventions that every health service must provide. We might expect that as further interventions are added to this list over time that these will push out inappropriate spending, even if local decision-makers can choose which interventions should be displaced first. In practice, of course things are not so simple. It is not possible to appraise every possible new drug or new approach for every setting, never mind those drugs and programmes which predate NICE’s foundation. And when interventions are recommended, local PCTs have in the past been able to a certain extent to delay their provision, which may well continue in public health as its responsibility moves to the control of local authorities. 
NICE have been adept at acknowledging (and perhaps hiding behind) the complex nature of their work. In its early years, the organisation maintained that it had no threshold against which to compare the cost-effectiveness of new interventions [250, 251]. Over time NICE has increasingly described the approach in more nuanced terms, acknowledging that a soft threshold of sorts is applied, with an ICER lying between £20,000 and £30,000. Any given drug or other intervention could in principle be accepted or rejected at any ICER level (given further discussion of the merits of doing so), but as a general rule the probability of acceptance falls as the ICER rises [237]. The relevant committee appraises whether or not the treatment constitutes good value for money for the health service according to the guidelines below [4]:
· Interventions with an ICER of less than £20,000 per QALY are cost-effective. Regardless of other considerations, the intervention is likely to be recommended.
· ICERs between £20,000 and £30,000 per QALY are potentially cost-effective. Judgment is required, but
· uncertainty regarding the intervention’s efficacy decreases the chances of recommendation.
· strong reasons suggesting that the change in quality of life has not been adequately captured (and hence the health gain is underestimated) will increase the chances of recommendation. 
· when the intervention is an innovation that adds demonstrable, distinct and substantial benefits that may not have been adequately captured in the measurement of health gain, the chances of recommendation increase.
· ICERs greater than £30,000 per QALY require “an increasingly stronger case for supporting the technology as an effective use of NHS resources” [252] (p.74).
What constitutes an increasingly stronger case is not pre-specified, but a number of special issues have emerged in discussions over the years [253]. These are not necessarily explicitly stated in the published guidance, though there are hints in some of NICE’s literature, for example: 
“The Appraisal Committee has, in the past, made recommendations above the normal threshold range when it has explicitly identified additional benefits not readily captured in the reference case (emphasis added). This has occurred when the treatment involved has been life-extending, licensed or otherwise indicated for small populations with incurable illnesses” [254] (p.1).
The obvious advantage of ICERs is that they can be used to ensure that the opportunity cost of providing an intervention does not outweigh the benefits of the intervention, so that any services displaced by the requirement to provide a new intervention were not actually more effective than the new ones being offered. Whether or not this holds in practice is less clear however. 
For one, NICE largely concerns itself with a list of services that must be provided, and very little attention is drawn to identifying services that are either ineffective or not cost-effective. While they publish ‘Do Not Do’ lists to identify such interventions from time to time, these are less prominent than their other work. It remains possible that commissioners and other health bodies may end up removing services that offered more appropriate uses of resources. For example, they may lack resources to employ analysts or conduct research to better understand their own spending, their population groups may differ from the national norms, or other services not covered by NICE evaluations may be displaced first (such as the costs incurred by extra staff or hospital beds). Different units in different parts of the country will understandably have different priorities and remove services differently, so it can be difficult to draw together a clear narrative of which services are really being displaced. The threshold is therefore only one part of a broader decision process, so it is difficult to isolate its effect and hence whether the current level is the optimal one.
The origins of the threshold as currently applied are unclear [236, 255]. It has seemingly not changed to take account of inflation since NICE’s foundation, though it is possible that the proportion of services recommended has risen to take account of this. If we take the (quite considerable) leap of ignoring the cost of services displaced, there are a number of reasons that we might consider the threshold suitable, though criticism of these remains possible.
Alan Williams proposed a threshold of £18,000 to reflect the GDP per capita around the time of its foundation [104]. However, this approach is based upon a rather arbitrary rule of thumb, as better data on the opportunity cost of services displaced at the margin was not available. There is also no clear evidence that the threshold has grown with the economy since.
The World Health Organisation’s CHOICE programme [256] similarly issued guidance stating that interventions costing less than one year’s GDP per capita are highly cost-effective; in the UK in 2012 this was approximately £25,000, making the current threshold appear appropriate. However, the report states that interventions should still be considered acceptably cost-effective at anything up to three times the GDP per capita.  
Research has suggested that the threshold employed is likely to be of an appropriate order of magnitude of the true figure [257] and is comparable to that of a number of similar countries. The US and Canada implicitly use US$50,000 (around £30,800 in 2014) per QALY, Ireland applies €45,000 (£35,100) per QALY (though this only applies to drug appraisals), and Australia uses an ICER of AUS$69,900 (£37,700), for example. But each has been divined in its own way and for its own arcane reasons.[footnoteRef:5] The UK remains the only country to specify an explicit threshold range [258] and given that this is not based on an approximation of the opportunity costs of services displaced by new interventions, it is probably safe to state that no country in the world has successfully tied a working threshold to the opportunity costs of the services derived.  [5:  The US rate was back-translated based upon the cost of dialysis per patient when this was federally mandated in the 1980’s, while Canada's seems to be transposed directly from that of the US. Australia derived results on the basis of previous decisions. Ireland’s threshold more than doubled after a confidential agreement with the pharmaceutical industry, arranged at the height of the financial crisis.] 

Recent research in York has attempted the difficult task of estimating the ICER valuations of the services that are actually displaced, which represent the actual cost-effectiveness threshold [236]. The report’s central estimate for this figure was just under £13,000, implying that overall societal health may be reduced by when interventions seemingly at the margin of NICE’s threshold are recommended.
In an era of increased access to genetic markers and personalised medicine (alongside demographic and other pressures), NICE may have to manage a series of ethical and political challenges in addressing such concerns in the future. At present, limiting the recommendation of treatments to certain subgroups is only permitted in order to ensure that the treatments recommended are cost-effective, where they would otherwise not be.  But such recommendations may lead to unintended consequences, impacting not just on cost-effectiveness but also on very different expectations of acceptable treatment.  For example, NICE recommended bariatric surgery as a measure of last resort for morbidly obese patients in 2002, and surgery rates have risen dramatically since [259], implying that perhaps not all of these patients were at the last resort stage after all. Drugs similarly may become much more widely available in practice than planned. It is not clear what rules should be in place for subgroups of people that share specific genetic traits, or traits combined with prior medical history, and whether such decisions should be influenced by the likely budget impact and size of the cohort.
It is also unclear how NICE draws boundaries with regards age in such subgroups. To give a hypothetical example, breast cancer screening[footnoteRef:6] may be considered cost saving at certain ages, cost-effective at others, and not cost-effective for others. It is unclear if the NHS should only cover the individual years of age that are considered cost-effective, or as broad an age range as possible until the threshold is reached. Given the lack of clarity in the data, it is perfectly possible that one year in the middle of the approved range might not appear to be cost-effective, and it will be unclear how to allow for this. Given democratic pressure to extend screening, it would be an interesting topic for future research.  [6:  Screening decisions are not in fact appraised by NICE, but by the National Screening Committee] 

To address the issues that arise, public health evaluations in NICE have often taken a flexible approach to the reference case, using a variety of approaches and perspectives. These are described in detail in Chapter 5. But given that some studies take into account the costs and benefits to society, rather than to the NHS, it may be worth reconsidering whether or not the threshold applied should be the same in both cases [201]. NICE has never adapted the threshold in such circumstances, but convincing other decision-makers that this is the correct approach may become more challenging (and topical) as the public health remit extends to local government. 
The approaches used are inevitably still evolving in light of changes to provision in the health service and also due to legitimate concerns and criticisms of the techniques used, some of which are fundamental. The idea that rationing can even be consistently followed at all is considered by some as naïve, and it has been suggested that we should instead focus on improving decision-making systems [44] and muddle through elegantly [260]; a point which seems to echo the earlier work of Lindblom [209]. 
It is not clear that decision-makers and the public at large really expect a health service to maximise health, and health alone [44, 261]. NICE’s original sin – the contradiction that it seemingly attempts to maximise health while simultaneously identifying interventions that will “remove unfairness in the availability of technologies in different localities to minimise the possibility of further examples of unfairness and inequity being introduced” [262] (quoted in [46] (p.11)) leads to conflicts. In attempting to balance efficiency and equity in this way, without explicit weights, and attempting to do ‘good enough’ in both, it may not be wholly true to describe it as the maximisation of total health, but as satisficing. However, much of the literature appears to assume that cost-utility analyses (and hence maximisation of health) is the sole criterion of concern to the NHS.
Other criticisms relate to the methodology used. Even if we assume that improving health is the central and sole concern of the health service, there are questions over whether the QALY represents health appropriately. QALY measurements in NICE are, when possible, derived from EQ-5D studies, which compare the public’s preferences in a range of health states based on 5 parameters. This approach uses a generic framework, and therefore excludes specific factors that might be relevant in certain cases. Such a trade-off is perhaps inevitable, but some concerns remain relevant to people’s lives and health, and cannot necessarily be ignored. Blindness and lethargy, for example are not captured by the EQ-5D approach, and are considered by decision-makers as part of the deliberations (at least nominally).
Defining what constitutes health (and appropriate uses of the health budget) is clearly not simple, and there have been calls for much more multifaceted approaches to health prioritisation, incorporating issues such as the “rule of rescue” or the “fair innings’” argument [44]. The then-Chairman of the Royal College of General Practitioners, Sir John Toby, stated that “We don’t believe that there should be any discrimination on any grounds other than on clinical need” [246]; such an approach is clearly incompatible with one led by cost-effectiveness, which discriminates based upon treatment cost. The fact that this quote comes from an outraged lead article in the Sunday Times entitled “Homosexuals to get Viagra on the NHS” [246], also highlights further issues:
· Health spending in some areas may be considered frivolous compared to other potential uses of resources, regardless of the cost-effectiveness of the approach.
· Decision-makers and the public may consider some recipients less deserving of the medical intervention.
· Public values and perceived common sense can change over time – it is hard to imagine such a headline today. Assumedly public preferences on spending may change similarly.
The explicit approach using cost-effectiveness analysis to direct which services to provide by Medicare in Oregon in the 1990s was initially deemed unworkable, as it prioritised seemingly inconsequential interventions such as tooth capping over the treatment of emergent cases of appendicitis [70]. Eventually the analytical findings were ignored and the Health Services Commission had to move the orderings ‘by hand’ in order to arrive at a listing that better reflected the ‘common sense’ expected by the public at large. This exercise, while rooted in a US context, raises questions as to whether analytical results are necessarily universally appropriate. 
Implementing such a positivist (and ultimately utilitarian) approach as CUA may lead to a series of other problems. Firstly, there is no mechanism within them to ensure that groups are systematically not discriminated against. Secondly, there is no guarantee that such an approach would reduce health inequalities in society, and it might well be expected that following these approaches could exacerbate them. 
If this, and other such issues, are not handled carefully in the long run we might expect that what we measure will be what we will get. This could also potentially lead to an overly prescriptive decision model that ignores problem-specific complexities (as indeed could an overly-quantitative MCDA approach), if not tempered by deliberation.
[bookmark: _Toc304640232]Of course, the decision to use QALYs as the base metric of health – composed of quality and length of life, in equal measure and excluding all other factors – is in itself a value judgment. It would be plausible to consider that the extension of life should be of higher importance, regardless of quality of life, or vice versa. Others may argue that making large numbers of small improvements in health to large numbers of people should not necessarily be of equal significance as saving the lives of a smaller number of people (as was the case for stakeholders in Chapter 7).  It is important that we recognise that the current system is built upon such subjective assumptions, like any other. EQ-5D valuations are carefully collected based upon national surveys of public preferences, but other assumptions have not necessarily been subject to similar studies. There may be an appropriate time in the future at which to consider whether or not all of these are necessarily fair or represent the views of the public. 

[bookmark: _Toc313523546][bookmark: _Toc453235418][bookmark: _Toc453595491][bookmark: _Toc476241588][bookmark: _Toc304640243][bookmark: _Toc441508980]4.4		Conclusions 

This chapter has described the decision processes used in NICE, including the role of other factors outside of the cost-effectiveness of interventions. Such decisions are particularly complex and riddled with ambiguities and potential contradictions. There may be a role for MCDA techniques (or even MCDA-inspired steps) to address at least some of these, though it is imperative such approaches are only applied gradually in suitable settings and, where necessary, piloted or otherwise monitored to ensure that it is being used appropriately.
The approach used in this chapter had benefits and disadvantages. It took a pragmatic approach and brought together methods manuals (especially relating to the changing reference cases since CPH foundation) and other relevant NICE decision-making reports, with broader relevant literature from health economics, priority setting, MCDA and behavioural economics. The approach was very much influenced by my experience in NICE and conversations with colleagues there on relevant reports and issues.
Nonetheless, if I was to go about this process again, a more systematic approach would in hindsight clearly have been preferable. Before beginning the secondment, it was difficult to know which research paths to follow without first being immersed in the NICE setting, leading to something of a Catch-22. A more structured soft OR technique, or a grounded theory approach would therefore probably have been preferable to this approach, which attempted to identify relevant uses of MCDA through a less organised process of osmosis. This said, no research project is perfect and the depth of understanding of NICE processes would not have been possible without the secondment. This influenced not only this chapter but ultimately decided the questions addressed in all subsequent chapters as well. 
As public health changes in the ‘new world’, the appropriate level at which to make different types of decision should potentially be reconsidered. Just as an intervention might only be cost-effective at the level of a sub-population (including theoretically at the level of an individual), approaches that seem cost-effective on a national level may not be cost-effective in certain communities, or may only be cost-effective if certain populations exist. As such, a one-size-fits-all approach will not always lead to an appropriate use of resources. If local authorities do not have the resources required to appraise such issues themselves, NICE may will have to make moves to address this vacuum in future. 
Muddling through, too, will likely always remain part of what NICE does, at the deliberations stage and elsewhere. Overly prescriptive structures can easily become strictures on decision-makers. Because of the role of values in health care decision-making, “the highest aspiration for analysis can only be to provide a basis for thoughtful and informed moral choices” [68]. With decisions of such magnitude, it is also perfectly appropriate to proceed with any planned changes incrementally. 
This chapter has given an overview of NICE decision-making processes, actors and challenges. It related to the ‘How are decisions made in the CPH, according to its reference case and in practice?’ research question. Understanding such issues is critical to pairing appropriate MCDA approaches for a given intervention, in order to ensure their ‘acceptability’. But it is difficult to draw firm conclusions as to which special factors have been incorporated into decision-making for guidance on any specific topic as no single stage formally incorporates these, aside from the economic modelling stage (which itself is barred from explicitly incorporating equity concerns). A review of all economic modelling reports carried out up until the end of 2014 in the CPH is described in the next chapter, indicating that non-health factors regularly influence the guidance process already. It will also explore the potential role for MCDA in addressing the issues raised, including those discussed over this chapter.


[bookmark: _Toc441508981][bookmark: _Toc304640260][bookmark: _Toc283984170][bookmark: _Toc453235419][bookmark: _Toc453595492][bookmark: _Toc476241589]: 	A review of public health economic modelling in NICE
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Cost-effectiveness and all other relevant concerns are considered and traded off by the PHAC during their deliberations. But due to its nature it is impossible to know exactly which factors have been considered as part of this. The only sub-process in the CPH in which such factors are explicitly acknowledged and published is that of economic modelling. This chapter presents a review of the economic modelling and analyses carried out in all topics in the CPH from its foundation until the end of 2014. It again relates to the research question of ‘How are decisions made in the CPH, according to its reference case and in practice?’
This is the final chapter of the problem specification stage of the thesis and shows the sheer variety of techniques, perspectives and concerns that are taken into account in establishing the cost-effectiveness of various approaches as part of the guidance process. These reflect the broad scope of public health settings and the wide range of costs and benefits at a population level outside of health. Each topic is unique, requiring its own criteria, choices as to the most appropriate economic appraisal technique(s) to be used and general flexibility, regardless of the official line specified in the reference case. A wide variety of criteria are used, providing some justification for why we might wish to incorporate formal MCDA techniques into public health decision-making to better formalise CPH decision-making.
Equity is not taken into account at this stage and is generally only considered later in the decision process.  If this were considered in a broader modelling stage this could better highlight potential trade-offs and opportunity costs for decision-makers. Given the wide range of competing concerns, MCDA approaches may be useful in future to structure the process and bring together these and other issues cohesively.  The CPH may be gradually moving in this direction, and the potential role for MCDA approaches in deliberation is described in section 5.4.2. This chapter therefore addresses the following research aims:
· Which criteria, perspectives and economic evaluation techniques are used in CPH economic modelling (and therefore feed into broader decision-making)?
· How might MCDA approaches contribute to the decision-making process in the CPH in future?

1. [bookmark: _Toc441508983][bookmark: _Toc304640262][bookmark: _Toc283984172][bookmark: _Toc453235421][bookmark: _Toc453595494][bookmark: _Toc476241591]5.1.1		When is modelling required?
The approaches used for economic evaluation in the CPH, as elsewhere in NICE, compare the costs of interventions under consideration with their expected benefits, making explicit how effectively they meet the aims of the health service and broader society. Over the long term, this should reduce the potential for inconsistent prioritisation and the opportunity costs associated with this, and lead to the “conscientious, explicit and judicious use of current best evidence in making decisions about the care of individual patients” [263] (p.71). Evidence of the effectiveness of certain interventions is not always available and it is not always possible in practice to capture the full range of non-health population impacts into the model, and potentially hence into the broader decision process. This chapter attempts to provide a review of the criteria used in public health economic modelling, which informs the final decision-makers in each topic under consideration.
As previously explained, the available evidence in public health tends to be from a broader range of settings and hence is often shallower than in pharmacoeconomic studies, at least in terms of the hierarchy of evidence. These hierarchies are not even necessarily appropriate in these settings [3]. The length of the causal chains in public health interventions requires assumptions and judgments to be used, which must be tested through modelling and deliberation as the “principle of the accumulation of results of trials does not sit well with model and theory based sciences” [3] (p.1060).
Similarly, expert judgment, deliberation and experience remain vital to decision-making within the CPH. There is wide variation in this – the initial evidence review carried out for a topic may find overwhelming evidence of effectiveness or cost-effectiveness, or in other cases effectively no such evidence. Economic modelling is only used in the area in between these extremes to better inform decision-makers, where further insight is required to interpret the evidence available. Where it is already clear in advance that the intervention would be cost saving or where it is obvious the costs are relatively small compared to the expected health gains, modelling is not necessary [10].

1. [bookmark: _Toc441508984][bookmark: _Toc304640263][bookmark: _Toc283984173][bookmark: _Toc453235422][bookmark: _Toc453595495][bookmark: _Toc476241592]5.1.2		How is modelling used?
Interpreting and deciding which evidence is most important to the model requires a pragmatic approach, utilising simplifying assumptions. As a result, any model can only offer an approximation.  The model makes explicit the logical implications of the data available, making it easier for decision-makers to draw rational conclusions.  In many cases ballpark figures will provide a strong indication of whether or not the intervention is likely to prove cost-effective. Many interventions in public health are extremely so; various interventions investigated to reduce tobacco consumption were shown to be cost saving or have ICERs of under £1000, well below any conceivable NICE threshold [264]. Probabilistic and sensitivity analyses can be used to further indicate the robustness of a model’s conclusions. 
These assumptions and decisions are an inevitable part of the process and “economic modelling requires judgments to be made by both modellers and decision-makers” [237] (p.347). There are several stages to this process. NICE usually tenders the evidence review and modelling processes to experts in academia, but CPH staff liaise throughout to ensure that the methods used are in line with NICE’s requirements. As with any model, it should be requisite – parsimonious but good enough to do the job [121] – requiring appropriate balancing between the aims, costs and effects of the interventions under review, and at times prioritisation between which interventions are relevant to begin with. The study into Workplace interventions to promote smoking cessation (PH5) [265], for example, was initially also intended to investigate mass media interventions, but the evidence review found no relevant evidence of effect; it was therefore not pursued further in the modelling stage. The 2012 CPH methods manual [10] states that modellers must ensure that:
· the most important questions or intervention areas are selected for economic analysis;
· the overall modelling approach is appropriate;
· important health effects and resource costs are all included;
· effects and outcomes not related to health are included (if they are material for the sector whose perspective is being used, usually the public sector, local government or the NHS);
· best available effectiveness, epidemiological and resource evidence is used;
· model assumptions are plausible;
· uncertainties are fully explored and systematically addressed; and
· results are interpreted appropriately and any limitations are acknowledged.
In some cases, de novo models are required, though on many occasions it is possible to base them upon previous work. Because over time the guidance on specific topics is revised, previous models may be recycled, reducing the work required and easing comparisons between conclusions. There is also a limited number of themes explored in practice, and several tobacco related topics, for example, used a similar simulation-based model indicating the probability of acquiring a number of smoking related conditions (or death) as simulated individuals aged (such as PH5 [265], PH10 [266], PH14 [267]). Similarly guidance on physical activity reused updated versions of a model incorporating the risk of coronary heart disease, stroke and type 2 diabetes mellitus (e.g. PH44 [268], PH54 [269]). This allowed not just for comparisons between the effectiveness of interventions versus ‘doing nothing’, but also between topics. Other models are based upon or incorporate pre-existing work previously completed externally to NICE. Economic modelling may also solely focus on a specific part of the guidance or investigate a sub-population of those to whom the broader guidance will apply. 
[bookmark: _Toc441508985][bookmark: _Toc304640264][bookmark: _Toc283984174]
1. [bookmark: _Toc453235423][bookmark: _Toc453595496][bookmark: _Toc476241593]5.1.3		Model perspectives and economic evaluation techniques
The CPH’s reference case, the set of standard approaches to be used in economic modelling and broader decision-making, is flexible where necessary on a case-by-case basis. This standard approach has recommended a public sector perspective to take account of the costs and benefits of each intervention [10]. The 2014 methods manual [225] formally allows for discretion on perspective used across NICE directorates for the first time, which can vary according to the nature of the problem. Previously a public sector perspective has been largely confined to public health settings, and we might expect this to remain the norm for the time being. An NHS and Personal Social Services (PSS) specific perspective is used where costs and benefits are largely related to health alone. This has also previously been used in many cases in public health and is the standard for drug and technology appraisals in NICE.  Where these criteria largely fall upon local authorities, a local government perspective can similarly be used. However, in practice which perspective is used can be something of a moot point. In many cases models claiming to use a public sector perspective used only healthcare costs (e.g. PH32 [270]); in others, no perspective has been explicitly stated. Other perspectives are also possible, such as the employer benefit for workplace interventions (PH5 [265]) or a societal perspective for example in cases of domestic violence (PH50 [240]). These were codified in the reference case for the first time in the 2012 guidance [10], but had nonetheless previously been used. 
While the methods manual has been updated a number of times since the CPH’s foundation, CUA remains the primary evaluation technique to be used. This allows comparisons across other possible uses of resources and across NICE guidance areas. 
CBA can also be used, generally in conjunction with transport interventions. This is the standard approach used in the industry, so decision-makers may be more familiar with it, increasing the likelihood of its acceptance. There are some issues around using it in a NICE context, and the willingness to pay aspect used may come into conflict with the NHS ethos of providing healthcare to those who need it rather than who will pay for it. 
Cost-consequence analysis may also be used in parallel to CUA to allow greater granularity, or to incorporate outcome data that cannot be translated into QALYs based on prior research. It may fit better with the broader aims of interest to local authorities, other than healthcare alone. 
Economic modelling is informed by a prior evidence review, specifying the range of relevant interventions that have been used in the area in the past, the nature and strength of studies investigating them, and their effectiveness, costs and relevance to a UK context.  Where answers are required to questions that no previous study has directly measured, economic modelling is used to plug these gaps, and the models populated using the results uncovered in the prior literature. Sometimes the modelling will not be required as the results are clear (whether positively or negatively) from the prior search. In others it may not be appropriate or possible to further model results. In such cases, generic discussion pieces may still be written to discuss how an economic model would be used if such a thing were possible, and to indicate the magnitude, 'wheres' and 'hows' of the underlying uncertainty that make more formal modelling impossible. 
Where possible, the costs of an intervention are assessed based on the information available in the literature described in the evidence review. This will typically include the costs of any device or pharmaceutical required, staff time, monitoring and maintenance costs, treating adverse events, rent and so on. Public health also throws up some more unusual consequences. The costs found in the review also included, for example: decreased tax revenues (PH41 [191]); the impact of having to pay for extra years of health care (PH23 [271]  - though these were more than outweighed by the decrease in costs treating the illnesses associated with smoking); and issues relating to injuries occurring as a side effect of the intervention (PH44 [268]). The impact upon individuals volunteering to give up their time may be highlighted (PH9 [221]), though this cannot be fully incorporated into CUA as costs to private individuals have in practice been considered outside the scope of NICE’s reference case. 

1. [bookmark: _Toc441508986][bookmark: _Toc304640265][bookmark: _Toc283984175][bookmark: _Toc453235424][bookmark: _Toc453595497][bookmark: _Toc476241594]5.1.4		Equity in economic modelling
Issues relating to equity are also not currently formally considered as part of the economic modelling stage, though of course they remain a fundamental part of the broader guidance development process. In a similar manner to the impact of volunteerism, this does not mean that such issues are irrelevant to the modelling stage.  The Tuberculosis: hard-to-reach groups (PH37 [272]) guidance explained how out-of-pocket expenses – again relevant to private individuals rather than to the public sector perspective, which was used in this model – are likely to have a disproportionate effect on homeless populations. As such, they may be relevant not solely to ethical issues around access for these groups, but also in the practical terms of the likely effectiveness (rather than efficacy) of the intervention in the real world, assuming that homeless populations will have significantly lower uptake than might otherwise be expected as a result. The committee can then take this into account during the later stages of formalising recommendations. Equally, though the modelling itself may not deal with equity head on, at times the topic itself may obviously relate to improving health outcomes for specific vulnerable groups. And during several topics, public sector (and societal) perspectives may bring into consideration areas outside of healthcare where outcomes appear to be heavily influenced by socioeconomic and other factors. 
Interventions may also increase inequality in the short term if higher social status groups are likely to benefit from first mover advantage. Having worked on developing the guidance on Walking and Cycling (PH41 [191]), there was a concern that such an issue may arise (at least temporarily), though it was hoped that in the longer term there would be increased uptake amongst all groups. A similar concern was expressed in the published guidance on Physical activity and the environment (PH8 [274]). It is tempting to draw a comparison with the Kuznets curve [273],  which implied that as a nation’s economy develops, inequality will widen for a time before ultimately reducing once a certain level is attained. A similar phenomenon may well exist in certain public health settings – whereby the relationship between cumulative health, its distribution and subsequent inequalities over time follows a similar cycle.
At times, decisions in the CPH may even hinge on seemingly inconsequential differences in interpretation of the scope and such subtleties may prove difficult to represent in models. The scopes may themselves change, via gradual, subtle reinterpretation in light of the facts as they emerge. The facts used are not always self-evident and may require judgment and an understanding of the causal chains of effect [275]. With a new government, wholesale changes in scope are also possible. PHACs may always need to interpret some issues in an ad hoc manner as they arise – using their experience and judgment as part of this – though recommendations must be formulated carefully. On one topic on which I worked, a recommendation was being drafted relating to hospital staff, before it was realised that this could be interpreted in such a way that contract staff would not be included in the benefits. This was adjusted accordingly. Equity concerns are currently addressed – at least partially – by the accumulation of marginal gains of this type throughout the deliberative process, rather than through major revisions requiring more formal and operationalisable definitions of equity.
[bookmark: _Toc444180817][bookmark: _Toc283984237]An example framework from start to finish for developing the economic model, taken from PH41 [191], is shown in Figure 5.1, displaying the variety of stages required from defining to whom the modelling stage should apply through to quantifying the cost-effectiveness in monetary units.

[bookmark: _Toc476241454]Figure 5.1 – Example prospective modelling framework, as used in PH41[191] 
1. Define population subgroups
Identify and examine the basic features of the available datasets and whether they can be used as representative of the general population
1. Identify behaviour and outcomes to include
Consider the outcomes used in previous studies and models. The scope of this project related to the effects of increased walking and cycling on personal health and the wider environment and economy, so each of these areas must be investigated.
1. Assess baseline behavioural measures
Find a suitable way of projecting the effects of a “do nothing” approach as the comparator. The DfT’s National Transport Model “TEMPRO” was identified, which predicts patterns in future car ownership and usage.
1. Specify baseline for policy variables and interventions
Identify appropriate interventions from the evidence review, in line with scope
1. Estimate intervention effectiveness on change in outcome measures
There is no commonly used outcomes measure across studies - e.g. time spent travelling by each mode, proportion of trips taken by each mode, etc. – so modellers need to identify a common metric which is suitable for deriving both health and non-health outcomes. Prior studies may have different group compositions, which may lead to ungeneralisable outcomes, which must be managed carefully. In practice, the model initially used a step-wise function to indicate the probability a threshold level of exercise would be reached, but after discussions with the PDG a continuous model was also estimated.
1. Quantify benefits of behaviour change
This metric must then be converted into the estimated effects on mortality, morbidity, quality of life as well as the non-health aspects.
1. Monetary valuation
For CBA, costs should be available from reference costs to healthcare provider, though incorporating wider non-health costs will be challenging. There are monetary valuations possible, which may vary according to the relevant body, including the Department of Health.
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[bookmark: _Toc453235425][bookmark: _Toc453595498][bookmark: _Toc476241595]5.2		Review of previous CPH economic modelling

[bookmark: _Toc453235426][bookmark: _Toc453595499][bookmark: _Toc476241596]5.2.1		Methods
The economic modelling reports described in this chapter are all publicly available on the NICE website. Each guidance topic’s page has an ‘Evidence’ section, which lists relevant reports that offer supporting evidence on which the subsequent decisions were based. These vary from topic to topic but typically contain an effectiveness/cost-effectiveness literature review, an economic modelling report and (if a sufficiently long period has passed since the guidance was issued) a report reviewing whether or not to update the guidance. On occasions other reports are included such as fieldwork, qualitative approaches or case studies. Reports do not have a standardised nomenclature and at times, the modelling report is incorporated into the literature review. 
For this review, all economic modelling reports have been investigated. Where these are not listed, evidence/effectiveness/cost-effectiveness reports were reviewed to ensure that no model instead listed there was missed. For topics that instead reviewed a series of case studies to illustrate the potential cost-effectiveness of approaches - such as Strategies to prevent unintentional injuries among under-15s (PH29) – these case reports were also investigated and described.
There was no simple one-to-one relationship between topics and modelling reports. While some guidance did not require any modelling approaches, others used multiple models in the same report, or across multiple reports. Sometimes this was to reflect topics where different perspectives are possible, such as initially using an NHS and PSS perspective before investigating the effect of considering further public sector or societal issues. On occasions where a topic is broadly defined, a wide variety of very different interventions may fit under the definition and in such cases a smattering of these may be used as case studies. 

[bookmark: _Toc453235427][bookmark: _Toc453595500][bookmark: _Toc476241597]5.2.2		Results
Unsurprisingly, the primary criterion used to quantify the benefits of interventions has been health and generally represented by QALYs, though there have been both exceptions and additions to this. ICERs have subsequently been calculated using a variety of approaches, such as Markov modelling, state transition modelling, cohort simulation studies, and by what-if and break-even analyses. These last approaches can be employed where data is lacking in order to investigate whether the minimum improvements required for an intervention to be deemed cost-effective seem credible. At times, the number of deaths or cases averted is shown (e.g. PH41 [191]) in addition to the QALY measurements; in principle, such an approach could be expanded upon more formally in a CCA. For simple cases using CUA, the QALYs lost to mortality and morbidity are calculated, such as from fatal and non-fatal myocardial infarctions (PH6 [220]). Where the data are available, and a broader perspective is required, the reduction in quality of life associated with non-health causes may also be incorporated. However, in many cases, such research may not previously have been carried out and cannot therefore be reliably quantified, so these outcomes are excluded from the model. In Interventions to reduce substance misuse among vulnerable young people (PH4 [231]) for example, the reduction in QALYs associated with robbery was included because a previous study had estimated this effect. But the effects of other crimes listed in the model were excluded as no such study had been carried out, though it is relatively clear that these would similarly have had a negative effect on people’s lives and health (as would the effect of unemployment, which was excluded for the same reason). Similarly, guidance on Managing overweight and obesity among children and young people: lifestyle weight management services (PH47 [238]) explains that while related bullying and subsequent mental health issues are clearly relevant to the decision, and very much a real phenomenon, there have been no studies indicating the health-related quality of life impact.  Because these may well be implicitly included in prior studies, to include them would risk double counting their effects, and should therefore be excluded.
Where it is unclear how to translate reported outcomes into QALYs – whether directly health-based or not – these too may be excluded from cost-utility analysis findings, potentially increasing the ICER and making the intervention look less cost-effective than it might otherwise. To a certain extent it may be possible to include such data in other ways, such as using a CCA. In Physical activity: brief advice for adults in primary care (PH44 [268]), for example, the CUA model included the QALY impact of increased physical activity on reducing coronary heart disease, strokes and type 2 diabetes, whereas the CCA approach incorporated these factors alongside the improvement in outcomes in mental health, cancer and a broader range of health effects, as well as further benefits from reduced absenteeism in work. 
Smoking cessation in secondary care: acute, maternity and mental health services (PH48 [239]) extended this approach further, initially carrying out a CUA using an NHS and PSS perspective and subsequently building upon this. In the original model, a Markov simulation was used, incorporating reduced coronary heart disease, chronic obstructive pulmonary disease, lung cancer, myocardial infarctions and stroke. Because the effectiveness of approaches may vary depending on the setting in which they were employed, models were tested for a variety of case-study type scenarios such as maternal and neonatal health issues, mental health and preoperative settings. Further inputs to each case study specific model could then be more relevant and reliable, and an initial ICER calculated. Subsequent cost savings from offsetting future costs of treating smoking related diseases were next included and a revised “total ICER” calculated. A societal perspective was then used, by incorporating the savings attributable to increased productivity from employees. Though referred to in the text of the report, the corresponding ICERs using this approach appear to have been removed from the relevant tables and net financial savings to employers portrayed instead. 
Table 5.1 below describes the economic modelling methodologies used in each of the 54 public health guidance topics carried out up to the end of 2014. Where a single model is used, even for multiple interventions or across multiple reports, this is listed only once except in the case of PH12 [276], where two wholly different CUA models were used. Non-CUA approaches are described separately. At times multiple perspectives were also used as part of the modelling process and at others it was difficult to ascertain which perspective was actually used. In some cases, a public sector or societal approach was claimed, but only health costs and benefits taken in to account (PH32 [270], PH37 [272]). This is not necessarily incorrect – perhaps they were the only relevant criteria in each case; these have been listed below as described. In others there was no clear perspective specified and only healthcare criteria were described, and these have been listed as having an NHS and PSS perspective. 


