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Abstract

Background: Successful implementation of evidence is challenging and commonly not
sustained overtime. RCT methods are often unable to provide conclusive evidence of
effective implementation strategies because of individual case context heterogeneity.
Complimentary process evaluations provide information to explain trial results. Complexity
Theory applied to the social context of healthcare may provide better explanations of the
implementation context when viewed as a complex adaptive system. Qualitative
Comparative Analysis (QCA) methodology offers a different approach to synthesising
process evaluation findings with their trial outcome. This case-based method can evaluate
common patterns of implicating implementation factors that arise across individual cases
e.g. NHS organisations. Different configurations of factors provide greater explanatory power
when assessing complex system behaviour in healthcare contexts. The methodological
structure of QCA provides an opportunity to systematically connect theory with data to
account for the heterogenous implementation context in individual cases. This is
demonstrated by using the output of high-quality trial and process evaluation that evaluated

implementation strategies to implement a guideline in NHS organisations.

Aim: To operationalise Complexity Theory concepts using QCA methodology to explain the
context of implementation of evidence (fasting before surgery guidance).

Methods: Three empirical studies, included:

I.  Building a novel conceptual framework with concepts drawn from social Complexity
Theory texts and systematically identified implementation theories and frameworks.
Il.  Conducting a systematic review of QCA studies in healthcare.
lll.  Evaluating QCA methods with a complexity lens, first by process tracing outcome
and process data from an implementation trial to differentiate the different causal

pathways for each NHS organisation.
Findings:

I.  Five simplified social Complex Adaptive Systems (CAS) concepts include:
‘Interaction’, ‘Self-organisation’, ‘Emergence’, ‘History’ and ‘Temporality’. The novel
conceptual framework for implementation research includes three additional

concepts: ‘Individual agent’, ‘Interaction’, ‘Self organisation’, ‘Emergence’, ‘History’,

‘Temporality’, ‘System Organising Principle’, and ‘Innovation’.
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II.  Nineteen QCA studies (1987-2015) showed variable quality with authors selecting
QCA to explain data complexity. A further 32 QCA studies (2015-2019) indicate
increasing use and improvements in application.

lll.  Final QCA models covering 16 NHS organisations suggest fasting practice
improvements were a function of all five of the final social CAS informed conditions.
This required engagement of leading individuals, micro-systems, policy
dissemination, targeted activities and the ability to override the system imperative to
manage the operating list.

Conclusion: QCA methods using a Complexity Theory informed conceptual framework
indicates the potential for systematic exploration of trial and process data to explain
inconclusive findings and heterogeneity of the individual NHS organisation contexts. QCA
can expose condition and outcome patterns that vary across NHS organisations by
operationalising social Complex Adaptive Systems concepts. Adopting this systems
approach to implementation research aids explanation of the implementation context. This
thesis presents a novel conceptual framework for implementation research facilitated by a
synthesis method of increasing interest in health, and illustrates an exemplar to
systematically assess trial outcome and process findings.

Recommendations

When adopting a complex adaptive systems perspective to understand implementation
processes and events within social healthcare systems, Qualitative Comparative Analysis
(QCA) methods provide a methodological device to expose causally complex process steps.
As an addition, to the healthcare methods toolbox alongside other more typical evidence-
based methods QCA counterbalances the over-simplification of trial designs. QCA
explanatory models use the logic of sets based on necessity and sufficiency of causal
conditions to derive complex causal associations between them. This approach manages
factor complexity and case context sensitivity. Direct engagement with theory to provide
explanations of what happened and why to inform future implementation projects was
enabled by this method. Future development requires standards for both conduct and
reporting of QCA. These standards should also focus on application in the health and
implementation research context. This is to take account of the demand for rigour and

validation in evidence-based research in health sciences.
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Foreword

| began my career in nursing both general and psychiatric, making a change to undertake
two degrees (undergraduate and postgraduate) in environmental studies and public health
(environmental epidemiology). This led to positions in nursing research and later undertaking
this PhD. My interest in Complexity Theory arose in these natural and health system
degrees. My ideas for utilising Qualitative Comparative Analysis formed early prompted by a
complexity in health services conference in 2003. This long path from 2003 to 2019 is a
significant personal achievement with false starts and a challenging family and personal life.
I have worked full time throughout, except part time for six months. | also stopped work for
10 months in 2018 to complete analysis and write up. Throughout these challenges | have
remained motivated. Also, interest has expanded in applications of Complexity Theory
concepts to healthcare and the use of Qualitative Comparative Analysis methods in health
research during the lifetime of my PhD. This has affirmed my thesis starting point and shows

the continuing currency of my work.

My thinking throughout my career has focussed on the dynamic connections and relations
between agents and entities, a whole person or a whole system. From holistic approaches to
nursing care, a psychological view of the whole person and dynamics of personality
influencing mental health to ecology and understanding natural systems and the self-
regulation of the biosphere. | continue this connectionist thinking into the field of
implementation research with an emphasis on understanding the influence of the case
context. | am now employed by the National Health Service (NHS) to conduct evaluations on
implementation projects in NHS organisations of new models of care, digital technologies
and other innovative products. These evaluations funded by NHS England and the Office for
Life Sciences seek to understand how to transform healthcare. The transformation focus is
the provision of better integrated systems between primary and secondary care, and
encouragement of people to manage their own care, a more personalised approach. My
thesis outputs remain relevant to the persistent themes that emerge within this health
context to understand innovation implementation, spread and adoption, for example, why

does it work here but not there?
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Chapter 1. Implementation in
Complex Adaptive Systems

1.1 Introduction

Formed seventy-one years ago, the NHS, the National Health Service, the United Kingdom’s
publicly funded healthcare system, has grown exponentially in size and organisational
complexity. Perpetual re-structuring, political and patient expectations, increasing use of
technology, new treatments and demands for high quality evidence-based care put constant

pressure on the healthcare system to adapt and respond to these challenges.

Due to this multi-layered system complexity, | start my thesis with the premise that
healthcare is a social system and better understood as a Complex Adaptive System (CAS).
My longstanding interest in applying CAS concepts to healthcare systems arose from an
introduction to Complexity Theory, a broader theoretical framework, through an
environmental studies degree and a public health masters’ degree specialising in
environmental epidemiology. | wanted to discover how to apply Complex Adaptive Systems
theory to healthcare settings, specifically the implementation of evidence-based guidance.
Although routine implementation of evidence-based guidance is a key expectation of a high-
guality health system, turning this expectation into reality has failed to gain momentum
(Brennan et al 2018).

First, | developed a novel implementation framework using social CAS concepts to try to
explain why implementation of evidence is more difficult than anticipated in implementation
projects. To test this framework, | used Qualitative Comparative Analysis (QCA), a specific

method that explores complex causality in social systems.

| tested the operationalisation of my novel implementation framework using QCA as a
methodological device. QCA methods are relatively new to healthcare research and,
specifically, to implementation research. QCA synthesises data across a set of well-defined
cases to expose causally relevant factors that configure in different arrangements across the
case set to obtain a common outcome of interest. This allows the identification of complex
causal patterns of multiple factors to achieve this outcome rather than provide the probability
of a single factor. Although atypical to health research, QCA makes an important addition to
the implementation methodological toolbox. The last five years have witnessed a notable

increase in interest and application of QCA in health research (Chapter 5).

Successful implementation of guidelines and other evidenced-based products (systematic

reviews, health technology appraisals) is a challenge (Wiltsey Stirman et al 2012, Boaz et al
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2011). In addition, implementation of new treatments, practices and innovations may result
in time lags of up to 17 years (Hull et al 2019). There are limitations with typical evaluation
methods, such as randomised controlled trials (RCT), when assessing implementation
processes and activities to support knowledge-based dissemination through guidelines
within a specific context (Cartwright 2017). Implementation is context specific (Braithwaite et
al 2017, May 2016, 2013,), and methods that aggregate data across populations lose the
opportunity to consider the complexities of the individual case context. | expose this problem
in an implementation trial that involved NHS surgical departments in the UK implementing

guideline recommendations on fasting before surgery.

This chapter introduces the thesis questions and objectives. | discuss my philosophical and
methodological positions further in Chapter 2. Below in Fig.1.1, I illustrate the flow of my
thesis and provide further detail in the following sections on key topics that | cover: causal
complexity and pluralism, complex realism, social Complex Adaptive Systems (from

Complexity Theory), and QCA methodology and methods.

Fig. 1.1. Thesis flow diagram

Process
evaluations for

. . . . Implementation of
] Philosophical viewpoint QOA melodalogy eAdence basad

and methods practice
. Framing of implementation

. Applying methodological devices

In this thesis, | ask two primary questions:
Can Complexity Theory (specifically CAS) provide a better understanding and

explanation of implementation of evidence in healthcare systems?

How can Qualitative Comparative Analysis methods be used to operationalise

Complexity Theory (specifically CAS) concepts?