[bookmark: _Toc444180794][bookmark: _Toc283984219][bookmark: _Toc476241430]Table 5.1 – Economic modelling methodologies used in all previous CPH guidance
	ID
	Title of guidance
	Date guidance published
	Committee type
	Methodology used
	Apparent perspective used

	PH1
	Brief interventions and referral for smoking cessation
	Mar-06
	PHIAC
	No model used
	NA

	PH2
	Four commonly used methods to increase physical activity (partially updated by PH41 and PH44)
	Mar-06
	PHIAC
	No model used
	NA

	PH3
	Prevention of sexually transmitted infections and under 18 conceptions
	Feb-07
	PHIAC
	CUA
	NHS & PSS

	PH4
	Interventions to reduce substance misuse among vulnerable young people
	Mar-07
	PHIAC
	CUA
	Public sector

	PH5
	Workplace interventions to promote smoking cessation
	Apr-07
	PHIAC
	1. CUA
	NHS & PSS

	
	
	
	
	2. Net financial benefit 
	Employer

	PH6
	Behaviour change
	Oct-07
	PDG
	CUA
	NHS & PSS

	PH7
	School-based interventions on alcohol
	Nov-07
	PHIAC
	CUA 
	Public sector

	PH8
	Physical activity and the environment
	Jan-08
	PDG
	1. CUA
	NHS & PSS 

	
	
	
	
	2. CBA
	Societal

	PH9
	Community engagement
	Feb-08
	PDG
	Discussion piece
	Hypothetical generic model discussed – specific model inappropriate

	PH10
	Smoking cessation services
	Feb-08
	PDG
	CUA
	NHS & PSS

	PH11
	Maternal and child nutrition
	Mar-08
	PDG
	CUA 
	NHS & PSS

	PH12
	Social and emotional wellbeing in primary education
	Mar-08
	PHIAC
	1. CUA (basic)
	NHS & PSS 

	
	
	
	
	2. CUA (broader)
	Public sector

	PH13
	Promoting physical activity in the workplace
	May-08
	PHIAC
	1. CUA
	NHS & PSS

	
	
	
	
	2. Net financial benefit
	Employer

	PH14
	Preventing the uptake of smoking by children and young people
	Jul-08
	PHIAC
	CUA
	NHS & PSS

	PH15
	Identifying and supporting people most at risk of dying prematurely
	Sep-08
	PHIAC
	CUA
	NHS & PSS

	PH16
	Mental wellbeing and older people
	Oct-08
	PHIAC
	No model used
	NA

	PH17
	Promoting physical activity for children and young people
	Jan-09
	PDG
	No model used
	NA

	PH18
	Needle and syringe programmes 
	Feb-09
	PHIAC
	CUA 
	Societal

	PH19
	Management of long-term sickness and incapacity for work
	Mar-09
	PDG
	1. CUA
	NHS & PSS 

	
	
	
	
	2. CUA
	Societal

	
	
	
	
	
3. CUA
	
Employer

	PH20
	Social and emotional wellbeing in secondary education
	Sep-09
	PHIAC
	CUA
	Public sector

	PH21
	Reducing differences in the uptake of immunisations
	Sep-09
	PHIAC
	CUA
	NHS & PSS

	PH22
	Promoting mental wellbeing at work
	Nov-09
	PHIAC
	No model used
	NA

	PH23
	School-based interventions to prevent smoking 
	Feb-10
	PHIAC
	CUA
	NHS & PSS

	PH24
	Alcohol-use disorders – preventing harmful drinking 
	Jun-10
	PDG
	1. CUA
	NHS & PSS (for screening and brief interventions)
Public sector for others

	
	
	
	
	2. CBA (or Net Financial analysis?), described as
“Valuation of harms analysis”
	Societal



	
	
	
	
	3. Pseudo- CCA
	Societal

	PH25
	Prevention of cardiovascular disease
	Jun-10
	PDG
	No model used
	NA

	PH26
	Quitting smoking in pregnancy and following childbirth
	Jun-10
	PHIAC
	CUA
	NHS & PSS

	PH27
	Weight management before, during and after pregnancy
	Jul-10
	PHIAC
	CUA
	NHS & PSS

	PH28
	Looked-after children and young people
	Oct-10
	PDG
	CUA
	Public sector

	PH29
	Strategies to prevent unintentional injuries among under-15s 
	Nov-10
	PDG
	Generic model with 2 examples

1a. CUA / CBA
(20 mph zones in residential areas)
	
Public sector

	
	
	
	
	1b. CUA
(Thermostatic mixing valves in social housing where some residents are <5years)
	Public sector

	PH30
	Preventing unintentional injuries among under-15s in the home 
	Nov-10
	PHIAC
	CUA
	NHS & PSS

	PH31
	Preventing unintentional road injuries among under-15s: road design 
	Nov-10
	PHIAC
	1. CUA
	Public sector

	
	
	
	
	2. CBA
	Societal

	PH32
	Skin cancer prevention: information, resources and environmental changes
	Jan-11
	PHIAC
	1.  CUA
	Public sector

	
	
	
	
	2. CUA
	Public sector

	PH33
	Increasing the uptake of HIV testing among black Africans in England
	Mar-11
	PHIAC
	No model used
	NA

	PH34
	Increasing the uptake of HIV testing among men who have sex with men
	Mar-11
	PHIAC
	No model used
	NA

	PH35
	Preventing type 2 diabetes – population and community interventions
	May-11
	PDG
	CUA
	NHS & PSS

	PH36
	Prevention and control of healthcare-associated infections
	Nov-11
	Pilot project
	No model used
	NA

	PH37
	Tuberculosis – hard-to-reach groups 
	Mar-12
	PDG
	CUA
	Public sector

	PH38
	Preventing type 2 diabetes – risk identification and interventions for individuals at high risk
	Jul-12
	PDG
	CUA
	NHS & PSS

	PH39
	Smokeless tobacco cessation – South Asian communities
	Sep-12
	PHIAC
	CUA 
	NHS & PSS

	PH40
	Social and emotional wellbeing – early years
	Oct-12
	PHIAC
	CUA
	Public sector

	PH41
	Walking and cycling
	Nov-12
	PDG
	1. CUA
	Public sector

	
	
	
	
	2. CBA
	Societal

	PH42
	Obesity – working with local communities
	Nov-12
	PDG
	Discussion piece
	No comparator appropriate

	PH43
	Hepatitis B and C – ways to promote and offer testing
	Dec-12
	PDG
	1. CUA (for migrants)
	NHS & PSS

	
	
	
	
	2. CUA (for intravenous drug users)
	NHS & PSS

	PH44
	Physical activity: brief advice for adults in primary care
	May-13
	PHIAC
	1. CUA
	NHS & PSS

	
	
	
	
	2. CCA
	Societal

	PH45
	Tobacco harm reduction 
	Jun-13
	PDG
	CUA
	NHS & PSS

	PH46
	BMI and waist circumference – black, Asian and minority ethnic groups 
	Jul-13
	PHIAC
	No model used
	NA

	PH47
	Managing overweight and obesity among children and young people: lifestyle weight management services
	Oct-13
	PDG
	1. CUA
	NHS & PSS

	
	
	
	
	2. CCA
	Societal

	PH48
	Smoking cessation in secondary care: acute, maternity and mental health services
	Nov-13
	PDG
	1. CUA
	NHS & PSS

	
	
	
	
	1a. As above plus CCA, (though not implemented fully)
	Employer perspective

	PH49
	Behaviour change: individual approaches
	Jan-14
	PDG
	No model used
	NA

	PH50
	Domestic violence and abuse: how health services, social care and the organisations they work with can respond effectively
	Feb-14
	PDG
	CBA (referred to as CUA, but took into account societal costs and found intervention to be dominant)
	Societal

	
	
	
	
	2. As above, with nominal CCA
	Societal

	PH51
	Contraceptive services with a focus on young people up to the age of 25
	Mar-14
	PDG
	CBA, built upon CEA
(CUA felt to be infeasible/ inappropriate)

	Public sector, with NHS & PSS checked in sensitivity analyses

	PH52
	Needle and syringe programmes 
Note: Updated guidance PH18, and used original economic modelling report
	Mar-14
	PHAC
	CUA
	Societal

	PH53
	Managing overweight and obesity in adults – lifestyle weight management services
	May-14
	PDG
	CUA/CEA 
	NHS & PSS

	PH54
	Exercise referral schemes to promote physical activity
	Sep-14
	PHAC
	CUA
	NHS & PSS





Excluding approaches that did not use any economic methodology or used a hypothetical approach, 58 individual economic evaluations were carried out, across 41 topics (including one guidance topic which supplanted an earlier version, while incorporating the earlier economic modelling report as part of this). In total, an NHS and PSS perspective was the most common perspective used, on 28 occasions (though PSS generally appears to have had little or no impact). A public sector approach was used on only 15 occasions, despite this being nominally prescribed by the reference case. A societal approach was used on 11 occasions and an employer perspective 4 times. The 13 topics that did not include a model naturally used no perspective. 
Of the studies that ultimately used CBA or CCA before the 2012 guidance elevated their role, all except one are concerned with the related areas of travel or physical activity. As CBA is widely used in transport planning, this result is not surprising. The remaining study, relating to preventing harmful drinking (PH24 [212]), arguably contains both a pseudo-CCA approach – listing a range of likely outcomes of each potential intervention in their natural units – and a “valuation of harms analysis” which bears a striking resemblance to CBA, which is further discussed later. 
Workplace interventions have in the past used net financial benefit for an employer’s perspective arising from increased productivity and reduced absenteeism (PH5[265], PH19 [285]). CBA and CCA as a rule use societal approaches, further broadening the scope by which to judge interventions, allowing for the inclusion of environmental effects and reduced traffic congestion (PH41 [191]) reduced travel time and increased comfort (PH8 [274]), estimates of impact upon the economy (PH24 [212]) and woollier concepts around “human costs” (PH31 [295]).
There are a series of judgments to be made regarding what is relevant in cost-effectiveness modelling, though broadly speaking the NICE protocol is to include all relevant factors.
“The inputs to the model will be all those necessary to derive both the QALY and cost differences. The QALY differences include overall survival, the time in several different health states, and the valuation of those states on a ‘utility’ scale. The cost differences include not only the acquisition costs of the product but administrative costs (such as the requirements for hospital admission, the input from nursing or other healthcare staff) as well as additional costs of monitoring the response and the costs of treating adverse effects. These inputs are subject to considerable uncertainty both qualitatively and quantitatively” [237] (p.347).
Because the assumptions used in building the model may not hold in practice, modellers need to be upfront about potential weaknesses and to employ sensitivity analyses to ensure findings are robust. As previously stated, because of the complex nature of public health interventions, there are unique challenges in applying these approaches to this sector and judgment will naturally play a key role in interpreting the model’s findings. For example, one topic (PH39 [232] – whose economic modelling report contained the memorable proviso that “even the uncertainty is uncertain” (p.8)) attempted to use a Markov model to estimate the prevalence and survival rate of various conditions arising from use of smokeless tobacco amongst South Asian communities. Due to a lack of data, particularly on the costs of interventions, the predicted cost-effectiveness of the intervention was felt to be extremely uncertain. As such, the authors aimed only to highlight this issue and encourage decision-makers to exercise their judgment in making conclusions from the report’s findings.
“Naturally, one has to weigh these figures with one’s own assessments of where the base line estimates have been too optimistic or too conservative. The analysis presented here offers a starting point to guide one’s assessment. The data limitations are too severe to offer anything else” [232] (p.8).
In some cases, modelling may not have been used from the start because the evidence was already clear, or otherwise that such an approach would be unlikely to lead to meaningful results. On two other occasions, principles of economic modelling were employed to generate whatever insights were possible, though it was known in advance that full implementation of a model would be unsuitable. 
· Not only were very few studies available examining the costs and benefits of community engagement programmes (PH9 [221]), but defining precisely what constitutes such an intervention was deemed effectively impossible. These difficulties were tied up with issues regarding how to quantify concepts felt to be universal goods, such as democracy, empowerment and social capital. 
· The Obesity – working with local communities project (PH42 [192]) employed economic modelling to investigate “partnership working to reduce obesity”. This attempted to describe the decision problem from a costs perspective, while maintaining that there exists no worthwhile comparator by which to judge cost-effectiveness and that such benefits would be too difficult to measure even if such a comparator could be found.
While CUA models applied to NHS and PSS settings are generally relatively simple to interpret, other approaches using a broader perspective or differing methodologies require more nuance and careful consideration (and ultimately trade-offs). These topics and the criteria considered as part of the modelling are shown below in Table 5.2. Non-health benefits arising from interventions pose further challenges to decision-makers, and it is not immediately clear how best to incorporate these. The complex negotiations around inter-sectoral effects could occupy several other theses, and are well beyond the scope of this chapter. But it is worth reiterating that choosing to ignore such non-health factors is in itself a decision, and a rather nihilistic one at that. MCDA, as a decision analytical tool for structuring such decisions, could on the face of it play a very useful role in future in balancing such trade-offs if required. 


[bookmark: _Toc444180795][bookmark: _Toc283984220][bookmark: _Toc476241431]Table 5.2 – Health and non-health criteria considered for approaches that used perspectives outside of NHS and PSS  
	ID
	Title
	Methodology used
	Apparent perspective used
	Health criteria
	Non-health criteria

	PH4
	Interventions to reduce substance misuse among vulnerable young people
	CUA
	Public sector
	Infectious diseases
*HIV
*Hepatitis B
*Hepatitis C
Other health costs
*Overdose
*Depression
	Criminal justice costs
*Arrest
*Custody
*Court
*Prison
Drug treatment
Unemployment

	PH5
	Workplace interventions to promote smoking cessation
	Net financial benefit 
	Employer
	NA
	Productivity/ hours lost from absenteeism

	PH7
	School-based interventions on alcohol
	CUA 
	Public sector
	Accidents or injuries
*Admission to Accident and Emergency
	Criminal justice
*Violent offences
*Property offences

Educational outcomes
*15-16 year olds performing poorly due to alcohol
*Number of students with high levels of truancy

	PH8
	Physical activity and the environment
	CBA


	Societal


	“Health benefit”
(derived from a variety of studies and assumptions and tested with sensitivity analyses)
	Comfort and insecurity
Travel time
Short term absenteeism

	PH12
	Social and emotional wellbeing in primary education
	CUA (broader)
	Public sector
	Emotional wellbeing
	Educational performance

	PH13
	Promoting physical activity in the workplace
	Net financial benefit
	Employer
	NA
	Absenteeism

	PH18
	Needle and syringe programmes 
	CUA
	Societal
	NHS costs
	Intravenous drug user-associated crime

	PH19
	Management of long-term sickness and incapacity for work
	CUA
	Societal
	Quality of life while on /off sick leave, derived from previous SF-6D BHPS data 
	Transfer costs for first six months (such as statutory sick pay, incapacity benefit)

	
	
	CUA
	Employer
	NA
	“Incremental cost per day of sick leave avoided”
Cost of intervention
Official sick pay
Production loss 
National insurance
Recruitment of new staff
Wage of new staff

	PH20
	Social and emotional wellbeing in secondary education
	CUA
	Public sector
	Adult related mortality due to reduced educational attainment and income due to bullying

Adult quality of life related to prior abuse
	Educational outcomes
Educational salaries
Future wages 

	PH24
	Alcohol-use disorders – preventing harmful drinking 
	CUA
	NHS & PSS for screening and brief interventions

Public sector for others
	Total 47 conditions, sub categorised by:
*Acute
*Chronic
	Crime (20 total crimes, subcategorised by)
*Violence
*Criminal damage
*Robbery
*Other

Workplace
*Days of absence
*Unemployment

	
	
	CBA (or Net Financial benefit?)
“Valuation of harms analysis”
	Societal
	Costs to healthcare services 

A financial value of the health gain (per QALY) 
	Costs to the criminal justice system 
Costs of days of absence 
Costs of lost productivity due to employment absence 
A financial value for the crime impacts on quality of life (per QALY) for the crime victims.

	
	
	Pseudo CCA
	Societal
	Deaths per annum (pa)

Hospital admissions pa
Hospital costs pa

% change in consumption 
	Criminal justice
*Total crimes pa 
*Quality of life associated with crime victimhood
*Direct crime costs
Workplace
*Total work absences, days pa
Unemployment in persons pa

	PH28
	Looked-after children and young people
	CUA
	Public sector
	Physical health
Mental health
Sexual health
	Housing
Alcohol/drug misuse
Employment
Educational attainment
Criminal/offending behaviour

	PH29
	Strategies to prevent unintentional injuries among under-15s 
	Generic model with 2 examples
CUA / CBA
(20 mph zones in residential areas)
	Public sector
	Injuries from accidents

	Costs of drafting and passing relevant legislation
Costs of monitoring if local authorities have implemented zones
Police costs saved

	
	
	CUA
(Thermostatic mixing valves in social housing where some residents are <5years)
	Public sector
	Utility costs of scalding
	Costs of drafting and passing relevant legislation
Monitoring and installation costs to relevant:
*local authorities
*housing associations
*social landlords

	PH31
	Preventing unintentional road injuries among under-15s: road design 
	CUA


	Public sector
	Fatal accidents *QALYs lost related to age of victim
Non-fatal accidents *based on age and severity and duration of injury 
	Police
Local authority for building and maintaining intervention
Department for Transport

	
	
	CBA
	Societal
	Medical costs (utilities not included)
	Human cost (pain, grief and suffering)
Lost output

	PH32
	Skin cancer prevention: information, resources and environmental changes
	CUA
	Public sector

	QALYs lost due to 
*morbidity associated with non-fatal cases of Malignant Melanoma (MM)
*morbidity and premature mortality associated with fatal cases of MM.
*non-melanoma skin cancer
	None

	
	
	CUA
	Public sector

	As above but incorporating medical costs savings
	

	PH37
	Tuberculosis – hard-to-reach groups 
	CUA
	Public sector
	TB associated mortality
	None

	PH40
	Social and emotional wellbeing – early years
	CUA
	Public sector
	Inverse relationship between educational attainment and mortality (converted to QALYs)
	Criminal conviction costs
Costs of benefits (unemployment benefits, etc.).
Tax and national insurance paid
Teen pregnancy

	PH41
	Walking and cycling
	CUA/CEA
	Public sector
	Mortality risk given expected changes in overall levels of physical activity

Health related quality of life

Deaths avoided
	Improvements in congestion measured by reductions in time spent driving (Cost per km saved)

CO2 / greenhouse gas emissions (cost per tonne of carbon)

	
	
	
CBA
	
Societal
	
Value of deaths avoided using the statistical value of a life approach 


	Value of reduced congestion
Value of greenhouse gas emission reductions
Loss due to decreased taxation

	PH44
	Physical activity: brief advice for adults in primary care
	
CCA
	
Societal
	Non-fatal CHD, stroke, type 2 diabetes; Deaths from cardiovascular disease (CVD) or non-CVD (As with prior CUA model); split up and including further health benefits: Anxiety, depression, colon cancer, lung cancer, breast cancer, diabetes, hypertension, CHD, stroke, osteoporosis, osteoarthritis, low back pain, rheumatoid arthritis, falls prevention (and negative associations with increased injury and disability)
	Reduced absenteeism


	PH47
	Managing overweight and obesity among children and young people: lifestyle weight management services
	CCA
	Societal
	Did not directly include health benefits, though these are assumed based on other effects
	Victim related: 
*Cost savings due to reduction in domestic violence 
*% stating improved coping strategies 
*% stating positive change in support network
*% of cases expected to experience continued cessation in long-term

Child related: 
*% reduction in perpetrators threatening to kill children 
*% reduction in conflict around children
*% reduction in victims fear of perpetrators harming children

	PH48
	Smoking cessation in secondary care: acute, maternity and mental health services
	As with prior CUA plus CCA, though this was not implemented fully
	Employer /societal perspective
	Prior CUA model incorporated coronary heart disease, chronic obstructive pulmonary disease, lung cancer, myocardial infarctions and stroke (and examined further disease specific factors for case studies)
	Reduction in productivity losses estimated. 

Was to be used as part of extended cost/QALY calculation, but this does not seem to be shown and assumedly removed. Could still potentially be used as standard CCA if desired

	PH50


	Domestic violence and abuse: how health services, social care and the organisations they work with can respond effectively
	CBA (referred to as CUA, but took into account societal costs and found intervention to be dominant)
	Societal
	Health
	Criminal Justice
Employment
Human and emotional

	
	
	As above, with nominal CCA
	Societal
	Quality of life gain associated with reduced PTSD

Cost savings to health service associated with reduced PTSD
	CCA used to describe quantitatively other issues not included in the model, such as:
*Cost savings
*Cost of treatment
*Productivity
*Related absenteeism

	PH51
	Contraceptive services with a focus on young people up to the age of 25
	CBA, built upon CEA

(CUA felt to be infeasible/ inappropriate)
	Public sector, with NHS & PSS checked in sensitivity analyses
	Costs of:
*Various pregnancy issues
*various types of contraception
*STI treatment
	Income support at various ages
Child benefit (at various no if children)
Council tax and housing benefits



	PH52
	Needle and syringe programmes 
	CUA (using the same economic modelling report as PH18)
	Societal
	NHS costs
	Intravenous drug user–associated crime
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[image: ][bookmark: _Toc444180818][bookmark: _Toc283984238][bookmark: _Toc476241455]Figure 5.2 – Economic modelling techniques used in NICE public health guidance over period of review
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As Figure 5.2 shows, about three quarters of the topics used economic modelling in their decision-making, and just under three quarters of these used CUA alone. Of the remainder, nearly all used CUA alongside other approaches: 3 used CBA, 3 CCA, 2 Net Financial Benefit (NFB) and 1 arguably used both CBA and CCA. One used an approach that could be equally described as CBA or CUA (and is described further later). Another topic used CBA alone (built upon a series of CEAs), which was the only piece of guidance incorporating modelling not to include CUA in any form. 13 topics did not apply an economic model, though two of these described how it might be carried out if further data were available. Another topic reused the model from an earlier version of the same topic; others altered previous frameworks only slightly. In some cases, there is a lack of clarity between whether the analysis performed was actually cost-benefit analysis or net financial benefit. Where described as a CBA, it has been listed as such, but this issue is further examined in the Discussion section. 
A wide range of non-health benefits was found in the review of CPH guidance. Where a public sector perspective was used, cost savings to government departments aside from the Department of Health become relevant to the decision-making process. Reduced productivity, normally measured through absenteeism or presenteeism, occurs on 12 occasions (e.g. PH44 [268], PH48 [239], PH50 [240]). Criminal justice service costs arise on 10 occasions, incorporating the combined costs of arrest, custody, court appearances and prison (PH4 [231]), police costs in implementing laws (PH29 [293]) and the impact of conviction on future wages (PH40 [301]). While costs on individuals are outside of the reference case, reduced income implies reduced tax revenue for the government in the future, and becomes relevant in this perspective. A similar approach is employed for educational attainment, which arose on 4 occasions (PH7 [219], PH12 [276], PH20 [286], PH28 [292]). Knock-on effects on spending are also included, such as reduced costs of providing unemployment benefits (PH24 [212]) and drug treatment (PH4 [231]).  Emotional wellbeing, broadly defined, was incorporated into the decision framework on 5 occasions (PH8 [274], PH9 [221], PH31 [295], PH47 [238], PH50 [240]).
Weatherly et al. [105] (also described in an associated report by Drummond et al. [311]) reviewed 154 economic evaluations of public health interventions worldwide from 2000 to 2005 and found that 32% used a health service perspective and 31% a self-described societal perspective (though this was felt to be an overestimate) and 48% of which related solely to health. 24% had no stated perspective, 3% used multiple perspectives and the remainder related to local healthcare provider, government or patient. In contrast to the CPH guidance, the Weatherly paper found CCA was used in a relatively high 37% of studies, while 27% used CUA (whether based upon QALYs or the related Disability adjusted life years). A further 36% used CEA (excluding CUA), such as units of weight lost, alongside their cost information. CUA and CEA are recorded separately. 4 reports (3%) claimed to use CBA but these were upon further investigation re-categorised as CCA or CUA. Though it is worth reiterating that evaluations described in the Weatherly paper were not confined to UK settings (61% were from the US, 15% UK, 6% Canada and 4% others), and are not directly comparable to NICE economic modelling, issues relating to costs to the voluntary sector and to private citizens were felt by the authors to merit further attention. Equity considerations, however, were rarely described in the literature and never addressed formally (and the authors argued that this implies that QALYs were simply summed directly for the studies using CUA). It is argued that these should be better highlighted, and opportunity costs of implementing more equitable interventions made transparent. 
McDaid and Needles’ report [312] featured 1700 studies from the mid-1960s to mid-2000s. 49% of studies were based in the US, 13% in the UK, 5% Canada, 4% Australia and 4% from the Netherlands. Intervention settings, rather than perspectives, are reported. 22% took place in workplace settings (overwhelmingly in the US). 8% took place in schools or colleges of higher education. Others (though no specific proportions are given) were funded by the state, social health insurance or by individuals; understandably, these tended to have less direct impact on productivity than the interventions that employers had chosen to provide. 57% of studies used CEA, 21% CCA, 13% used CUA, and the remainder used either CBA (5%), econometric techniques (3%) or cost-minimisation approaches (1%). The authors emphasise the critical importance of context in understanding the influences of uptake and successful implementation of techniques, and argue that novel policy-level approaches to funding are needed to ensure that non-health impacts of interventions are given adequate consideration. These will likely require further government investment given the diffuse nature of the benefits that accrue from interventions of this nature.
Though not strictly public health, a literature review describing the economic evaluation techniques used in social care was published in 2002 [313].  Mental health and public health were the two most common topics that used such techniques, totalling about two thirds of all reports. Many related to multiple issues at the same time, and this complexity presents further similarities with the attempts at applying such evaluations in public health. In total, 131 reports are reported, taking place over 5 years. The perspective used was not reported (though elsewhere in the report, the importance of a societal approach is emphasised). 65% of studies used CCA, 18% CEA, 5% CBA and 6% each for cost-minimisation analysis and cost-saving analysis. 72% of studies had taken place in the US, 15% UK and 13% other.
Nonetheless, a Cochrane review on public health evidence in practice [314] found that the findings of studies to inform local public health decision-making are rarely published (and that they rarely meet the standards required for subsequent systematic reviews anyway). This may mean that both the reviews listed in this section do not reflect the full range of research undertaken applying economic evaluation techniques in public health (at least outside of NICE). These gaps also represent a lost opportunity, as such models may have been useful in informing models used in NICE, structuring their format, or in better reflecting the concerns of the local authorities now responsible for public health decision-making.
As previously outlined, economics is ultimately about the studying of decisions, the incentives behind them and their consequences [74]; health economics relate to these choices in the context of the resources available in health generally. Public health economics can be defined as  the “study of the economic role of government in public health, particularly, but not exclusively, in supplying public goods and addressing externalities” [75] (p.229). The broader effects of such interventions, taking into account a range of other factors, mean that such decision-making is much more complex than some other settings in health. This chapter has already highlighted the range of factors taken into account in economic modelling in the CPH. Complicated decisions merit that models of some sort are used to structure the information available to better inform decisions makers, who may otherwise make unnecessary mistakes [315]. Multiple criteria decision analysis models (as their name implies) may have a meaningful role to play in informing decisions in such settings; whether these issues are directly economic in nature or otherwise. Though any model is necessarily limited, logic models have been recommended to guide the evidence synthesis process [316], and though built upon subjective judgments, MCDA can at times “bring a degree of structure, analysis and openness to classes of decision that lie beyond the practical reach of (other modelling approaches such as) CBA” [125] (p.20).
Ultimately, nearly all economic models used in the CPH translated the findings from relevant papers into gains in utility in order to facilitate a CUA approach for NICE guidance. However, such translation runs the risk of oversimplification. While it is accepted that potential costs and benefits should be identified and highlighted in the limitations section or elsewhere, even where they cannot be measured. Sheill argued that those issues that are not measured may ultimately be cast to one side if they cannot be incorporated into calculations [317]. Hence the need remains to either measure all factors that are considered relevant, or else to ensure that there are other ways to incorporate these criteria [317].There may therefore be a case for using these CCAs and CEAs directly in future in certain circumstances, or potentially extending these to MCDAs.
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The 2012 methods manual for public health guidance [10] introduced subtle but important changes to how economic evaluations could be carried out in the CPH, reflecting the changes introduced to public health provision in England and Wales. The most obvious change introduced by the Health and Social Care Act [17] in this context was that public health responsibilities are now provided by local authorities, as opposed to the local NHS Primary Care Trusts (PCTs), as was the case previously. It will therefore no longer come under the direct aegis of the health system and is now prioritised by local government. This setting itself has a more diffuse range of aims, and it had been hoped that issues such as the social determinants of health could be better tackled by local governments than by an NHS body [318].
NICE appears to recognise that they will need to meet the expectations of the decision-makers with priorities other than health. CCA and CBA have always previously been allowed when appropriate in economic evaluations, but very much in a secondary role to CUA. The 2012 manual [10] appears to offer them a much more prominent position in the future, though CUA remains necessary if only to allow comparisons of cost-effectiveness across NICE areas. As PHACs were only starting to produce results towards the end of the review period, it is unclear as to how much of an impact these changes will have in practice, though CBA and CCA appeared to be becoming more common.
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1. [bookmark: _Toc441508990][bookmark: _Toc453235430][bookmark: _Toc453595503][bookmark: _Toc476241600][bookmark: _Toc441508991][bookmark: _Toc304640270][bookmark: _Toc283984181]5.4.1		Ambiguity of economic evaluation approaches in practice
The use of different methodologies may not lead to as many changes as one might think, as there is a large amount of overlap and ambiguity between approaches at times.  CBA and net financial benefit appear to be for all intents and purposes equivalent approaches. Both apply monetary valuations to costs and benefits arising from implementation of the approach, in order to arrive at estimations of the net benefit arising from it. The main difference appears to be that net financial benefit was used as the term of choice when an employer perspective was used. As such, it has been maintained in the tables above as initially described, but it is worth bearing this in mind.
CBA also has links to CEA (and ultimately CUA). Guidance on Contraceptive services with a focus on young people up to the age of 25 (PH51 [306]) used a CBA approach which was built up upon the cost per negative outcome avoided (i.e. CEA) on a range of criteria , such as costs of maternity care, miscarriage, ectopic pregnancy and stillbirth, which had all previously been estimated in prior NICE research. The model estimated probabilities of each event occurring with and without the intervention. These could be combined formally (including the costs arising to future governments of benefit pay outs) to calculate the cost savings attributed to the intervention. The approach was found to be dominant. It would therefore similarly be dominant for CUA, regardless of any conceivable threshold used (assuming the same costs were taken into account in both cases). A similar approach was used for Domestic violence and abuse: how health services, social care and the organisations they work with can respond effectively (PH50 [240]), in which all conceivable costs and benefits were calculated on a societal level and the interventions modelled were found to be dominant. While it was described as a CUA, in such a scenario there is no clear line between CBA and CUA. 
Such an approach nonetheless poses challenges. CUA has more often than not been used as part of an NHS and PSS perspective, and extending it to a public sector or societal perspective makes it unclear how to draw a threshold when non-health expenditure becomes involved. This can (rightly or wrongly) be ignored in the particular cases of PH50 [240] and PH51 [306], where the interventions were found to be dominant anyway. But if this was not found to be the case, it is not clear if the normally used threshold would be applicable. Would it be acceptable, for example, to approve an intervention with an ICER of £35,000, but where there are broader implications outside of healthcare? Such questions will need further revisiting in future if CBA does become more common in CPH modelling. 
There is also the risk that in giving modellers free rein over which of the intervention’s consequences to include when using a societal perspective, that they may (unconsciously or otherwise) cherry-pick effects which will help their case in ensuring the guidance is approved. Even if similar risks are possible using a healthcare perspective, there will be clearer borders and experience in terms of what is and is not relevant. In a societal approach, aspects relating to criminal justice, education, or even tourism or the arts could feasibly be included or excluded at the whim of modellers, and if and when the PHAC members fail to query the position then these factors will influence all future decision-making. Even if the 2014 methods guidance allows other directorates to use such perspectives, if they are not widely adopted outside of public health it may make like-for-like comparisons of the cost-effectiveness of interventions more difficult between directorates.
On a more positive note, the ambiguity between CBA/CUA/CEA (and potentially CCA) does offer potential advantages. Where there is evidence that an approach is effective but no evidence of its magnitude, in the past this has generally been omitted from modelling entirely. CCA could be used to measure the direction of such issues and checked for dominance or what-if analyses to investigate whether the required effectiveness of interventions was plausible. But PH51 [306] offers what appears to be an equivalent way of structuring the problem. It implicitly assumed that the outcome of the intervention was better than the alternative (e.g. no ectopic pregnancy is better than an ectopic pregnancy), making intuitive sense, despite the fact that mortality estimates for these were zero and utility measurements for each were not available. Such an approach could be further extended where committees are willing to explain the logic of their assumptions, allowing formal quantitative approaches to be used in settings where they are not currently available.
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1. [bookmark: _Toc441508992][bookmark: _Toc453235431][bookmark: _Toc453595504][bookmark: _Toc476241601]5.4.2		MCDA and NICE
NICE’s decision processes are now well established and widely accepted amongst stakeholders, though some stages of the process are better codified than others. While analytic techniques are used at various stages within the process, within certain sub-processes there is the potential to incorporate formal decision analytic techniques to better appraise the range of concerns under investigation. There are a number of reasons why we may wish to do this. The coming section describes the role that MCDA could feasibly play in improving decision-making process with respect to practical problems described in section 4.3 of the previous chapter. 

[bookmark: _Toc441508993][bookmark: _Toc313523543][bookmark: _Toc453235432][bookmark: _Toc453595505][bookmark: _Toc476241602]5.4.2.1 	MCDA and issues with NICE decision-making processes
0. [bookmark: _Toc441508994][bookmark: _Toc304640240][bookmark: _Toc453235433][bookmark: _Toc453595506][bookmark: _Toc476241603]5.4.2.1.1	Ensuring consistency and accountability for complex multi-criteria decisions
Because conflicting concerns and consequences are currently weighed up implicitly, it is unclear for any piece of guidance how some aspects of final decisions are made. This misses the opportunity to increase the accountability of decisions, which could feasibly over time undermine public confidence in the findings. It also risks issuing guidance that has misinterpreted the facts, which is hardly good either.  
The previous chapter described over 30 factors to be incorporated into the decision process by deliberation, a particularly complex decision to carry out without some kind of analytical model [76]. There are a range of MCDA techniques that might be used in order to structure some version of this process. Though the reference case and CUA do already go a long way towards putting some framework in place in certain circumstances, it is naïve to suggest there is never further room for improvement, especially in the context of evaluation techniques already being matched on a case by case basis with the nature of the problem.
For complex decision problems, some methodology is generally required to help streamline the decision. Informal models, as argued for by Gigerenzer [319], require decision-makers to simplify the decision using their intuition. In practice this can mean that as some criteria are ignored, the risk and the impact of certain outcomes are misjudged and other predictable biases are likely to creep in [55, 76, 320]. This may impact upon how interventions are prioritised, as ultimately “there is generally no applicable dynamic relationship between perceived risk and actual risk” [321] (p.156), arising from Simon’s model of bounded rationality [59]. NICE obviously already bases decisions on evidence-based approaches, but weighing up cost-effectiveness against other criteria remains at risk of such irrationality. There is a time and a place for intuition and deliberative models [315] but given the nature and magnitude of NICE decisions, it may be better if an approach incorporating multiple criteria could be used to help structure this process.
[bookmark: _Toc476241456][bookmark: _Toc304643526][bookmark: _Toc444180819]Figure 5.3 – Decision-making using ad hoc and formal MCDA techniques, taken from Baltussen and Niessen [6]
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Such a model may also allow consensus to be reached sooner. However much the process of devising guidance is evidence-led, no such process can be wholly objective, so that interpretation and judgment are intrinsic to this. The models used may also better illustrate to the public how the conclusions were arrived at, leading to a greater awareness and more consistent decision-making along with “improve[d] stakeholders understanding of priority setting and of the rationales for the decisions, and therefore their acceptance and overall satisfaction” [120] (p.134). This may also lead to fairer decisions, which require that “the priority setting process, decisions and rationales are accessible and relevant” [62] (p.8). 
Despite the dangers of explicitly showing the public the complexity and uncertainty inherent in the decision, using a model may well lead to more consistent and reproducible results than are currently possible. Using current approaches, NICE has previously had issues regarding the consistency of its findings using the unstructured discussion approach. Clinical guidance on Donepezil, galantamine, rivastigmine and memantine for the treatment of Alzheimer's disease, for example, has been issued twice, with two further amendments in between, and on all four occasions has come up with different answers. 