Five secondary questions clarify further these primary questions:
18



How should Complexity Theory (specifically CAS) be adapted to the field of

implementation research in healthcare systems?
How has QCA been used in the field of healthcare?
How can QCA be adapted to implementation research?

What contribution do QCA methods make in enabling a Complexity Theory
(specifically CAS) perspective?

How can the QCA approach to causal complexity benefit implementation research?

1.1.1 Thesis contribution to implementation research
The following outlines the original contribution to implementation and healthcare research of
work | undertook for this thesis. This thesis presents an additional example of using
complexity thinking from the Complexity Theory paradigm moving forward in implementation
research and healthcare (Braithwaite et al 2018, Greenhalgh and Papoutsi 2018,
Greenhalgh et al 2017, Thompson et al 2016, May 2016). My key thesis contributions are:

¢ A novel framework for social CAS for implementation projects.

e The first methodological review of QCA methods used in health studies and a QCA
study appraisal checklist, based on quality advice from the wider QCA methods
community.

¢ An empirical study exploring QCA methods to expose social CAS behaviour in
implementation processes as a better explanation of what happened in an

implementation trial.

The following sections briefly define the principle thesis elements of philosophy, theory and
methodology. These address the ongoing problem of how to determine, define, or model
successful implementation, a key objective of the evidence-based heuristic (Rycroft-Malone
and Bucknell 2010). First, | briefly outline the problem of implementation and typical

methodological approaches.

1.2 The implementation problem

Quiality of care, evidence-based practice and better performance are key milestones for both
NHS Trusts and other Health Boards in the UK, as well as elsewhere. International health
research organisations such as Cochrane, national guideline developers in the UK and
worldwide (Guidelines International Network) and the National Institute of Health and Care

Excellence have formally established effectiveness of care through evidence-based practice.
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These is a continual expectation for healthcare professionals and organisations to implement

evidence-based practice.

In addition, there are demands for dedicated resources to support the sheer volume of
guidance (Lowson, 2015). Also, the development of behaviour changing models that
characterise interventions and their implementation needs aimed at specific barriers and
enablers to facilitate successful implementation (Michie et al, 2011, Ramsey et al 2010).
Other work focuses on individual and organisational behaviour within the context (the system
or setting) of the intervention (May et al 2016, Squires et al 2015, Rycroft-Malone et al 2013,
Meijers 2006, McCormack et al 2002,). However, given the effort and resources employed,
successful implementation of the prolific publication of healthcare evidence and guidance
remains a challenge. An academic industry manifested by the journal Implementation
Science evolved to address these many challenges to changing healthcare practice and to
improve uptake of research findings into healthcare policy and practice (Michie 2017).
Evaluation of implementation strategies to address implementation barriers has shown that
finding solutions is challenging at microsystem level, the point of delivery of care to the
patient (Flodgren et al 2019, Reed and Card 2016, Ivers et al 2012) and the macrosystem
(Pantoja et al 2017) level of health system organisation.

However, regular use of RCT methods to evaluate the effectiveness of implementation
strategies often result in inconclusive evidence of effectiveness because of individual case
context heterogeneity (Seers et al 2018, Rycroft-Malone et al 2013). Therefore, such
evaluations need other mixed method approaches (Flodgren et al 2019). One key
component of complementary trial process evaluations is to explain implementation

processes and trial results by providing contextual information (Moore et al 2015).

| selected a specific theoretical perspective (Complex Adaptive Systems) aided by a specific
methodological device (Qualitative Comparative Analysis) to provide further explanations of
what happens in individual healthcare contexts during implementation research processes.
The aim was to provide transferable evidence to inform future implementation trials. To
illustrate the problem, in the following section | describe two implementation trials that

implement complex interventions into complex health systems with inconclusive results.

1.2.1 Inconclusive implementation trials

These two large cluster randomised trials tested implementation strategies to enable better
implementation of evidence. They had embedded high quality process evaluations
underpinned by the well-established Promoting Action Research in Health Services
(PARIHS) conceptual framework (Rycroft-Malone et al 2013, Kitson et al 2008, Rycroft-

Malone et al 2004, Rycroft-Malone 2002). However, both raised several barriers and
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facilitators that hampered the trial design due to the impact of the individual health

organisation context.

The PARIHS framework assumes successful implementation (Sl) is a function (f) of credible
evidence (E), receptive context (C) and active facilitation (F). It was recently updated to i-
PARIHS (Harvey and Kitson 2015) in response to critique and use of the framework (Helfrich
et al 2009) to create a more dynamic version that moves from Si=f (E, C, F) to SI=Fac”

(I+ R+ C) (Harvey and Kitson 2015 p. 4). Where Fac" refers to multiple facilitation elements
that align with the innovation (1), recipients of the innovation (R), in a specific context (C).
This renewed version puts facilitation as key to enabling the innovation (guidance,
intervention), context (inner (proximal) and outer (distal)) and recipients of the intervention as
individuals (patients and healthcare professionals) and as groups of individuals. However,
despite the strengths of these trials, where both included well-conceived process evaluations
underpinned by a conceptual framework, they were in the end, inconclusive. These trials
illustrated two problematic assumptions that did not follow through. First the use of trial
methodology, and second the PARIHS conceptual framework assumptions did not play out.
Process evaluations offer an opportunity to explore implementation processes but, as | will

demonstrate, they are limited by their theoretical perspectives and methods.

These two trials, the national Peri-operative Implementation Study Evaluation (POISE) trial
(Rycroft-Malone 2013, Rycroft-Malone et al 2012), study data re-synthesised and analysed
in this thesis, and the international Facilitating Implementation of Research Evidence (FIRE)
trial (Seers et al 2018, Rycroft-Malone et al 2018, Harvey et al 2018) indicate that neither
proposed implementation strategies nor trial objectives functioned as framed by the trialists.
Therefore, the studies could not determine whether these strategies worked or not. The
POISE trial concluded implementation of fasting guidance to reduce prolonged fasting before
surgery needed strategic priority, dedicated resources with leadership and clear lines of
responsibility, effective teamwork and communication with implementation activity ring-
fenced. The FIRE trial tested two different facilitation approaches to implement an
incontinence guideline recommendation in nursing homes. Harvey and colleagues (2018)
discussed the issues raised by this study to manage fidelity and adaptation to the intended
intervention (two types of facilitation, one providing intensive support and input to facilitators
and the other more standard facilitation) and concluded that there is a need for experienced
facilitators properly supported and mentored by managers. But what was also needed,
according to the study results, was “a theoretical approach to fidelity, with a focus on
mechanisms, informed by prospective use of process evaluation data and more detailed
investigation of the context-facilitation dynamic.” Both these trials indicated a complex
dynamic occurring within the real-world context of NHS organisations, where the trial often

fails to deliver a meaningful result and the process evaluation compensates with a
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description of what happened. Other implementation trials also have shown a similar pattern
(Neyens et al 2011). | have used the POISE trial outcome and process evaluation data to
unpick the issues raised and proceeded to transform the data using a different theoretical

and methodological approach.

1.3 Using Complexity Theory to frame the problem

Complexity Theory is employed by diverse researchers, working in many areas of research
in physical, biological, information and social fields (Johnson 2011, Mitchell 2011, Castellani
and Hafferty 2010, Gribben 2004, Byrne 1998, Gell Mann 1994). This emerging paradigm,
increasing in healthcare (Braithwaite et al 2018, Greenhalgh and Papoutsi 2018, Strumberg
et al 2016), seeks to elucidate how different structures come to exist based on sets of rules,
or recursive behaviour, that creates greater organisation and complexity. Complex
macrostructures arise from microstructures that evolved from interaction between individual
agents (human agents) and have their own properties not separately identifiable at the lower
order microsystem or individual level. The processes of learning and adapting to the local
environment are key to understanding CAS behaviour. Although CAS is now persistent
within the language of healthcare Braithwaite 2018, Braithwaite et al 2017, Thompson 2016,
Moore 2015, Strumberg and Martin 2009, Kernick 2004), there is a lack of consistency with
its application and language (Thompson 2016). CAS is often used as an interpretative lens
(Matheson 2017, Hannighan 2013, Trenholm and Ferlie 2013) rather than operationalised
through methods to evaluate or test its application. This is the focus of my thesis.
Emergence of social order within the CAS perspective (Sawyer 2005) explains collective
behaviour of human agents (through conversations, meaning, symbols, etc.) and the social
structures they create. Due to system feedback these higher order social structures impact
on individuals in a complex web of back and forth interactions producing both stable and de-

stabling structures.

From this perspective, healthcare systems, as complex social systems, deliver healthcare to
individual patients via complex organisation and interaction of hard structures (buildings,
equipment and technology) and soft systems such as the organisation of care by healthcare
professionals to provide diagnosis, treatment and other care approaches and support
structures. Social systems need to consider human agency and decision making. These
human-based systems in healthcare need to respond to improvement expectations and the
evidence-base for changes to practice etc. Effective care and treatments and understanding
what works for patients is central to the function of delivering healthcare. Thus, | assume

healthcare is delivered through social systems of socially organised structures and practices.
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| disentangle the use of the term complexity that is often used to refer to something that is
complicated. | refer to complexity as a phenomenon with its own specific characteristics as

indicated above.