0. [bookmark: _Toc441508995][bookmark: _Toc453235434][bookmark: _Toc453595507][bookmark: _Toc476241604]5.4.2.1.2	Defining the limits of health
NICE’s standard process can be thought of as considering the ICER of an intervention, alongside any health-related factors that are taken into account in subsequent deliberations [85] and resulting in an approach which seeks to broadly maximise QALYs [322]. In public health, whether an intervention is an appropriate use of resources often further takes into account factors outside of health – as demonstrated by the results in this chapter - making such deliberations even more complex.
In this sense, while NICE’s approaches can be considered as primarily extra-welfarist, (considering solely the intervention’s impact on health [95], corresponding to a QALY-maximisation strategy) in practice there is more nuance involved and non-health factors are (at least occasionally) taken into account implicitly. On the other hand, it may be an exaggeration to say that NICE’s implied objective function is welfarist, given the emphasis placed upon the ICER as the primary hurdle in the decision-making process and the paternalistic manner in which such decisions are made. 
MCDA approaches are flexible and are in principle paired with whatever context necessitates them. An expanded list of factors relevant to health-related quality of life could be formulated if desired; similar to the current EQ-5D approach and following an extra-welfarist paradigm. While CCA is neither welfarist nor extra-welfarist (reporting “objective facts” [311]),  it could be argued that an MCDA approach which formally considered non-health factors quantitatively could be considered as proposing an ersatz welfarist approach (limited in that individuals cannot indicate their own welfare-maximising choice via their willingness to pay or by the direct rating of their own welfare) or perhaps more accurately a capabilities approach  [86, 95] (though confusingly, extra-welfarist approaches can be considered as being derived from capabilities approaches, considering health as the sole capability [95, 100]). On a theoretical level, there is obviously some ambiguity between where each approach starts and ends, as there was between the economic evaluation techniques described earlier in the chapter. Regardless, and on a more pragmatic level, there may be some merit in allowing some non-health factors to be included at some stage in the decision process to allow quantitative techniques to be used to help ensure rational decisions are made, given that such criteria are going to be used anyway. No such technique could be realistically expected to capture all potentially relevant factors in all potential circumstances (and the choice of criteria to use is itself potentially a normative one), potentially leading to overly prescriptive decisions that lack face validity if implemented rigidly. Some deliberative process will still be required to counter such deficiencies in any such approach, and throughout this thesis I argue that MCDA’s likely role is in helping to better inform actors in this process, rather than to replace this stage. 
The establishment of an explicit checklist of other factors that were considered as part of each guidance process would at least ensure that the public can be confident that the most common or important ‘other factors’ have been taken into account in deliberations each time (even if no such list can be comprehensive). While such a checklist would offer a simple framework to improve decision-making, on its own it would not constitute an MCDA method according to the definition used in the introductory chapter of the thesis, which required weighting. Without such a weighting process, this process might still allow for increased confidence in the process, and explicitly acknowledge the role for non-QALY factors in such decisions. After a sufficient number of such appraisals had been carried out, they could then be subject to subsequent analysis to estimate the effect of the presence of such criteria on prior decisions, in a similar manner to Schmitz et al. [323].
If weights were to be used pre-imposing these on each criterion might not necessarily be appropriate, given in some circumstances certain factors will be much more important than others (and in many cases no such factors will be relevant). As such, swing weighting could be used to allow case by case weighting of importance [125]. This would allow for a simple to follow explanation of decisions, while allowing other factors to be explicitly stated and weighted at the discretion of the PHAC.
Ignoring the normative specifics of such an approach (such as who should decide the criteria, their weights and so on), it might allow for a more realistic appraisal of topic areas at the margin of what constitutes health by allowing such analysis to take into account non-health factors in an explicit way – thereby better highlighting the opportunity costs associated with such decisions than current processes are characterised with at present. It seems appropriate that in such circumstances the (health-only) ICER calculations are also calculated as a form of sensitivity analysis in order to ensure that such results are not deemed too cost-ineffective from an NHS perspective. Such analyses could even facilitate discussion with other government departments to allow collaboration and cost-sharing (even if in practice such agreements may prove difficult).
Equity concerns – which are in theory fundamentally important to CPH decision-making – could also be given some formal weighting. Such a process may force the PHAC to define the equity impacts of their decisions that, again, have traditionally been considered in camera in deliberations. Where equity factors are seen to influence the results of the guidance this will likely lead to some controversy – but it is worth bearing in mind that such considerations are already carried out without the help of a formal model and in secret, and that opening such decisions up to some level of scrutiny seems entirely appropriate. 
Even if a workable definition of equity was defined [38], then assessing what weight is appropriate for equity is not immediately clear [322]. It is plausible that this might not be necessary however, if MCDA could be used as part of a what-if style analysis. If, for example, an intervention would only be worth investing in if equity concerns made up 90% of the total decision, then this might provide a clear justification to decision-makers for refusing to invest. Over time, a de facto threshold level may emerge through precedent and prior experience, though this step may not be necessary to improve decision-making processes. If the equity concerns are seen to be too influential and costly in terms of societal health, or vice versa, then the implicit weighting on equity for future appraisals could be adjusted. At present the decisions of PHACs cannot be held to the same level of accountability in such circumstances.

0. [bookmark: _Toc441508996][bookmark: _Toc453235435][bookmark: _Toc453595508][bookmark: _Toc476241605]5.4.2.1.3	Local decision-making and democracy
Democratic policy-making requires compromise and discretion and is ultimately built around building up sufficient consensus [91]. It is therefore not possible to wholly separate it from the realm of politics. Any model used to inform policy-making is of course just an approximation – but just because it is not perfect does not mean it has no merit. MCDA approaches could allow for clearer investigation and scrutiny of policy decisions and for reduced conflict between analytical approaches and policy formulation.
This should be tailored to specific circumstances and the role of relevant decision-makers. Different settings require different levels of rigour and evidence [324]. MCDA approaches could feasibly be used to facilitate brainstorming at the start of a process, provide final rankings, or to better inform or align relevant factors as part of a sub-decision. Other factors may also be relevant, such as how much evidence is available, or if there are other processes to follow which may act as a safety net. Each combination of factors will require different approaches, and potentially different MCDA techniques, which must be carefully weighed up. An example of this how to design such a process at local government level and given a specific set of challenges, is described in Chapter 7.
NICE has reached out to local authorities with toolboxes to facilitate local decision-making using agreed national standards [241-243]. It may be possible similarly to attempt to use its influence to set the standard approach by which local governments could weigh up and report how their decisions were made.  For example, a small step in this direction would be for NICE-level decision-makers to specify the criteria they have taken into account in their guidance and the expected effects of interventions on each, much like a CCA. Local authorities could potentially place weights on these according to their own circumstances, whether made public or not. Even without such weighting, some alternatives may be clearly dominated and no longer considered. In other cases, without strict dominance, other alternatives might be excluded if the criteria weightings required to choose them lacked face validity or plausibility, and such an approach would provide clearer accountability than is currently possible. The risk of gaming would remain – unscrupulous decision-makers could choose their preferred option and only subsequently choose the criteria to back this up, though there may be processes possible to mitigate some of this risk. It may still be worth pursuing in that dominated options would be difficult to justify and the extra level of explicitness would add a level of accountability. This is similar to the approach advocated in ‘Approach 2’ in section 5.4.2.1.5.
The use of models (even imperfect ones) is fundamental to the decision-making process in the CPH – but encouraging such MCDA-inspired techniques at local government level may allow for some degree of structured decision-making to what is potentially an ad hoc process centred on deliberation and politics. Such an approach could feasibly maintain a similar spirit of formal prioritisation as with NICE-led approaches and allow for comparability between local governmental areas, while allowing for legitimate local variation in priorities.

0. [bookmark: _Toc441508997][bookmark: _Toc453235436][bookmark: _Toc453595509][bookmark: _Toc476241606]5.4.2.1.4	Inconclusive evidence
Where limited reliable evidence is available, the CPH rely on expert evidence from testimony and expert judgment in the form of deliberation in formulating guidance. There is no formal decision analysis approach used to incorporate these, even though such techniques can result in remarkably accurate results. Figure 5.4 below shows one example, where Saaty asked attendees at a US beverage conference to make a series of pair-wise comparisons as to which drink was more commonly consumed nationally, using AHP [129]. The implied results correspond closely to those of the actual statistical sources, using nothing more than expert knowledge and consensus. It is plausible that in health settings, similar structured approaches could harness the expertise of suitable stakeholders such as PHAC committees and translate these into meaningful quantitative data.
[bookmark: _Toc476241457][bookmark: _Toc444180820]Figure 5.4 – Example of how MCDA can be used to derive quantitative results from experts [129] 
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Such approaches are not necessarily fool-proof and over-fitting of the limited data is possible, which could lead to spurious conclusions [325]. In such scenarios, satisficing may lead to results that are not just more accurate but that take less time to calculate [78]. NICE is not necessarily under immediate time pressure for every decision, some reasonable level of data is generally available (even in public health) and it might be perceived inappropriate to rely solely on expert evidence and intuition to lead to conclusions regardless. But MCDA approaches could play a role in organising and streamlining these discussion processes. 
Judgment is also used at stages throughout the guidance process [237], including before health economic modelling results are available. For the time being, it seems wise to avoid using MCDA to facilitate direct comparisons of ICERs vs. other factors. ICERs confound costs and benefits into a single figure and it would likely be less contentious to use MCDA to derive an aggregate score of benefits alone (as in Chapter 7) or to altogether avoid health economic questions (as in Chapter 6). There may be a time to compare ICERs against other factors at some point in future - after all, this is what PHACs do on some level at present during deliberations - but until decision-makers are comfortable using MCDA approaches in less complex settings, it seems needlessly reckless to attempt to apply a prescriptive, mathematical looking approach to a process that currently clearly requires a degree of nuance and careful consideration. How this might (eventually) be approached is discussed in the next section.

0. [bookmark: _Toc441508998][bookmark: _Toc453235437][bookmark: _Toc453595510][bookmark: _Toc476241607]5.4.2.1.5	Considering the cost-effectiveness threshold as part of the broader decision
NICE faces extremely challenging decisions for a range of reasons, politically and ethically, incorporating a wide range of conflicts and challenges as well as the balance that needs to be struck between efficiency and other concerns. It is clear from the review in this chapter that multiple criteria are used in the economic modelling stage – and we know from elsewhere that equity is also considered later in the process [10]. So it seems appropriate that in the longer term they move towards using appropriate decision analytic models to better structure these processes where this is deemed necessary. This may be a controversial process, but the current threshold already faces much methodological criticism as seen in the York report on the estimation of the threshold [236] (and this report is controversial itself, as evidenced by the fact that the plenary to discuss it at European ISPOR meeting in 2013 had to be cancelled). But given that the ICER is not the sole criterion of note in all decisions anyway, nuance and careful consideration (and hence some form of deliberation) may always be required.

4. Approach 1: Replacement of the QALY with expanded ‘welfare score’
One potential approach is formulating a broader MCDA approach to replace the QALY; one which incorporates all relevant concerns and not confined to health alone. This could in principle be used as with the ICER, calculating the total cost-effectiveness of the calculated ‘benefit’. This approach is similar in principle to the STAR approach [68, 326],  though much broader in scope (and given that the same approach would be used each time, PHAC members would not be involved in designing it or in deliberating on the model’s findings). Such a ‘super-QALY’ approach would likely be altogether more challenging than the current process in NICE. Attempting to incorporate all relevant information at all levels would establish the approach as effectively a broader-scale start-to-finish MCDA technique to guide the entire process.
If the current approach is already sometimes seen as being too prescriptive [65], it is very possible that an extended MCDA approach incorporating a super-QALY could be even more at risk of this. In public health in particular it is unlikely that any one-size-fits-all approach is likely to be appropriate given the range of possible issues that might need to be appraised. These issues are not new and have been considered since NICE’s foundation [327].
The super-QALY approach would require a de novo estimation of the cost-effectiveness threshold (assumedly in terms of this hypothetical total welfare score), which would be a major challenge in and of itself, but which would also likely be hugely controversial once interventions start to be refused reimbursement on this basis. 
The model’s rigid transparency may also pose issues. One of the first notes I took at a PDG meeting was a line from the chair announcing that “Today is an opportunity to ask the questions we can’t write down”. Whether such a statement is a reflection of pragmatism or cause for concern is not immediately clear. However, the discussion process is currently the only approach available in attempting to balance the range of concerns in any given guidance topic. No two such topics are ever exactly the same, particularly in public health, so such deliberation is vital to ensure that all perspectives are considered. Because any proposed super-QALY model could not realistically always capture all factors, deliberation would likely still be required anyway, undermining the perceived advantage of such an approach of being objective. It is possible that the status quo deliberative approach already performs well enough, despite its flaws. It is deeply engrained and would be potentially foolhardy to make such fundamental changes to a system that is seen to broadly work.  

4. Approach 2: Better structuring the deliberation process
A carefully designed MCDA-type approach could still play a role in informing discussion, even if it should not replace HTA processes for the foreseeable future. CCA may offer a suitable approach for highlighting the opportunity costs of providing ‘more equitable, less cost-effective’ interventions, as suggested by Weatherly et al. [105]. It may also better describe the challenges presented by inter-sectoral effects, which are now made more obvious and relevant than previously due to local government focus. Short term, medium term and long term effects could then be presented simultaneously, so that the local authority can prioritise – or discount costs and benefits – as it sees fit. These may not of course be in line with the previously used reference case, but this is to be expected in allowing local decision-makers control over their own decisions. 
It is worth reiterating that NICE already takes multiple criteria into account in a variety of ways (and itself deviates from the reference case, as seen in this chapter’s review). Health-related quality of life is normally derived from the five criteria used in EQ-5D techniques. The QALY itself is based on both length of- and health-related quality of life. The ICER merges this combined figure with that of cost. Capabilities approaches have been advocated and increasingly used (such as ICECAP, measuring well-being [328]). The deliberative process allows for more qualitative concerns to be taken into account. However, none of these is an MCDA technique in the conventional sense, which share a range of necessary steps outlined in Chapter 2 [125]. Some of these are already used in the public health decision-making process, which are shown in Table 5.3. Others are not yet carried out formally. 
[bookmark: _Toc476241432][bookmark: _Toc304643504][bookmark: _Toc444180796]Table 5.3 – Formal stages required in MCDA approaches [125] 
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CCA use in NICE settings has been advocated for, for some time [82]. The 2012 methods manual outlined a series of steps that appear to have been designed to allow CCA criteria to be combined into a more formal MCDA approach. 
“NICE committees should ensure that, where possible, the different sets of consequences do not double count costs or benefits. The way that the sets of consequences have been implicitly weighted should be recorded as openly, transparently and as accurately as possible. CCA then requires the decision-maker to decide which interventions represent the best value, preferably using [a] systematic and transparent process. Various tools are available to support this part of the process” [10] (p.118).
These “various tools” seem to most obviously relate to MCDA techniques, which almost by definition are approaches for combining criteria in this way. As previously discussed, each MCDA method has its own advantages and disadvantages. Some structure direct trade-offs while others simply highlight better choices (or remove dominated options). Various levels of MCDA-derived approaches could play a role in informing decision-makers (though not all would fit into this thesis’ definition of MCDA techniques). 
CCA-derived techniques that eschew weighting are effectively equivalent to performance matrices and could be useful in ensuring that decision-makers are fully informed on the range of consequences likely to occur for each decision. A simple example is shown in Table 5.4, with criteria representing the benefits arising from each intervention. These have been normalised to indicate to decision-makers their effects more clearly. These benefits could be considered in aggregate and compared against the cost of each intervention. For certain decisions, this could highlight dominated options, ensuring that common sense decisions are chosen. In others, even without explicit weighting, it may be clear to decision-makers that one intervention performs much better on all key criteria and hence indicating a clear preferred choice (even without formal dominance). 
[bookmark: _Toc476241433]Table 5.4 - An example normalised CCA-style performance matrix
	
	Health
	Non-health
	Cost

	
	Cumulative QALYs gained
	Equity impact
	Cumulative educational impact
	

	Intervention A
	100
	10
	100
	90

	Intervention B
	95
	100
	80
	100



The 2012 methods manual [10] stated that CCA had been previously used “implicitly” for trade-offs between cost-effectiveness and equity (and other concerns) at other stages of the guideline development process, but has since been adopted more formally. Even within the economic modelling stage, a type of pseudo-CCA was used in Alcohol-use disorders – preventing harmful drinking (PH24 [212]). The first time it was used more formally was in PH44 [212]. In the past, equity considerations have been considered out of scope according to the reference case. While other areas of the reference case have been considered flexible on a case-by-case basis, the change in emphasis underway may permit equity trade-offs to be considered more explicitly as part of CCA modelling.  How best to interpret the range of metrics presented by CCA may be unclear, but “various tools” implies formal methods are considered an appropriate manner to do so. For a variety of reasons, MCDA may be well placed to carry this out, and any rise in the use of CCA could lead to an increased case for the formal adoption of MCDA techniques. 
There is some reason to believe that so far there has been a degree of confusion as to what CCA entails, and its potential benefits. CCA has been used on a number of occasions since the 2012 guidance as something of a postscript, reminiscent of a limitations section, describing a list of potentially relevant concerns that were not included in modelling, and without any quantitative tables in the manner of a performance matrix. This was the case in both Managing overweight and obesity among children and young people: lifestyle weight management services (PH47 [238]) and Domestic violence and abuse: how health services, social care and the organisations they work with can respond effectively (PH50 [240]). The associated report on Managing overweight and obesity in adults (PH53 [308]) is entitled “Report on Economic Modelling and Cost Consequence Analysis”, but contains no further mention of CCA outside of its title, offering further evidence that the term has been misunderstood, used as a buzzword or otherwise interpreted to mean something different from the definition of CCA used in this thesis and indeed in NICE’s own methods manuals. 
None of these reports showed the range of health and/or non-health costs and benefits alongside each other. This reduces the scope for them to meaningfully inform decision-making. If decision-makers cannot clearly see whether or not the non-modelled benefits of the intervention could feasibly allow an ICER threshold above £20,000 to be considered cost-effective, this seems like a missed opportunity. Given that when “the intervention is an innovation that adds demonstrable, distinct and substantial benefits that may not have been adequately captured in the measurement of health gain” [225], committees are charged with incorporating such concerns into decisions, it is appropriate that these are explained as explicitly as possible, to both decision-makers and subsequently to the public. Furthermore, failing to report the range of consequences from each decision undermines the possibility to transform CCA into full blown multiple criteria decision analyses.

Approach 3: Using weighting as part of the deliberation process
As previously stated, with a wide range of such criteria to be considered simultaneously by decision-makers, judgment and deliberation alone may not be sufficient to ensure the best decisions are made  [6]. Intuitive approaches can be shown to be systematically subject to predictable biases for complex problems [76] and weighting could ameliorate this in certain contexts.
By ensuring that such weighting is openly stated – and assuming that scoring is carried out appropriately – it is potentially a relatively trivial job to combine these using the weighted average (or other suitable) technique into a formal MCDA process, fulfilling the first 7 steps shown previously in Table 5.3. While further sensitivity analyses would be necessary, this too would be a relatively simple addition.
One weighted approach to help the deliberation processes could be to use outranking techniques. These could ensure that key concerns (i.e. assumedly the ICER) are given sufficient emphasis and cannot in practice be traded away. The number of ‘informally’ dominated options would be removed from consideration, making an easier shortlist of potential actions for debate by decision-makers. Outranking approaches (and other performance matrix-style techniques relying on stricter definitions of domination) are the only techniques for which cost and benefit criteria could be used as part of the same appraisal; i.e. if in Table 5.4 a third potential intervention was added that was better than the other alternatives on all criteria (including its cost) then this would evidently be the best choice – and the fact that costs and benefits are considered in the same appraisal makes this stage, if anything, simpler and its findings more powerful. 
For value measurement approaches on the other hand, how to ascribe the benefit (or otherwise) of an intervention’s cost-effectiveness or budget impact is unclear.  It is therefore at risk of achieving specious results, which has understandably been criticised [329]. Outranking approaches do not allow ranking of options, and if the advantages of value measurement techniques are required, an obvious approach is to consider only the criteria that are unequivocally associated with benefits (and which would also avoid ICERs for reasons of double counting). But costs will still have to be considered somehow in the decision process, meaning a nuanced approach such as deliberation may be necessary.
Related research by Walker et al. [330], Mussen et al. [143] and Phillips et al. [92] examined how a list of criteria (like a CCA) could be converted into a hierarchy, scored  and weighted, in effect performing a multiple criteria decision analysis, as part of the benefit-risk assessment for medicines for the EMA. While these approaches described by the above papers generate a composite score of benefits and risks - which is potentially confusing - the principle of how they structure the approach is still instructive in how such techniques have been applied. It is conceivable that a similar approach could be employed to explain the benefits of adopting a public health intervention, with costs considered independently. 
As an intermediate step between CCA and weighting, it may also be possible to perform a what-if analysis on the performance matrix. For example, a committee considering the problem in Table 5.4 may decide to use a weighted linear approach, with the health and non-health benefits considered equally important and accordingly given 50% weight (ignoring the costs associated with each intervention for now). Calculating from this, intervention B will be chosen unless the educational impact of the decision is worth at least 77.3% of the non-health benefit (i.e. a weighting of about 0.3865 in total). If this weighting does not sound credible to the decision-makers, this shows clearly a course of action. Sensitivity analyses could also be used to explore these assumptions further.
For more complex problems, taking into account the cost alongside the benefit could be carried out through deliberation or by considering the ‘cost-effectiveness’ of approaches according to the aggregate benefit derived, which is very similar to the STAR approach outlined by Airoldi et al [326]. This technique used MCDA approaches to facilitate local governments in deriving their own appropriate ‘efficient frontier’ to weigh up costs and benefits (however they define these) and given the budget they are willing to make available. This could be calculated using the criteria and/or weights specific to the local government and potentially the political nature of the problem at hand. If local governments were mandated (or sufficiently ‘nudged’) to justify decisions using such an approach, this could provide an extra level of accountability and oversight to the decision process to the public and elsewhere. The STAR approach also emphasised the importance of incorporating deliberation and other soft factors into the process, contrasting with the more technocratic super-QALY approach above.
Even with multiple such criteria, CCA will not capture all factors either – and decision-making will still require deliberation to avoid arriving at overly prescriptive answers. It seems plausible that this extended CCA approach could be used alongside a CUA approach, and not in competition with it. This could be during the evidence gathering phase of guidance development (see Figure 4.1), where it could be used to formally collate results of unmodelled data quantitatively (and likely only for complex cases that merited the approach). Discussion would continue to play a major role, though such an approach would likely influence this. 
There has been concern expressed in the 2012 methods manual [10] that the use of approaches such as CCA will lead to disadvantages such as the fact that the results may differ from those of CUA, leading to different rankings and differing allocation of resources. In a sense, this need not be a problem as surely that is their point – there is no sense in carrying out the analysis twice while gaining no further insights, and these approaches allow fresh perspectives to be taken into account. However, local authorities could feasibly be tempted to cherry-pick the answers from whichever analysis suits their own agenda, and so any such eventuality would need to be carefully planned for. There are questions regarding how one decides whether this is legitimate and healthy and when it might be considered inappropriate and open to abuse, reflecting the previously described potential conflict in the democratic mandate of local government versus the technocratic nature of NICE.
The purpose of the thesis is not to provide a single ‘correct’ MCDA approach that NICE and other decision-makers should use in all circumstances; but to inform and provide nuance to debates about where it might allow decision-makers to be better informed as to approaches’ advantages and disadvantages, and to suggest plausible MCDA frameworks that could be incorporated into current processes. Ultimately it is clear that MCDA techniques, where used, should be chosen based upon the context of the decision problem. Seeking to use MCDA to solve all perceived problems with the current NICE processes is neither reasonable nor realistic, but by targeting its use to suitable settings it could well be beneficial.

[bookmark: _Toc441508999][bookmark: _Toc304640242][bookmark: _Toc313523544][bookmark: _Toc453235438][bookmark: _Toc453595511][bookmark: _Toc476241608]5.4.2.2		MCDA approaches already under discussion within the CPH
In advance of the 2012 methods guidance, a number of methods workshops were organised to bring together topic experts to discuss the finer details of how guidance should be carried out, and set the agenda for changes required over the medium term. I attended a number of these while working there, and it could be said that all of them ultimately came down to how and whether MCDA is implementable yet in a CPH context, and where it would be most suitable. The workshop on Equity for example, predictably related to how best to balance equity and cost-effectiveness (and how best to define equity).
The workshop on Structured Decision-making largely came down to whether NICE and MCDA were in effect ready for each other yet. The argument in favour of being more explicit in the criteria used was that this would:
· Improve transparency about decision-making process and accountability of NICE to taxpayers;
· Improve consistency of decision-making – all appraisal committees would treat considerations similarly;
· Facilitate greater consistency between NICE decisions and NHS budget allocation;
· Provide an opportunity for NICE to engage with the public with regard to criteria and their relative importance – leading to greater ‘buy in’ for difficult decisions; and
· Sharpen signals to industry about what aspects of innovation NICE and NHS value and where to direct R&D.
The workshop on QALY weighting addressed which criteria would be most important if the approach were to be implemented, who should decide the weights, and how and whether MCDA could be used to derive them to draw the right conclusions. 
The workshop on Undertaking economic evaluation of public health projects in a changing environment outlined the different possible permutations of MCDA and the variety of approaches already used across government departments. It was argued that public health should take a lead on this in choosing one method for others to follow, as it is in the unusual position of having effects both inside and outside of health. There was also a useful discussion on how far to allow local governments to set their own aims and thresholds, were it to be used.

[bookmark: _Toc441509000][bookmark: _Toc313523545][bookmark: _Toc453235439][bookmark: _Toc453595512][bookmark: _Toc476241609]5.4.2.3		Next steps
Without doubt, the use of CUA has increased the accountability of decision-makers and the transparency of decisions to the public and patients, and has facilitated decisions that are more consistent, impartial and capable of achieving the stated objectives of the health system [331]. There may be room for further improvement on this, but MCDA does not necessarily have to compete with CUA to do so. For the time being it could be used only for non-economic decision problems, as previously described. It is possible that there may also be a case for eventually replacing the current strategy of ‘CUA followed by deliberation’ with one of ‘CUA, followed by MCDA, followed by deliberation’ for sufficiently complex problems. 
MCDA approaches have been nominally used in HTA processes both overseas [332, 333] and on a limited scale in the UK in AGNNS [4]. But whether or not any of these approaches actually took into account the opportunity cost is unclear and, given the relative lack of mention of it in the referenced literature, seems unlikely. This seems obviously problematic from a health economic perspective and risks undermining the roles for which MCDA could prove useful in such settings. Based upon findings in this problem specification stage of the thesis, MCDA might feasibly be used to fill in gaps in some sub-stages of the guidance decision process, without necessitating such controversy. 
Other incremental steps in the direction of MCDA are also possible at decision-maker level that are potentially pragmatic and achievable. Committees should be clearer in their reports as to which ‘other factors’ have been taken into account in deliberations and briefly describe their definition and impact. In parallel, CCA approaches should continue to be developed in NICE, including investigating whether CCA results could eventually be combined into a single, aggregated ‘benefit’ score for the interventions under consideration.  There is no reason why this would need to be in conflict with current procedures or be carried out at the expense of CUA calculations. A similar approach could be used at local government level to ensure that decision-making can be held to be more accountable, though the onus may be on NICE to establish this as the norm.
Some practical issues remain as to how to transfer such techniques into real-world settings, such as which MCDA approach is best, whose weights to use, who should choose the criteria, and who should be involved to begin with. But these issues are inextricably linked with the context of the decision problem and what role the analysis is intended to play in the decision-making process. In some scenarios timeliness will be key, in others the need to incorporate a broad range of stakeholders (or the views of the public) will be necessary. There are a number of potential advantages to MCDA approaches, but not all will be relevant for all given decisions. The design of the approach to be used should be based what is achievable given the strictures on the decision and must be carefully designed within such bounds [324]. Both upcoming case studies in Chapters 6 and 7 give a good example of designing an MCDA approach within this paradigm. Being case studies, they are tied to the exact problem of the nature at hand, rather than the steps that might have been taken in other circumstance. To impose the ‘best’ approaches to use without knowing the exact context in which decision-makers wished to use them would be inflexible and unnecessarily dogmatic. It would also go against my experience in the upcoming case studies which, being carried out in the real world, required compromises from gold standards. Ultimately, as Schein argued, for such problems it is the client who must own the problem and its solution [334].
Because the MCDA approach to be used is dependent on the context [125, 197], and this context will often be unique in public health settings, approaches used are not necessarily wholly replicable and neither can they can be wholly value-free [196]. One key factor in successful MCDA approaches appears to be the management and incorporation of soft issues [127, 200], providing structure to messy problems [197, 199], facilitating participants to explore differing views [197], in allowing difficult conversations to take place [23, 91] and in ensuring buy-in to increase the likelihood of implementation [121, 180]. It may be possible that as a result such approaches are particularly suited to local government level, where getting access to the decision-makers may be easier than in NICE (or other national policy-makers). MCDA approaches, like action research, remain “somewhat enigmatic, as there are comparatively few guidelines for would-be researchers to follow” [196]. But as these approaches are increasingly employed, more general rules will be possible. ISPOR’s MCDA taskforce has produced two excellent and accessible reports that help to address the gaps that exist [9, 335]. But there is still some way to go before they no longer need to “require as much art to be exercised as science” [125] (p.109).
If any changes suggested in the problem specification stage are to be introduced in future, the process will need to be gradual and managed carefully. The strongest case against implementing major changes is probably that NICE is already well-respected and practically all relevant stakeholders take its guidance seriously. This ‘if it ain’t broke don’t fix it’ argument is a strong one, particularly for an approach with such massive ramifications across the health service, and thus people’s lives. Given that the ICER-led approach is described by the former Chair of NICE as overly reductionist [65], to add another prescriptive layer of red tape to the process could lead to further criticism. While MCDA is flexible enough to have a range of potential approaches that could help inform the decision-makers in a number of ways, we must be careful not to describe MCDA as a panacea that will cure all the challenges faced by NICE.
Deliberation is almost certain to remain an absolutely fundamental part of NICE’s decision processes, allowing decision-makers to be held to account in a way that simple box-ticking or the generation of seemingly scientific scores cannot. Even with terabytes of data accompanying pharmaceutical applications, no medicines agency in the world uses a quantitative approach to approving or denying access to drugs without ultimately using deliberation to settle on the final decision [92]. With less data available, deliberation in public health becomes even more important. If done properly, one of the real advantages of MCDA approaches is to allow the discussion to focus on areas that will actually make a difference to the decision and to remove the need for unnecessary argument – decision-making can be streamlined, better, quicker and less fraught. Sensitivity analysis, if performed on the day, can feed back results to participants about disputed values in the weighting or scoring stage to see if it changes the final rankings (as in both projects in the intervention development/implementation stage).  The increased transparency offered by the approach will require decision-makers to address why decisions that deviate from its findings were chosen, further increasing the process’s accountability. Designed carefully, the incorporation of such an approach into the process should empower the decision-makers, rather than undermine the final deliberative decision process as “it is precisely (this) process that is the point” [336].

[bookmark: _Toc453235440][bookmark: _Toc453595513][bookmark: _Toc476241610][bookmark: _Toc441509001][bookmark: _Toc304640271][bookmark: _Toc283984182]5.5	Conclusions 
The review in this chapter highlights the variety inherent in the economic modelling stage in the CPH guidance process. Both health and non-health issues are regularly taken into account and the economic evaluation methodology used varies on a case-by-case basis. Decisions by modellers and the PHAC are matched with the context of the problem, as is allowed by the reference case. But the models seem to break surprisingly regularly from the reference case nonetheless, most obviously in the fact that a public sector technique is not the most common approach used. 
Another interesting finding was that under certain circumstances, certain approaches are indistinguishable from each other and effectively equivalent. However, in the remaining circumstances the same threshold is used regardless of the perspective and methodology used, which may lead to inconsistent decision-making.
Taking a fresh look at the approaches used allows time to consider where further improvements might be made. It seems an oversight that equity is not taken into account at the modelling stage – which is the one stage that uses formal quantitative decision analytical techniques that are incorporated into the guidance process. It would be interesting if equity concerns, and the trade-offs and opportunity costs associated with them, could be formally compared at this stage. This could lead to more consistency and would greatly improve the transparency of the process. At present we have no way to look retrospectively at these issues, and we can only hope and trust that deliberations dealt with them even-handedly and comprehensively.
There are a number of simple approaches which could be used to incorporate equity or other factors more directly into any decision-making stages concerned with cost-effectiveness, such as: 
· publishing a checklist of considerations taken into account in deliberation;
· increased use of CCA to aid the deliberative process;
· the incorporation of what-if analyses to quantitatively analyse the CCAs; or 
· weighted CCAs - which could function as effectively full-blown MCDA approaches. 
An extended, total benefit function could also be used in theory, though the approach described in this chapter would undermine the role of deliberation and therefore may not lead to common sense decisions. It should be noted that other approaches could of course be used at other stages of the NICE decision-making process, as in Chapter 6.
The approach used should be designed carefully and cognisant of the context of the problem, and the approaches above may not necessarily be relevant for use during stages of the decision-making process in NICE that do not incorporate cost-effectiveness information.
MCDA offers new options to decision-makers; however, it should not be considered a panacea and any approach used will have to be carefully tailored to fit with NICE’s aims and objectives in the future. No multi-criteria exercise seems appropriate for replacing deliberation in such complex decision problems, as ultimately nuances in the data would inevitably be overlooked. However, a well-designed MCDA could be used instead to better structure any such debate, making the decision process more effective and potentially quicker. Like economic models, MCDA techniques can only inform decision-making, and individuals will still require further judgment to interpret results in a broader context.
Given the complex nature of these approaches, and the risks associated with introducing them to a system that already broadly works, it seems reasonable only to introduce them on a step-by-step basis. As previously stated, in economic modelling it may be possible to combine the values presented in a CCA in a meaningful way to better inform decision-makers than with a simple scorecard as at present. While expert judgment is likely to remain a requirement, at times even simple MCDA approaches might better highlight dominant approaches than the status quo. Outranking approaches may prove helpful in shortlisting the most useful interventions under consideration, even amongst those that were shown to be cost-effective. Other, compensatory approaches are simpler to understand and implement, and provide ranking of potential interventions, which will be necessary in certain circumstances. 
NICE already has successful protocols in place for decision-making, so there is certainly a risk to changing these. Given that its health economic approaches can be thought of as a method of structuring decisions problems under given constraints - and MCDA is designed for use in structuring more complex problems -there is no reason why current approaches cannot continue to be used where they have previously been successful, supplemented by MCDA techniques where necessary. The approaches need not necessarily be in conflict.
Upon its foundation, the CPH represented an ambitious attempt to impose economic evaluation methodologies on disparate public health settings. As such there was no clear roadmap of how best to approach such issues, which instead needed to be worked out by trial and error. This is reflected in both the changing reference case and in the related changes in the types of economic evaluations techniques used. As such, inconsistencies between guidance topics are understandable. But this combination of being both novel and clearly quite tricky to get right seems on the face of it to merit the further investigation of formal MCDA approaches, which could better ensure that all potential actions are being investigated properly. 
This chapter concludes the problem specification stage of the thesis described in the first chapter. Its purpose was to develop a rich understanding of MCDA techniques and their context so that suitable techniques could be designed for use in decision-making in English public health settings. The problem specification stage was made up of two parts:
· Chapters 2 and 3 established the fundamental concepts: and introduction to the frameworks used to structure decision-making at a policy-level in the UK, and the current state of play in terms of use of MCDA in public health settings. They related to the research question of ‘Which relevant techniques are available and where have they been used in public health settings?’
· Chapters 4 and 5 developed upon these to flesh out how such approaches work in practice, in order to better understand the decision-making processes and context within the CPH (and to a certain extent in its interactions with other directorates in NICE and local governments). These chapters therefore play a crucial intermediate step that allow for the implementation of workable MCDA approaches in practice, which are themselves described in the upcoming pair of chapters. They addressed the question of ‘How are decisions made in the CPH, according to its reference case and in practice?’
Chapter 6 builds upon this section and is the first demonstration of an approach to use such an approach in decision-making settings. Of all the stages in the CPH decision process, the initial, topic selection stage relies most on deliberation. The next chapter describes a piloted attempt to incorporate an AHP stage into this process to better inform such discussions.