Based on this perspective, healthcare and implementation of evidence-based
recommendations and practice and other healthcare interventions are not discrete from the
system they enter but are disrupters (Noyes et al 2019, Petticrew et al 2019, Thomas et al
2019, Hawe et al 2009, Shiell et al 2008). Therefore, | suggest when designing
implementation activities that seek to change these social structures and practices, they
need to consider the learning and adaptive behaviour of social Complex Adaptive Systems
(social CAS). | explore key aspects of this CAS behaviour, such as the rationale for system
existence, its history and how this history explains the current system status. CAS behaviour
change is not expected to be linear: change transitions can be both disappointing (due to
expectations) and lead to unexpected events. Fasting practice (POISE trial) is longstanding,
fundamental and highly integrated into the surgical system, and therefore provides an ideal

example to explore social CAS.

The Medical Research Council (MRC) guidance on process evaluations to evaluate complex
interventions concluded that “contributions of complexity science to evaluation remain on a
theoretical level, and there are few empirical examples for it to inform guidance. Process
evaluation may offer a means of providing some of these empirical examples by, for
example, using qualitative data to capture feedback loops and investigate complex causal
pathways”. (Moore et al 2014, p. 44).

Randomised trial process evaluations evolved to capture context, mechanisms and
participant perspectives to explain trial findings and enable transfer of the intervention to
other settings beyond the trial participants (Bonell et al 2006, Oakley et al 2006). Ramsey
and colleagues (2010) illustrate how theory-based process evaluations may capture causal
mechanisms at play. The MRC strongly recommends the collection and use of both outcome
and process data with a focus on the development of the multi-method process evaluation
and its synthesis with the outcome data (Moore et al 2015, 2014). QCA methods can
synthesise both process factors and outcome data by case, maintaining the specific case

context, illustrated in my thesis. First, | link CAS and QCA methodology.

1.4 Thesis assumptions

I considered the epistemological basis of social CAS as a theoretical lens and QCA
methodology as a method to expose complex patterns of behaviour in social systems. |
examined perspectives on reality and causality that counterbalance the experimenter’s

worldview. Debates address the limits of RCT experiments to provide the necessary
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information for policymakers (Deaton and Cartwright 2018), in particular for complex
interventions that are very reliant on social systems to function (loannidis 2018). This is
because they are reductive and cannot take account of or engage with the surrounding
system (Cilliers 2013). In addition, | assume the social world is not a single social CAS but
involves multi-layered and multi-nested social CASs interconnected in complex ways of
influence and cause and effect. Therefore, | aim to explore methods that address complex
causal influences. These causal influences are assumed to work up through the different
levels within a given system under investigation and will bring about effects elsewhere in the

social CAS structure.

I explain my adoption of a complex realist position (Byrne and Callaghan 2014, Harvey
2002) in Chapter 2, which draws upon critical realist philosophy. This position considers an
external reality that exists beyond our minds. We might infer its existence from our
observations and in time our knowledge and understanding of the world beyond our minds
will accommodate further insights. Both complex and critical realist philosophy assumes that
the existence of reality is overlaid by human interpretation. Complex realism engages more
explicitly (but not exclusively, see Chapter 2) with a social reality of Complex Adaptive
Systems. When engaging with social CAS we seek to understand how social relations and in
turn social practices come about and move beyond the experimenter’s reductive perspective
that seeks to identify a direct relationship between a cause and its subsequent effect.
Increasing attention paid by philosophers on causality in science takes account of the
multiplicity of causal theories and how they might collectively provide explanations for what
is happening in the world, that is, how one thing leads to another and then another, etc. This
is referred to as causal pluralism (Cartwright 2007) or a causal mosaic (lllari and Russo
2014). | explain further in Chapter 2 the utility of this philosophical position to address
intricate, interrelated and causally dependent pathways to an effect or outcome of interest. |
discuss how QCA methodology enables explanatory inference (Lipton 2004) for complex

behaviour in complex social systems (lllari and Russo 2014, Ragin 2010, Cartwright 2007).

1.5 Methods to manage complexity in healthcare social

systems

Case study designs and realistic evaluation are two approaches that can be used to manage
case complexity. However, these designs do not typically go beyond five to six cases for in-
depth study. QCA is a case-based methodology that evaluates patterns of implicating factors
across a common set of cases (e.g. NHS organisations) that engages and exploits
heterogeneity between these cases, unlike RCT’s reliance on homogeneous populations

(Olsen 2019, Cartwright 2010). QCA can retain individual case contexts in analysis from a
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medium number of 10+ cases at the lower end to 50+ at the other end, and is also used in
much larger N studies (Rhioux and Ragin 2009), although a degree of case context
sensitivity is then lost (Thomann and Maggetti 2017). QCA provides an opportunity to
systematically connect theory with data to account for this heterogeneity across individual
cases. By identifying different configurations of implicating (causal) factors, QCA has
potential to assess complex system behaviour in healthcare contexts. | demonstrate this
potential by using the output of a high-quality trial (Flodgren et al 2019) and its process
evaluation that evaluated implementation strategies to facilitate guideline implementation in
NHS organisations (Rycroft-Malone et al 2012). | use an additional method, process tracing
(Beach and Pederson 2013), a within-case method, to extract the evidence from the data of
each NHS organisation in the POISE trial to create the individual case narratives for

assessment in the QCA study.

Before undertaking the QCA study | conducted a methodological review of current examples
of QCA undertaken in a health context, to examine transferability and utility of the method to
the implementation of evidence in health settings. Currently, this is the first review of QCA
methodology migrating from social and political science to the healthcare and evidence-
based methods context. The review undertaken includes quality assessment of the studies,
the authors’ rationale and their epistemological assumptions using framework synthesis,
which indicates the need to manage complexity (complicated data and complex healthcare
interventions). | report a range of both quality and methodological issues undertaken by the
studies and note developments that have occurred over time as applications of the method
have increased since the start of this PhD. | developed a new tool for assessment of such
studies with a view to establishing good practice standards in future applications of QCA,
along with the work of others advising on quality standards for conducting and reporting
QCA. | cover a range of issues with QCA methods and indicate some of the critiques and

developments.

1.5.1 Using Qualitative Comparative Analysis methods

QCA is distinctly different from the average net effect approach (outcome) and qualitative
research thematic approach (process), the methods conducted in the original study. The
QCA study will use a new conceptual framework to evaluate the POISE trial process
evaluation data from a fresh perspective to see whether both the framework and QCA
methods can better explain poor implementation of guideline recommendations from the

original data.

Ragin (1987) first described the method and methodology in The Comparative Method:
Moving Beyond Qualitative and Quantitative Strategies. The purpose of this comparative
method is to take the best attributes of case orientated (small N, e.g. case study(s)) and

variable orientated (large N, e.g. survey, RCT) research strategies with the notion of
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comparing wholes (cases) as configurations of parts as a bridge between complexity and
generality (Figure 1.5.1). Traditional statistics use linear algebra, but Ragin proposes
Boolean algebra (Ragin 1987, p. 86-102) or fuzzy set analysis (Ragin 2000), also referred to
as the algebra of logic and sets. The technique examines causal complexity by exploring the
possible ‘conditions’ that might lead to an outcome and whether the ‘cases’ identified with
the outcome exhibit a range of conditions. The likelihood is that some cases may exhibit
some but not all possible identified conditions when the outcome is present. In other words,
several different configurations of conditions lead to a given outcome. The conception of
causality is multiple conjunctural causation (Rihoux and Ragin 2009). A combination of
causally relevant conditions generates an outcome, and several different combinations of
those conditions may produce the same outcome. This is defined as the diversity orientated
approach (Ragin 2000, p. 119). QCA takes data from a variety of sources and transforms it
for the purpose of synthesis to enable pattern seeking in the data. Fig. 1.5.1. elaborates on
the key attributes of QCA as a bridge between the two ends of the methodological spectrum

of case study (complexity) and population (generality) based designs.

Fig. 1.5.1 QCA methods — a methodological bridge
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Since the beginning of this PhD in 2010, increasing examples of QCA application in health
studies to address causal complexity appear to support my initial choice of methodology
(Chapter 5).

1.5.2 Dataset used in Qualitative Comparative Analysis study

The point | seek to illustrate is that well-established guidance underpinned by credible and
robust evidence leading to an uncomplicated and unambiguous recommendation, ultimately,
when tested in the real-world, struggled to gain traction to improve patient care. Also, the

conceptual and methodological design of the POISE trial was unable to reveal which
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strategy would improve implementation of the simple recommendation to reduce prolonged
pre-operative fasting to two hours for individual patients. Fasting practice, based on the
Royal College of Nursing (RCN) guideline (Westby 2005) endorsed by the Royal College of
Anaesthetists used in the implementation trial during 2006-2009, continues to present a
problem (Hamid 2014). Resistance to change was illustrated by a single audit of one UK
based District General Hospital with a mean fluid fast of 8.6 hours dropping to 7.1 hours with
a mean difference of 1.5 (0.1 to 2.8, P value 0.035) (Kyritotos 2014). This showed a drop in
keeping with the results in the POISE trial but remains illusively far from the 2-hour RCN
guideline target for individual patients. A systematic review undertaken more recently
indicates that practice of prolonged fasting remains entrenched (Lambert and Carey 2016).
Operations in the UK increased by 40% between 2005 and 2016
(https:/lwww.nhsconfed.org/resources/key-statistics-on-the-nhs) and, therefore, potentially
more patients suffer prolonged fasts and there is increased pressure on surgical teams
limiting their ability to reduce fasting times. | make a key point at this juncture which is
elaborated further in Chapter 7. The guideline implies that establishing a shorter pre-
operative fasting time involves monitoring the patient based on likely circumstances, such as
delays and cancellations. | will re-phrase this monitoring to clarify that we expect the
patient’s fast to be regulated based on hour to hour circumstances. This was the
recommendation goal, otherwise how else might it be implemented? However, two other
organisational fasting tactics predominate, blanket fasting (everyone fasts from the same
time regardless of operation time) and fasting as if first on the list, where the patients are
fasted appropriately in relation to the operating list start time. Therefore, patients high on the
list will lean more to a recommended fast time. | disentangle and explore these complexities
that arise with this guidance and implementation strategies used in the POISE trial to

leverage implementation.

1.6 Thesis structure and output

In summary, to address the thesis questions | built a novel conceptual framework from social
CAS concepts integrated with implementation theories and models. This novel conceptual
framework was operationalised using QCA methodology and methods to present an
empirical example of reinterpreting a trial’s outcome and process evaluation (POISE). This
example indicates, on the one hand, the limits of randomised controlled trials for complicated
implementation projects and, on the other hand, suggests that expectations of evidence-
based guidance are perhaps unrealistic and do not engage properly with real world contexts.
The data provided by the POISE trial process evaluation to promote the implementation of
simple, credible and acceptable evidence-based recommendations to reduce prolonged

fasting for fluids before routine surgery challenged the guidance’s assumptions. The
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importance of proper conduct and reporting remains as relevant for QCA methods as with

RCT’s (Chapter 5), and | discuss several issues when considering the application of this

method to health research. Further studies are needed, although the research reported here

shows potential for implementation.

Table 1.5 summarises chapter structure and contribution to implementation research.

Table 1.5 Thesis questions, structure and contribution

Chapter

Content summary

Contribution

Q. 1 Can Complexity Theory provide a better understanding and explanation of
implementation of evidence in healthcare systems?

2. Methodology

Established an epistemological
frame of reference to underpin the
study:

EXPLAINED COMPLEX
REALISM & COMPLEX
CAUSALITY

Employed a complex
realist perspective with a
causal pluralist stance to
engage with methods for
social CAS

3. Complexity Theory for social
systems

Developed simplified concepts
from social complexity theories:

DEVELOPED SOCIAL CAS
CONCEPTS

Developed a novel
interpretation and
conceptualisation of
Complexity Theory
concepts

4. Conceptual framework
development

Identified and synthesised
implementation theories, models
and frameworks and built a
conceptual framework for social
CAS:

INTEGRATED SOCIAL CAS
CONCEPTS WITH CORE
IMPLEMENTATION CONCEPTS

Formed a novel
conceptual framework
integrating social CAS
concepts with a
synthesis of
implementation theories,
models and frameworks

concepts?

Q. 2 Can Qualitative Comparative Analysis methods operationalise Complexity Theory

5. A methodological review of
QCA use in healthcare
research

Conducted a methodological
review of QCA use in health
studies and discussed issues in
QCA within the review and
beyond, as well as key
developments within health
research:

GAINED UNDERSTANDING OF
QCA METHODS AND UTILITY IN
HEALTH STUDIES

Produced first review of
health studies employing
QCA methods

6. Methods of the Qualitative
Comparative analysis study

Data were retrospectively
extracted from a cluster
randomised implementation trial
with an embedded process

Undertook an exemplar
QCA study in health,
specifically explaining
implementation in health
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evaluation. Data extracted using
process tracing methods to create
individual case narratives.

DATA INPUTTED

research tying concepts
from the conceptual
tightly with methods

7. Findings of the Qualitative
Comparative analysis study

Tests framework using QCA
methodology and methods,
developing explanatory models:

PRESENTS QCA MODELS

Show how QCA analysis
approaches are
specifically relevant to
implementation research

8. Discussion

Discusses findings based on the
QCA models and implementation
change patterns. Evaluation of
conceptual framework and QCA
methods and thesis limitations
presented. Discussed active areas
of QCA methods development.

MAKE RECOMMENDATIONS
FOR FUTURE RESEARCH AND
PRACTICE

Elaborate on thesis
contribution.

9. Conclusions

Thesis conclusion and
final statement
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Chapter 2. Methodology

2.1 Introduction

Following recent developments in philosophy on both causation (lllari and Russo 2014,
Cartwright 2007, Russo and Williamson 2007) and realism (Bhaskar 2015, Byrne and
Callaghan 2014), | will focus on how both perspectives fit with a Complex Adaptive System
(CAS) viewpoint. | will also discuss whether methods selected for my research fit within

these epistemological standpoints and the evolving frameworks in implementation research.

This chapter elaborates on the premise and assumptions underlying my thesis of complex
realism and explores the current philosophical context on causation in science to expand on
the notion of complex causality. The latter part of the chapter discusses methods for
implementation within complex contexts assumed to operate as a social Complex Adaptive

Systems (CAS). | start with the problem in implementation research.

2.2 Implementation research

Implementation research seeks to understand why implementation fails to get evidence-
based guidance adopted into practice (Eccles and Mittman 2006) and assumes that the
implementation context involves processes that influence and inhibit implementation of
evidence (Eccles et al 2009). This field of research investigates theories and methods to
promote the uptake of research findings into healthcare in clinical, organisational or policy
contexts, from the stance that the implementation context is multi-layered (Chapter 1). The
social healthcare implementation context involves several layers, including individuals
(multiple healthcare professionals, non-clinical staff, patients) and organisations (hospital
infrastructure, technology, computerised information systems, delivery of treatments to
patients, culture and working practices). Beyond the individual NHS organisation this
involves the wider contextual influence of national, regulatory, policy and guidance

instruments that target the individual NHS organisation.

2.2.1 Theory and concepts for use in implementation research

In the last twenty years or so there has been an evolution of theories and conceptual models
to better understand individual behaviour and implementation contextual factors (e.qg.
Pfadenhauer et al 2017, Rycroft-Malone and Bucknell 2010, May et al 2007, May 2006,
Michie and West 2004). Calls for appropriate application of theory to address the

implementation of interventions (Davidoff et al 2019, Eccles et al 2009, Grimshaw and
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Eccles 2004) are ongoing but, with only 26% of process evaluations up to 2017 making
specific use of theory (Mclntyre et al 2018), it remains an area of weakness (Graham and
Tetroe 2010, Damschroeder et al 2009, May et al 2006). The role of theory in science
describes both what happens (cause) and why it happens (explanation: processes and
mechanisms) (Vandebrouke 2008). Of course, we also need opinions and perspectives of
those who experience giving and receiving healthcare. Finding a difference between
intervention and control in a trial only provides a test of prior knowledge, more available for
pharmacological interventions (loannidis 2018). For the purpose of implementation and
replication we require an explanatory framework that incorporates both the mechanisms of
the intervention and, more specifically, the context in which the intervention is deployed
(Davidoff 2019).

The slow emergence of Complexity Theory (Kernick 2004, Pslek 2003, Sweeney and
Griffiths 2002, Pslek and Greenhalgh 2001, Wilson et al 2001) to explain the multi-layered
reality of healthcare, that is, the relationship between macrostructures (organisational) and
micro-level behaviour (individuals) has also now impacted implementation research
(Braithwaite 2018, May et al 2016). This theory seeks to explain the dynamic co-existence
of the multiple interactions, processes and outcomes that occur within health systems and
accounts for the unexpected consequences and events that arise over time (Rycroft-Malone
2007, Chapter 3). Complexity Theory characterises physical, biological and social systems
as evolving, and emergent, from the co-operative interaction of agents creating higher order
structures and systems that have separate properties from the agents from which they were
derived. However, finding methods or approaches on how best to utilise this theory in
implementation research requires examples (Brainard and Hunter 2016, Moore et al 2014).
My thesis provides an example of Complexity Theory tied tightly to method to foster
interpretation and thus explanation of data by individual case and context. By doing so, it

answers the question:

Can Complexity Theory provide a better understanding and explanation of

implementation of evidence in healthcare systems?