[bookmark: _Toc453235441][bookmark: _Toc453595514][bookmark: _Toc476241611]:	Case study 1 – Prioritising public health guidance topics in the National Institute for Health and Care Excellence using the Analytic Hierarchy Process 
[bookmark: _Toc441509003]
[bookmark: _Toc453235442][bookmark: _Toc453595515][bookmark: _Toc476241612][bookmark: _Toc304640245]6.1		Introduction 

The prior chapters have described MCDA approaches and their applications in public health, as well as the complex balance that is already required between goals and criteria in public health decision-making processes in NICE. Together, these chapters formed the ‘problem specification’ stage of the thesis and should collectively present a clear case for why we might wish to trial the implementation of MCDA techniques in practical settings. The next two ‘Intervention development and implementation’ chapters show carefully designed examples of how we might do so in public health decision-making settings in England. The research question associated with this chapter is therefore ‘Can suitable MCDA techniques be piloted or implemented at decision-maker level?’
The chapter is based upon a paper reporting the project, previously published in Public Health [337]. It describes a proof of concept pilot study that was undertaken with the aim of investigating how an MCDA technique could feasibly be incorporated into current CPH decision-making processes, built upon my understanding of these built up over the problem specification stage. It was assumed that an incremental, modular change, where it is embedded into one or more currently existing processes, would be more realistic and feasible to implement than wholesale systemic change. A case study, applied at an appropriate point along the chain of sub-processes in NICE guidance development process (shown previously in Figure 4.1) appeared the appropriate way to do so. During the secondment in the CPH, I identified the topic appraisal process as relying particularly heavily on largely unstructured deliberation. The question thereafter became one of ‘how can such a process be designed to better structure this decision-making stage?’ This decision context is described in section 6.4.1. 
The Analytic Hierarchy Process (AHP) was used and is described again in this context. The pilot consisted of eight participants with experience of related NICE committees, who built a model to prioritise topics in a ‘decision conference’ setting. Criteria were identified and subsequently weighted to indicate the relative importance of each. Participants also collaboratively estimated the performance of each topic on each criterion. Total scores for each topic were calculated, which could be ranked and used as the basis for better informed discussion for prioritising topics for future guidance to be recommended to the Minister if it were to be used in practice. Sensitivity analyses of the dataset found it to be robust. 
At present, procedures for prioritising between topics for future guidance are normally performed within the CPH, though the final decision remains with the relevant government Minister. On some occasions, the Secretary of State for Health or other Ministers in the Department of Health will directly propose potential topics for guideline development, which NICE is obligated to carry out.
At the time of the pilot (in mid-2012), topics for public health guidance were appraised at a thrice-yearly NICE Topic Advisory Workshop (TAW), a sitting committee made up of experts and lay members of the public. In advance of the meeting, briefing papers are prepared by the CPH and NICE's Information Services team, developing the proposed topic and describing how it would likely work in practice. Participants at the workshop discuss and rank the topics by consensus, bearing in mind a wide variety of concerns, including the feasibility constraints. Since the publication of the 2014 guidance, this process has changed slightly, and  is now agreed between NICE, NHS England, the Department of Health and Public Health England [225].
Judgment inevitably plays a key role in medical decision-making, informed by any available evidence, and associated assumptions used should be made explicit where possible [41]. Simon [338] characterised decision-making as “problem solving” and pointed out that it is generally carried out more effectively when the ‘problem’ is well-structured. NICE makes social value judgments when necessary and, as at other stages, uses deliberation as a tool for doing so [339]. It does not go as far as prescribing and weighting the relevant criteria as part of this process [340]. The A4R framework [341] states that making explicit decision-makers' reasoning and assumptions - as is the case for many MCDA techniques, including AHP - is necessary for a decision-making process to be considered as fair. The technique may also offer improved consistency, transparency and accountability [4]. Explicitness allows for increased public scrutiny and criticism [86, 143], potentially leading to greater public confidence in the decision and process [4]. It is hoped that a dialogue of sorts with the public would help ensure that the process is better explained and hence better appreciated [342], and that in turn it may ensure that more representative criteria and weightings are used. 
As described over the course of the problem specifications stage, given the high levels of ambiguity in evidence in many public health settings [264], expert opinion is utilised throughout the CPH's committees to better inform decisions [10]. MCDA techniques offer a range of potential approaches to structure this process in a methodical and transparent way. Formal decision analytic techniques, including MCDA, have not previously been applied to public health topic selection within NICE, and for the reasons already outlined they could prove useful in the future. This chapter describes how an AHP approach might be used to help to prioritise between topics for the development of public health guidance, following a similar approach used to revise health technology (HTA) processes in Canada [343]. It presents the findings of a piloted workshop testing the technique and, as with the next chapter, it adds to the literature using a case study approach. 
The findings in this chapter are reported in a style based upon an amalgam of many of the approaches previously discussed in the literature review chapter (though especially those of Airoldi [326] and Marsh [167]), and using the 8 steps required in an MCDA [125] as a framework for doing so. It follows a common format with the case study in the next chapter. 




[bookmark: _Toc453235443][bookmark: _Toc453595516][bookmark: _Toc476241613]6.2		Objectives

The chapter presents a case study that describes the development and application of a piloted decision conference approach to structuring the topic appraisal process within the CPH. The pilot wished to identify if such an approach would be feasible in such settings.
A committee, recruited to be similar in structure to a real-life TAW, generated and weighted suitable criteria for doing so, scored a list of topics on these and which could thereby be ranked from best to worst. In practice, deliberation would also be required to make a final decision – but this is no different from current processes, and was not tested. 
Section 6.3 presents some background on case study approaches. Section 6.4 describes the methods – the steps taken as part of the MCDA process, the implementation of the approach and its evaluation. Section 6.5 provides further context in the discussion and 6.6 offers conclusions.

[bookmark: _Toc441509004][bookmark: _Toc453235444][bookmark: _Toc453595517][bookmark: _Toc476241614][bookmark: _Toc304640246]6.3		Case study approaches

Case study evaluations are valuable where broad, complex questions have to be addressed in complex circumstances [20]. By incorporating the context of the decision, practical concerns are highlighted [18]. Such pragmatic examples generate learning in a way that thought experiments alone cannot [19]. Case studies that have been carried out to a sufficiently high standard can act as exemplars – high-water marks against which subsequent studies can be compared. Kuhn [21] argued that any discipline without such exemplars is an ineffective one, and that carrying out such studies helps to ensure that researchers possess a wide enough range of practical knowledge to carry out such approaches in reality. 
[bookmark: _Toc283984156]With sufficient numbers of case studies, some will begin to throw unusual juxtapositions, requiring formulation of novel theory to reconcile them [22]. In turn this may generate ”good theory”, which is the ultimate aim of the process [22]. The flexibility and incorporation of contextual factors allows scientific development which would be impossible with large anonymous datasets familiar in some health settings. While gold-standard approaches such as RCTs and meta-analytical systematic reviews (that describe the broader conclusions in the literature) allow for a breadth of understanding, their problem is one of depth; the opposite being the case for case studies, which are naturally more difficult to generalise from but provide rich, contextual information [19]. Therefore, an appropriate combination of both may be necessary to continue the generation, testing and iterative reappraisal of theories in such areas.
Sufficient numbers of case studies from which to generalise clearly do not exist as yet in the literature that describe the application of MCDA approaches to public health decision-making. The literature review chapter showed that smaller numbers of once-off case studies continue to predominate in the area. By understanding these, and the papers that continue to be written, clearer general models of how to successfully implement approaches may become apparent or necessary in future. This study, both in this chapter and its associated paper, add to this case study literature. A major challenge going forward, and beyond the scope of the thesis, is to draw more general lessons as to what constitutes a successful approach, practical signposts as to how to choose an appropriate technique for a given problem, or to identify if an MCDA approach is necessary at all. For the time being, much of these rely on experience, expert intuition or ‘art’ [125].

[bookmark: _Toc441509005][bookmark: _Toc453235445][bookmark: _Toc453595518][bookmark: _Toc476241615]6.4		Methods 

[bookmark: _Toc304640247][bookmark: _Toc283984157][bookmark: _Toc441509006][bookmark: _Toc453235446][bookmark: _Toc453595519][bookmark: _Toc476241616]6.4.1		Understanding the decision context 
For this case study, a pilot approach was used in order to discover any unforeseen problems to be mitigated before use in practice [344], which is naturally important given the gravity of NICE decisions [4]. A deliberative, ‘decision conference’ style setting was chosen in order to mimic how AHP could be used in a TAW style meeting. To do so, an impartial facilitator works iteratively with stakeholders to generate an explicit model intended to help those present to think more clearly about the relevant issues [127]. With participants working together to weight criteria and score the topics, the approach aids participants’ thought process and may generate a shared understanding of the issues [143]. 
Alongside myself in the role of facilitator, eight participants were present: two members of staff from the CPH, three lay members of NICE's PHIAC committee (who act to ensure decisions reflect the views of the public), two public health experts and one public health statistician. The involvement of the lay members allowed the involvement for increased diversity of non-expert perspectives, allowing representation of the public and patients groups into the process, as is the case later in the real-life PHAC stage. No participants were current members of the TAW, as this was seen to be potentially problematic, but all had worked on other NICE committees in the past, were familiar with NICE processes and volunteered to take part after being invited in a group email from the CPH director. The workshop took place on a single half day, with some remaining topic scores completed later by email. 
The Analytic Hierarchy Process, pioneered by Saaty [345], was used as the framework to structure decisions on the day. Multiple relevant quantitative and qualitative criteria inherent in public health prioritisation were incorporated into the decision process, and combined in a relatively intuitive manner for stakeholders from both numerical and non-numerical backgrounds. This was important in this context because of the variety of backgrounds on the panel (and as would be the case in a real-life TAW). Total scores are built up for each topic under consideration by a series of pair-wise comparisons. The approach allows decision-makers to collaboratively translate independent, subjective judgments into numerical scores in a rational and consistent manner. 
The decision conference immediately proceeded my secondment in the CPH, and plans and notes on meetings relating to setting it up were recorded in my field notes there. At the decision conference itself, two Dictaphones were used to record the proceedings, and I also took notes where possible as the meeting progressed. The meeting’s minutes were sent to participants in a follow up email to ensure that the events and decisions taken were fresh in their minds. This was important in allowing meaningful subsequent scoring for the remaining criteria, which was completed by correspondence. This was also carried out by email, apart from one participant who preferred to correspond by post.

[bookmark: _Toc453235447][bookmark: _Toc453595520][bookmark: _Toc476241617][bookmark: _Toc283984159][bookmark: _Toc441509008]6.4.2		Choosing a list of topics for evaluation 
Because of the intention to mimic the real-life workings of a TAW-style process that used the MCDA techniques, realistic topics would ideally be appraised on the day (though not topics that had already been appraised in case this somehow biased the process). A list of 13 upcoming criteria to be considered by the real-life TAW was therefore obtained. No briefing papers had yet been written for these topics and it was unclear (even in vague terms) what interventions might be associated with some of these. Furthermore, because of time pressure on the day, it was clear that only a subset of these would be able to be scored properly using an MCDA approach (given the that participants had to also generate and weight a list of relevant criteria for doing so).  
For these reasons, five interventions were chosen for consideration: Sickle Cell Screening; Tackling smoking through the media; Fluoridation of water; Substance Misuse; and Pain as a public health problem. Those excluded from consideration were: Physical Activity following the diagnosis of cancer; Sexual health; HIV and AIDS; Worklessness; Complex Families; Homeless Healthcare Initiative; Fluid Intake; and Recognising potentially serious symptoms.

[bookmark: _Toc304640249][bookmark: _Toc453235448][bookmark: _Toc453595521][bookmark: _Toc476241618]6.4.3		Identifying criteria 
The first stage of the process on the day was the consideration of which criteria might be used in order to best differentiate a good topic from a poor one for the development of public health guidance. By way of an introduction to the concept of criteria, each participant was given three post-it notes and asked to write a useful criterion on each, without conferring with others present. Participants were then asked in turn to place these on a wall, positioning them beside any criteria already there that reflected similar themes. As such, it was hoped that clusters of relevant criteria might emerge[footnoteRef:7], fostering further discussion. Over a number of iterations designed to remove redundant or doubly counted criteria, the participants converged around the hierarchy of criteria shown in Figure 6.1. These post-it notes were kept afterwards in groups to ensure that they could be accurately transcribed later. [7:  Five clusters of themes initially emerged:
Number of people (population) affected; Burden of disease [two participants]; Significant burden of disease; Topic will improve the health of individuals significantly.
Is there harmful practice that needs to be challenged by presenting the evidence in a NICE guideline?; Equity; Potential to impact on inequalities in health; Topic will help reduce postcode lottery; What is the need in terms of reducing health inequalities?; Equity of access to information and services; Does it affect rural or urban areas?; Access; Screening in primary care; Implementable- equitably, affordably, practically.
Information gathering of intelligence; Topic will tackle an increasing health issue; Minimum of adverse side effects or potential for unwanted consequences; Significant evidence for missed opportunities for effective interventions; Evidence of population based health improvement; The need for evidence to improve practice (is it likely to have a positive impact).
Cost-effectiveness [two participants].
Policy.] 

[bookmark: _Toc283984236][bookmark: _Toc444180821][bookmark: _Toc476241458][bookmark: _Toc304640250][bookmark: _Toc283984160]Figure 6.1 – Final iteration of criteria derived at the topic selection workshop, shown in hierarchy


[bookmark: _Toc441509009][bookmark: _Toc453235449][bookmark: _Toc453595522][bookmark: _Toc476241619]6.4.4		Prioritising the criteria by weighting
In MCDA approaches, criteria are weighted by comparing their relative importance to the decision. As previously described in Section 2.5.3.2, AHP uses an intuitive approach similar to Likert scales to do so, building up weightings based on pair-wise comparisons of criteria. Two criteria are selected and decision-makers choose which is more important, and by how much, according to the ‘fundamental scale’ in Table 2.4. The next pair of criteria is then considered. Over time a complete picture of the relative importance of each criterion can be derived, which is checked for consistency in order to ensure a rational and meaningful answer. Explicit numerical weights are then derived for each criterion using the relational matrix's maximal eigenvector. These weights can be considered by the decision-makers in order to ensure that they are acceptable and reflect their intuitive feelings of the relative importance of the criteria. 
[bookmark: _Toc444180797][bookmark: _Toc476241434]Table 6.1 – Implied weights for criterion headings derived at the decision conference
[image: ]

In this workshop, participants were initially asked to privately write down whether they felt the Size of the problem was more important than Making a difference, and by how much according to the same fundamental scale.
Individuals’ preferences were announced to the group, and the geometric mean of these individual results was used as a starting point for discussions until a consensus score for the overall group arose. In this, Making a difference was between moderately and strongly more important (represented by a 4) and hence the Size of the problem was moderately to strongly less important (the reciprocal, hence ¼). Size of the problem was then compared with Current variation in practice, and so on. Once the matrix was complete, the consistency index of the relationships between criteria was tested using the standard approach [346]. 
The final results of the criterion headings, the second level of Figure 6.1, are shown in Table 6.1. The normalised geometric mean of each criterion is calculated, giving the matrix's maximal eigenvector, containing the weights of the criteria. For example, the geometric mean of the Current variation in practice criterion is calculated [((0.5*0.333*1)^(1/3)) = 0.55] and then this is normalised in relation to the other means to calculate the criterion weight [0.55/ (0.79+2.29+0.55) = 0.15]. Using this approach, the most important of these criterion headings was Making a difference, with a weight of 0.63. 
The subsequent criteria in the branches on the bottom level of Figure 6.1 were compared similarly, and their absolute weights calculated by multiplying the derived relative weight by the weight of their associated parent criterion above. 

[bookmark: _Toc304640251][bookmark: _Toc283984161][bookmark: _Toc441509010][bookmark: _Toc453235450][bookmark: _Toc453595523][bookmark: _Toc476241620]6.4.5		Estimating the performance of the topics on each of the criteria 
The next stage of the process required that each topic under consideration be scored on each of the criteria. This could only be partially completed at the workshop, and scores on the remaining criteria were completed by email. The process follows a similar pattern to the weighting process explained in the previous section. Participants were asked to describe which of a pair of topics performed better on a given criterion, and by how much, using the same fundamental AHP scale of Table 2.4. By continuing this process for all such pairs, the scores for how each topic performs on that criterion can be derived. Topics are then compared on the next criterion, resulting in scores for each topic. The results for the Current variation in practice criterion completed at the workshop are shown in Table 6.2. 

[bookmark: _Toc283984216][bookmark: _Toc444180798][bookmark: _Toc476241435][bookmark: _Toc304640252]Table 6.2 – Performance of each potential topic on the 'Current variation in practice' criterion
[image: ]
[bookmark: _Toc283984162][bookmark: _Toc441509011][bookmark: _Toc453235451][bookmark: _Toc453595524][bookmark: _Toc476241621]6.4.6		Combining scores

Given scores for each potential topic on each criterion and the associated weight of these criteria, a ‘total score’ for each topic can be derived using a weighted sum approach. These can be ranked and used as the basis for better informed discussion for prioritising topics for recommendation for future guidance to the Minister. These are shown in Table 6.3. The scores for Current Variation in Practice, for example, previously calculated in Table 6.2 are shown in the fourth column, alongside its weight as calculated in Table 6.1. As both weights and criterion scores are normalised, the total scores in the final column also sum to one. 
[bookmark: _Toc283984217][bookmark: _Toc444180799][bookmark: _Toc476241436]Table 6.3 – Total scores derived for all topics under consideration
[image: ]
[bookmark: _Toc283984163]
[bookmark: _Toc283984165][bookmark: _Toc441509013][bookmark: _Toc453235452][bookmark: _Toc453595525][bookmark: _Toc476241622][bookmark: _Toc441509012][bookmark: _Toc304640254][bookmark: _Toc304640255]6.4.7		Interpretation of results 
According to the total scores shown in Table 6.3, ‘Fluoridation of Water’ is the best performing topic based upon the selected criteria, and ‘Sickle Cell Screening’ is the worst. However, in practice further discussion is required to ensure that recommendations reflect the broader concerns of the health services, NICE and the public, as extensive discussion is typically required to transform health care prioritisation decisions into a simple ‘Yes’ or ‘No’ answer [92]. This will also likely provide the opportunity to increase understanding and the range of perspectives included and “provide a basis for thoughtful and informed moral choices” [68].
It was therefore envisaged that the TAW (or some other similar) committee would continue to play a key role at this stage to address issues related to uncertainty. The AHP approach outlined does not give the ‘correct answer’ or relieve decision-makers of their responsibility to use appropriate judgment; it can only inform this process [347]. However, it is likely to provide an initial snapshot of how the topics perform on key criteria and may highlight clear ‘winner’ and ‘dud’ topics, making subsequent discussion not just better informed, but calmer, easier and quicker. 

[bookmark: _Toc453235453][bookmark: _Toc453595526][bookmark: _Toc476241623][bookmark: _Toc304640253]6.4.8		Sensitivity analyses 
Healthcare decisions are by their nature often highly uncertain – Arrow stated in a seminal paper [348] (p.946) that “all the special features of this industry, in fact, stem from the prevalence of uncertainty”. Sensitivity analysis is therefore a vital part of such decision processes. While AHP approaches required the use of subjective judgment, MCDA approaches in general are remarkably insensitive to imprecision in scoring [86, 146] and the decisions makers' preferences reflected in such orderings tend to be exceptionally robust. 
Sensitivity analyses are shown in Table 6.4, displaying the required increase (or decrease) in each criterion's relative weighting to change the final ordering of the topics. The most sensitive of the rankings was between first and second place; for ‘Tackling smoking through the media’ to overtake ‘Fluoridation of water’ either the Current variation in practice criterion's relative weighting would have to be reduced by 19% (from 0.151 to 0.122) or Societal size of problem be increased in importance by 30%. Given the broad consensus achieved between participants, and consistency found for each criterion, such changes seem unlikely (and regardless, there is no reason why more than one topic could not be chosen anyway). Other changes seem increasingly improbable, and for 40 of the 70 possible weighting changes, changes in rankings are infeasible regardless of the size of the increase or decrease. These results appear to show a robust dataset. If the results were presented in practice as part of a TAW meeting and found to be sensitive to change, further discussion could ensure that the issue can be further investigated and borne in mind in ultimate decision-making.
[bookmark: _Toc283984218][bookmark: _Toc444180800][bookmark: _Toc476241437]Table 6.4 – Relative percentage increase required in order to change ranking, i.e. giving Topic B a higher total score than Topic A
[image: ]

[bookmark: _Toc453235454][bookmark: _Toc453595527][bookmark: _Toc476241624]6.4.9		Implementation of the approach
Because this was only a pilot, there was limited scope for it to be directly implemented. In hindsight, its chances of directly influencing policy were especially limited given the fact that the 2012 method guidance (which was where such changes in protocol are formalised) had just been written. It also cannot have helped that the timing of the meeting coincided with the completion of my secondment to NICE, which therefore limited the opportunity to further engage with colleagues about how the approach could be used in practice. While I gave a seminar to the CPH on the findings some months later, one unfortunate knock-on effect of the pan-directorate 2014 NICE methods manual may have been to make the findings moot. 
The approach’s direct impact on NICE processes in this case seems therefore to have been very limited. It may be possible that it has influenced discussions more indirectly, or may do so in future, but this is effectively unknowable from my current standpoint. In terms of other impact, the case study has been published, and reported at a number of conferences and, again, may have had diffuse but unknown impact in broader academic settings.

[bookmark: _Toc283984166][bookmark: _Toc304640256][bookmark: _Toc441509014][bookmark: _Toc453235455][bookmark: _Toc453595528][bookmark: _Toc476241625]6.4.10		Evaluation of the approach’s ‘suitability’
[bookmark: _Toc304640257]The aim of this study was primarily to investigate if such an MCDA approach could feasibly be used within NICE decision-making settings in future. It appears that they could do so. It is the ability to falsify a hypothesis that distinguishes a case study [19]. This study verifies that the use of such approach is feasible in such a setting, with a committee similar in composition to that proposed to be used in practice. 
Case studies are also useful in identifying unforeseen stumbling blocks, but this approach has shown few such problems (though it modelled only part of a broader process). There are a number of possible advantages to using this approach, and the use of resources is likely similar to the status quo. Together, this strengthens the case for implementation further.
Ultimately, proving the approach’s ‘suitability’ is difficult, given that there is no direct counter-factual to act as a direct comparator. Regardless, it is important that this case study can prove that such a committee could identify criteria, weight them, score topics and generate rankings of topics as part of the decision conference, within a NICE setting. But ‘feasibility’ in this sense makes up only part of the thesis’ definition of suitability as being actually deemed appropriate for use. Williams and Bryan [1] and Airoldi [326] describe the suitability of such approaches in terms of accessibility and acceptability. Though these were not formally tested in this pilot, some tentative conclusions can be drawn.
The approach’s accessibility relates to the availability of relevant findings in a timely manner, the clarity of its presentation and the extent to which it can be understood [1].  The approach was carried out in real time, and the panel did not seem to have any major problems with the approach. All steps on the day were deemed comprehensible and actionable and were implemented. Minor problems with participants’ concentration did arise, though this was likely related to the multiple (and seemingly confusingly similar) stages of devising criteria, weighting these and scoring topics using the same approach. This influenced the broader, revised approach described in section 6.5.1. Naturally, participants did not immediately agree on the importance of criteria, and so the success of the approach may also have been down to the fact that participants were willing to compromise on their weights. By way of example, all bar one participants though that the societal size of the problem was more important than its impact on an individual. This was ironed out after some thoughtful discussion. But in practice, these criteria would need to be more carefully designed and defined so that such issues did not run the risk of developing into major problems on the day.
Acceptability, in this context, means that all barriers that arise after the model’s findings have been accessed and understood [1]. Because of the approach’s design – which aimed to minimise any disturbance to other processes by these changes –  it seems very possible that the broader process approach could be acceptable to decision-makers (if it were implemented). The approach seems to fit in with NICE’s broader contextual factors. Procedurally, the two major differences between the approach outlined and the status quo are that 
· Criteria would be weighted (after all, the briefing papers already stick to certain pre-defined areas which could be thought of as criteria); and 
· The results would be subsequently published and open to public scrutiny.
Because it was a pilot, rather than an action research model, we cannot know for certain if it would have been considered acceptable by decision-makers. But the fact that it was not implemented – while it could be due to bad timing regarding updates to the methods manuals, insufficient follow up, or other reasons – gives evidence that perhaps it was not considered acceptable. 
One obvious risk here is that such publication of scores for each topic was deemed to actually lead to too much transparency, whether from the perspective of NICE, the Minister or other stakeholders. While the pilot does not correspond wholly to the broader proposed approach, regardless of the format of this case study, there would be no way to know for certain how all relevant stakeholders would react over the longer term to such an approach being implemented in practice. It is plausible for example that, if the Minister’s favoured topics were less likely to be chosen using this approach, that NICE would be directly instructed which topics to investigate more often. Such issues were not tested in the pilot, and to draw firmer conclusions would be speculative. Furthermore, one participant expressed concern over the course of the pilot that the use of subjective criteria (which is inevitable) would make the entire process more open to criticism, which could overshadow results.
Whether or not NICE would be willing to publicise explicit criteria to be used during this stage at the current time is unclear. Given that any scores used will be supplemented by further discussion, the final stage of the decision-making process will still be undertaken confidentially if this is a perceived requirement. But there is a potential risk that where the rankings of the publicised MCDA model differ from final decisions (without providing clear justification for doing so) that this too could prove controversial.
Participants in the pilot had very little practical information about the topics ranked and no subsequent discussion or refinement was possible. While not directly comparable, it is instructive to compare the results of the approach and the findings of the actual TAW committee. ‘Fluoridation of water’ and ‘Pain as public health problem’ (ranked first and fourth respectively in the pilot) were rejected soon afterwards by the sitting TAW, and the only topic currently in development resembling any of the five topics considered at the workshop is “Drug misuse prevention” (which is anticipated to be published in February 2017). It is possible that other criteria may have been used to prioritise topics, or that there may have been specific concerns given the topics under consideration that are not captured by the general criteria used for this pilot. Perhaps the subset of topics chosen for appraisal were inadvertently weak compared to those that were excluded.  Further discussion may also have ultimately changed the final rankings, but the very uncertainty over what happened at this TAW highlights the lack of transparency inherent in the current prioritisation process. 
Just because such an approach was deemed feasible in this setting does not mean that it would be at all other stages of the decision process listed previously in Figure 4.1. Nor does it prove that doing so would be worthwhile, given the possible costs associated with them. For any such approach to inform policy-making, ultimately deciding whether the approach is worthwhile requires value judgments as to whether it can be considered a success or a failure [20]. If a secondary aim of this chapter is to ascertain whether such an approach is worthwhile – while it cannot be proven given the limitations in data collection of the approach used – there are good reasons to believe that it might be. There are clearly advantages and drawbacks of pursuing the outlined approach, and decisions on their appropriateness on the basis of one study necessarily rely on such judgment. But there is potentially much to gain from pursuing such an approach, at relatively little cost. If better targeting of NICE’s limited resources were made possible by use of such an approach it would represent a clear gain. On the other hand, given that NICE have not adopted it as yet, they may well feel differently.
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Judgment is at the heart of the AHP approach used, from the early stages until final revisions. Given the lack of hard evidence available a priori in public health settings, the use of ‘subjective’ measures in on some level inevitable. It may instead be better therefore to embrace them, better understand them and apply them in the most appropriate way possible. 

[bookmark: _Toc453235457][bookmark: _Toc453595530][bookmark: _Toc476241627]6.5.1 	Lessons from the case study and potential use in practice
This pilot investigated only the decision conference stage of a proposed broader approach. A broader assumption in the case study was that, whereas the status quo approach relies heavily on deliberation, participants could use an MCDA technique (such as the AHP process used here) to score the alternative topics. 
In practice, pre-defined criteria could be used, using the same weights each time to ensure consistency across studies, increase accountability and could potentially reduce the risk of gaming. This would be followed by a deliberative stage to ensure that other factors that had not been considered as part of the model can also be taken into account. This could take less time than current deliberations, given that clear ‘winner’ and ‘dud’ topics will have already been highlighted by the topic scores derived by the would-be deliberators.
The resources required to do so are comparable to the status quo. The current process requires half a day to deliberate, and it is likely such an approach would take about the same (though the pilot ran over time, over 50% of the half day was given over to generating a hierarchy of criteria and their associated weights, which would not be required at every such meeting in practice). Other resources will remain unchanged; the scoping reports preceding this phase will still be required, and subsequent stages would not be altered either. 
One obvious extra cost of following the proposed approach is ensuring that an appropriate process is followed to identify and weight the criteria to be used, which would be once-off (or more likely updated with each set of methods guidance every 3-4 years). 
This was a demanding exercise for those taking part – by the end participants were mentally drained and seemed to get confused at times between the criteria they had derived. For this reason, it appears that larger batches of 10-15 topics (as is currently carried out in TAWs) would be unrealistic. Smaller batches, as here, should instead be considered, even if this required TAWs to meet more regularly. These extra meetings would also represent an increase in resources needed.
It may be worthwhile to include the highest scoring rejected topic from the previous meeting to decrease the impact of variation of topic standards between batches and act as a better benchmark across time. Given that scores, with the AHP approach, sum to one, rather than some objective measure, it would otherwise be difficult to compare topics in absolute terms across meetings. Sensitivity analyses should be carried out as part of the meeting so that participants can discuss their likely implications. Furthermore, participants are likely to become more comfortable and faster at using the approach over time, though this familiarity could potentially lead to increased risk of gaming. The requirement to discuss and refine the model's rankings afterwards may help to reduce this bias. 
The deliberation that would be proposed to follow the MCDA stage is no different from elsewhere in NICE (or in the status quo) and it is it unlikely that there would be difficulties in concluding this stage. While it would have been better to include this process on the day nonetheless, the lack of firm proposals for each intervention (due to the unavailability of briefing papers) would have made such discussions nothing more than a hypothetical role-play. As it was, there would have been no time to do so on the day anyway. 
The explicit weighting of the criteria and scores of the proposed topics is not necessarily without risks, particularly in a public body such as NICE. However, this explicitness of MCDA techniques affords increased legitimacy, and further public commentary arising out of this process may be healthy and could be used to inform future updates to criteria and their weights. Their criteria were intended to be illustrative of how the process might work, but for use in practice clearer definitions would be required to better foster understanding and consistency over time. 
While the decision about which criteria to include is a normative one (and in my role as facilitator, not one I could take part in in the case study), it is likely that some version of the Feasibility criterion would be required in practice. Currently, topic selection is the only phase of the CPH's decision process at which ‘resource impact’ is explicitly considered. After this point, NICE is expected to recommend all cost-effective approaches to increasing public health care, regardless of the likely impact on the overall health budget. However, it would be damaging to recommend any such approaches that are unlikely to prove affordable, not least in public health, where the borders of what constitutes a 'health' intervention can be vague. 
MCDA approaches typically require more resources and effort than standard approaches and are not always worthwhile [143]. It is unclear whether this would be the case in this setting. The panel could not get all scores completed in the allotted time and the process was clearly draining for all involved. Other MCDA approaches may allow for less collaboration and resources on the day, especially by assembling the performance of topics on criteria before the meeting by literature review [168]. However, given the relative lack of clear evidence available in public health settings, this approach may not be suitable in practice, which was why the judgment-based AHP was used for this pilot. If used in practice, NICE's Information Services team might continue to provide briefing documents (as it currently does) to the participants, but scores could be derived after discussion. 
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[bookmark: _Toc453235458][bookmark: _Toc453595531][bookmark: _Toc476241628][bookmark: _Toc304640258]6.5.2		Limitations 
Context-laden realities are an inevitable part of such a case study, so it was not realistic to assume that universally generalisable solutions were likely to be identified upon its completion. However, with the benefit of hindsight there are certainly some issues that could have been carried out differently to reduce some remaining uncertainties.
The piloting aspect of the study design was constrained in that, due to the lack of available briefing papers and background information, it could not directly mimic the approach that was proposed to be used. This likely impacted on participants' scoring of topics on the criteria and therefore on their total scores. The necessarily illustrative (rather than comprehensive) nature of the criteria was potentially a problem, and ideally the criterion weighting and scoring would have taken place over separate days to allow greater reflection on the nature of the criteria and to reduce the cognitive burden placed on participants. 
A clear limitation of the approach used was that it was naïve in investigating solely the decision conference stage. This seemed appropriate at the time – it is the key stage of the process and I was eager to get on with an example of actual implementation of MCDA techniques. But without a richer understanding of the decision context, especially fuller engagement with stakeholders over a longer period, it may have reduced the likelihood that the approach would ultimately be implemented. The case study described in the next chapter acknowledged (and attempted to learn from) this mistake. The fact it was a pilot approach at all is also a clear limitation in itself, in terms of its knowing its possible implementability in the real world. Similarly, the fact it involved volunteers rather than the sitting TAW meant that the findings could not be directly put into practice.
The fact that the workshop had to take place on a single half day also led to a number of limitations. The lack of time available for reflection meant that participants were at times confused as to the purpose of each criterion, despite having chosen them themselves a couple of hours previously. Further scoring and comments were conducted by email, removing the possibility for face-to-face discussions and consensus-building at this stage. Geometric means of these scores were used in their place, as advised by Saaty [129], but this is not best practice.
Because the meeting ran over time somewhat, there was no opportunity on the day to debrief the participants. Either way, there was no structured process (such as an online form) used to gather the opinions of the participants on their experience using the approach. This was in hindsight clearly a missed opportunity. Further engagement of this sort may even have helped increase the likelihood of subsequent implementation.
Towards the end of the pilot, one participant suggested that it should be repeated with a new set of volunteers, and the results compared. Other participants agreed that this would be worthwhile. While this may have led to further interesting findings, it was not possible to do so given the limited number of relevant participants with NICE experience that were available (and given the fact that I had to rely on help from a number of NICE colleagues in recruiting and setting up the pilot). But had this been possible, it could have led to a number of advantages. It would have been interesting to see whether the criteria converged on a similar hierarchy, and similar levels of importance (and scores) for each. Were the rankings very different this might have led to questions about the appropriateness of the technique. But perhaps more importantly, carrying out the approach again may have led to the highlighting of further potential stumbling blocks in the process that could be ironed out before actual implementation. 
There are also separate issues regarding how reliable the results are, arising from institutional factors which could not be investigated in the context of the pilot. I did not, and would not now, advocate that all stages described in this chapter should actually be carried out on a single day as was the case described in this chapter. These should also ideally be used recurrently over a longer period of time, which may throw up further issues not captured in a one-off pilot, such as the potential for increased gamesmanship. These would therefore have to be managed effectively, such as by ensuring that experienced participants do not dominate discussions. How to test the longer term impacters of such an approach would have been difficult, though they clearly would have gone some way to reducing the uncertainty of implementing such an approach in the real world.The approach may also have consequences outside the control of NICE, such as whether Ministers would be more likely to avoid the TAW process completely by fast-tracking favoured topics. Such issues are hard to predict.
The approach would also clearly need an experienced, impartial facilitator to oversee the process, which might not be available. By definition the approach could not be tested here without such a facilitator. In practice, the CPH would have to either hire in an external expert to oversee this, or else train someone themselves, both of which require resources which are not necessarily easy to justify in the current economic climate.
Finally, one potential concern with the AHP approach is that it will be open to criticism of the technique itself. While the use of pair-wise qualitative statements makes AHP a relatively intuitive approach at decision-maker level – even to those not accustomed to using quantitative approaches – and mathematically elegant, this comes at a cost. It has been found that by introducing a new topic for consideration (if, in this example, after the meeting a sixth topic was introduced and scoring calculations revised), the rankings of the topics previously considered may change, a concept known as rank reversal [349]. Given the flaws associated with any such prioritisation approach – not least ad hoc discussion – there remains a need to match the most appropriate approach with the given decision problem. Ideally these approaches should also be compensatory [6], to allow rankings of topics, be easy to understand for participants and so on. AHP broadly met these criteria, but this must be borne in mind. 
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[bookmark: _Toc476241629]6.6		Conclusions 