2.2.2 Introduction of novel methods to implementation research

There are strong viewpoints on the confirmatory basis of randomised controlled trials (RCTs)
to provide the best and most reliable evidence and that other evaluative methods cannot
protect against bias which makes them underdetermined (Vandebrouke 2008). Therefore,
due care and attention should be paid to the introduction of novel methods to fields of
science, such as implementation. | set out with the specific purpose of evaluating a method
(Qualitative Comparative Analysis, QCA) from political sociology as a vehicle for Complexity
Theory to better explain the implementation context. The introduction of this method into

implementation research allows the assessment of causal complex relationships in social
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structures that maintains case context sensitivity whilst permitting across case comparison.
QCA does not aggregate data either quantitatively or qualitatively (themes) but synthesises
multiple forms of data (maintained by case) to identify patterns of causal factors across the
cases. These factors are expected to configure in different arrangements, indicating an
informative pattern across those cases. This complex arrangement of causal factors has
potential to capture the dynamic of complex systems on specific aspects that a researcher is
interested in (Byrne and Callaghan 2014, Cartwright 2007, Byrne 2002). The presence or
absence of these factors across the cases derives the complex factor patterns
(configurations). | sought to illustrate how this method aids implementation research by
maintaining case specificity that provides a different approach to addressing complex
phenomena within healthcare contexts. My assumption and focus in my exploratory study
were that in implementation research we are trying to expose and understand complex

causal relations and processes that occur differently across individual case contexts.
Therefore, the second question | addressed was:

How can Qualitative Comparative Analysis methods be used to operationalise
Complexity Theory (specifically CAS) concepts?

To address both these questions, | outline different perspectives of reality, causality and
explanation to provide an epistemological frame for my research. | take a standpoint that
reality exists, but it is inevitably beyond our capacity to capture it entirely within our methods
and observations. | draw attention to the development of a complex realist perspective that
accounts for a reality that assumes social CAS are functioning. | elaborate on typical
methods used in both healthcare and implementation evidence-based research to illustrate
the main point: explaining complex phenomena in social healthcare systems requires a
different approach and set of methods, in particular when there is a need to address the

influence of the implementation context at an individual case level.

2.3 Cause and reality

Diverse philosophical accounts of reality and causality are moving towards pluralistic
positions (lllari and Russo 2014, Cartwright 2007, Godfrey Smith 2003). | focus on those
interested in accounting for causality in evidence-based medicine and practice. Particular
attention is paid to the type of causality underpinning RCTs and its limits to ascertain the
information policy stakeholders and healthcare practitioners need to implement changes to
care within the healthcare context (Deaton and Cartwright 2018), explicitly context-sensitive
non-pharmacological interventions (loannidis 2018). First, | describe my approach to the

development of this chapter.
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2.3.1 Literature identification

| identified relevant literature using snowballing techniques starting with citations from key
works and summaries provided by the online Stanford Encyclopaedia of Philosophy
(https://plato.stanford.edu/), cross-citation between articles and key works, and journal article
series providing debates indicating active areas of thought. Also, | reviewed textbooks
summarising the current field of causation for the sciences to assist in signposting and
summarising the literature. Due to rapid expansion of this literature, what follows represents
my individual journey to knit theoretical concepts for CAS with methods (Qualitative

Comparative Analysis) that address complex causality in social healthcare systems.

2.3.2 Perspectives on reality
Different perspectives on what constitutes reality and permits our study of it have evolved

over time. These different perspectives fall into the following very broad categories:

e Alogical positivist (empiricism) perspective — reality is only determined by
observation and therefore we can only know ‘it’ exists through our observations
(and experiments).

e Arealist (realism) perspective — reality can be determined through the composition
of information from our observations, and its actual existence can be inferred.

e A socially constructed (naturalism) perspective — reality exists through the

interpretations of the observer, in other words, reality is mind-dependent.

These perspectives tend to operate as opposing forces (Godfrey Smith 2003). Within these
broad perspectives on reality there are multiple nuanced stances. However, combining these
perspectives suggests we access the independent world through our minds and our senses
using language to communicate our understandings of the world, and this world is only partly
accessible to our methods, thus knowledge is under constant revision (Godfrey Smith 2003).
Consequently, greater knowledge will continue to shift our understanding of the external
reality as more of it becomes known to us. A realist position is the middle path on which |

now focus.

There are multiple interpretations of realist ontologies: critical, scientific, naive (Barnet-Page
and Thomas 2009), structural (Worrell 2011), subtle (Hammersley 1992) naturalised
(Godfrey Smith 2003) and many others (Pawson 2018, Searle 1995). Pawson (2018, p.
207), in his realist family tree, includes recent evidenced-based medicine interested
philosophers along with other disciplines (e.g. sociology), such as Howick (2011) and Russo
and Williamson (2007), because of their interest in mechanisms. | discuss this later in this

chapter.
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The adoption of different realist positions, such as ‘scientific realism’, suggests that
structures exist in the world beyond our knowledge, and either we know what we know at
any given moment confirmed through experimentation (empiricist) or we can theorise and
build on these theories over time as more of the structure is revealed. This is referred to as a
process of continuity (Chakravartty 2014). ‘Structural realism’ perceives an underlying
structure that is held across theories overtime even when theory A is superseded by theory
B and therefore the explanation is one of a cumulative process of a current theory being only
partially correct and therefore replaced by an updated theory (Worrell 1989). However, the
nature of the structure does not itself change and can be determined by mathematics and its
physical properties, so we are constrained by the limits of our knowledge about the structure
(Ladyman 2016).

More recently in healthcare, a strong interest has developed in ‘critical realism’ as a lens
through which to understand ‘complexities’ within healthcare (Emmel et al 2018, Wong et al
2013, Pawson 2006), and specifically implementation research (Rycroft-Malone et al, 2018,
Rycroft-Malone et al 2015, McCormack et al 2013, Rycroft-Malone et al 2012,). ‘Critical
realism’, evolved from Roy Bhaskar’s original concept of ‘transcendental realism’ (Gerrits
and Verwij 2013) and ‘critical naturalism’ whereby he transcended positivism (empiricism)
and hermeneutics (idealism/interpretation) to provide explanatory accounts of social reality
(Hartwig 2014). Important notions that link to understanding causation from this critical realist
perspective are power and capacity that indicate a potential causal mechanism can exist but
requires an additional component or condition to enable an effect to occur. Likewise, the
cause and effect relationship can be blocked (disabled). The identification of what works or
enables something to happen in social reality is key to the concept of ‘generative
mechanism’ in the critical realist context. In addition, an individual contributes to the social
evolution of the ‘generative structures’, which in turn shapes the individual (Reed and Harvey
1992).

Inevitably, there is a wide school of thought evolving within the critical realist tradition that
includes metarealism (Williams et al 2017) and Bhaskar’s subsequent dialectical critical
realism (Hartwig 2014, Harvey 2010), amongst others. Although the dynamic, inter-
connected and multi-layered social world is accounted for in critical realism philosophy,
further developments engage directly with Complexity Theory, a logical home for my
research. I, therefore, focus on the nuance of a complex realist position which expresses

more directly the realist position engaging with a Complexity Theory perspective.

2.3.2.1 Defining a complex realist perspective
A complex realist stance ascribes to the existence of an external reality composed of
structures that are constantly organising into nested systems that have emerged iteratively

over time and are not decomposable to the principle components from which they have
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evolved. Such systems are contingent on their context and temporally irreversible. This
perspective (Byrne and Callaghan 2014, Byrne 2002, Reed and Harvey 1992) assumes the
prior existence of an emergent order in the world to which we have limited access. Also, the
observer’s view of the emergent Complex Adaptive System will involve an interpretation of

their observations.

Reed and Harvey (1992) introduced the concept of complex realism by combining Bhaskar’s
philosophical ontology for social realism (Bhaskar 2015) with Prigogine’s scientific ontology
of dissipative structures (Prigogine 1997). They argue for the compatibility between these
two ontologies and present a social ontology, which ascribes that although operating
differently, the natural and social worlds cannot be viewed as separate levels but as the

progression of the natural evolving into the social.

This ongoing progression appears in Karl Popper’'s Objective Knowledge (Magee 1973, p.
65) where he offers a simple formulism to illustrate continuous natural to social adaption.
This sets a temporal unidirectional process that is expected to repeat, but at each step
creates something different from its initial starting point. Here, | reproduce this formula with

my own interpretations to fit it into context here:
Pr. >TS — EE —> P2

Karl Popper Problem Trial Error Result
solution elimination

Thesis author Current Intervention/  Adaptation  New

interpretation state innovation or emergent
contextual state
consequence

Adapted from Magee 1973, p. 35

The pattern is the process of continuity, feedback, learning and adaption moving
continuously to a new emergent state. The current state of P, is always superseded by the
state P, (Magee 1973) after states TS and EE have occurred. EE represents an adjustment
with continued adjustments occurring over time that build an increasing ‘complex structure’
tied to its evolutionary path. This simplicity lies under all complexity (Gribbin 2004) but it is
important to understand historically where the observer is along the trajectory of the system
structure. Popper did not directly engage with Complexity Theory, which began emerging in
the 1950’s with systems science and cybernetics (Chandler et al 2016). This continual
process of adaption creates complex linkages and arrangements to construct the different

multi-layered systems.

Both Bhaskar and Prigogine take this perspective further and adopt a view that systems

operate under certain conditions, that is, they self-organise and emerge into higher order
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structures that are non-decomposable to original components or entities. Systems are open
and typically large-scale and do not operate in states of equilibrium. These changed system
states are not predictable or reversible. Thus, temporality and historicity are important
aspects needed to understand and explain these systems (Reed and Harvey 1992). Harvey
(2010) qualifies the definition of the complex realist paradigm that was a “compression of
complexity theory and critical realism” (Harvey 2010, p. 24) as underpinned by concepts that

State:

o reality exists beyond our “attempts to understand and manipulate” the world;

e natural sciences have a role to play in social systems but must allow for the role of
human agency;

¢ the world is constructed in a series of hierarchically organised and evolving nested
systems;

o these systems are “contingently structured and temporally staggered” and cannot be

confined to controlled experiments and causal regularity (Harvey 2010, p. 24).

Byrne (2002) described complex realism as an ontology for social systems. He defined it

briefly as:

e social measurements as process;

e changes in kind and transformation rather than variables removed from their context,

¢ allows description of relationships between system levels and system aspects
without resorting to aggregation;

o “Complex realism allows us...... to explore interaction as a guide to the character of
systems understood as complex products of parts, wholes, part-part interactions,

part-whole interactions and part-part-whole interactions” etc. (Byrne 2002, p. 9).

Complex realism for social CAS

As complex realists, Byrne and Callaghan (2014) develop further the notions that underpin
this ontological position. They used Morin’s (2006) concepts of ‘restricted complexity’ and
‘general complexity’, advocating for clarity between greater complexity evolving from multiple
interactions based on ‘simple’ rules that create complex structures overtime — restricted
complexity — whereby one establishes the rules that create the structures. However, in
contrast, ‘general complexity’ can only define the whole system, and Byrne and Callaghan
(2014) make the important point that the emergent structures that occur at multiple levels of
higher ordered organisation in social systems are not solely dependent on ‘micro-
determined’ emergence. In other words, large complex social systems (e.g. NHS
organisations) have properties that enable changes and adaptations to occur that do not

directly incur micro-system emergence of interacting individuals. The complex realist
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perspective provides a complexity frame for the social world that is both a way of knowing

how things can be known and what the world is really like (Byrne and Callaghan 2014).

The complex realist position requires greater refinement and clarity on the measurement and
modelling of social CAS (Holland 2014). The appropriate blending of different perspectives
remains a topic of discussion in the literature (Holland 2014, Bonell et al 2013, Marchal et al
2012). Therefore, we need an ontologically sound basis to engage with social CAS as a
framework for understanding the function and development of social systems and how we

can study these systems.

2.3.3 Perspectives on causation

Interest to understand the nature of causation, particularly in the field of health sciences and
evidence-based medicine, has increased significantly amongst philosophers in the last 20
years (Cartwright 2007). This has led to a view that the interpretation of causality in the
health sciences requires closer philosophical attention as it “infers causal relations from
mixed evidence: on the one hand, mechanisms and theoretical knowledge, and on the other,
statistics and probabilities. Statistics are used to show that the cause makes a difference to
the effect, and mechanism allows causal relationships to explain the occurrence of an
effect”. (Russo and Williamson 2007, p. 158). The multiplicity of systems from the physical
to the biological, and finally the social, all connect and interact at some level in some place,
challenging our methods to abstract enough system information and knowledge on which we

might seek to intervene or observe.

“Our causal models are correct, if and only if, they approximate well enough to the causal
laws that govern the operation of the system in question. The claim is that there are a great
variety of kinds of causal relations embedded in a great variety of kinds of causal systems as

well as a variety of causal questions that can be asked.” (Cartwright 2007, p. 250-1)

2.3.3.1 Defining a pluralist causal philosophy

From a complex realist standpoint, a broader notion is needed of how we understand the
way the world works. A view of causality requires greater clarity on what is meant by cause
and how to determine whether there is a causal connection between multiple interacting
entities and their activities. Again, current multiple perspectives on causality exist (e.g.
Misangyi et al 2017, Reiss 2009, Cartwright 2007, Russo and Williamson 2007, Pearl 2000,
Mackie 1974) with nuancing of different notions of causal relationships. However, this is now
leading to pluralist positions (lllari and Russo 2014, Cartwright 2007) that blend or
incorporate multiple dimensions of causality to explain real world causal relations. It is this
multiplicity of causality that provides a rational argument for a complex reality in which
complex causal relations reside which can explain the behaviour of the implementation

context and intervention.
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Defining causation has a long history that starts as far back as Aristotle. Cause as a concept
has been inconsistent, in that exceptions always exist in various causal models and theories,
which resists unification of concepts (Reiss 2009). Debates will centre on both metaphysical
and epistemological levels, as well as application for use via research methods. Causal
concepts can include what and when something triggers an event or accelerates it, or delays
or prevents it (Godfrey Smith 2010). It can also mean the causal relationship will always
occur, based on an underlying regularity (lawlike), as espoused by the philosopher David
Hume (Morris et al 2017). Furthermore, philosophical discussions will address language and
our conceptualisation of cause as a relation and what it means in a specific account, what
accounts for truth and how truth can be verified, typically by empirical methods (lllari and
Russo 2014, p. 202). Although conceptions of cause remain ambiguous, science requires a
basis on which it can make statements of ‘truth’ or ‘fact’ or ‘evidence’ through claims and
proof, reasoning and logic etc. Some of these causal concepts are listed in Table 2.6.2.a.
Fire and wound infection are used to articulate these concepts to illustrate broadly the nature
of the causal question that might be asked. An example of looking for a simple cause and
effect relationship is to ask, “what caused the fire in the litter basket?” This may start with
identifying a trigger (a lit cigarette) in the presence of dry paper. However, in a tower block
fire resulting in multiple deaths and injuries the causal trajectory starts with a trigger (faulty
fridge in one flat), an open window, the presence of cladding on the building, the presence of
air space in the cladding creating a draught that accelerates the fire across the whole
building, lack of escape routes and water sprinkler systems, etc. Medical errors often have
this trajectory, when a series of causal steps occur to lead to a serious adverse event
(Reason 2000). These error events are often considered preventable. | suggest that the lack
of success in implementation of guidance and changes to practice or treatment plans in
healthcare follow a similar but reverse trajectory of cause and effect between initiation and
successful achievement of objectives. The trajectory to success needs several enabling

steps or processes within the healthcare context.
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Table 2.3.3.a Causal concepts explained

Type of causal concept

Explanatory examples

Health example: Transmission of infection to

wound post-surgery

Causation by absence or prevention

Something that intercepts a possible causal sequence,

thus interventions to prevent fire in fire risk situations.

Strategies such as the use of masks, gowns and gloves
during surgery act as barriers to prevent transfer of
bacteria to the wound site.

Cause as identified by the difference

(effect) it makes

Whether protective clothing to prevent a fireperson from
harm in their job is effective or not (makes a difference)

from non-protective clothing.

Evaluating between antiseptic skin preparation
formulations: which to use or not to use, based on their
effectiveness in preventing post-operative wound

infection.

Cause as identified by its production,
process or mechanism

Where we can identify the actual mechanism or process
leading to a fire, a spark near flammable material.
Mechanisms afford explanation, whereas difference

making does not.

Swabbing routinely patients’ nasal cavity for MRSA
(methicillin-resistant Staph. aureus) before surgery
because microbiological studies show this is a key

mechanism of infection transfer.

Cause as regular instances (lawlike)

Refers to natural laws, e.g. that fire requires oxygen,

therefore fire always occurs in the presence of oxygen.
Furthermore, although oxygen is a necessary cause for
fire to occur, it is not sufficient, as other agents are also

required for fire to occur.

Surgical site infection is caused by the transmission of
bacteria, a process that is well understood. Immune
systems, unbroken skin and other preventative
strategies block transmission of bacteria to the wrong

place.
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Cause as capacity, power or
tendency (propensity)

Many items are flammable, others are not. However, for
the fire to occur it requires another causal agent to

ignite the flammable material.

Bacteria can be airborne or move from its origin or
source to the wound through physical contact or
exchange of fluids transmission, etc. If the patient is
immune-compromised or vulnerable, the bacteria in the
wound can to lead sepsis. Therefore, some patients are

vulnerable and will be more prone towards infection.