There is a paradox at the heart of this chapter, in that it uses a case study to capture the specific subtleties of the undertaken process, but for a technique that tries to better generalise results. Flyvberg [19] and others differentiate between ‘knowledge’ – which can be derived from a formulaic approach (such as, in principle, MCDA) and ‘expertise’ which cannot be reduced in this way and instead requires experience and the human ability to capture nuance. On the other hand, as previously described, attempting to make complex decisions without such a model may lead to unnecessary mistakes. In practice, real-life expertise is undeniably vital in decision-making in NICE and elsewhere. MCDA should not seek to replace deliberation but to aid it – both in structuring the deliberations around the decision during the scoring stage and through allowing further adjusting of results if required subsequently. The suggested approach described in this chapter attempts to pragmatically match the best of both approaches.
Given the relative lack of availability of firm evidence in many public health interventions, choosing the right topics for guidance at the earliest possible time is of fundamental importance, and judgment is likely to continue to play an important part in doing so. MCDA techniques offer a potentially useful approach to structuring the problem in a rational way, along with the opportunity to make explicit the judgments used as part of the decision-making model. While there may be some issues with doing so publicly, such explicitness adds to the legitimacy of the approach and may ultimately increase the public's faith in and engagement with NICE's decision-making process. Many decisions in public health will remain debatable, and any rankings produced by the AHP model will need to be refined by further discussion. This approach may however help to make some decisions to accept or reject topics easier and more consistent. 
The chapter shows that that the decision conference stage of an MCDA-structured decision-making process appears to be accessible in this setting. Whether or not it was acceptable is difficult to surmise as, on the one hand it has not yet been implemented. On the other, however, there was no simple route available for this to happen given it was a pilot study. Nonetheless in hindsight I am sure that could have taken further steps to help facilitate this process. 
Whether or not the approach should be carried out it more difficult to establish as this was not directly tested as part of the pilot. But there are a number of reasons to believe its benefits may outweigh the costs of doing so. It also indicates that MCDA approaches could be incorporated into NICE’s other decision-making sub-processes where necessary, and not confined to hypothetical discussions around whether it can be used in place of cost-effectiveness techniques. While this chapter does not answer all of the potentially relevant questions, it is clear that there is room for improvement in the current topic selection process. NICE should consider carefully whether such an approach might be worth pursuing in the future. 
The case study in the next chapter describes an action research project to generate rankings of potential interventions to reduce smoking across four local government areas, which had to be carried out with a limited evidence base. The differences in context subsequently placed different requirements and constraints on the decision process described in this chapter; the MCDA framework used reflected these issues and therefore differed in a number of ways as a result. It built upon my experiences as outlined in this chapter and, perhaps for this reason, had greater success in ensuring its suitability and, perhaps more importantly, in terms of its impact. 


[bookmark: _Toc283984183][bookmark: _Toc304640272][bookmark: _Toc441509018][bookmark: _Toc453235460][bookmark: _Toc453595533][bookmark: _Toc476241630]:	Case study 2 – Using MCDA to inform local government investment in public health
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This chapter describes a project to investigate whether an MCDA approach could be used as a framework to inform decision-makers attempting to prioritise between a range of public health interventions to reduce tobacco prevalence, given a limited evidence base. This approach, as with the previous chapter, investigates the research question of ‘Can suitable MCDA techniques be piloted or implemented at decision-maker level?’, and reflects upon how MCDA techniques could be incorporated into public health decision-making in such settings in practice. 
This chapter is based upon a paper which has been published in the EURO Journal of Decision Processes [324]. It is also reported in a chapter in the upcoming book entitled “Multi-criteria decision analysis to support healthcare decisions”, to be published by Springer [350]. At the time of the study, responsibilities for public health were being transferred from the NHS to local government level. An action research project was used to inform subsequent decision-making on resource allocation, relating to possible interventions to reduce tobacco prevalence. 
The changes in the provision of public health, which had been introduced by the Health and Social Care Act, coincided with an extremely difficult financial climate, which hastened the perceived need for such changes in the portfolio of interventions offered. An MCDA approach was used to inform this prioritisation process across four local government areas in South Yorkshire, where prior evidence of most interventions’ effectiveness was limited (and to a certain extent potentially misleading). It took place in the context of smoking prevalence not having changed across four areas for some years.
In contrast with the prior case study, which piloted only the MCDA stage of a broader process, a more holistic approach was possible (and necessary) for this project given the intention for it to be implemented. There were three phases to this process: problem structuring; decision conferencing and broader MCDA approach; and using these scores to influence decision-making at local government level. An MCDA approach was used to collate information in a consistent and transparent manner, using expert and stakeholder opinion to fill known gaps in evidence. 
The public, stakeholders, experts and decision-makers were involved at various stages in the process to ensure a wide range of perspectives and knowledge could be incorporated into the final decision. 15 interventions were ranked, across 8 criteria, allowing a range of relevant concerns to be incorporated. Subsequent steps were taken to translate the results of this stage into workable policy options. The suggested results differed significantly from prior practice. Sensitivity analysis showed that the findings were robust to changes in preference weights and multi-objective optimisation indicated the best policy decisions in a range of potential scenarios. 
The approach successfully brought together the viewpoints of a wide range of stakeholders and prioritised interventions based upon these. The MCDA framework structured the process, clarified programme aims, built stakeholder relationships and identified tangible policy options.  This informed subsequent decision-making in each of the local governments, which have each since made substantial changes to provision informed by this study.

[bookmark: _Toc453235462][bookmark: _Toc453595535][bookmark: _Toc476241632]7.2 	Background

Smoking is the single biggest cause of preventable death in the UK. It is a major cause of coronary heart disease, cancers and respiratory disease, including chronic obstructive pulmonary disease (COPD).  These issues most impact on the least well off in society and it is estimated that up to half of the difference in life expectancy between most and least affluent groups is explained by patterns in smoking [351]. Despite high tax rates on tobacco products, the total annual societal cost of smoking was estimated at £13.74 billion [352], representing a net loss to society of 6.5p per cigarette smoked. 
After the election of the UK’s coalition government in 2010, there were significant changes in the provision of public health in England, previously described. Primary Care Trusts were dissolved and their public health responsibilities transferred to local government. The previous administration had to a certain extent strengthened central control of health in many ways, founding NICE and encouraging an evidence-led approach to decision-making at a national level. This study commenced in late 2012, with the then government indicating it would encourage increased ‘localism’ and discretion at the local government level, allowing for checks, balances and priorities to be managed by the democratic process. In the “Healthy Lives Healthy People: a Tobacco Control Plan for England” white paper [353], the government set out three ‘national ambitions’ in smoking prevalence for the coming 5 years: 
· To reduce adult (aged 18 or over) smoking prevalence in England to 18.5 per cent or less by the end of 2015 (from 21.2 per cent), meaning around 210,000 fewer smokers a year.
· To reduce rates of regular smoking among 15 year olds in England to 12 per cent or less (from 15 per cent) by the end of 2015.
· To reduce rates of smoking throughout pregnancy to 11 per cent or less (from 14 per cent) by the end of 2015 (measured at time of giving birth).
These were not binding targets and local areas were to “decide on their own priorities and ways of improving health in their communities, in line with the evidence base and local circumstances” [353] (p.6). The prior government had instead imposed targets directly, and estimated the effectiveness of approaches by comparing PCTs on how well they performed on a metric describing the four week quit rate. These measured the number of those accessing stop smoking services (SSS) that had not yet relapsed after this period, which could be relatively easily quantified. 
It is worth noting that this project took place at a time not only of great change in the health service, but in the aftermath of the ‘Great Recession’ and subsequent austerity. This meant that – through one force or another – increased scrutiny was inevitable in health budgets, and given the new powers available to local government decision-makers, programmes with little evidence of success stood to lose out. It was in this context that those responsible for tobacco services attempted to find an approach that was more sustainable in the longer term. 
The metropolitan county of South Yorkshire is made up of four boroughs and their councils – Barnsley, Doncaster, Rotherham and Sheffield – and is home to approximately 1.3 million people. Each council acts independently and has its own Director of Public Health (DPH), responsible for prioritising and managing public health services. Each had similar sized budgets relating to tobacco, and a Tobacco Control Commissioner (TCC) responsible for the area. The TCCs had been liaising for some time to share information and with the intention of designing and tendering for services together in order to benefit from economies of scale. 
The vast majority of resources (around 90%) in each borough had been invested in SSS, in line with the prior SSS-specific targets and the associated availability of evidence of cost-effectiveness. Four week quit rates in South Yorkshire were the best in the region (and good on a national level), but the overall smoking prevalence rate in each of the boroughs had not changed for a number of years. These rates were higher than the national average for England of 20.7%; from 21.5% in Sheffield to 26.3% in Doncaster [354]. There may be a number of reasons for this. Smoking quit rates may not be an ideal proxy for the effectiveness in terms of prevalence, whether because new smokers replace the former smokers, or because former smokers relapse after this period. It is also possible that South Yorkshire is unusual nationally in either or both of these ways, offering a case for increased local autonomy. It also seems that, in South Yorkshire at least, overwhelming investment in SSS did not appear to be reducing prevalence, and that other approaches might be required. These approaches lack clear evidence (in part because spending across the country was so focussed on the SSS strategy), creating difficulties even though there was reason to believe that they should be effective.
Both the World Bank and national government [353, 355] have argued for a more multi-faceted approach to reducing prevalence. Such comprehensive tobacco control programmes have proved effective in reducing smoking prevalence in the UK and other countries [355]. One might expect that increased investment in areas outside of helping smokers to quit – such as undermining the illicit tobacco market, or in a wider media presence – may also play a role in decreasing prevalence. Unfortunately, hard data on the magnitude of effectiveness, and hence cost-effectiveness, of these interventions is scarce.
As previously discussed, such challenges are common in applying cost-effectiveness approaches to public health settings [3], while attempting to find practical measures to improve health. The CPH addresses such gaps in evidence by inviting expert testimony to share knowledge and experience. This project was attempted in a similar spirit, but using MCDA approaches to better deal with the more complex context. 
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This chapter presents a case study describing the development and application of an action research project to appraise interventions to reduce tobacco prevalence across four local government areas, in a challenging decision-making environment. It aimed to identify not only if such an approach was nominally technically feasible, but also suitable for actual use by the TCCs in attempting to influence policy decisions in reality. In doing so, it tested whether both aspects of suitability previously described – the approach’s acceptability and its accessibility – were possible in such settings. This required engagement with stakeholders and decision-makers throughout, in order to provide suitable nuance and insight.
As with the previous chapter, the methods section is based upon the eight steps required for an MCDA [125], along with descriptions of the process’ implementation and evaluation. This is followed by the Discussion and Conclusion settings.
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The TCCs initially approached ScHARR hoping to identify an appropriate “knowledge-based approach” (as they called it), in contrast to what they saw as a blinkered and impractical evidence-based status quo, that might inform future debate about how to reduce prevalence in the ‘new world’ in a rational and transparent way. The approaches chosen allowed public health decision-makers in local government to think about the project objectives, given their newfound responsibilities. The MCDA process highlighted areas that were likely to correspond to these objectives and hoped to inform decisions of the DsPH as well as possible, given the lack of clear evidence. A multi-stage approach was used, incorporating the views of the TCCs and a range of stakeholders, in order to arrive at a range of policy options to present to each borough’s respective DPH. There were three distinct phases to this process:
· Setting the scene/problem structuring.
· Conducting the MCDA scoring technique.
· Utilising these scores to influence decision-making at local government level. 
The relevant sub-stages are listed in Table 7.1, with the three phases above separated by dashed lines. The sequence of stages allowed the views of the general public, expert opinion and other stakeholders to be incorporated at various points in the process. The findings were ultimately used as a basis for prioritisation between the options under consideration. The stages were meant as a rough guide and were revisited as necessary throughout the process – and as such the entire process perhaps is best seen as a framework for investigating and discussing the objectives and issues rather than a rigid formula.
As with the case study described in the previous chapter, the decision conference itself was recorded by Dictaphone. More detailed notes were taken on the same day by a TCC, and relevant results were shared in real time with participants where possible. But the broader process used in this case study required a much more in depth engagement than that of the topic appraisal, both with stakeholders and in particular with the TCCs, and over a much longer period of time. 



[bookmark: _Toc476241438]Table 7.1- Involvement by relevant groups in each of the tobacco prevalence project's stages and phases during the decision-making process, and prior to the evaluation stage (Section 7.4.10)
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[bookmark: _Toc453235465][bookmark: _Toc453595538]As an action research project, regular face-to-face meetings with TCCs were required throughout, spanning a 12-month period from April 2012. Formal or semi-formal minuted notes were taken at all such meetings, taking into account each stage of the process noted above. While the decision conference took place in September 2012, prior documentation - such as business cases for each intervention and descriptions of the criteria for the weighting process - were also naturally required at relevant periods as the project progressed. These were developed with the TCCs. Wwe had the opportunity at the regular meetings to appraise how well each stage had performed and where issues had arisen. Email contact continued afterwards with TCCs to ascertain the study’s impacts, and to a certain extent still continues now. A broad selection of documentation was therefore available for use in developing the narrative of this chapter.

[bookmark: _Toc476241635]7.4.1		Establishing decision context
A narrow range of interventions had been previously offered by the councils, focussed almost entirely on SSS which was based upon the 4-week quit rate. The approaches offered had not improved outcomes in terms of prevalence for a number of years. The choice of interventions used was based upon the best evidence available and statutory guidelines issued by NICE. The Department of Health also expected year-on-year increases in the numbers of quitters achieved. At a time of immense change and increased pressures within public health provision, the status quo was no longer felt to be tenable by the TCCs and a new approach was required. To ensure face validity and increased legitimacy amongst stakeholders, a broad range of relevant viewpoints was considered necessary for the process, representing both the general public and experts from a range of settings. Expert opinion is currently used to fill gaps in evidence when producing guidance in the CPH and it was hoped that it could similarly be used in a formal manner suitable to a local government setting.

[bookmark: _Toc453235466][bookmark: _Toc453595539][bookmark: _Toc476241636]7.4.1.1		Matching MCDA technique with nature of the problem
Though each MCDA technique has its own advantages and disadvantages, they follow the same steps, invariably identifying explicit criteria, weighting them, valuing the alternative courses of action on the criteria and combining all this information to support prioritisation. The main difference between MCDA methods is the way that this aggregation is carried out [350]. Techniques operate at different levels of complexity and the use of techniques is partly determined by available time, data and skills. As described in Chapter 2, related approaches range from simple scorecards to aid deliberation to techniques that require computer-based modelling (even if not all will be within the scope of this thesis). 
Another aspect of consideration for priority setting is the availability of evidence. Data on the alternatives’ performance on each of the criteria can be gathered in a variety of ways, ranging from evidence synthesis to expert opinions. These include: 
· Evidence synthesis such as the building of economic models. 
· This needs time, resources and specialist skills which might not be available in house;
· Internal data collection, such as current patterns of expenditure. 
· However, there may not always be enough information in the organisation regarding the performance of options against the criteria;
· Published evidence, including literature reviews. 
· These is quick to use, however, sufficiently relevant literature may not be available (and judgment is required in extrapolating from these);
· Subjective judgment, such as expert input. 
· This is useful in public health settings where there are insufficient alternatives in terms of evidence. However, the criticism of using subjective opinion rather than objective information remains, and over-reliance on judgment may introduce bias.
Other factors also play a role in which approach to choose. Baltussen et al. [165] argue that PBMA is useful for choosing between a small set of alternatives in a specific context, but that studies that aim to inform prioritisation discussions on a larger scale are better suited to more formal MCDA techniques. 
The choice of MCDA method for our study was based on the resource/time constraints, scientific validity and the significance and broader context of the decision problem. A standard linear additive MCDA model was chosen as the most appropriate given these issues. This is the most commonly used approach in healthcare [128]. Swing weighting was used to weight the criteria as it allows for the trade-offs which are inevitable in public health decision prioritisation [6] and because such weighting fulfils the theoretical requirements of MCDA [117]. It also has the advantages of being relatively simple to understand compared to other MCDA techniques, allowing easier communication with the DsPH, and in that it allows interventions to be ranked (which is important if more than one intervention is to be chosen, as was the case here). 
[bookmark: _Toc476241459]Figure 7.1 - Field showing range of possible MCDA-based approaches, described by evidence requirements and resource/time use (from Reddy et al. [350])
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Scoring was performed using direct rating as they were elicited from the expert group.  An emphasis was placed on achieving consensus by bringing stakeholders together at a meeting to debate and score topics, thus encouraging their understanding of the final decision and increasing their ‘buy-in’ [23]. Approaches that are typically carried out by individuals, such as DCE – rather than those that required discussion and cooperation - were not considered appropriate on this basis. Only one half day was available to bring together the expert group. Thus, we chose a simple approach. Previous experience from the pilot reported in Chapter 6 had suggested that the analytic hierarchy process may be too slow-moving for such a large group [337] – especially given the higher number of numbers of interventions and criteria to be considered - and was therefore not used. The total scores were calculated for each intervention, using a simple weighted sum method, which were then used to prioritise among the interventions.
[bookmark: _Toc453235467][bookmark: _Toc453595540][bookmark: _Toc476241637][bookmark: _Toc441509025]7.4.1.2 	Identification of relevant stakeholders
Another major distinction between the previously outlined approaches is in terms of choosing who will be included as part of the decision-making process. DCE facilitates large numbers of people to be involved independently of each other and for general conclusions to be drawn on this basis. Star, option appraisal and PBMA, use a Delphi-style deliberative process, effectively necessitating that only a small number of decision-makers are involved, to allow them to converge on a single answer. 
The Tobacco Control Commissioners identified an expert steering group made up of a wide variety of stakeholders to the prioritisation process. These stakeholders came from a range of relevant settings with a role to play in reducing tobacco consumption, including specialities such as current stop smoking providers, midwifery, elected councillors, the fire service and a local chamber of commerce. This allowed for a fuller spectrum of views to be included and potentially increased the legitimacy of the findings, as practically all relevant parties were represented in the process. 

[bookmark: _Toc453235468][bookmark: _Toc453595541][bookmark: _Toc476241638]7.4.2		Choice of interventions to consider
Fifteen interventions were examined, chosen to represent a broad range of potential techniques. Five of the six strands advocated by the World Health Organisation [356] and the UK government [353] to overcome practical barriers in tobacco control were included, and are shown in the first column of Table 7.2[footnoteRef:8]. SSS were investigated alongside other interventions to allow direct comparison and in the hope that a more effective holistic approach might emerge. There are potentially a limitless number of interventions available at various levels of investment, and MCDA techniques could not investigate every such intervention in practice. Given the findings would still be subject to political factors and subject to the judgment of the DPH, the list was intended to be broad and representative rather than comprehensive. 3-4 page business cases for each intervention were prepared, giving a broad outline of how the intervention would likely be implemented in practice and written in language accessible to all stakeholders. [8:  The only such theme not represented was reducing tobacco advertising and promotion, which was felt to be outside the scope of local government control.] 

[bookmark: _Toc283984222][bookmark: _Toc444180802]
[bookmark: _Toc476241639]7.4.3		Choosing relevant criteria
Identifying relevant criteria for comparison of interventions “requires considering the underlying reasons for the organisation’s existence, and the core values that the organisation serves” [125] (p.57) and is potentially the most important part of the process. The first attempts to identify suitable criteria were carried out through public consultation. Workshops were set up to engage with volunteers from the public in 3 of the 4 boroughs to discuss a series of potential interventions and describe why they would prefer investment in one rather than another. Around 4 people participated in each workshop, and participants were there as volunteers. Those present were shown vignettes of two possible interventions and asked which they would prefer if they could only choose one, and why. This process was used to identify which criteria they used, and how important they felt each criterion was.
A list of the criteria derived were sent out to the expert group for comment and ranking and were subsequently revised. These steps were non-binding, but were used to inform the subsequent debate on which criteria and weightings to use.
A number of iterations were required to arrive at the final workable set of criteria. Some criteria that were likely to be highly related had to be removed or revised to avoid double counting, which might have introduced bias to the results. This process took some time, but once consensus was reached it was felt to have been a valuable exercise in both building a shared understanding of what makes an intervention worthwhile and in identifying underlying goals of the tobacco programmes across the five strands. Overall six headline criteria were identified, shown in Table 7.3.  
For a number of reasons, these were by necessity defined quite broadly, as themes to be considered as part of the discussions. It was difficult to be clear on the consensus as to which criteria should be included, as the earlier stages had been carried out through correspondence. The lack of clear, quantitative data, made the identification of suitable proxy variables difficult. This was justified by the fact that the results of the MCDA model were intended only to be indicative to the DsPH, rather than conclusive, and further judgment was inevitably going to be required regardless afterwards, both from the DsPH and subsequently the local councillors responsible for rubber-stamping decisions. While these themes ensured that a roadmap could be followed so that relevant issues could be addressed in the discussion at the decision conference through expert judgment, in an ideal world it would certainly have been better to define them more clearly.
The “Value for money” criterion perhaps merits special attention at this point. It represented whether or not it was likely to work, acceptability of its budget impact and the number of people who would likely benefit if it were implemented. It was only in hindsight that its title appeared to indicate that the criterion related to cost-effectiveness. The form used in correspondence to elicit weights from stakeholders was clear in highlighting the relevant considerations under each headline criterion, using identical wording to those given below in Table 7.3. Definitions of criteria were again shown to stakeholders as they discussed the interventions at the decision conference itself (alongside a warning that the “value for money” criterion should not be misinterpreted) and there did not appear to be any problems arising from this on the day. Clearly however, in hindsight, the title could still have been chosen more carefully.



[image: ][bookmark: _Toc476241439]Table 7.2 – Interventions considered to reduce tobacco prevalence, and brief description (continued overleaf)
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The form sent to stakeholders to weight criteria listed only 5 criteria (alongside an “any other criteria” option, to be used if the respondent felt any criteria had been left out). Based upon feedback from participants (and subsequent discussion with TCCs), it was decided to replace criterion of “Is this doable?” (which took into account considerations of “Will the people who need it want to use it?” and “Do we have (or can we get) the right staff, buildings, equipment?”) with the separate criteria of “Ease of implementation” and “Sustainabilty”. These reflected the distinct, if somewhat related issues, of whether the infrastructure was in place to both kick-start the intervention, and to be able to continue it in future subsequently.
[bookmark: _Toc444180803][bookmark: _Toc476241440][bookmark: _Toc283984223]Table 7.3 – Inputs to the MCDA process developed prior to the decision conference – the criteria and their weightings
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[bookmark: _Toc441509027][bookmark: _Toc453235470][bookmark: _Toc453595543][bookmark: _Toc476241640]7.4.4		Weighting criteria
The weights attributed to each criterion are also shown in Table 7.3. These reflected the combined viewpoints of the expert panel, the TCCs and the level of difference between the best and worst performing intervention on each criterion. The importance of each criterion was gathered by correspondence before the meeting of the expert group due to expected time constraints on the day. Many of the stakeholders’ views expressed a preference that large impacts to individuals should be preferred to interventions that have small impacts to larger numbers, and that equity aspects should be considered from the beginning (rather than, as in NICE, after cost-effectiveness analyses had been carried out). In contrast, the main concern of the TCCs was the reductions in prevalence rates described in the national priorities. These were converted into approximated swing weights by the lead researcher based upon deliberation with the TCCs regarding the range from best to worst performing intervention on each criterion. Again, while not ideal, this was felt to be a necessary compromise, as there would not be sufficient time at the subsequent decision conference to do so. Ultimately sensitivity analyses were used to ensure that the results were meaningful in light of the fact the whole expert group could not make the final decision on weightings in person, and the model was found to be robust. This process is described in Section 7.4.8.

[bookmark: _Toc441509028][bookmark: _Toc453235471][bookmark: _Toc453595544][bookmark: _Toc476241641]7.4.5		Assessing likely performance of alternatives on criteria
The next stage required scores to be attributed to each intervention on each criterion. This, as with the last chapter, was carried out in a ‘decision conference’ setting. Care was taken to ensure as broad a range of potential stakeholders were included in the process as possible. About 20 participants from the expert stakeholder group took part, representing the range of specialities from inside and outside healthcare and chosen from across the four boroughs. On the day, participants were initially split into four groups, to ensure that all participants would have the opportunity to voice their opinion at each stage. Participants were assigned according to speciality and borough to ensure a similar mix on each table and to reduce the risk of bias due to over-influence or gamesmanship. 
Groups were asked to consider how an intervention was likely to perform on each criterion, in batches of four interventions at a time. They were to agree upon a consensus score from 0 to 10 based on these discussions (and were provided with the following qualitative descriptions: 10 = could hardly be better; 9 = excellent; 8 = very well; 7 = well; 6 = quite well; 5 = adequate; 4= somewhat inadequate; 3= badly; 2= very badly; 1= extremely badly; 0= could hardly be worse). This direct rating approach resembles the SMART approach reported by van Gennip et al. [169], described in Chapter 3.
Tables then fed back their scores to the floor and debate could occur between groups to ensure an overall consensus score for each intervention on each criterion emerged. Due to time pressure towards the end of the day, two larger groups were formed to score the final interventions in parallel. Due to the scarcity of stronger evidence of the interventions on the criteria, it was felt that the use of subjective opinion of the key experts to elicit the scores in this way was the most sensible option available. 
Some differences in interpretation of how certain interventions could work emerged as part of the process. Two of the four groups independently felt that no outdoor public areas could realistically be included in the “Smoke Free Spaces” intervention in practice and ranked scores accordingly based on this. Others differed on how interventions might be successfully targeted for SSS relating to Black and Minority Ethnic (BME) groups, and to Mental Health.
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[bookmark: _Toc283984224][bookmark: _Toc444180804][bookmark: _Toc476241441]Table 7.4 – Consensus scores generated for each anti-tobacco intervention on each criterion, and total scores for each


[bookmark: _Toc453235473][bookmark: _Toc453595546]
[bookmark: _Toc476241642]7.4.6		Aggregation of results
Scores elicited from participants on each intervention were combined with the weight on each criterion to calculate total scores for each intervention under consideration. This was performed using a weighted sum approach as shown below:
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	where
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	is the overall value for intervention j estimated from MCDA model
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	is the score for intervention j on criterion i

	[image: ]
	is the weight attached to criterion i.


As previously stated, the method used to calculate scores is important, and the balance must be made between simplicity and complexity: “an overly simple form will ignore important subtleties in the decision-making process, whilst an overly complex form may acquire a ‘false legitimacy’ by virtue of it ‘looking mathematical’” [126]. Keeping the approach as simple as possible allowed for easier interpretation of the results, which was important given that DsPH, who were not involved in developing the model, would need to understand how the results were derived. The approach also allowed for ranking of interventions, which was important given that multiple approaches were likely to be approved.

[bookmark: _Toc476241643]7.4.7		Examination of results
The results, shown in Table 7.4, implied that increased coordination with local authority trading standards teams, as advocated in the “Enforcement” intervention appeared to best meet the range of issues deemed relevant to the local authorities. Maternity stop smoking services and investment in Communications and Marketing, amongst others, also polled well. A school-based programme for teenagers, ASSIST, performed very poorly, as did SSS relating to hospital stay and mental health.
For interventions for which there was disagreement about the realistic manner at which they could be implemented, it was reassuring to find that rankings barely changed despite these differences in scores on the relevant criteria.
The list ranks interventions in terms of their perceived expected benefit, and does not take the associate costs of each into account. This was a conscious decision to simplify the process and to reduce the risk of conflating of costs and benefits. Deciding on whether each approach merited investment was to be taken at the level of the DsPH (and subsequently councillors), with the MCDA stage informing this process. Similarly, choices on whether certain combinations of approaches should be used together required the political and practical judgment of the DsPH, again informed by this process.

[bookmark: _Toc453235474][bookmark: _Toc453595547][bookmark: _Toc476241644]7.4.8		Sensitivity analysis and scenario planning
The MCDA process is only a decision support tool and cannot address all possible concerns in every possible circumstance, and it would be inappropriate to take the rankings as a ‘correct answer’ without further examination. Initially a sensitivity analysis was performed in order to investigate the robustness of the findings. This required investigating by how much the weighting on each criterion would have to change in order to change the final ordering of interventions. These are difficult to illustrate here for 15 alternatives on 6 criteria (and in practice 8 criteria including the ‘national ambitions’ separately), but generally speaking, aside from the interventions with equal total scores, the magnitude of change required implies the results are stable. 
Those interventions most sensitive to altered weights were naturally those with equal overall scores, but these performed relatively poorly anyway and were unlikely to be funded. Otherwise the smallest change to alter the rankings related to the weighting on reducing prevalence amongst adults – if this was reduced from 20% of weighting to 18.75%, maternity SSS would instead receive the highest score overall.  Again, these approaches both performed well and both were therefore likely to be funded anyway. 
A number of uncertainties related to the future provision of interventions in practice remained at the time of the project, and which had been excluded from the MCDA model. It was unclear, for example, whether or not local government would be responsible for paying for the drugs made available to SSS. A very simple multi-objective optimisation (MOO) model was used to investigate the appropriate level of investment in each intervention in a variety of scenarios, to help inform decision-makers as a secondary sensitivity analysis. The approach maximised the total possible health benefit, imposing limits on the maximum and minimum spend possible on each intervention if it were to be funded, in each strand and on the available total budget. These were weighted by how ‘effective’ each intervention was, which was assumed for these purposes to be linear within the given budget constraints. We investigated the likely impacts on spending on certain interventions (or of ring-fencing a proportion of the budget for SSS or other areas), by toggling whether this part of the budget would be required or not. We could also check what the opportunity costs of providing ASSIST might be, for example. This was a relatively naïve approach and did not take into account likely interactions between alternative programmes but, by playing with the model, the technique highlighted that certain approaches would consistently do well (and others consistently poorly) regardless of the circumstances.
Used together, both the sensitivity analyses and multi-objective optimisation helped to identify hidden underlying trends and tipping points in the data, reducing the risk of ineffective policy changes. This helped increase the confidence of the TCCs in making their recommendations to their DsPH. The MCDA approach used could not include all possible relevant criteria, in all circumstances, for all possible levels of investment in each relevant intervention; requiring further judgment on the part of the final decision-maker. However, this formal examination of the results of the MCDA phase is a fundamental part of the overall process, and better informs decision-makers given this responsibility. Incorporating MOO alongside the sensitivity analysis in this project likely allowed further insights than might otherwise have been possible.

[bookmark: _Toc476241460]Figure 7.2 - Example multi objective optimisation model, which describes the ideal apportioning of a budget under a scenario where the local government would have to pay for drug costs and ASSIST was to be provided
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[bookmark: _Toc441509031][bookmark: _Toc453235475][bookmark: _Toc453595548][bookmark: _Toc476241645]7.4.9		Implementing findings
As part of writing up our paper relating to this project [324] , I contacted the TCCs by email at the end of 2013 to investigate whether they felt that approach had been influential in subsequent implementation decisions, and in its overall impact. While it is difficult to untangle all relevant factors, the TCCs felt that the work had facilitated major changes to occur regarding spending in an extremely challenging climate, both organisationally and financially. All councils reduced overall spending on SSS services, and within SSS realigned spending to focus more on pregnant women in particular. Spending increased across the board on enforcement, with at least two councils also hiring enforcement officers – which is all the more impressive given the widespread staff cuts. Barnsley also hired a stop smoking midwife on the strength of the report and prevention and education activity with young people has been prioritised. In Sheffield smoking was the only public health area to have its budget protected for the following years, also allowing it to increase spending on smoke free spaces. 
Such budget protection was considered by the TCCs to have been highly unlikely, given the high level of spending on tobacco over previous years with modest results. This project allowed the apparent spell of SSS dominance to be broken, and allowed TCCs and DsPH to move forward with sweeping changes with confidence. It also strengthened the tobacco control partnership across South Yorkshire, which may lead to further savings in future. Rotherham and Doncaster, for example, were able to jointly tender their SSS by cooperating in light of this work, releasing funds for use in the areas highlighted above. Such collaboration may increase value for money and lead to better outcomes in future, and had not been carried out prior to this project. 