Counterfactual dependence

Establishing causal relations by eliminating other
explanations. It may have not been the spark from an
electrical fault in the fridge that caused the fire but
overheating due to material placed at the rear of the
fridge. However, counterfactual dependence is not
always the case as several potential causes might

compete to bring about an effect (Reiss, 2009).

Identifying the transmission route and the source of
bacteria may be more complex and the failure of one or
more prevention strategies may create the causal

pathway to a post-operative surgical site infection.

Probabilistic theories of causation

Causal relations can be defined in terms of probabilistic
dependence: when A causes B, A raises or lowers the
probability of B. Therefore, the risk that a fire will occur
is either increased or decreased by access to
flammable material and a trigger, e.g. a lit match or
electrical fault. There is a given probability that a fire will
occur, so a lit match may not always ignite flammable

material should it not remain alight long enough.

Likewise, with bacteria entering a wound, certain types
of surgery may have a greater probability or risk of
infection warranting additional preventative measures.
High-risk surgery includes trauma or surgery that
involves entering the gastro-intestinal system where

there is a risk of faecal contamination.
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Cause as a cluster of concepts, family
resemblance, pluralist or mosaic

accounts

These accounts suggest links between a variety of
causal concepts, although these differ in emphasis and
definition. Exponents of these accounts are attempting
to manage the many concepts of causation into a single
account. Debates centre on the semantics of terms and
how they are then applied and also whether there is a
unifying or universal concept or whether a concept
overarches and links concepts. A major fire resulting in
multiple fatalities and injuries (fire causes death/injury)
can incur many causal claims: what started the fire,
what caused the fire to spread, what did not prevent the
fire from spreading, what facilities (fire escapes,
sprinklers) were available to prevent loss of life etc.
Who is responsible (does this constitute cause?), due to

either neglect of their duties or ignorance and so on.

Investigations into outbreaks of infections in hospital
caused by the transmission of bacteria may have
complex pathways of initiation, transfer and breakdown
in prevention strategies, such as handwashing between

patients.

Cause through CAS and notions of

trajectories

A certain causal event occurs through a pathway of
events whereby multiple triggers occur. An example is
the cause of death in tragic circumstances, whereby
multiple events led to death, but the death may not have
occurred at multiple opportunities following the initial

trigger (or cause).

The death of a patient following surgery as a result of
bacterial infection in the wound may have a complex
pathway between contamination and death, starting
with the health of the patient and other complicating

diagnoses, e.g. age (elderly or neonatal).
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Moving towards pluralism

Williamson (2010) reviews multiple theories of probability and argues that any one theory
that provides for a kind of claim to the exclusion of others provides only a partial account of
the totality of possible causal relations. He puts forward an epistemological theory of
causation to attend to problems he identifies between probability and mechanisms and
probability and counterexamples. Both probability and mechanistic knowledge are needed.
Again, like lllari and Russo (2014), he does not suggest a unification of all concepts but “it is
the uses to which causal claims are put that determines the nature of causality” (Williamson
2010, p. 18). Specifically, as illustrated with the fire example, it is the nature of the causal

guestion and the likely causal trajectory determining causality.

lllari and Russo provide an overview of causality for the sciences and simplify the key causal
guestions to: Is there a causal relation between X and Y? Does X cause Y? What are the
causes of Y? What are the effects of X? How much of X causes Y? (lllari and Russo 2014, p.
4). lllari and Russo (2014) examine multiple notions of causality and indicate that causality
forms models that are either monistic, pluralistic, integrated or unified. They frame five

scientific problems:

¢ Inference: what causes the effect and by how much?

e Prediction: what happens next?

¢ Explanation: how and why did the effect happen?

e Control: when we manipulate parameters, what happens?

¢ Reasoning: what conceptualisation of causation and methods used supports

assumptions and interpretation of findings?

So, we:

¢ need prediction to test hypotheses based on a theory to predict future events of C
and E. This allows us to determine whether it might occur again, but we do not know
how C causes E;

¢ might seek an explanation of how C causes E, by identifying what enables C to
cause E (by which mechanism or process);

e may control parameters, alter and create new situations to observe whether the
relations between C and E change in response to these manipulations;

e can use reason based on our assumptions, prior knowledge, theories and the models

we create to infer a causal relationship when we cannot directly observe it.

These different scientific problems address the multiplicity of scientific endeavours to

advance knowledge. Implementation research involves all five problems and therefore
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causal assessment cannot rely upon a single causal concept. Multiple forms of evidence are
needed to evaluate causal relationships (lllari and Russo 2014). We need “an independent
concept of cause that, nevertheless, bears some systematic relationship with different
evidential methods”, so we need one hypothesis supported by more than one source of
evidence (Russo and Williamson 2011, Reiss 2009, p. 28). Causal monism cannot explain
all aspects of evidence needed, and pluralism does not unify the different causal
explanations (Russo and Williamson 2011). Therefore, causation seems to involve a variety
of causal relations which suggests greater transparency is needed on the nature of the

causal assumptions made by researchers.

Multi-sided view of causation

A pluralistic multi-sided view of causation embracing multiple causal concepts is more able
to address the complex realist stance that assumes the world is created in an evolutionary,
historically contingent, temporally located direction. In other words, Complex Adaptive
Systems (CAS). Table 2.6.2.b summarises the substantive work in causal philosophy
undertaken by lIllari and Russo (2014). This process of disaggregating and qualifying
different concepts for the purpose of how researchers might use or interpret their activities
lends itself to a view of multiplicity rather than attempting to unify causal notions into a
singularity, hence pluralism. The argument then lies with the view that triangulation of
multiple forms of evidence that converge on a causal relationship is stronger that reliance on
a single point of evidence (lllari and Russo 2014). Combining different forms of evidence
(Bazeley 2018) is not new or unusual. However, establishing a strong philosophical basis for
doing so enables a coherent argument for interpretation. Within the field of implementation
research when RCTs are used alongside process evaluations to assess whether there is a
difference (outcome), and why and how (process), different causal relations are being
integrated. Given the push to explain implementation in terms of mechanisms, processes
and outcomes that are contingent on the context of implementation (Damschroder 2009,
May 2016), | consider there is a defence to assuming a concept of causal complexity, as

discussed here.

Furthermore, causation typically assumes that cause precedes effect. However, from a
Complex Adaptive System perspective it is not straightforwardly unidirectional because
anticipation can lead to prevention or changes to an unexpected future causal relation
(Heylighen 2010). CAS (biological and social) show the ability to anticipate, learn and adapt
to their environment or circumstances (Holland 2000, Chapter 3). Emergent higher order
structures (CAS), can create “downward causation” effects on sub-systems (attributed to

Donald Campbell 1974, Magee 1974). Cause, from this perspective, is not a static linear
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relation, but an evolutionary, adaptive and dynamic one based on feedback between local

agents within the system.
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Table. 2.3.3.b A multi-sided view of causality (drawn from the work of lllari and Russo 2014)

Causal concept

What does it do?

Elaboration

A regular instance

Determines that A is
necessary for B to

occur.

According to Hume, if we observe cause that is regularly followed by an effect, we can determine that
the relationship is causal. The question arises as to whether that must occur in every instance,
otherwise the factor is then considered not causal. Other accounts permit regularity but allow for
occasion when C does not always follow E in every circumstance. Mackie’s (1974) INUS* account uses

the basis for necessity but in a causally complex arrangement.

*An Insufficient, but Non-redundant part of an Unnecessary but Sufficient condition

Variation and

Determines A when

Manipulation is the basis for RCTs where the manipulation of factor can show an effect in controlled

and B based on

probabilities.

manipulation modified changes to B is | conditions protecting from other explanations. We can also follow effects from causes overtime e.g.
a causal factor for B if cohort studies. Variance in cause observed by a proportional variance in effect indicates cause if no
no other factors are other explanation is provided.
correlated.
Probabilistic Determines there is a Causality based on probabilistic dependence assumes causality is not deterministic and that other
dependence difference between A factors may also lead to the effect. Thus, 100% probability indicates a necessity relationship. However,

lower probability indicates that other causal factors are also relevant, which important for risk factor
analysis. A low probability indicates that something is less likely to cause E. Therefore, a strength of

relationship is indicated based on the likelihood of occurrence.

Production: Process

and mechanism

Identifies the
mechanism or steps that
occur to enable A to

cause B.

Process and mechanism are focussed on links, connections and process steps between C and E.
Mechanisms are devices to explain phenomena of how C enables E. This needs to involve descriptions
of the phenomenon, the entities, the activities and the organisation that connects the links to confer the

mechanisms.

45



Capacity propensity

A set of conditions are

Capacities-Powers-Dispositions (CPDs) explains what it is that permits C to enable E. It specifies both

and power required for C to enable | the conditions to enable C to invoke E and also those that might prevent C from involving E, or their

E. absence.
Counterfactual Addresses ‘what if’ This concept describes a situation when we have current knowledge or evidence, we can reason other
argument questions. If A occurred | possible causal relationships or explanations. However, these may not be valid because they have yet

or did not occur, then
would B occur or not

occur?

to be tested or evaluated. This is the basis for hypothesis testing.

Multi-component

(pluralist and mosaic)

Drawing together
multiple aspects of
causality into a general
framework for use by
researchers, applied as
relevant for their

purposes.

A range of causal concepts can be used to infer a causal relation that accommodates diverse aspects
of reality that are needed to provide evidence. This entails joining how we know causal relations with
the different ways in which we can know these causal relations. Based on the question we can ask

whether something works and how and why it works or does not work.
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2.4 Defining complex causation in Complex Adaptive

Systems

A description of complex causation entails a relational approach to causality that moves
away from reductionism (observing the parts that make up the whole) to a synthetic view of
interactions and relations between the parts, which eventually derive the outcome or effect

from a varied combination of factors (Ragin 2010, Byrne 2005).

2.4.1 Complex causality in complex healthcare systems

The development of pluralist accounts of causation (lllari and Russo 2014, Cartwright 2011,
2007, Russo and Williamson 2007) may offer a suitable fit with the CAS perspective and
methods needed to capture and explain ‘what happened’. | assume that certain key system
functions of healthcare social systems (e.g. healthcare organisations, systems of practice
and complex treatment programmes) and their human agents (healthcare professionals and
patients) operate under various parameters of ‘control’. However, these systems also self-
organise (Braithwaite et al 2018, Kernick et al 2004, Kauffman 1995), which means no single

healthcare professional has absolute overall control of the system.

Based on the level of abstraction within the system of interest, the causal relation may be
relatively simple or increasingly complex as more of the system is involved in the research
activity. When applying the social CAS lens, specific outcomes cannot be guaranteed, and
future trajectories may follow a range of possibilities. Therefore, when implementing change
into real world scenarios assumed to be CAS, how do we account for complex causal
relations? Finding methods that engage with the perspective of multiple interacting complex
adaptive healthcare systems is a challenge (Braithwaite et al 2018). The key point is that
complex systems are not decomposable into their constituent parts and thus complex
causation (in social systems here) needs to explain the ‘messy reality’ of the system (Byrne
et al 2010).

2.4.2 Causal relations and complex causality

Complex causality is dynamic, interactive and non-linear. Of course, direct linear
relationships can exist at lower levels of the system under observation, but these do not
describe the behaviour or effect that occurs at higher levels of the system. Non-linearity is a
key concept when considering the causal links between the cause of ‘interest’ and the
‘effect’ of interest and therefore its proximity or/and macro/micro impact on the causal

pathway(s) of ‘interest’. The scientific process extracts a part of the whole system, however
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that might be defined, and should note the wider system of influence. For the purposes of
what methods do and do not do in addressing complex causality, the RCT is a clear situation
whereby for its premises to equate to their conclusions (for the conclusions to be true), the
study parameters need to be very narrowly determined. The experimental method focuses
on a single factor in isolation from the wider context of that factor (or complex system in
which it operates) to confirm that a relationship exists between the causal factor and its
effect. Therefore, generalisability, has limits beyond the trial context (Cartwright 2013, 2007).
Causal relations, other than causal difference, become more relevant to address the
specifics of context. | expand further in the next sections on those pertinent to the focus in

the research undertaken for this thesis: ‘mechanisms’, ‘necessity” and ‘sufficiency’.

2.4.2.1 Mechanisms
Mechanisms are important when dealing with complex systems (Glennan 2002, in lllari and
Russo 2014, p. 125) because they track the ‘how’ from cause to effect, to connect the cause
to its effect. Thus, mechanisms provide causal explanation (lllari and Russo 2014). However,
not all explanations are mechanisms. lllari and Russo (2014) define mechanism as
something that:

e does not describe phenomena alone, that is, observing behaviour without explaining

the aspects of the causal pathway that bring about that behaviour;

e connects activities with their entities;

¢ has an underlying organisation, therefore no organisation equates to no mechanism.
In addition, observations might identify a signal that indicates the presence of a causal
relationship, but it does not define the mechanisms needed to establish or confirm that

cause and effect relationship (lllari and Russo 2014).

Gerring (2008) identifies nine definitions for mechanism in the social sciences and argues
that a singular concept — the pathway or process by which an effect is produced — covers all
others as they either elaborate or debate this definition. In reference to social mechanisms,
Dalkin and colleagues (2015) refer to differentiating between mechanistic activities, reason
and resources in programme evaluations. This concurs with a view that mechanism can
explain why something happened or not, but a mechanism needs to have the capacity or
resources to enable its activation. To establish mechanistic pathways to successful
implementation in social CAS requires tracing these nonlinear mechanisms that generate the
effect. In Chapter 6, | will utilise the social science method ‘process tracing’ (Beach and

Pederson 2013) to further illustrate this point.

Social system structures can be created by a variety of mechanisms, and the same

mechanisms may result in a variety of structures. In this social system context, ‘generative
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causation’ (Pawson 2006) looks for these capacities or resources (causal powers) within the
objects or agents or structures under investigation. Mechanisms “are the engines of
explanation in realist analysis” and they operate when “a sequence of events or a pattern of
behaviour are explained as being part of a system and the mechanism tells us what it is
about that system that generates uniformity,” and therefore explains causal connections
(Pawson 2006, p. 23). Bhaskar (2015) provides an account for a multi-layered social reality
that involves multiple structures that brings about social events (Williams et al 2017) and

illustrates a pluralist and complex causal position.

“.... just as the same type of event may be determined by a (disjunctive) plurality of
mechanisms ...., so (i) the same kind of mechanism may sustain alternative structures and
(ii) the same structure may be reproduced by a variety of different types of mechanism.”
Bhaskar (2015 p. 170).

Cartwright (2007) goes further to elaborate how mechanisms allow us to generalise a causal
relation beyond the sample population. Consequently, while an appropriate dependence in
the sample data can warrant a causal claim ‘C causes E’ in the sample population, a
plausible mechanism or theoretical connection is required to warrant the more general claim
‘C causes E’ beyond the sample population. Furthermore, mechanisms also impose
negative constraints: if there is not a plausible mechanism from C to E, then any correlation
is likely to be spurious. Thus, mechanisms can be pursued to differentiate between causal
models that are underdetermined by probabilistic evidence alone (significance tests, effect
measures) (Cartwright 2007). Likewise, as mechanistic reasoning can be overturned by
clinical comparative studies, hypotheses constructed by combining both comparative studies
and mechanistic reasoning are less likely to be spurious than hypotheses supported by one
type of evidence (Howick 2011). Knowledge of mechanisms can therefore support inference

made in trials, for example.

“High quality mechanistic reasoning involving inferences from “not incomplete” mechanisms
that take into account complexity can and should be allowed to bolster the strength of

evidence in favour of claims that treatments are effective.” (Howick 2011, p. 136)

The overriding point about mechanism within causal philosophy is that it explains how A is
connected to B and that there are a variety of ways this can be understood. Connecting A to
B can require a trigger, some additional quantity or factor, a series of necessary steps or the
capacity to transmit from A to B (not blocked by interference of some kind), and these

intermediate processes (parts) may each be described at different levels within the cause
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and effect relationship, when adopting a complex systems perspective. Byrne and

Callaghan (2014) qualify mechanisms within a social complexity frame as taking:

“the state of the social system at a point in time and explain the trajectory of that system
through past times by referring to a constellation both of internal control parameters and of
the state(s) of systems with which the system of interest intersects.” (Byrne and Callaghan
2014, p. 48)

The identification of the constellation of control parameters may suggest a pattern by which
similar systems might follow a similar trajectory (Byrne and Callaghan 2014). This
constellation of control parameters or conditions are central to the notion of complex
causality in the context of this thesis. | elaborate on a specific set of causal conditions central
to QCA methodology in identifying configurations of causal conditions across a set of cases

(see section 2.4.4).

2.4.2.2 Necessary and sufficient conditions

lllari and Russo (2014) summarise necessary and sufficient conditions as an approach that
assumes these concepts build a complex set of causes or mechanisms that are sufficient for
the outcome. First, | specify sufficient and necessary conditions and then the INUS concept
(Insufficient, but Non-redundant (necessary) part of an Unnecessary but Sufficient
condition), that explains causes as parts that can configure in different ways in different
circumstances, permitting more than one pathway of conditions towards an outcome. This is

central to QCA methodology.

Sufficient condition

A condition or causal factor whenever present so is the outcome, however, the outcome may
occur by other conditions. This is illustrated in Fig. 2.4.2.2.a below. The Venn diagram
shows the subset relation X —Y in red, where both are present. Set X does not explain all
cases of set Y. Therefore, other conditions or factors explain Y. Outside set Y, the universal
set, neither Y nor X are present. Note ~ means ‘not’. The two by two table (Schneider and
Wagemann 2012, p. 59) explains set relations further. 1 = present, 0 = absent, therefore the
subset X, Y tallies