[bookmark: _Toc441509032][bookmark: _Toc453235476][bookmark: _Toc453595549][bookmark: _Toc476241646]7.4.10		Evaluation
The approach can be considered successful insofar as it not only did it prove that such an approach was feasible methodologically, but that its broader process successfully influenced policy and changed the make-up of interventions provided across the four boroughs. In this sense, it proved to be both accessible and acceptable [1].
The approach proved to be accessible in that each of the steps were followed successfully by each of the relevant decision-making groups (the public, the expert group, the TCCs and myself). The results were timely, and initial results (before sensitivity analyses) could be presented before the end of the meeting, which successfully ranked the interventions and which presented the results clearly. Findings could be easily understood, and the MOO and sensitivity analyses stages helped to ensure that further nuance in the results could be captured, increased the confidence in the results and allowed decision-makers to make recommendations with greater confidence. The results were therefore presented to DsPH with transparency and with an easy to follow paper trail. Making findings as clear as possible in this way is considered vital to successful implementation in policy settings [357].
It is one thing to create a model that generates potentially useful insights, but it is altogether more challenging to ensure that these are fully engaged with and, potentially, implemented. Ensuring that any barriers to implementation of this type are considered and understood is what Williams and Bryan meant by “acceptability” [1]. Hoffman [358] argued that acceptability is  even more important to whether an evaluation is implemented than accessibility and communication issues. This case study used a pragmatic approach to ensure that all stages were tailored to maximise the likelihood of successful implementation. The process was designed carefully to ensure that the views of appropriate groups of stakeholders could be incorporated throughout. Whereas in an ideal world, with unlimited access to stakeholders, criteria could have been weighted and scored collaboratively and in person, it was felt that it was more important that we had completed the model within the timeframe available on the day of the decision conference and with all parties present. As such, a compromise was necessary where the weights were generated in advance by correspondence. In contrast with the model described in Chapter 6, which to a certain extent tried to do too much (including steps on the day of the decision conference that would be carried out elsewhere in the described broader process, rather than in recurring decision conferences), the approach used in this chapter was more streamlined and better managed to ensure that the steps that were carried out over each period during the study were applicable and realistic. 
Also contrasting with the previous chapter was the potential to work directly with the TCCs, and to continue to engage with them meaningfully once the model had been completed. This may have increased the likelihood of implementation and generated further insights [359, 360]. Working directly with TCCs throughout is therefore fundamentally important, who know the realities of the prior decision-making system and can ensure that technical issues are dealt with appropriately as are institutional factors [1]. These institutional and structural factors tend to be particularly pronounced at local level [361]. Local governments must also take responsibility for their own decisions at the coal face with their own electorate (more directly than more technocratic bodies such as NICE), which may face further possible constraints on their possible actions. Again, it is possible that  policy development may not necessarily be wholly evidence-based in practice, as in the earlier described work of Lindblom [209], so understanding how to navigate such issues is vital.
The prior approach to prioritising tobacco programmes itself appears to have been both 
· accessible in the sense that its course of action appeared to be clear given that there was little need (or even scope) to discuss such factors further, and 
· acceptable in that policy decisions were clearly made on this basis.
However, the previous approach had narrowed the possibility to meaningfully consider other interventions, resulting in the continued provision of services which were known to be failing to reduce prevalence. The case can therefore be made that, counter-intuitively, the approach in this case study actually facilitated a more open deliberative process than was possible without such a model (aside from the general availability of certain evidence).
The deliberative, socio-technical approach used means that it is possible that some issues or criteria may have been implicitly addressed outside of the model, that were neither realised at the time nor at any time made explicit. The impact of such issues is evidently difficult to measure and evaluate. But we can say that the overall, broader approach appears to have impacted the subsequent prioritisation decisions of the DsPH and councils, even if not all links in the chain of processes along the way can be vetted individually. 
The chapter attempts to describe the reasoning at each step along the MCDA modelling process, and the context in which the broader decision-making processes took place and logical reasons for which these decisions were made. Nonetheless with the benefit of hindsight - and again in an ideal world - it would clearly have been better to incorporate more formal evaluative approaches at each step so that decision-makers who wished to adapt the approach to their own circumstances had a better roadmap to follow. At the same time, the approach outlined here relied on experience (and the pragmatism that comes with this) to weigh up the relevant factors. These will not always be available to other local governments attempting such approaches. It would have been a very different project if it had been approached with a tabula rasa, attempting to ignore any prior knowledge that I had on such approaches and instead monitoring how one should choose each step in isolation. In hindsight there are always things that you might approach differently, and it would have been potentially more powerful as a lesson to other research designing similar processes from scratch if such a more structured process were used. But given this was an action research project, with the potential to materially affect the health outcomes of real people, it did not seem appropriate to trade off pragmatism for the sake of having used a gold-standard approach that reduced its acceptability.
[bookmark: _Toc283984187][bookmark: _Toc304640276][bookmark: _Toc441509033][bookmark: _Toc453235477][bookmark: _Toc453595550]
[bookmark: _Toc476241647]7.5		Discussion

The choice of MCDA method for this study required compromises, based upon resource/time constraints, scientific validity and the significance and broader context of the decision problem [324, 350]. It was felt by the TCCs that the results must show legitimacy in order to be implementable, and hence a broad range of stakeholders and public viewpoints would need to be included as part of the process. This ensured a variety of perspectives, and ensured the stakeholders’ (including both ‘winners’ and ‘losers’) own buy-in to the process. The large number of stakeholders involved created challenges in terms of communicating with such a large group, which made the process more disjointed than would be ideal. The generation of criteria, weighting and scoring therefore had to be carried out separately and subsequently sewn together by the lead researcher and TCCs. It also impacted on the length of time available at the decision conference, further influencing the choice of MCDA approach used. Criteria were also by necessity defined broadly; though at the meeting the expert group (who had after all played a major role in devising them) seemed broadly in agreement as to their purpose and relative importance. There were, however, disagreements as to the specifics of implementing certain interventions. Sensitivity analyses found rankings to be robust, and this stage seems vital in such circumstances where there is the risk of confusion or disagreement.
Though the approach chosen cannot necessarily therefore be said to conform to ideal best practice, such compromises are part and parcel of real-world settings. The programme emerged from a situation where clear evidence of effectiveness was essentially impossible, and circumstances dictated that insights would have to be drawn from expert evidence. We attempted to source this in as systematic a manner as was possible in this situation. Ensuring that such context is taken into account was fundamental in ensuring the success of the project. 
The process outlined used subjective scores and weighted criteria based upon value judgments – as such it cannot offer an objective, ‘correct’ ranking of results. Nonetheless the results still make clear which interventions may be considered useful (or otherwise) in future, and they were found to be robust to changes in weights. The approach used an open, deliberative process bringing together experts and stakeholders to rank interventions, and making explicit any assumptions made. Final investment decisions were subsequently made in a political context, but TCCs believed it better informed the decision-and facilitated change, as well as providing clarity in renegotiating the services offered by providers.
Even when varying the weightings on each of the constraints, clear and incontestable patterns emerge. These results firmly show that Enforcement, Maternity SSS and most preventative measures (excluding ASSIST) appear to perform well in all circumstances according to these criteria. Depending on the constraints employed, Routine and Manual SSS, Long Term Conditions SSS and/or Smoke Free Spaces also perform well. But these results are better employed as a guide than something to be followed rigidly.
There are well-established tensions possible between evidence and policy [41] described in Chapter 4. But such concerns are likely to reflect real value judgments, which in certain circumstances (at least) need to be considered by decision-makers. The results were intended to point decision-makers in the right direction, and it is appropriate that final decisions can be adjusted to address shortcomings in the model’s assumptions, and to ensure they conform to common sense and public preferences.
Participants and DsPH seemed happy with the results, however, there were some counter-intuitive findings. Most notably, ASSIST came last on the list, despite it being one of the few available interventions for prevention of smoking supported by sufficient evidence of effectiveness that it is recommended by NICE. It was felt by the expert stakeholders to be unsuitable given the local environment (especially due to the perceived risk of schoolyard bullying). Similar conflicts may be possible in future between national and local-level decision-makers, both in terms of relevant evidence and local preferences. Though public health interventions can prove highly cost-effective [264], this is only demonstrable where there is a way to measure their effectiveness.
The results of this approach were only one stage as part of a political process, and would only inform the ultimate decisions of the respective Directors of Public Health regarding which proposals to bring to the final local governmental decision-makers. The model’s recommendations therefore had to jump another hurdle to ensure political feasibility and common sense. The DsPH could also consider whether there were synergies among interventions (and indeed if further savings were possible by collaborating with other boroughs), neither of which was considered in our process.  Taking into account such issues and any potential broader political concerns was considered too ambitious for the model in this example.
The approach was successful in terms of establishing whether an MCDA framework would be suitable for enabling prioritisation in such circumstances. This is not to say that the exact approach used here should be adopted for all local government decisions lacking definitive evidence. At practically all stages, compromises were required to incorporate the views of as many stakeholders as possible, the public and the TCCs to ensure the prioritisation progress could be progressed from its starting point. Decision-makers (and any researchers or facilitators working with them as part of the process) that encounter similar issues in future must use their own judgment to match such techniques with the local issues and context of the decision [362].
Variation in effectiveness is also possible across the country for interventions depending on a number of local factors such as demography, providers, the manner in which it is implemented and other conditions [182], which are more prominent in public health decisions than elsewhere. This project was driven by the counter-intuitive hypothesis that such an evidence-driven approach in public health had led to perverse and suboptimal outcomes in smoking prevalence. NICE may in future have to consider how best to manage such variation across the country given its supposed responsibility to reduce the impact of the postcode lottery. One potential approach is to work with local governments using formal approaches such as the one outlined in this paper in future to aid decision-making and increase comparability between or across council decisions.
The fact that the expert panel rejected ASSIST but recommended an education approach tailored to a South Yorkshire context may yet prove to be hubris, but even so such over-confidence is (at least equally) possible if the DPH had made the same decision without having used such a model. The approach outlined in this paper has the added advantages of increased transparency and the facilitation of meaningful engagement with stakeholders. 
A recent systematic review of the use of economics in health care decision-making, for example, found its use to be “‘small and patchy” [363]. As has been noted, acceptance of economic perspectives in public health has been slow, and this has been in part influenced by the complex and multi-factorial nature of public health problems, and the prevalence of a range of national, local political and contextual influences which impact on decision-making. The study carried out by NICE about supporting local government decision-making in public health [166] demonstrated the importance of developing methods perceived as useful by commissioners in ways that were transparent and easy to grasp. This is particularly important given that fewer resources are available at a local level for carrying out specific economic analyses to inform such decisions [1]. Most tools can, however, involve stakeholders and the public in the selection and valuing of criteria. Partnership working and well-developed stakeholder relationships are a key to the successful use of prioritisation techniques.
[bookmark: _Toc283984188][bookmark: _Toc304640277][bookmark: _Toc441509034][bookmark: _Toc453235478][bookmark: _Toc453595551][bookmark: _Toc476241648]7.5.1		Limitations of this study
There were a number of stages to the process, each of which helped inform decision-makers. But the approach is not without limitations, and it would be inappropriate to use the findings of the MCDA stages in isolation and without further reflection. The supplementary steps examining the results better inform decision-makers on the outcomes of the decisions in the real world and help to reduce the risk of bias, increasing the chances of achieving successful policy outcomes. The political context and oversight should help to ensure results that align with perceived common sense.
The length of time available at the decision conference was an issue, most obviously in the fact that scores for the final interventions were decided by two parallel subgroups rather than by all participants simultaneously. However, it is worth emphasising that this was only part of one stage of the overall project. Scores generated at the meeting were only intended to be the next step on a ladder towards a final decision. They serve to highlight potentially new avenues for decision-makers, but no ranking could be said to be the final word, as the model is by necessity limited and subsequent decisions could not be made in a political vacuum.
Multi-objective optimisation assumed independence of effect regardless of which other approaches were used, which seems unlikely. However, this was a conscious decision, as to attempt to model all such potential combinations was overly complicated and may have led to specious results. The opportunity costs of different strategies (such as requiring approaches from each strand, or ensuring ASSIST was provided as it was recommended in NICE guidance) could be tailored and examined with this in mind.
MCDA approaches as part of the MOO stage were also assumed to have a constant effect rate, between the minimum and maximum possible spend. While this was also naïve, again the approach was meant to offer a tool by which to examine and understand the effects of applying different strategies, rather than the final, ideal ranking of interventions. 
Issues such as synergies between interventions and how to manage the timings of disinvestment for previous interventions were also not considered in the model. These too ultimately require the judgment of DsPH (and subsequently the councillors themselves), particularly in the new, more openly political setting. The approaches outlined in this study could only inform these decisions, and the criteria used are not necessarily exhaustive. 
One unexpected limitation is that of defining who exactly can be accurately defined as the ‘decision-maker’. For the purposes of this chapter, it is assumed that the relevant arbiters were the DsPH, even though they neither participated in the MCDA model, nor can they ‘decide’ wholly independently of the local governmental councillors (who themselves are responsible to the electorate). Such a complex system of checks and balances may make value-free, wholly objective decision-making difficult to achieve, which perhaps could have been foreseen given the difficulties in policy-making highlighted in Chapter 4. Nonetheless, this process was (similarly to Chapter 6) intended to model and inform a stage of the chain of sub-decisions required in the broader decision-making process, rather than a whole start-to-finish approach. Informing the TCCs, before they made their dispositions to their DsPH (and before they made their own decisions) seems as reasonable a place as any to draw this line, especially given who I had access to. As previously argued, being realistic in what can be achieved is considered as key in operational research settings and in generating actually useful insights.
In principle, the recommendations may have been influenced by the specific MCDA model used. In practice this is difficult to test (though Chapter 2 described that there is ample research showing that decisions can be influenced by the manner in which a question is asked [76, 364]). Given that each stage of the approach was designed to carefully correspond to the nature of the problem, it is unclear what approach could be used as a comparator. It is worth reiterating however that no such approach can claim to necessarily produce a uniquely correct answer, and instead the process should be thought of as informing and facilitating subsequent decisions. Whether or not DsPH would have made different decisions had AHP, for example, been used at the decision conference is unclear. But there were good reasons why AHP was not used as previously described, and there is a reasonable chance that, had it been used in practice, no results would have been derived in a suitably timely manner.
As described in the evaluations section, the approach would be more easily replicable if it followed a standardised evaluative approach at each stage. No such approach was found to be suitable for pragmatically balancing the competing requirements of decision-makers and the MCDA methodologies and such standardisation may not be appropriate in local contexts [362]. The hope of this study is that its reasoning for decisions is reported sufficiently clearly, that researchers are enabled to adapt the approaches used to other contexts using suitable judgment and discretion.
Aside from the MCDA approach used, the broader methodology is also clouded by contextual factors. The choice of which stakeholders to invite, or how to select and weight relevant criteria, was a somewhat subjective process, influenced as it was by experience and judgment. My role as facilitator on the day of the decision conference also required a certain level of familiarity with the prioritisation problem and with the nature of the prioritisation under investigation. It is not clear if such a process would have been successful had it been carried out by an external expert brought in on the day, or if such an expert would even be available. Without such a facilitator, it is unclear how the process could have been run on the day at all. While in theory scores for interventions could also have been generated by correspondence (as with the weights), it seems likely that something of the buy-in and reflective learning process for stakeholders would be lost if it were not possible for them to all be in a room and exchange views in person. 
As previously stated, case studies are by their nature more difficult to generalise from but provide rich, contextual information [19]. The use of this approach was a conscious decision for the reasons previously outlined, but inevitably it means that the results cannot necessarily be easily unpacked and directly applied for all such projects in future. As a result, gaps remain and the findings cannot be considered universal. But given the fact that it seems to have been successful (both technically and in practice), the project does prove that such approaches can be considered suitable, which is an important finding in the context of the thesis.

[bookmark: _Toc283984189][bookmark: _Toc304640278][bookmark: _Toc441509035][bookmark: _Toc453235479][bookmark: _Toc453595552][bookmark: _Toc476241649]7.6		Conclusions

The ability of MCDA techniques to incorporate data and both qualitative and quantitative judgments in a formal manner means that they are well suited to support public health decision-making, where evidence is often only partially available and many policies are value-driven. Local decision-makers need to choose the appropriate method based on their resource/time constraints, scientific validity and the significance and broader context of the decision problem.
In this study, an MCDA approach was used to reappraise public health spending on reducing the harm caused by tobacco across the four boroughs making up South Yorkshire. To ensure legitimacy, public engagement was used throughout the early stages. Expert judgment was elicited to address known gaps in evidence, similar to the well-established role experts play in informing NICE’s public health guidance. The approach was successful at bringing together the viewpoints of a wide range of stakeholders, and at prioritising interventions based upon these. The results differed significantly from prior practice, with a number of previously offered stop smoking services performing badly (which perhaps might be related to why they had failed to reduce prevalence). The results also highlighted potentially useful new approaches, which it was hoped would provide a more holistic and successful approach when used in concert.
The open and transparent nature of the approach allowed public and expert opinion to be used at various stages of the process as required, increasing the likelihood of political acceptability.  Imposing the MCDA framework of listing relevant criteria and interventions led to a model that could be used across very different types of decision problems and served as something of a uniting mission statement for the project.  This was the vehicle by which an initial impasse over appropriate areas for outcomes of tobacco spending was transformed into tangible policy options, addressing a range of relevant issues. The results of the approach could only inform future decision-making; while they were based upon expert judgment, further judgment at the level of the DsPH has been required to ensure that suggested combinations of interventions are feasible, both politically and in terms of available infrastructure. But the process was designed with this wholly in mind and the project’s results empowered all four councils to make major changes in the services provided despite extremely challenging circumstances.
Some questions regarding the generalisability of findings remain. The approach required the experience of the TCCs to direct each stage of the process, such as identifying the list of criteria and suitable stakeholders. Stakeholders also had to be willing to take part, and in hindsight it was not necessarily a given that the DsPH would even take the findings of such an untested approach seriously. The decision conference required the skills of an experienced facilitator. If any one of these factors had not been in place, another approach may have been necessary (and may have failed). Throughout the process close collaboration was required to iron out the issues and compromises that were inevitable in developing such an approach given its exact context, and the process cannot therefore be easily copied for other future projects. Its main finding is therefore that such an approach can be considered suitable, given the right circumstances.
This chapter has provided another example of how MCDA approaches can be successfully implemented in public health settings. The next chapter draws together lessons from the previous chapters, to discuss why and how such approaches might be developed in future. 


1. [bookmark: _Toc304640279][bookmark: _Toc441581778][bookmark: _Toc453235480][bookmark: _Toc453595553][bookmark: _Toc476241650]
: 	Discussion 

The chapter describes the remaining steps in Lee’s framework to match research design to a research problem, described in section 1.3. The chapter addresses the final research question: ‘What recommendations can be drawn?’ It revisits the key research questions in turn, the contribution of prior chapters to each in the context of prior research in the area, corresponding to the research outcomes described by Lee [14]. The associated recommendations for research and policy stages are contained with section 8.2.3, as recommendations themselves constituted a research question. The conclusions and limitations of the thesis are presented, alongside recommendations for future practice and some reflection on my own role in the process.
It may be useful at this point to revisit the thesis structure and the relationship between the research questions and the chapters described in Chapter 1, shown again in Figure 8.1 below. 
[bookmark: _Toc476241461]Figure 8.1 - Overview of the thesis’ framework; showing relationship between research objectives (row 1), research questions (row 2) and research outputs (row 3) and chapters (row 4) [as with Figure 1.2]
[image: ]
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The research outputs of the thesis naturally followed the research questions, as recommended by Lee [14], and provide:
· A description of public health decision-making techniques generally;
· A systematic review of how and where MCDA approaches have been used in public health settings previously worldwide;
· A description of the decision-making processes, stages, actors and 'special factors' that are used in the CPH;
· A review of techniques, perspectives and criteria that have been used in CPH economic modelling in practice, and implications for MCDA use there;
· A description of a piloted application of the AHP technique to CPH decision-making processes, at the topic appraisal stage;
· A description of an action research project carried out using an MCDA approach to structure the prioritisation of public health decision-making (namely relating to reducing tobacco prevalence) at local government level; 
· Overall conclusions and recommendations.
A paper arising from the study to inform topic selection for future guidance in the CPH was published in Public Health in 2014 [337]. Another paper, based upon local governmental prioritisation of anti-tobacco interventions has recently been in the EURO Journal of Decision Processes [324], and will similarly be reported in an upcoming book by Springer [350].  and the results have been presented at a number of conferences. A full list is shown in the Dissemination section prior to the first chapter. 
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[bookmark: _Toc453595557][bookmark: _Toc476241654]8.2.1.1		Which relevant techniques are available and where have they been used in public health settings?
Defining “health” is no simple task. One’s perceived health is not an objective measure and health outcomes are influenced by socio-economic position and the broader societal structure [27], so it is difficult to wholly separate health issues from the political realm. Specifying the appropriate level of government involvement in such settings inevitably requires value judgments. This is especially relevant in public health where equity is a key concern, evidence is more limited than elsewhere [3] and where an intervention’s outcomes may have effects on external issues such as crime, violence, economic growth, social cohesion and well-being [36]. Prioritising – and trading off – between such issues is clearly politically complicated.
Evidence-based approaches to healthcare have become mainstream in recent years in the UK, particularly since the foundation of NICE in 1999. But applications of the methodology to public health are still evolving, given its complexity [3]. There are a range of economic approaches available (alongside other evidence-based techniques, such as operational research), with each approach having its own advantages and disadvantages, and must therefore be selected based upon the decision problem at hand. The predominant economic evaluation techniques are [82]:
· Cost-effectiveness analysis (CEA):	
· Costs compared with some single outcome measure.
· Cost-utility analysis (CUA):	
· A specific form of cost-effectiveness analysis in which outcomes are measured in terms of QALYs gained, and from which the incremental cost-effectiveness ratio can be calculated.
· Cost-benefit analysis (CBA):	
· Costs compared with outcomes that have been translated into money equivalents, and the results presented in Net Present Values (NPVs).
· Cost-consequence analysis (CCA): 	
· Costs compared with the complete list of expected outcomes, left intact in natural units and not combined into a single measure. Decision-makers are presented with predictions of the interventions’ efficacy in all relevant areas, such as that it will avoid x deaths, y hospital visits and z cases of pneumonia, costing £n.
Such techniques are a useful starting point for indicating whether or not an intervention should be made available, but they should not be used in isolation. The Accountability for Reasonableness framework  [341] specifies particular requirements for a decision process to be considered fair, for example. There may be any number of other issues (ethical and otherwise) outside of those taken into account in economic evaluations that are relevant to real-life decision-making. Those apparently used in NICE are further described in section 8.2.
As with the variety of health economic approaches, there are many sub-categories of MCDA techniques. Given the nature of a given decision problem, some advantages or disadvantages may be more important, so decision-makers need to be careful how the approach is chosen. In general, however, approaches follow 8 common steps [125] (p.31):
1. Establish the decision context.
2. Identify the options to be appraised.
3. Identify objectives and criteria.
4.  ‘Scoring’. Assess the expected performance of each option against the criteria. Then assess the value associated with the consequences of each option for each criterion.
5.  ‘Weighting’. Assign weights for each of the criterion to reflect their relative importance to the decision.
6. Combine the weights and scores for each option to derive an overall value.
7. Examine the results.
8. Sensitivity analysis.
MCDA approaches are specifically designed to structure complex decision processes and explore the possible decisions available [117], given the potentially conflicting nature of criteria [8]. It generally does not seek to find the ‘right answer’ but instead tries to combine the objective and subjective information available to aid the decision-maker, and allowing for the management of and analyses of these subjective aspects [117]. A number of possible advantages flow from this compared to less structured, intuitive reasoning (including deliberation). Decisions may be more consistent and less prone to accidental irrationality, given the decision’s complexity. The processes used are more transparent and accountable to the wider public, and potentially therefore more fair [341]. The weights used, alongside other subjective factors, can be investigated for robustness, to ensure that assumptions used are justifiable, and potentially making the decision process easier by avoiding unnecessary arguments. As seen in chapter 6 and 7, MCDA can also be used to generate more compelling evidence than would otherwise be available.
This being said, MCDA does have disadvantages compared to current processes. As the UNFCC report [365] argued, in many situations other economic evaluation techniques will be better suited to structure the decision. The Kennedy Review [366] (p.29) warned that “such a system, so far from preventing challenges, would in fact promote them, as arguments over weighting and scoring went back and forth.” While sensitivity analysis should in theory remove such issues, the process used in NICE would need to be carefully designed to reduce this risk. On the other hand, Dodgson et al argue that:
“The subjectivity that pervades this can be a matter of concern. Its foundation, in principle, is the decision-makers’ own choices of objectives, criteria, weights and assessments of achieving the objectives, although ‘objective’ data such as observed prices can also be included. [MCDA], however, can bring a degree of structure, analysis and openness to classes of decision that lie beyond the practical reach of CBA” [125] (p.20).
A key requirement of MCDA techniques is that the final model chosen be requisite - that is sufficient to represent the mental models, beliefs about uncertainty and preferences of the participants, and where additional model refinements do not generate new insights in the problem [121].  This principle of parsimony can be further extended insofar as that it is a relatively resource intensive process, it should not be used where it is clear that a simpler method would suffice. And even if current processes are not perfect, they are widely accepted – and are perceived to work – so there is an inherent risk in undermining such a process. Despite these limitations, it is well established that the use of a structured approach can help to inform decision-making in such complex settings [76, 77, 315].
Because MCDA techniques are intended to aid the decision-maker in exploring possible choices – rather than replace the decision-makers’ responsibility – they can be thought of as one stage in a broader decision-making process. In order to be successfully employed, not only does the MCDA method chosen need to be matched with the decision context, but the approach should sit comfortably within this process, rather than being unnecessarily imposed into place.
A narrative systematic review of papers describing the use of MCDA in public health settings was presented in Chapter 3. It found that MCDA approaches used in public health settings were generally reported as ad hoc, once-off case studies. A wide variety of MCDA techniques had been used, and these had been applied to a wide range of public health settings. Because each study was unique, direct comparison and meta-analyses of results was not possible. This also implied that care was required in matching an MCDA technique to a particular decision problem on a careful case-by-case basis. It is in hindsight not surprising that context takes on such importance, given how crucial context is in the evaluation of public health interventions more broadly [182] and in the fundamental importance of understanding fully the decision context prior to applying MCDA techniques [125].
In the update to the review, topics covered between 2011 and 2014 included:
· 
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· Cardiovascular disease;
· Cervical cancer screening;
· Chagas disease;
· Choosing guidance topics;
· City design/walkability;
· Colorectal cancer screening;
· Comparison of national preferences;
· Contraceptive method;
· Diagnostic imaging;
· HIV/AIDS;
· Inclusion in universal health care basket;
· Lyme disease;
· Malaria;
· Measurement of decision quality;
· Physiotherapy;
· Spatial modelling;
· Systems Change techniques;
· Vector borne disease.
A number of value measurement approaches were used over the same period: the Linear Additive approach, the Analytic Hierarchy Process, Discrete Choice Experiments, SMART and EVIDEM. Two outranking approaches were used: PROMETHEE and TODIM. Goal programming techniques were not used. PBMA, a much softer approach, was the predominant such method (even if technically outside of scope for this thesis) until 2010, but the use of more formal MCDA techniques has grown quickly since this time. 
The approaches were predominantly used to prioritise between alternative course of action. Others related to describing the potential role of MCDA in public health decision-making more generally or to highlight the risk of certain diseases using the geographical information systems technique.
Studies generally reported the use of MCDA in very positive terms, though this may of course be subject to publication bias. The case study nature of approaches offered no evidence of MCDA techniques being embedded into decision-making processes of larger public health bodies, in health economic settings, or being used recurrently. It may be that large, complex public bodies are not the places to test ambitious new approaches, and that this may have to follow in the future (though bodies outside public health have used similar approaches in the past [4]). It may also be that the replacement of HTA processes with a wholly new MCDA-derived process may be too grand a project to undertake at this time. At a smaller scale, however, MCDA processes have been shown to consistently work as part of the public health decision-making process. 
Mitton and Donaldson [139] (p.345) state that “the first step in overcoming barriers to change is identifying what those barriers are”, and the use of MCDA techniques appears to help in focussing the minds of those taking part by explicitly engaging with the conflicting demands of public health settings. They can be used in a wide variety of contexts, but the successful approaches reported have been relatively modest in scale, carefully matched to the nature of the chosen sub-processes at hand. My intention with this thesis was always to bear towards pragmatism, and based upon the review I decided to focus on MCDA approaches of the scale that were relevant and likely to actually make a difference in public health decision-making in England, rather than attempting to solve the far more ambitious conundrums, such as how to somehow replace the HTA process as it stands with an MCDA derived approach. In any case, for reasons below, such an approach might be neither desirable nor achievable in any case.
[bookmark: _Toc441581784]
[bookmark: _Toc453235485][bookmark: _Toc453595558][bookmark: _Toc476241655]8.2.1.2		How are decisions made in the CPH, according to its reference case and in practice?
From start to finish, NICE rely on six broad stages in developing guidance in public health, alongside a number of sub-processes carried out in sequence or in parallel, listed in Figure 4.1. These stages relate to:
1. 
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2. Topic selection
3. Laying study foundations
4. Gathering evidence
5. Developing/writing guidance
6. Publication and dissemination
7. Implementation and eventual updating
Within public health, decisions are made by a PHAC committee, overseen by NICE staff [225]. The committee is made up of experts from a range of settings, alongside lay representatives. Citizens councils are occasionally convened in NICE to ensure that priorities and assumptions reflect public preferences [245]. Some other issues that are inherently subjective use more sophisticated quantitative approaches to elicit public preferences, such as the MVH study to estimate quality of life preferences using EQ-5D [189].

Evidence reviews, such as results from literature reviews and economic modelling, are presented to the PHAC and gaps in evidence are addressed with economic modelling, expert testimony, grey and unpublished literature, and the PHAC’s collective judgment. Judgment is also required relating to the strength of evidence available and how appropriate it is to extrapolate guidance based upon it. Other factors too are also taken into account, all implicitly weighed up and decided upon in this deliberative process over a series of meetings.
Because of the importance of context in public health settings, judgment may also be required as to the relevance of given evidence and social value judgments are also required in doing so. Given the range of aims that need to be taken into account in public health - which are not confined to cost-effectiveness concerns (nor even to decisions’ knock-on effects on equity), it cannot necessarily be said to simply be the maximisation of health.
Decisions throughout are expected to use the assumptions described in the reference case [225]. This is a framework describing the key norms to be used in modelling, deliberations and other processes. These include which economic evaluation techniques are permitted, the range of perspectives used, the discount rate to be incorporated and so on. These norms have gradually changed since the Centre for Public Health’s foundation and - as seen in chapter 5 - they are not rigidly stuck to in any case. This makes comparisons between directorates (and even within a directorate) over time more complicated than one might expect. There seems to be little reason to believe it will not continue to evolve in future. 
Upon its foundation, the CPH approaches mirrored the standard NICE reference case, but this has gradually been tailored to better suit the range of challenges posed in public health. This was described in Table 4.1.  Economic evaluation techniques are no longer confined to CUA, and the previous requirement of a public sector perspective on costs and benefits has now loosened to allow NHS and PSS, societal and ‘other’ perspectives (such as employer or local government), depending on the nature of the guidance (though many of these had in practice been used for some years anyway). This leads to questions as to why the same threshold should necessarily apply in all cases – given that outcomes may no longer be confined to health settings, and different bodies will have very different budgets available. Other challenges in such settings previously discussed, and outside of the role of cost-effectiveness included:
· Problems of consistency, transparency and accountability given the complexity of such decision-making processes and the use of multiple criteria;
· Definitions of health and applicability of evidence based medicine approaches in public health settings;
· How to find an appropriate balance between democratic processes and scientific methods; and
· How to incorporate inconclusive evidence and value judgments.
All such issues (and any others specific to the topic at hand) should be considered as part of deliberations – though how or where this happens on any given occasion is not published and is therefore not open to scrutiny, whether in individual cases or in aggregate. This lack of transparency is clearly not ideal and the complexity of decision-making in these settings is also potentially a major issue, given the failure to use structured models to weigh up such issues. In theory, MCDA approaches might be able to play a role in at least partially ameliorating each of them.
It is widely considered that cost-effectiveness is the primary consideration in NICE committees [4, 224]. Where the ICER is low enough (i.e. below £20,000), interventions should be recommended more or less automatically, regardless of other issues. Above this figure, committees should also take into account other factors (especially once a £30,000 ceiling has been breached), namely:
· the degree of certainty around the ICER [4, 224]; 
· the presence of strong reasons suggesting that the change in quality of life has not been adequately captured [4, 224]; and 
· innovation [4, 224, 237].
The ICER itself is of course made up of the comparative changes in a number of criteria, namely: 
1. Cost 
2. Life expectancy
3. Health related quality of life, which is itself made up of:
· Mobility; 
· Self-care; 
· Usual activities; 
· Anxiety/Depression;
· Pain/Discomfort [367]. 
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Since the 2012 guidance, NICE has advocated the use of the Grading of Recommendations Assessment, Development and Evaluation (GRADE) system for committees to indicate the strength of studies across five criteria [10, 368]:


· risk of bias within studies; 
· directness of evidence; 
· consistency of evidence;
· precision of the estimated effects (relative to decision-making); 
· publication bias.

Broken down this so far relates to 15 separate criteria, without even reaching the elephant in the room from a public health background, “the need to distribute health resources in the fairest way within society as a whole” [63]. NICE neither defines, limits nor prioritises the varying potential classifications of equity as part of such decisions, but the impact upon inequity is a recurring theme in what is considered important in its decision-making processes [4, 10, 166]. Some potentially specifically equity based factors that they have reported as worthy of extra consideration include: 
· 
· Children [237]; 
· Ethical issues/social value judgments [238-240]; 
· Equality and diversity legislation [238-240];
· Disadvantaged population [237];
· Special consideration of social stigma [63];
· Special consideration of disability [63]
Within criteria such as these, being labelled so broadly, it is possible that further sub-populations may also exist. There are also further non-equity related issues described by NICE as relevant:
· 
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· Applicability [224]
· Burden of disease [166]
· Policy importance [166]
· Inappropriate national variation [166]
· Timeliness/urgency [166]
· Clear evidence of differences in effectiveness between population groups [63]
· Need (in general terms) [120]
· Efficacy and safety [120, 166]
· Autonomy [120]
· Consistency with prior decisions [120]
· Severity of underlying illness [166, 237]
· End of life [237]
· Stakeholder persuasion  [237]
· Balance of harms/benefits [238-240]
· Ease of implementation/feasibility [238-240]
· Affordability/budget impact [166]
· Population eligible [166]
· Cost saving - Before 5 years [166]
· Cost saving - After 5 years [166]
· Non-health effect [166]


It is worth reiterating that this is not a complete list of factors that should be considered in the formulation of NICE guidance, but only those I came across as part of the compilation of Chapter 4, which did not use a systematic approach. While it is possible that some criteria listed could be further amalgamated, there clearly exist a large number of criteria that are expected to be used – and this assumedly excludes further criteria that should be taken into account on a case-by-case basis. All in all, this implies a particularly complex decision-making process, all carried out without a formal model after that of the economic modelling stage. 
The deliberative process is not without nuance, and many such issues could in theory be broached over the course of a large number of meetings. But there are well-documented problems with using an unstructured approach to decision-making as decisions become more complex [55, 76, 315]. It seems wilfully naïve (or worse) to avoid using approaches, including MCDA, that might be able to better structure this decision process.
Aside from the fact that MCDA techniques could be used to guide the decision process, it is impossible to tell which factors have actually been explicitly taken into account as part of this and therefore difficult to tell how such factors have impacted decisions in the past.
If the ICER is not the sole criterion of concern already taken into account, then it is not necessarily accurate to regard NICE as an organisation devoted solely to the maximisation of population-level health. As a result, some other unarticulated and implicit objective function must be being used. MCDA could in principle be used to derive this more explicitly, though doing so is well beyond the scope of this thesis; it was, I hope, a much more fruitful use of my time to investigate how MCDA could be used as links in the decision-making chain rather than attempting to build a whole new one. Given that NICE’s original mission was instead  to “remove unfairness in the availability of technologies in different localities to minimise the possibility of further examples of unfairness and inequity being introduced” [262] (quoted in [46] (p.11)), it may not be surprisingly that health maximisation is not its sole aim. Conflicting aims may lead to a range of challenges and inevitable “muddling through” [209]. But there are certainly feasible steps that could be taken to make this path less opaque and, well, muddy. One such potential approach applied to NICE was described in Chapter 6. 
Given that such judgments are not necessarily maximising health, a reasonable question is can we describe, even in general terms, what it is that NICE are trying to achieve? Perhaps they are attempting to reflect the views of the general public, as the accountability for reasonableness approach recommends [62]. And indeed, the MVH study [189] collated the public’s views on quality of life. But not all such stages are subject to such rigour; NICE’s judgments do not, for example, take into account whether a patient is somehow less deserving of treatment because their condition could be considered self-inflicted [63] but whether or not the general public actually would agree with this principle is not clear and does not appear to have been tested. The fair innings argument [369] may also fit into this paradigm, with the elderly effectively considered less deserving than younger members of the population. Such assumptions (and many of the assumptions used in the reference case) are not necessarily empirically tested. The realpolitik of the foundation of the Cancer Drugs Fund potentially points to the fact that certain groups of patients are more popular or deserving according to the public [370]. Whether or not potentially populist preferences should govern medical treatment is a separate and important question. But it may be that compromises are required to find a workable combination of scientific evidence and the political realities of ‘common sense’ [214]. 
Despite the apparent limitations of the reference case, there is in practice some flexibility around its use and deviations from it appear to be surprisingly common, as shown in Chapter 5. Such economic models are used only when evidence is neither overwhelmingly clear nor wholly absent. While the models are simplifications of reality, they can provide useful insights. Nonetheless, they are not wholly objective, in that human judgments are required to justify the assumptions underpinning them. There are also a series of judgments to be made regarding what is relevant in cost-effectiveness modelling, though broadly speaking the NICE protocol is to include all relevant factors [237]. Ultimately, any such economic approach involves weighing up the cost and benefits likely to arise if the intervention is provided, compared against the status quo. 
Costs do not solely relate to the cost of the drug/intervention itself - but also staff time, rental costs, treatment for side effects, and so on. Public health modelling can also lead to the inclusion of what would otherwise be considered unorthodox consequences, such as decreased tax revenue. The impact upon individuals volunteering to give up their time may be highlighted (PH9 [221]), though this cannot be fully incorporated into CUA as costs to private individuals have in practice been considered outside the scope of NICE’s reference case.
The primary criterion for measuring health benefits remains the QALY, the cumulative combination of number of years remaining and quality of life over this time. The QALY impact of seemingly non-health outcomes can be taken into account where such a study has been carried out, such as the reduction in an individual’s QALYs associated [371] with a robbery in PH4 [231]. But for many cases such studies do not exist and hence - even if we know that the impact on the victim is almost certainly negative – without an estimation of the magnitude of this impact, such factors are excluded from the model (rather than risking inadvertently double counting them). The exclusion of relevant information on the likely direction of impact in this way may well increase the apparent ICER of the intervention. 
“Other factors” from outside health are regularly incorporated into the economic modelling process – and hence the broader decision process too. From the 54 guidance topics reviews in Chapter 5, non-health benefits were considered in a large number of these, including:
· 
· Productivity (12 times); 
· Criminal justice costs (10); 
· Emotional wellbeing (5);
· Educational attainment (4); and 
· Other knock-on government savings (twice)

Equity cannot be considered at this stage during the modelling process (though some qualitative commentary about it is allowed), which seems a pity given that it is the one stage of the decision processes which explicitly considers and publishes such ‘other factors’. Again, without an obvious metric by which to measure the magnitude of equity issues, it may be difficult to incorporate it into modelling for the same reasons as previously described. It may however be possible to use this information in some form (even in terms of a simple likely positive or negative impact) using a performance matrix-style CCA, say, rather than CUA or CBA.
A variety of perspectives was used in the modelling stage, despite the fact that ‘public sector’ perspective has until recently been the sole perspective recommended in the reference case. This approach was only used in 26% of total valuations. Others include: NHS and PSS (48%); societal (19%); employer (7%); and, since the 2014 methods manual, local government (though no models used this perspective over the time covered in Chapter 5). Since 2014 too, approaches should be matched with perspective, e.g. if the costs involved largely relate to NHS then an NHS & PSS perspective is an understandable simplifying assumption. But grey areas remain, and there are examples of public sector approaches being used that only take into account healthcare costs anyway. Other studies never explicitly state which perspective has been used at all.
It is also worth noting that there is not a one-to-one relationship between economic modelling and guidance topics. More than one model is regularly used for each piece of guidance – 58 evaluations were carried out across 41 topics (that contained guidance). 13 further topics did use not economic modelling at all. This meant that about three quarters of the topics used economic modelling in their decision-making, and just under three quarters of these used CUA alone. Of the remainder, nearly all used CUA alongside other approaches. One topic used CBA alone (built upon a series of CEAs), and another used an approach which could be described equally as a CUA or a CBA. While some so-called cost-consequence analyses were nothing more than a block of text listing factors that were not included in the analyses, reminiscent of a limitations section, decision-makers do seem to be fully able to consider multiple models simultaneously.  It may therefore be possible to use MCDA approaches alongside CUA (or other) approaches in future, if so desired.
As implied by the fact that it is not necessarily clear in all cases which approach has even been used, there is a surprising ambiguity between approaches, particularly where the approach could be found to be cost-saving. 
· CBA can also be linked closely to CEA – and therefore CUA. PH51 used a CBA approach which itself was premised upon the cost per negative outcome avoided on a range of criteria; and hence compared to the total cost of the intervention. Taking it all together, the intervention was therefore found to be cost saving – which will clearly be below any CUA threshold. So CEA results fitted into CBA framework can prove cost-effectiveness even from a CUA perspective. A similar approach was used in PH50. It is not clear however how this would work if an intervention was not found to be cost saving - some threshold would need to be employed and it is not clear how this could be derived.
· It is conceivable that CCA-derived what-if type analyses could be used where data is limited regarding the magnitude of an effect but where the direction of the effect is relatively clear. This is potentially equivalent to the CBA approach in PH51. This ambiguity is potentially reassuring, in terms of ensuring the consistency of decisions given the variety of approaches being used. But decision-makers will still require careful planning and oversight in doing this. 
·  “Net financial benefit” appears for all intents and purposes to be identical to CBA.
There are clearly inconsistencies and differing assumptions used throughout the NICE decision-making process. This is understandable, given the challenges NICE faces in combining evidence with policy. This is particularly true in public health, where few organisations had attempted applying such approaches before. But these inconsistencies are potentially important to subsequent decisions and should perhaps be reconsidered. 
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Because of the seeming importance of context in the successful implementation of MCDA approaches in public health, case study approaches were used to test possible approaches to their implementation in English decision-making settings in Chapters 6 and 7. Case studies can generate insights not possible through more abstract thought experiments [19] and are valuable where broad, complex questions have to be addressed in complex circumstances [20]. Because they are case studies, they add to the literature, but cannot draw firm, universal conclusions as to the practicality of MCDA approaches in all settings, or so-called “good theory” [22]. 
Chapters 6 and 7 together formed the intervention development and implementation stage according to Lee’s framework [14]. Given the knowledge built up over the prior chapters, they related to whether MCDA approaches could be designed and implemented at actual decision-maker level. Both studies were built around a decision conference approach. 
The piloted decision conference used in Chapter 6 was the only stage of a proposed decision process that was actually tested, and the other stages – such as the choice of initial shortlist to be considered, the production of scoping papers and the subsequent deliberation phase – were described hypothetically. It was based upon the decisions of a select group of (would-be) decision-makers, who would in the proposed approach be ultimately responsible for this process. The decision conference allowed for participants to identify relevant criteria, weight these and score the alternative possible topics at the same meeting (although some of the final scoring of alternatives had to be carried out by correspondence due to time pressures) a range of alternative stakeholders at various stages. An AHP approach was used to make use of numbers more palatable to a group where some members would not necessarily use them regularly.
The topics under consideration were based upon those that were due to come before the CPH’s topic appraisal committee in the near future, and were therefore beyond the control of the committee as would likely be the case in real life. Unfortunately, the scoping papers – which specify more clearly how the interventions would work in practice - were not available, but the decision was made to use this set of topics rather than basing the pilot upon previously prioritised interventions, which might have introduced bias of its own. The proposed deliberation stage was not to be included at this point as the intention was to investigate if the decision conference element of the decision process could work, but this was in hindsight an oversight. It would have allowed a clearer indication of whether the approach could work as an overall process, and better clarified to potential real-life decision-makers that deliberation really can still have a place when MCDA is used.
It did fulfil its primary aim of indicating that such an approach could be feasible and useful in such settings and allowed for greater experience and nuance than would likely otherwise have been possible and highlighted potential pitfalls with using such an approach [344]. In this case, it included trying to cram too much into a single morning’s conference and in terms of ensuring that all necessary decision phases are tested as far as reasonably possible, such as failing to incorporate a deliberation phase to the pilot. 
I learned from this process for the project described in Chapter 7 which, while it had its own challenges, took a slower-paced view that allowed the decision to be built up based upon all relevant phases of the MCDA process and beyond. The decision conference was therefore only one stage of a broader decision-making programme. The three broader phases used were:
· Setting the scene/problem structuring.
· Conducting the MCDA scoring technique.
· Utilising these scores to influence decision-making at local government level. 
This broader structure was also necessary, for three main reasons: to ensure that all bases were covered, given that this project would actually be implemented rather than a piloted experiment; because of the sheer number of participants that it was felt necessary to include (and the logistical unlikelihood getting the entire expert stakeholder group together for any longer than half a day); and because the final decision did not rest with the stakeholder group but with each borough’s Director of Public Health, who would have to take additional criteria into account regardless.
At various stages the public, an expert group of stakeholders, the tobacco control commissioners and the lead researcher were involved in the process in order to construct meaningful rankings of a broad range of 15 potential interventions. There were potentially many more possible interventions (or levels of investment in these interventions) but not all could be included in the decision conference or other stages. Ultimately the decision was not to be made by the rankings, but to show to the DsPH the general areas that were likely to work (who could then prioritise as they saw fit). 
The project design allowed for different groups to feed into appropriate stages of the problem structuring process. Hence the initial criteria were chosen by public, while weighting was carried out by correspondence with stakeholders. Unlike Chapter 6, only the scoring stage was actually carried out at the decision conference, which involved a wide range of expert stakeholders. A swing weighted linear additive approach was used at the decision conference phase in order to streamline the process, given the large number of stakeholders involved. Care was taken to ensure all stakeholders would have the opportunity to present their views, that consensus-based scores could be arrived at and that sensitivity analyses could be used to investigate where such consensus was more difficult to achieve. 
This chapter therefore described a much more thorough approach than Chapter 6, and its increased engagement with stakeholders and with the practical problems of it conceivably led to its increased success in terms of impact and implementation. Whereas a pilot allows for increased understanding of the nuances of a problem compared to a thought experiment  [19], such an action research project (and the compromises that comes with this) may lead to even further understanding, as some parts may remain untested with a pilot. Nonetheless, the fact that there is no wholly objective or obvious comparator in either case study makes definitive evaluation difficult. 
In Chapter 6, no attempt was made to include a comparator, as the aim of the project was to test if such an approach was feasible at all. On the one side, the resources required to implement this approach to topic appraisal appear to be comparable to the status quo, with a number of possible benefits arising from its use. However, the results from the actual TAWs seemed to differ from the results of the AHP exercise. These were carried out in bigger batches and not necessarily at the same time, so they are not directly comparable. Differences could also be due to the incorporation of other relevant factors or be down to poor decision-making at the pilot or the TAW itself; it is impossible to tell because of opaqueness of the current deliberation process. However, in hindsight there were aspects of the study that I would design differently were I to revisit it: no debriefing session was possible on the day due to running over and no mock deliberation process was carried out to investigate decisions on a more like-for-like basis with the proposed approach. It may have proven possible to draw more firm conclusions had this not been the case.
This thesis has used the concepts of accessibility and acceptability [1] to describe a project’s success. 
· Accessibility relates to the availability of relevant findings in a timely manner, the clarity of its presentation and the extent to which it can be understood.
· Acceptability, in this context, means that all barriers that arise after the model’s findings have been accessed and understood.
The approach used in Chapter 6 showed that such a technique was technically feasible to those taking part, and therefore accessible. Whether or not it can be considered acceptable is less clear, due to the fact that it was a pilot and therefore had no direct route to implementation. Nonetheless the fact that such an approach has not been incorporated since highlights the fact that perhaps more could have been done on my own part to smooth the process of change. 
Attempting to evaluate some of the lessons from Chapter 7 is also complex, especially given every step along the process was chosen based upon the particular project’s exact context. This, as previously stated, seems to be characteristic of trying to implement MCDA in public health. The tobacco services had been stuck in the paradoxical situation of focussing on an evidence-based approach which was not working, but which – due to lack of available evidence elsewhere – they could not leave. The likely future was more of the same, or worse – prior to the commencement of the project, there was genuine concern amongst the TCCs that the anti-tobacco budget could be repurposed to an area with better success at hitting its targets. This approach did not just prove that such an approach was feasible, but the services offered have changed radically from prior practice. Tobacco prevalence has reduced noticeably in the time since – but this is more difficult to directly attribute, especially given the growing market for e-cigarettes in the time since the approach took place. Due to the incremental design used, it was possible to tailor the approach more carefully to the problem’s context. This allowed technical and institutional factors to be addressed more practically, helping to ensure its implementation. In this sense it proved to be both accessible and acceptable to decision-makers [1]. Clearly however there could have been some merit in further evaluating the approach more formally, such as identifying and shadowing (without intervening) some control borough that was facing similar issues at the same time.
With careful design, this approach went from having no evidence to having a list of rankings using the preferences of the public and of stakeholders and the expectations of the effectiveness of such approaches. It is worth reiterating that it carefully avoided the conflating of benefits and costs – costs are simply ignored in the rankings, and weighing up such issues in choosing the optimal portfolio of such investments was left to the relevant DPH. This was possible given the structure of the decision-making process in this setting. It would not have been advisable to choose the individual approaches that caused the most benefit until the money ran out without considering their cost - instead cost-effectiveness (considering the benefits preferred by the decision-makers) should still be the ultimate metric as it remained in the STAR study [326]. The costs associated with the programmes were therefore ultimately to be considered by the DPH.
Going into the intervention development and implementation stage, the problem specification state made clear that context was vital and that decision-making processes should be designed carefully to sit into the relevant paradigm. Issues such as which MCDA approach to use and which stakeholders to include flow from this. From these case studies it appears that it is also worth reflecting on the full list of 8 stages of any MCDA approach described earlier in Section 8.2.1.1. These stages can if necessary be carried out by different actors to ensure that as broad a range of stakeholders as necessary can contribute, where this is considered important to get a project over the line. The entire list of stages should be actively considered in the design of such a decision-making process, and perhaps beyond this list – such as explicitly considering their implementation and evaluation. Before attempting to implement them myself, I frankly had the naïve assumption that the decision conference/model building stage alone was ‘the hard part’.
Broader MCDA approaches need not fall into the trap of being overly prescriptive and can be used to improve current processes rather than replace them. While the decision conference part was fundamental to both approaches outlined, in neither case was it intended that it should or could replace the deliberative stage before final decision-making takes place.
[bookmark: _Toc441581789]MCDA approaches can be used to harness the expertise of stakeholders in a collaborative way, helping to take potential distrust out of decision-making and generating what can on some level be thought of as quantifiable evidence that would not have existed prior to the commencement of the process. While expert evidence of this type is always at risk of subjectivity, the quantification of these assumptions allows them to tested for robustness with sensitivity analyses, which may not be possible with the implicit incorporation of expert evidence into deliberations currently.
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Given the conclusions of the prior research questions, it appears that formal MCDA techniques could be suitable for implementation at decision-maker level in public health in England, seemingly within both within NICE and local government. There are obviously advantages and disadvantages to doing so, although the experiences reported in this thesis are largely positive. The literature review showed no prior evidence of such approaches being tested in NICE and the only related approach found in local government related to the STAR study in Isle of Wight and Sheffield [68, 326, 372].
As an approach derived from operational research, it is important to reiterate that a technically perfect approach that is not implemented is not necessarily a successful one (echoing the accessibility/accessibility split). It is wise to ensure the method by which techniques can be implemented is mapped out explicitly – and it may be wise to ensure that they can be easily slotted into the broader decision-making paradigm. As part of this, understanding local context is absolutely vital. 
One change that occurred over the course of this thesis is that more and more explicit MCDA techniques have been described and advocated in the public health literature, seemingly at the expense of more deliberative processes such as PBMA. If this trend continues, MCDA techniques will continue to grow and may start to feed into decision-making processes at the decision-maker level.
Another change appears to be a move away from the conflation of costs and benefits. Baltussen and Niessen’s paper from 2006 [6], as a prominent example, nonetheless included cost-effectiveness as a criterion (like any other). This is hard to justify in hindsight, and Baltussen himself has repudiated this position [185], as have other authors [156]. In the later chapters, we therefore were careful to avoid explicit weighing up of costs and benefits using an MCDA approach; chapter 6 avoids health economic questions and Chapter 7 ranks the interventions only in terms of perceived benefit, with questions of weighing up the respective costs and benefits being left to the judgments of DsPH and councillors. 
The thesis has a number of specific recommendations for future research and for policy arising from these results.
[bookmark: _Toc441581790]
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There are a number of potentially important issues arising from this research project that were out of scope for the thesis but which appear worth investigating in future.
At present, decision analysts advising on a health project must use experience and intuition to select a suitable MCDA approach. It is clear that some decision analysts (indeed, certain research teams and geographical regions) appear to have preferences for using given techniques. There is no clear framework in place to match an appropriate technique with a given problem, and different approaches may lead to different decisions. Devising a reliable and easy to use framework to clarify where certain approaches would be most suited would be an important step forward if it were possible. 
This thesis provides only two examples of novel applications of MCDA techniques in UK settings. Further examples will continue to be required to better evaluate what works in more general terms. There are inevitably improvements possible in retrospect on the studies reported, and it would be prudent for future researchers to consider the study design thoroughly prior to the implementation of the technique, to more systematically test strengths and weaknesses, and ensure that the technique’s effects can be formally evaluated.
While public health settings can vary considerably from one decision to the next, it may be worthwhile to investigate if certain areas are better suited to MCDA than others. How to do so however is not immediately obvious, other than building upon previous successes and allowing similar approaches to be implemented in similar contexts. It may therefore be worthwhile for experts to ‘get out there’ and work with real world decision problems to expand the horizons upon which MCDA has been shown to work in further case studies. This will generate learning [19] and create exemplar studies [21], ultimately generating new theories [22]. At present, “applications of MCDA require as much art to be exercised as science” [125] (p.109), and further case studies are a prerequisite to being able to better articulate and predict what makes one project ‘work’ better than another. 
The reference case within the CPH has changed gradually since its foundation (described in Chapter 4), and the 2014 methods manual  [225] gave an increased role to alternative economic evaluation techniques in place of cost-utility analysis. Cost-consequence analysis, for example, allows the expected effects of an intervention to be listed under a number of headings in natural units, rather than translated into the single metric of QALYs gained or lost. These headings may be considered analogous to criteria in certain circumstances, and it would be interesting to apply an MCDA methodology to such an approach. Even without weighting, some alternatives may dominate others (or do so well on criteria considered more important that they are for all intents and purposes dominant). It may be worthwhile to take them further and use actual weighting techniques, initially at a pilot level. This potential approach was developed further in Chapter 5. 
This thesis has identified a large number of ‘other factors’ taken into consideration in some form by NICE committees as part of their decision-making process. These could serve as the basis for a ‘quick and dirty’ checklist that such committees could use to record which factors had been taken into account for each piece of guidance. This checklist could be updated going forward to ensure that all relevant criteria are included (as previously stated I did not attempt to be systematic in ensuring that all possible criteria were listed). Over time, the use of such a list could allow decisions to be analysed using an approach similar to Schmitz et al. [323] to test the impact of such factors. This could give insights into NICE decisions regarding issues such as equity-efficiency trade-offs. Such an approach would go some way to allay potential criticisms over a lack of transparency and potentially better ensure consistent decisions are taken, including identifying where breaching the threshold is deemed appropriate.
Equity factors should perhaps also be considered more explicitly in the economic modelling stage, the one stage of the decision-making process which is wholly quantitative. As Sheill argued, those issues that are not incorporated into the model may be ignored as a result [317]. An explicit ‘equity weighting’ may not be required and analyses could take the form of what-if analyses, or be informed by insights of the above checklist analysis. The approach could as a result better highlight the importance of equity in subsequent deliberations than the status quo.
If it is felt that more direct approaches are required, including explicitly weighting the equity impacts of guidance, other approaches may be possible. Stakeholders may be uncomfortable trading off cost-effectiveness vs. equity directly, effectively ruling out value measurement approaches, which are the most common such approaches in health [128]. So it may be better to consider using approaches that satisfice - i.e. recommend alternatives ‘good enough’, especially in key criteria. The most obvious key criterion would likely remain the ICER, the starting point for current deliberations - it is difficult to imagine situations where an extremely cost-ineffective intervention should be adopted regardless of its performance on other criteria. Outranking approaches therefore appear to strongly merit further investigations in this regard, which could still be followed by deliberation. On the other hand, goal programming methods – while also satisficing – may be too “hard” in an OR sense, potentially undermining further deliberation, by blinding non-experts with scientific-looking answers which would be harder to disentangle and understand than other, more accessible approaches.
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The case studies facilitated the bringing together of expert knowledge in a formal, quantifiable manner which can provide more accurate descriptions of reality where limited hard data was available. NICE already utilise expert testimony where such evidence is not accessible, but the use of MCDA may offer another possible way to structure and quantify the evidence generated. While the rankings derived in such circumstances are based upon assumptions (and potentially values) rather than objective facts, these assumptions, including the weightings assigned to criteria and scores assigned to the alternatives, can ultimately be tested explicitly. 
Such accountability is not as easily accessible with more qualitative or deliberative approaches, which weight and score such approaches implicitly and in camera. As described in Chapter 5, it may even be possible to use an approach that combines the advantages of a CCA with decision analytic techniques in order to draw conclusions as to where the expert consensus is that an intervention is effective, but where no studies are available to estimate this magnitude. 
Allowing openness will better ensure accountability and potentially fairer decisions [62]. There is a strong case to – at the very least – start trialling MCDA approaches for decision problems were no such conflict is possible, such as the example of topic appraisal, which contained very limited, if any, health economic component. From there, techniques can start to be embedded into appropriate NICE and local government decision-making processes. As further research becomes available for how best to manage issues regarding trade-offs between equity and efficiency – and decision-makers gain trust in and experience with MCDA approaches – further expansion of MCDA techniques may be possible in future, if so desired.
Local governments are likely to have less resources available for detailed analysis, but possess increased knowledge of the local ‘lay of the land’ such as needs and local institutional strengths and weaknesses. NICE may also be able to use its influence to encourage local authorities to use simple, standardised MCDA-derived approaches to probe the possible effects of their decisions. These could be used to better structure local governmental decisions using a standardised framework. Such a framework - using the same generic set of criteria tailored (for example) to each set of guidance - could provide accountability to ensure local governments consider appropriate and consistent factors in their own deliberations, or whether their own special circumstances really do merit taking actions that do not correspond to national guidance. MCDA approaches are very robust [146], so it may become clear quickly if such deviations are unwarranted. This process would need to be supported to ensure the appropriate implementation of such a technique, at least for a time, though NICE have begun engaging with local governments in a number of ways [241-243]. 
In both local government and in NICE, MCDA may allow for increased communication of the justification of decisions to the public. This is good for many reasons, including in and of itself. It may also better highlight the opportunity cost of choosing interventions for the sake of societal equity and other factors. 
This could be done retrospectively if the CPH were to begin articulating which equity aspects have been taken into account in guidance topics from now on. It could also be done prospectively (even without weights) by identifying what weight would need to be placed on equity to justify choosing a particular course of action and considering whether this was justifiable. Both approaches may seem radical, but such decisions are already made - though in secret and without any such model to guide it. The use of such approaches may therefore allow for more accountable and consistent decisions in future.
The incorporation of equity factors into economic modelling is another possible improvement on the status quo. Given that CCA is not yet widely adopted, and modelling is the only stage of the decision process that explicitly describes outcomes explicitly and quantitatively, it seems a pity that these cannot be compared explicitly at the time, to better inform the deliberations (or subsequently for the public or researchers).
Given that a large number of criteria other than cost-effectiveness and equity are also taken into account in decisions, it would be useful to create a checklist specifying which of these has also been taken into account in deliberations, in order to facilitate retroactive analyses of their impact. Again, while this may seem to validate the inclusion of such factors in decisions, these are (assumedly) already taken into account, and without such analyses we have no way of knowing the magnitude of their impact and of debating whether these impacts are appropriate.
MCDA has been under consideration in some form in NICE for some years, as described in Chapter 5, though they seem unclear where to go next with them. It is important to reiterate that the use of MCDA approaches need not replace the current “HTA plus deliberation” process used in NICE committees. It is probably neither possible nor necessary to undertake a start-to-finish super-QALY technique to better distribute “welfare” or some other objective function, rather than health. But MCDA can likely help in multiple smaller ways, which could cumulatively add up to meaningful improvements on the current processes nonetheless.
Because of the dangers of conflating costs and benefits in an MCDA process, it seems ill-advised to attempt trade off cost-effectiveness against other factors at this time (even if this arguably mirrors the current process whereby ICERs are considered and then, if necessary, other factors in deliberations). In practice, regardless of other factors, if an intervention is deemed to be extremely cost-ineffective it is unlikely to be recommended. Outranking approaches, which punish poor performances on key criteria, may be better suited to modelling the current human decision-making process in future. But this does not mean that human decisions should be replaced by an overly prescriptive algorithm. Deliberation should remain before the final decision is made – and there is good reasons why nowhere is a solely algorithmic approach being followed at in approving a drug [92].
The use of MCDA remains possible alongside, rather than in conflict with, current health economics approaches. Chapter 6 showed that it could be used at sub-stages to structure decision-making in situations that do not relate to the cost-effectiveness threshold. It could in theory be used to structure deliberations in complex cases, in much the same way as how CCA is occasionally used across a number of criteria. It could be used in such a scenario to check possible interventions for dominance, or similarly as part of a what-if analysis that investigated if the weights required to arrive at a given outcome were plausible. Identifying such approaches quantitatively again may serve as a vehicle for further deliberations to focus discussion on disagreements of actual consequence. Rankings could even, if desired, be derived using explicit weights (as implied as a possibility in the methods manual) and thereafter communicate the different impacts of interventions more clearly to decision-makers (and subsequently to the public). This would avoid having to generate an overarching ‘welfare threshold’, while adding an extra layer of mathematical and logical justification to CCA decision process. All such approaches could be used subsequent to the HTA process and prior to deliberations – and would therefore not appear to pose any threat to the coherence of the current process.
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I tried from the early days of the thesis to ensure that it reflected a pragmatic approach – and had no interest in spending years studying an abstract topic that would not have a meaningful practical impact. To me the thesis’ greatest strength is the impact that it did have – particularly in South Yorkshire and NICE and in the general success I had at dissemination with papers, chapters and presentations arising from the research generated. 
On the other hand, this drive for pragmatism, was in hindsight perhaps also a hindrance. At times I probably dived headlong into studies too quickly, rather than better understanding all possible methodological approaches. Most obviously, the secondment that fed into Chapter 4 seemed at the time so self-evidently a good idea that, as a result, I did not spend enough time in advance specifying exactly what my aims were for my time there, other than to learn about NICE processes through some sort of unspecified osmosis. This resulted in a long chapter that tries to achieve a lot, and touches on many aspects of NICE decision-making, but which could probably have been better designed.
Neither case study found a way to incorporate meaningful, pre-specified comparators – and there may have been, with a more thorough design, some better way to attempt to capture these than was the case. Chapters 6 to 7 missed the opportunity to incorporate some kind of robust case study methodology from the start, and arguably could have used more formal approaches the than flexible soft OR-style perspective, making results more powerful and less open to criticism.
However, no study is perfect and methodological blind spots generally, by their nature, only appear in hindsight. Attempting to design a process that covers all possible eventualities may make it difficult to ever arrive at the point of actually carrying out research. Highlighting such weaknesses in the limitations or ‘strengths and weaknesses’ sections are a fair price to be paid for this. Hopefully I can learn from such issues going forward.
Apart from these broader themes, each chapter in hindsight had smaller limitations of its own, which are listed throughout. 
The thesis was a learning process by its nature and I tried to improve upon prior mistakes as I went through it. For example, the tobacco project described in Chapter 7 was wholly more thorough as a start-to-finish decision process than the pilot decision conference described in the prior chapter. This likely influenced the fact that this project has so far had greater impact in practice. The recently published second ISPOR taskforce report on MCDA [335] (p.127) states that the reporting of case studies should specify:  

1. Defining the decision problem 
a. Develop a clear description of the decision problem 
b. Validate and report the decision problem 
2. Selecting and structuring criteria 
a. Report and justify the methods used to identify criteria 
b. Report and justify the criteria definitions 
c. Validate and report the criteria and the value tree 
3. Measuring performance 
a. Report and justify the sources used to measure performance 
b. Validate and report the performance matrix 
4. Scoring alternatives 
a. Report and justify the methods used for scoring
b. Validate and report scores 
5. Weighting criteria 
a. Report and justify the methods used for weighting 
b. Validate and report weights 
6. Calculating aggregate scores
a. Report and justify the aggregation function used 
b. Validate and report results of the aggregation 
7. Dealing with uncertainty 
a. Report sources of uncertainty 
b. Report and justify the uncertainty analysis 
8. Reporting and examining of findings 
a. Report the MCDA method and findings 
b. Examine the MCDA finding
Though published after these approaches were written, both chapters in the intervention development and implementation stage seem to be reported in line with these requirements. The 8 steps above correspond closely to the steps listed by Dodgson et al. [125] that were used as a basis to structure the methods section of both chapters. However, the focus in the ISPOR report on ensuring validation at every stage of the process is a timely and useful addition, which may refocus the facilitator’s attention on ensuring results are acceptable to and owned by the decision-makers. Here, as elsewhere in the thesis, incorporating such context and human values into the model are likely vital if it is to have the maximum possible impact. Overly complex mathematical-looking models may disfranchise decision-makers rather than inform them [126], undermining the chances of taking relevant factors not included in the model into consideration. Aside from this, I would argue that the two further steps reported in Chapters 6 and 7, those of implementation and evaluation, should perhaps also be actively considered and engaged with throughout the process, and could be useful additions to any revisions of this list in future.
The thesis only adds so much and it clearly does not solve all the possible applications of MCDA in all possible public health settings. Compromises from gold standard of research are as inevitable as the compromises from the ideal MCDA approaches in real-world problems. It is ironic that in a thesis that compares and contrasts a seemingly more prescriptive model against a (surprisingly) flexible NICE approach, that the major change I would make in hindsight is the use of a more formal structuring of certain parts of the process. Academic settings require rigour and I should continue to learn from this.  But I am proud that it has had some impact, and hopefully it can continue to influence decision-making in its own modest way in the future.
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This thesis highlights the sheer multitude of criteria already used within NICE [120, 235, 237], as part of the deliberative stage in decision-making processes. It is evident that these are complex and important decisions – but by whether accident or design, MCDA approaches have not yet been incorporated into their decision-making processes. Such approaches have a number of potential advantages in such settings [6, 76, 110, 112]. The broader MCDA family forms a spectrum, with some approaches being very ‘soft’ (some, such as PBMA, are arguably not MCDA at all), while others are very hard, though the systematic review in Chapter 3 found goal programming (perhaps the hardest of these) has never been reported in public health settings. It is also possible to combine both, in “socio-technical” style processes [68, 326, 372]. These providing structure to messy problems [197, 199],  allowing for the sensitivity analyses to subsequent test of assumptions. But they also allow for important human factors into the decision-making process [127, 200] such as increased buy-in [180] and hence likelihood of implementation [121], the facilitation of participants to explore differing views [197], in allowing difficult conversations to take place [23, 91] and in ensuring the stakeholder understanding and acceptance of decisions [120]. Given that policy-making requires the building up of consensus [91] (and the need to “muddle through elegantly” [260]), rather relying on evidence alone, ensuring that such factors are included is likely vital in ensuring an approach’s acceptability and hence their implementation. Fully engaging with such issues may be even more important at local government level, where contextual factors are particularly pronounced [361].
There is no one-size-fits-all MCDA approach possible in all public health settings. MCDA approaches should be designed in line with the specific decision context [125] - and public health settings are particularly context-dependent themselves, given their heterogeneity. As such, it should not be surprising that such techniques in public health settings need to be carefully designed to their settings. In fact, it is very possible that imposing insensitive over-arching frameworks could actually make decisions worse and less consistent than the status quo. MCDA approaches could nonetheless be tailored for use in more of the specific settings that make up the sub-processes of decision-making, as described in Chapter 4.
Prior to this thesis, there were no known applications of such approaches to the CPH or similar organisations in public health. NICE takes into account a number of factors in its public health decision-making processes. The review in Chapter 5 showed clearly that a large number of such factors are included explicitly in public health economic modelling, from both inside and outside of healthcare. But issues may also be made implicitly at other stages, including factors relating to equity or political feasibility. At present it is unclear how much emphasis is being placed on the different criteria, and therefore what opportunity costs can be ascribed to the decisions derived from these. At local government level, the public health prioritisation process is more openly political, potentially making decisions even more complex. At the same time, there are potentially a range of relatively simple steps that could be taken to incorporate MCDA (or MCDA-inspired) approaches into these processes, which were described again in the last section.
The major danger imposed by forcing overly-prescriptive solutions onto messy, human problems is that we may end up with an ‘answer’ that does not reflect the original intentions. In some cases, it is also plausible that the overall process (of which the model may be only part) will also need to be cognisant of sensitive factors which may not be suitable for explicit publication. As a result, deliberation between decision-makers is likely to always be required. Prior to this stage, MCDA approaches could be used in tandem with current economic evaluation approaches where required, and need not necessarily simply usurp them. Current HTA models recognise that they are simplifications and do not claim to take into account every potentially relevant factor. No matter how complex they are, no MCDA approach will take every possible criterion into account in every circumstance either. Deliberation should therefore remain widely used to ensure such common sense comes to the fore.
One example of an approach tailored to the NICE context was described in Chapter 6. This approach was found to work relatively well in this setting and offered many advantages over the prior topic appraisal approach, though it has not yet been implemented. Another, more ambitious, action research project is described in Chapter 7. This showed that expert evidence could successfully be elicited using MCDA, where harder evidence is unavailable. It also shows the importance of designing a process where softer issues are taken into account, such as knowing if stakeholders need to be involved throughout the decision process. This project influenced subsequent spending on tobacco interventions across all four boroughs, and can be said to have been both accessible and acceptable to relevant decision-makers.  
The thesis set out to explore if MCDA approaches could be designed that are suitable for use at decision-maker level in public health in England. It has shown where MCDA has been used in public health settings worldwide, described the current frameworks used to structure the decision-making process in public health in England, highlighted the range of criteria that are already used and provided two successful case studies that have implemented proposed approaches, in both NICE and at local government level. MCDA approaches, when paired with deliberation appear to offer a number of advantages over deliberation alone. NICE, local governments and other decision-making organisations elsewhere should consider testing them further in suitable settings, with the aim of future implementation. Where they can be carefully designed to suit the broader decision-making process, I conclude that such approaches appear to be suitable and useful in many such settings in England. 
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	Tsourapas, Angelos; Frew, Emma
	Journal Of Health Services Research & Policy 2011
	Review
	PBMA
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	NA
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	Hongoh, Valerie; Hoen, Anne Gatewood; Aenishaenslin, Cecile; Waaub, Jean-Philippe; Belanger, Denise; Michel, Pascal
	International Journal Of Health Geographics 2011
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	NA

	Multi-criteria decision analysis for setting priorities on HIV/AIDS interventions in Thailand
	Youngkong, Sitaporn; Teerawattananon, Yot; Tantivess, Sripen; Baltussen, Rob
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	Prioritisation
	HIV/AIDS
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	Thailand

	Health care priority setting in Norway a multicriteria decision analysis.
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	Willis, Cameron D.; Mitton, Craig; Gordon, Jason; Best, Allan
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	Overview
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	Evidem
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	Wey, Wann-Ming; Chiu, Yin-Hao
	Habitat International 2013
	Prioritisation
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	Exploratory/Proof of concept
	Physiotherapy
	Generic
	Canada
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	Review
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	NA
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	Cornelissen E, Mitton C, Davidson A, Reid RC, Hole R, Visockas AM, Smith N.
	Health Policy.  2014
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	Overview
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	Chagas disease
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	Prioritising public health guidance topics in the National Institute for Health and Care Excellence using the Analytic Hierarchy Process.
	Reddy BP, Kelly MP, Thokala P, Walters SJ, Duenas A.
	Public Health. 2014
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	Choosing guidance topics
	AHP
	UK
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Which drink is consumed more in the USA?

An example of examination using judgements

Drink consumption in US Coffee Wine Tea  Beer  Sodas — Milk  Water
Coffee 1 9 5 2 1 1 12
Wine 1/9 1 173 19 1/9 1/9 19
Tea /5 2 1 173 1/4 173 19
Beer 12 9 3 1 172 1 173
Soda 1 9 4 2 1 2 12
Milk 1 9 3 1 172 1 173
Water 9 9 3 2 3 1

Note: The derived scale based on the judgements in the matrix is:
0.177 0019 0042 0116 019 0129 0327
With a consistency ratio of 0.022.
the actual consumption (from statistical sources) is:

0.180 0.010 0040 0.120 0.180 0.140 0330
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relative importance to the decision.

6. Combine the weights and scores for each option to derive an overall
value.

7. Examine the results. v

8. Sensitivity analysis.
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 Sickle   Cell   Screening  Substance  misuse  Tackling  smoking  through  the media  Fluoridation  of water  Pain as a  public  health  problem  Score for  Current  variation  in  practice  

Sickle Cell  Screening  Equal (1)  Equal    (1)  Moderately -   strongly  more  variation (4)  Moderately  less  variation  (1/3)  Moderately  less  variation  (1/3)  0.14  

Substance  misuse  Equal (1)  Equal (1)  Moderately  more  variation (3)  Moderately  less variation  (1/3)   Very  moderately  less  variation  (1/2)  0.14  

Tackling  smoking  through the  media  Moderately -   strongly  less  variation (1/4)  Moderately  less variation  (1/3)  Equal (1)  Strongly -   v  strongly less  variation (1/6)  Strongly  less  variation  (1/5)  0.05  

Fluoridation of  water  Moderately  more variation  (3)  Moderately  more variation   (3)  Strongly -   v  strongly  more  variation  (6)  Equal (1)  Equal (1)  0.36  

Pain as a public  health problem  Moderately  more variation  (3)  Very  moderately  more variation  (2)  Strongly  more  variation (5)  Equal (1)  Equal (1)  0.32  

 


image17.emf
Absolute

Screening

. 0.29 0.28 0.15 0.11 0.07 0.06 0.04 1
Iwelg_;hts -
Making a I\D/Ii?fgrnegnze __ Current Size of Size of Making a Size of
Difference — Evidence variation in  Problem —  Problem —  Difference — Problem — Total score
Feasibility available practice Societal Inequality Range and fit Individually
Fluoridation 0.23 0.25 0.36 0.09 0.18 0.22 0.1 0.23
of water
Tackling
smoking 0.22 0.29 0.05 0.36 0.16 0.16 0.13 0.22
through the
media
Substance 0.24 0.18 0.14 0.26 0.27 0.18 0.27 0.21
misuse
Pain as a
public 0.13 0.1 0.32 0.23 0.18 0.25 0.22 0.17
health
problem
Sickle Cell 0.18 0.17 0.14 0.06 0.21 0.19 0.29 0.17










Absolute 

weights

0.29 0.28 0.15 0.11 0.07 0.06 0.04 1

Making a 

Difference — 

Feasibility

Making a 

Difference — 

Evidence 

available

Current 

variation in 

practice

Size of 

Problem — 

Societal

Size of 

Problem — 

Inequality

Making a 

Difference — 

Range and fit

Size of 

Problem – 

Individually

Total score

Fluoridation 

of water

0.23 0.25 0.36 0.09 0.18 0.22 0.1 0.23

Tackling 

smoking 

through the 

media

0.22 0.29 0.05 0.36 0.16 0.16 0.13 0.22

Substance 

misuse

0.24 0.18 0.14 0.26 0.27 0.18 0.27 0.21

Pain as a 

public 

health 

problem

0.13 0.1 0.32 0.23 0.18 0.25 0.22 0.17

Sickle Cell 

Screening

0.18 0.17 0.14 0.06 0.21 0.19 0.29 0.17


image18.emf
Current

weightings 0.29 0.28 0.15 0.11 0.07 0.06 0.04
e, Bl Curont  Susol  Sueof  [ENOZ Suoot
Topic A Topic B . variation in Problem — Problem — Problem —
— — Evidence . . . — Range ..
Feasibility available practice Societal Inequality and fit Individually
Tackling |
E'f”v‘::tiftm“ fhr?é’:'gmgthe Infeasible 71% -19% 30% Infeasible Infeasible 775%
media
E'f”v‘::t‘iftm" i‘i’:ji”ce Infeasible  Infeasible -65% 17% 369% Infeasible 319%
Fluoridation Pain as a
of water public health |Infeasible Infeasible Infeasible 381% Infeasible Infeasible 1175%
problem
(I-;Ifuvc\::t(::tlon 25‘2;?%' Infeasible Infeasible Infeasible Infeasible Infeasible Infeasible 849%
Tackling
fr:'r‘::;“hgthe if:j;g”ce Infeasible -39% 91% Infeasible 181% 936% 224%
media
Irar:::ll(lirr‘\g Pain as a
throu hgthe public health |Infeasible -88% 115% Infeasible Infeasible 831% 1303%
19 problem
media
Tackling
fr:'r‘::;“hgthe ggﬁ:ﬂ?ﬂ‘z' Infeasible  Infeasible 411% Infeasible  Infeasible Infeasible 863%
media
Substance fPainas a
misuse public health |Infeasible Infeasible 127% Infeasible Infeasible 798% Infeasible
problem
;l;::;znce glc(::rg:n(i:nzl Infeasible Infeasible Infeasible Infeasible Infeasible Infeasible Infeasible
Pain as a
ﬁ::l't'ﬁ gfrke'gn?n‘z' 45% 39% -28% 41% 337% Infeasible 282%

problem










Current 

weightings

0.29 0.28 0.15 0.11 0.07 0.06 0.04

Topic A Topic B

Making a 

Difference 

— 

Feasibility

Making a 

Difference 

— Evidence 

available

Current 

variation in 

practice

Size of 

Problem — 

Societal

Size of 

Problem — 

Inequality

Making a 

Difference 

— Range 

and fit

Size of 

Problem — 

Individually

Fluoridation 

of water

Tackling 

smoking 

through the 

media

Infeasible 71% -19% 30%Infeasible Infeasible 775%

Fluoridation 

of water

Substance 

misuse

Infeasible Infeasible -65% 117% 369%Infeasible 319%

Fluoridation 

of water

Pain as a 

public health 

problem

Infeasible Infeasible Infeasible 381%Infeasible Infeasible 1175%

Fluoridation 

of water

Sickle Cell 

Screening

Infeasible Infeasible Infeasible Infeasible Infeasible Infeasible 849%

Tackling 

smoking 

through the 

media

Substance 

misuse

Infeasible -39% 91%Infeasible 181% 936% 224%

Tackling 

smoking 

through the 

media

Pain as a 

public health 

problem

Infeasible -88% 115%Infeasible Infeasible 831% 1303%

Tackling 

smoking 

through the 

media

Sickle Cell 

Screening

Infeasible Infeasible 411%Infeasible Infeasible Infeasible 863%

Substance 

misuse

Pain as a 

public health 

problem

Infeasible Infeasible 127%Infeasible Infeasible 798%Infeasible

Substance 

misuse

Sickle Cell 

Screening

Infeasible Infeasible Infeasible Infeasible Infeasible Infeasible Infeasible

Pain as a 

public 

health 

problem

Sickle Cell 

Screening

45% 39% -28% -41% 337%Infeasible 282%


image19.emf
   Chapter  section  Project  s tages  General  public  Stakeholder  expert  group  Tobacco  Control  Commissioners  Lead  researcher  Directors  of Public  Health  

Setting the  scene  7.4.1  Establish the broader  decision context             

7.4.1.1  Identify relevant  stakeholder expert  steering group      

7.4.1.2  Decide on  appropriate MCDA  technique to combine  criteria               

MCDA  modelling  7.4.2  Identify intervention  alternatives               

7.4.3  Identify  relevant  criteria to the  decision problem         

7.4.4  ‘Weighting’, reflecting  relative importance  of each criterion to  the decision      

7.4.5  Estimate  performance of the  interventions on the  criteria by gathering  evidence or expert  opinion               

7.4.6  Estimate the overall  score of each  intervention, which  can be used for  prioritisation           

Decision - making  7.4.7  Examine the results             

7.4.8  Sensitivity analyses /  Scenario planning      

7.4.9  Implementation of   findings             
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Smoking

Stop smoking support for routine and manual

‘Astructured programme of support for people who wish to stop smoking. A trained advisor will provide

cessation socioeconomic groups (R&M) information about nicotine replacement products (e.g. patches/gum) or medication to help people quit
Stop smoking support for people with long term conditions | smoking would be best for each person and provide ongoing support. Support is generally given as a one-
Stop smoking support for parents. to-one session. Regular monitoring is given to show the benefits of quitting. The measure of success for
Stop smoking support for black and minority ethnic stop smoking services is 4-week quitters —i.e. somebody has not smoked for 4 weeks. If people start
communities (BME) smoking again, they can come back to the service for support as many times as they want. These are
Stop smoking support for people with mental health tailored for the audience in question, e.g.
conditions «  Treatment for those in hospital should start while the individual is an inpatient and continues after
e —— discharge. People who are in hospital because of a smoking-related illness are likely to be more
Stop smoking support people in secondary care in hospital receptive to help give up smoking.
o TSl TR I e ST «  Pregnant smokers should be offered a full range of stop smoking support services and appropriate
medicines in line with best practice guidance for pregnant women.
*__Parentsin this context are classed as those with children under 19 years.
Reducing Extend smoke-free spaces beyond legislation by voluntary | This intervention extends smoke free spaces beyond legislation into areas families and others use
exposureto | extensions in to areas families use through voluntary extensions or exploring local bylaws, in order to offer protection to children and young
second hand people and to assist in de-normalising smoking. These areas include homes, cars, children’s playgrounds,
smoke sporting venues and other leisure, business and community environments. The intervention includes the
following elements: media campaigns/communications; recruiting businesses, community groups to
implement extended smoke free spaces; lobbying politicians and local elected members regarding the
benefits of extended smoke free spaces; providing training to public sector staff to promote the
initiative.
SoNIC (social norms in local communities) programme to | Most existing research has been implemented in school, college, and university settings, or by mass
influence behaviour change media communications like in Montana and California. The SoNIC pilot aims to contribute to this
knowledge base and evaluate the impact on social norms interventions on behaviour change in a small
geographical community setting.
Media and Mass media, population-based communications and Mass media interventions involve communication through television, radio, newspapers, billboards,
education marketing campaigns posters, leaflets or booklets, with the intention of encouraging smokers to stop, and of maintaining
campaigns abstinence in non-smokers. This intervention would include local and/or regional communications and

marketing campaigns around varying elements of tobacco control. It does not include the specific
marketing of the stop smoking service, which is included in the business cases for stop smoking support.
It also does not consider national marketing campaigns, although supplementing national campaigns
with additional local marketing activity is covered by this intervention. Within a comprehensive
communications and marketing strategy priority should be given to creating unpaid publicity in the
media and should be enhanced by relevant supporting activity in schools, workplaces, etc.
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Media and
education

campaigns
(continued)

Customised, ongoing children and young people education
programme

Replication of A Stop Smoking in School Trial (ASSIST)
programme

Training members of the public to provide brief advice to
smokers and those affected by smoking

A multi-component intervention which aims to reduce the number of young people who start to smoke.
The evidence shows that tackling youth smoking is most effective if it involves a comprehensive, multi-
component, and sustained approach that addresses the individual, social (family, friends, access),
community, and societal determinants of smoking uptake. However, there is little evidence to show which
the most important elements are, and whether the effects are additive or multiplicative. However, there is
dlear evidence to show that combined schools and community interventions, and mass media and
community interventions are more effective than school, mass media and community only interventions.
There s consistent evidence of some impact and/or some evidence of high impact: interactive school
health promotion programmes using social skills and social influences approaches which are intensive and
sustained 15+ sessions); positive, supportive and caring school ethos (i.e. the health promoting school);
community (some approaches); smoke free public places.

This multi-component intervention would initially prioritise action in communities with the highest
smoking prevalence.

ASSIST (A Stop Smoking in School Trial) trains influential students to act as peer supporters outside the
classroom, during everyday, informal communication. The aim is to encourage their peers not to smoke.
Influential peers will be selected by other students by the use of a questionnaire. These nominated ‘peer
supporters’ will be approached to take part in the programme and if agreeable they will be intensively
trained in effective interventions by professional health promation staff. These pupils will receive two days
oftraining outside of school premises using participatory methods

The development and delivery of training to public sector staff, businesses and communities to enable
individuals to provide brief advice to smokers; or those exposed to tobacco smoke; or other harms
associated with tobacco, such as fires or ilicit tobacco.

Tobacco
regulation/
reducing the
availability of
tobacco
products

Enforcement to enhance the statutory functions of the local
authority to enforce legislation on under-age sales and the
selling of ilicit tobacco

This intervention is designed to enhance the statutory functions of the local authority to enforce
legislation on under-age sales and the selling of ilicit tobacco. Within England it s illegal to:

o sellall forms of tobacco and tobacco related products to a person under 18 years of age.

o sellilicit tobacco (ie. tobacco that is either counterfeit or has evaded UK taxation).

This intervention includes: the provision of education and training to businesses, community groups, and
public sector staff; generating and collating intelligence on individuals who are selling illicit tobacco or to
under 18s; test purchasing (an accepted practice using supervised and trained young people under 18 who
attempt to buy tobacco products from retailers); preparation of cases prior to being sent to the Crown
Prosecutor
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Criterion definition Considerations Weight

How well does it meet our 50%

priorities on the national Reduce smoking amongst adults. (20%)

indicators to: 'Reduce smoking amongst young people (15%)
'Reduce smoking amongst pregnant women (15%)

How much will this improve a Wil it improve their heath or help them to live longer? 15%

person's health or quality of  Are there other aspects of a person’s Iife that Wil improve:

life? money, beter environment, lower crime efc.?

Will it help the difference i Can the people who need this intervention et (o it? 15%

health or length of life Wil it reach our high risk groups and communities?

between our communities?  Will people use the service or infervention?

Value for money Does it work? 10%

How many people will benefit — both directly and indirectly?
Gan we afford to do it?

Ease of implementation Will it contribute to and enhance services / pathways? 5%
Gan we get the right staff, buiidings, equipment efc. ?
‘Sustainability Is it sustainable? 5%

Are there any risks associated with this intervention?
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School of Health and Related Research
University Research Ethics Application Form
For Staff and Postgraduate Researchers

This form has been approved by the University Research Ethics Committee (UREC)

Tick as appropriate

Complete this form if you are a member of staff or a postgraduate
research _student who plans to undertake a research project which
requires ethics approval via the University Ethics Review Procedure. X

or

Complete this form if you plan to submit a ‘generic’ research ethics
application (i.e. an application that will cover several sufficiently similar
research projects). Information on the ‘generic’ route is at:
http://www.shef.ac.uk/ris/other/gov-ethics/researchethics/approval-
procedure/review-procedure/generic-research-projects. html

This form should be accompanied, where appropriate, by all Information Sheets / Covering
Letters / Written Scripts which you propose to use to inform the prospective participants
about the proposed research, and/or by a Consent Form where you need to use one.

Further guidance on how to apply is at:
http://www.shef.ac.uk/scharr/research/ethicsgovernance

Guidance on the possible routes for obtaining ethics approval (i.e. on the University Ethics
Review Procedure, the NHS procedure and the Social Care Research Ethics Committee,
and the Alternative procedure) is at: http://www.shef.ac.uk/ris/other/gov-
ethics/researchethics/approval-procedure/ethics-approval

Once you have completed this research ethics application form in full, and other
documents where appropriate, check that your name, the title of your research project
and the date is contained in the footer of each page and email it to the Ethics
Administrator. Please note that the original signed and dated version of ‘Part B’ of the
application form should also be provided to the Ethics Administrator in hard copy
after approval has been given.

The Scharr Ethics Administrator is Cheryl Oliver: c.a.oliver@sheffield.ac.uk.

Date: 31 of February 2012 1

Name of applicant: Brian Reddy

Research project title:  Decision workshop series on the prioritisation of NICE public
health topics for future guidance
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University Research Ethics Application Form

I confirm that | have read the current version of the University of Sheffield

‘Ethics Policy Governing Research Involving Human Participants, Personal

Data and Human Tissue’, as shown on the University’s research ethics website

at: http://www.shef.ac.uk/ris/other/qov-ethics/researchethics/index.html

Part A

A1.  Title of Research Project:
Decision workshop series on the prioritisation of NICE public health topics for future
guidance

A2.  Contact person (normally the Principal Investigator, in the case of staff-led research
projects, or the student in the case of supervised-postgraduate researcher projects):

Title:  Mr First Name/Initials: Brian P Last Name: Reddy
Post:  PhD Student Department: SCHARR
Email: b.reddy@sheffield.ac.uk Telephone: 07852671969

A2.1. s this a postgraduate researcher project? Yes

If yes, please provide the Supervisor’s contact details:
Prof. Stephen Walters, ScCHARR
s.j.walters@sheffield.ac.uk

A2.2. Other key investigators/co-applicants (within/outside University), where applicable:

Please list all (add more rows if necessary)

Title | Full Name | Post Responsibility in | Organisation | Department
project
Prof Mike Kelly Director Supervisor NICE CPHE
Dr Praveen Research Supervisor ScHARR HEDS
Thokala Fellow

A3. Proposed Project Duration:
A series of one day workshop (dates TBC), none to take place sooner than late April
2012.
Start date: April 2012 End date: December 2012

A4. Mark ‘X’ in one or more of the following boxes if your research:

involves adults with mental incapacity or mental illness

‘ involves prisoners or others in custodial care (e.g. young offenders)

‘ involves children or young people aged under 18 years

‘ involves using samples of human biological material collected before for another purpose

involves taking new samples of human biological material (e.g. blood, tissue) *

involves testing a medicinal product *

involves taking new samples of human biological material (e.g. blood, tissue) *

involves additional radiation above that required for clinical care *

N

involves investigating a medical device *





image32.png
* If you have marked boxes marked * then you also need to obtain confirmation that appropriate
University insurance is in place. The procedure for doing so is entirely by email. Please send an
email addressed to insurance@shef.ac.uk and request a copy of the ‘Clinical Trial Insurance
Application Form’.

University Research Ethics Application Form

It is recommended that you familiarise yourself with the University’s Ethics Policy Governing Research
Involving Human Participants, Personal Data and Human Tissue before completing the following
questions. Please note that if you provide sufficient information about the research (what you intend
to do, how it will be carried out and how you intend to minimise any risks), this will help the ethics
reviewers to make an informed judgement quickly without having to ask for further details.

A5.  Briefly summarise:

i. The project’s aims and objectives:
(this must be in language comprehensible to a lay person)

The primary aim of this project is to investigate how National Institute for Health and
Clinical Excellence (NICE) staff that work within the Centre for Public Health
Excellence (CPHE) could prioritise a list of potential future topics for guidance
development using multi-criteria decision analysis (MCDA).

The initial meeting will be solely for a small number (less than 10) of CPHE staff and
will investigate whether
* this process will also investigate whether CPHE staff could decide which
criteria should be used to prioritise this list.

o the staff believe that the same criteria should be used for each evaluation or
whether they should be tailored to the broad public health area from which the
suggested topics are derived.

Typically in the past the CPHE has compared specific topics related to alcohol or
obesity, etc. The processes and methods for development of public health guidance
are currently under review, but this structure is likely to continue in the future.
Deciding an appropriate balance between the relevance of the criteria for the
question at hand and consistency in method between broad areas will be a challenge.

Future workshops will investigate whether teams, made up of less than 10
participants from groups both within and outside NICE settings, could
* ‘weight these criteria to express the relative importance of each criterion
using the Analytic Hierarchy Process (AHP) method

* use these weightings as part an AHP model to prioritise a list of hypothetical
(most likely past) topics.

This research will also compare how different stakeholder groups prioritise the same
criteria and how this effects the final topic prioritisation.

AHP uses a series pair-wise comparisons made by the team on a Likert-type scale to
explain the relative overall importance of each criterion (the weightings) and the
performance of each topic on each criterion. It then uses the matrix mathematics to
explain the overall performance of each topic given these weightings.

Previously, no model was used to indicate how these criteria could be combined
appropriately. After topics were scored on each criterion, prioritisation was decided by
unstructured debate between members of the committee. This research aims to
implement such a model to inform these discussions on a pilot basis.
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There are likely to be 2-5 such later workshops made up of NICE staff, PHIAC
committees and so on, subject to the interest expressed in taking part by other
groups.

The project’s methodology:
(this must be in language comprehensible to a lay person)

Criteria selection workshop

The initial workshop will bring together 5-10 staff from the CPHE to inform and
discuss the how criteria for a decision problem should be generated. There are
general rules to derive how appropriate these decisions are, most notably
o whether a complete list of important criteria can be included,
* the removal of any redundant criteria and the limiting of the model to an
appropriate size
* ensuring the operationability of criteria, and that the potential topics can be
appropriately judged on each criterion
* mutual independence of preferences- whether the preference scores of an
option on one criterion can be assigned independently of knowledge of the
preference scores on all the other criteria.
* avoiding double counting and clear relationships between criteria
* an appropriate method to deal with future costs and benefits

Previous literature has been written on this topic and this | will prepare a document
before the meeting to send to those taking part in advance of the day. | will briefly run
though these issues to begin the workshop.

We will then as a group discuss the previous criteria used by the CPHE. These
criteria were devised by external figures and are unlikely to be used in the future as
part of the update to guidance underway at present.

We can then investigate which topics should be used in future using brainstorming
and a flipchart, asking which criteria could distinguish between a good choice and a
bad one in this decision problem in the future. If it is felt that it is appropriate to have
different criteria for key public health decision areas, then these differences will be
teased out as far as time limits allow.

The criteria will then be grouped into appropriate clusters to facilitate the emergence
of higher level views of the issues and highlight whether any important criteria are
missing.

A document will be prepared within a reasonable time of the event to summarise the
day’s proceedings and ensure that the views expressed represent fairly the opinions
expressed on the day.

Subsequent workshops

These workshops will use the criteria derived from the criteria selection workshop to
rank the relative importance of each of the criteria to each other. Around 10
participants (or less, depending on the number of volunteers) will work together to
then rank the performance of each of a list of topics on each of these criteria. These
stages can then be combined to create an overall ‘performance score’ for each topic,
using the AHP approach. The scores can be sorted and ranked to indicate which
topics could be prioritised.

If further information on the approach is required, a brief, informative and relatively
accessible booklet on this approach is available here:
http://www.booksites.net/download/coyle/student files/AHP Technique.pdf
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A6.

AT.

A8.

Itis also important to note that this method would not replace the responsibility of
decision making from the relevant committees, but would help inform them if some
measures perform much better or worse than intuitively suspected. Ultimately no list
will be able to contain and stratify every relevant criterion and constraint (such as
ethical, legal, infrastructural or inequality related concerns) and further discussion
would have to take place to ensure that these are fully included in any final
prioritisation.

Again, documents will be prepared within a reasonable time of the events to
summarise the day's proceedings and ensure that the views expressed represent
fairly the opinions expressed on the day.

It is expected that different teams of different make ups will indicate differing

preferences as to how topics perform and which criteria are of most relevance. It will
be interesting to investigate the implications of this further.

What is the potential for physical and/or psychological harm / distress to
participants?

None.

Does your research raise any issues of personal safety for you or other
researchers involved in the project? (especially if taking place outside working
hours or off University premises)

None. It is likely to take place in NICE premises, which is likely to minimise risk by
removing the need for participants to travel and so on.

If yes, explain how these issues will be managed. N/A

How will the potential participants in the project be:

. Identified?

Potential participants from within the Centre for Public Health will be identified via
staff lists. Professor Mike Kelly, the Director of the CPHE and one of the supervisors
of this project, will be asked to identify suitable participants and invite them to take
part on my behalf. Professor Kelly will also be responsible for recruiting participants
for the workshops populated by other teams, as he will have access to the relevant
contacts to do so.

. Approached? (please explain in detail — normally this should be done by a ‘gate

keeper’ and not directly)

Professor Mike Kelly will make the initial approach to potential study participants via
an email letter. The email will also contain a participant information sheet (PIS) with
details of the proposed research and what it will involve. The email and PIS will also
ask those willing to take part to email me directly to state that they are willing to do
so.

Recruited? Recruited? (give details about how long people have before consenting,
if applicable).

Professor Mike Kelly will make the initial approach to potential study participants via
an email letter. The email will also contain a participant information sheet (PIS) with
details of the proposed research and what it will involve. The email and PIS will also
ask those willing to take part to email me directly to state that they are willing to do
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so. Due to the significant lead time prior to the date at which the workshop will take
place, potential participants will have at least 7 days to make a decision about
whether or not to take part in the research (and the workshop).

On the day of the workshop itself | will provide participants with a form to sign
indicating the purposes of the project, the research methods to be used, how data will
be handled and related factors. This will indicate my full contact details, and again
ask them to sign to confirm that they are comfortable with these arrangements.

A9.  Will informed consent be obtained from the participants?
YES

No []

If informed consent or consent is NOT to be obtained please explain why.
Further guidance is at: http://www.shef.ac.uk/ris/other/gov-
ethics/researchethics/policy-notes/consent

A9.1. This question is only applicable if you are planning to obtain informed consent:
How do you plan to obtain informed consent? (i.e. the proposed process?):

Professor Mike Kelly will make the initial approach to potential study participants via
an email letter. The email will also contain a participant information sheet (PIS) with
details of the proposed research and what it will involve. The email and PIS will also
ask those willing to take part to email me directly to state that they are willing to do
SO0.

On the day of the workshop itself | will provide participants with a form to sign
indicating the purposes of the project, the research methods to be used, how data will
be handled and related factors. This will indicate my full contact details, and again
ask them to sign to confirm that they are comfortable with these arrangements.
Participants will also be reminded that they are free to contact Professor Mike Kelly,
with whom they have regular contact, to complain of any perceived unfair treatment
on the day or subsequently.

A10. What measures will be put in place to ensure confidentiality of personal data,
where appropriate?

Opinions and data stated as part of the exercise will not be attributed to specific or
identifiable individuals.

The audio recordings, data and transcripts will be stored on a password protected pc
or encrypted USB datastick.

No data of an otherwise personal or private nature will be collected.

A11.  Will financial / in kind payments (other than reasonable expenses and
compensation for time) be offered to participants? (Indicate how much and on
what basis this has been decided)

No financial or in kind payments will be offered to participants. Depending on the
timing of the workshop lunch or other light refreshments may be offered to
participants.
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A12.

Will the research involve the production of recorded media such as audio
and/or video recordings?

NO []

A12.1. This question is only applicable if you are planning to produce recorded media:

How will you ensure that there is a clear agreement with participants as to how
these recorded media may be stored, used and (if appropriate) destroyed?

With the agreement of those present, a Dictaphone-style device may be used to
generate an audio recording of the workshop.

This will be clearly stated on the invitation email, the PIS and the Participant consent
form.

This audio recording will be stored on a password protected PC and an encrypted
and password protected USB data stick.

The audio recording will be kept for 2 years after successful completion of my PhD.

Guidance on a range of ethical issues, including safety and well-being, consent and
anonymity, confidentiality and data protection are available at:
http://www.shef.ac.uk/ris/other/gov-ethics/researchethics/policy-notes

A14 | consent to the use of an anonymised version of my application being used for the
purposes of training or education?

YES

No []
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University Research Ethics Application Form

Part B — The Signed Declaration

Title of Research Project: Decision workshop series on the prioritisation of NICE public
health topics for future guidance.

| confirm my responsibility to deliver the research project in accordance with the University of
Sheffield’s policies and procedures, which include the University’s 'Financial Regulations’,
‘Good Research Practice Standards’ and the ‘Ethics Policy Governing Research Involving
Human Participants, Personal Data and Human Tissue’ (Ethics Policy) and, where externally
funded, with the terms and conditions of the research funder.

In signing this research ethics application form | am also confirming that:
e The form is accurate to the best of my knowledge and belief.
* The project will abide by the University’s Ethics Policy.

e There is no potential material interest that may, or may appear to, impair the
independence and objectivity of researchers conducting this project.

e Subject to the research being approved, | undertake to adhere to the project protocol
without unagreed deviation and to comply with any conditions set out in the letter from
the University ethics reviewers notifying me of this.

* | undertake to inform the ethics reviewers of significant changes to the protocol
(by contacting my academic department’s Ethics Administrator in the first instance).

e | am aware of my responsibility to be up to date and comply with the requirements of the
law and relevant guidelines relating to security and confidentiality of personal data,
including the need to register when necessary with the appropriate Data Protection
Officer (within the University the Data Protection Officer is based in CiCS).

e | understand that the project, including research records and data, may be subject to
inspection for audit purposes, if required in future.

e | understand that personal data about me as a researcher in this form will be held by
those involved in the ethics review procedure (e.g. the Ethics Administrator and/or ethics
reviewers) and that this will be managed according to Data Protection Act principles.

o If this is an application for a ‘generic’ project all the individual projects that fit under the
generic project are compatible with this application.

* | understand that this project cannot be submitted for ethics approval in more than
one department, and that if | wish to appeal against the decision made, this must
be done through the original department.

Name of the Principal Investigator (or the name of the Supervisor if this is a

iostiraduate researcher project):
If this is a iostiraduate researcher project insert the student’s name here:

Signature of Principal Investigator (or the Supervisor):
Date: 1% of February 2012

Email the completed application form and provide a signed, hard copy of ‘Part B’ to the

Ethics Administrator (also enclose, if relevant, other documents) after approval.
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NOTICE OF AMENDMENT

For use in the case of all research where an amendment is made.
To be completed as a word document by the Chief Investigator in language comprehensible to a lay
person and submitted to the Ethics Administrator.

Further guidance is available at http://www.shef.ac.uk/scharr/research/ethicsgovernance

Details of Chief Investigator:

Name: Brian Reddy
Type of ethics application: for PGR
example: PGR/PGT or Staff

Telephone: 078 5267 1969
Email: b.reddy@sheffield.ac.uk
Full title of study: MCDA approaches to public health decision

making — Decision workshop series

REC reference number (if known): NA

Date study commenced: April 2012

Amendment number and date (for
office use):

Type of amendment (indicate all that apply in bold)
(a) Amendment to information previously given on the REC Application Form
Yes No
If yes, please refer to relevant sections of the REC application in the “summary of changes” below.
(b) Amendment to the protocol
Yes No

If yes, please submit either the revised protocol with a new version number and
date, highlighting changes in bold, or a document listing the changes and giving
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both the previous and revised text.

(c) Amendment to the information sheet(s) and consent form(s) for participants, or to any other
supporting documentation for the study

Yes No

If yes, please submit all revised documents with new version numbers and dates,
highlighting new text in bold.

Is this a modified version of an amendment previously notified to the REC?

Yes No
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Summary of changes

Briefly summarise the main changes proposed in this amendment using language comprehensible to
a lay person. Explain the purpose of the changes and their significance for the study.

If the amendment significantly alters the research design or methodology, or could otherwise affect
the scientific value of the study, supporting scientific information should be given (or enclosed
separately). Indicate whether or not additional scientific critique has been obtained.

The original application concerned a series of ‘decision workshops’ to attempt to prioritise
topics for NICE guidance in public health. Decision workshops gather a range of
stakeholders together and use a range of quantitative and qualitative (reminiscent of
DELPHI approaches) techniques to help decide the next steps.

This amendment allows for the technique to be used to help prioritise between potential
interventions to reduce the harm caused by smoking at the level of local governments. The
PCTs of Sheffield, Barnsley, Rotherham and Doncaster are involved in this process.

Furthermore, it allows for follow up meetings to ensure that
* The prioritisation exercise can be translated into a useable range of implementable
policy actions, through use of multi objective optimisation and broader discussion of
requirements and constraints
* The experiences of the PCT tobacco managers can be discussed to see where the
approach has worked and where there have been weaknesses.

Any other relevant information

Applicants may indicate any specific ethical issues relating to the amendment, on which the opinion
of the REC is sought.

Three ethics applications are included, along with the relevant information sheets and
consent forms. These relate to the
« Original application for the NICE work, from last April
* Analysing the data arising from the workshop and deciding about the next steps
* Post-project interviews with the PCT tobacco managers

List of enclosed documents

Document Version Date

Complete application (App form, Infosheet, Original April 2012
Consent form) for original NICE decision
conference approach

Complete application for interview process with | New December 2012
PCT staff
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Complete application for PCT tobacco New December 2012
prioritisation process with PCT staff

Declaration by Chief Investigator

* | confirm that the information in this form is accurate to the best of my knowledge and | take full
responsibility for it.

Signature of Chief Investigator:  .............ccccccceeiiiiiiiiiiniecins

Print name:

Date of submission:

Declaration by the supervisor (if appropriate)

* | confirm the supervisors support for this amendment.

Print name:

Post:

Date:





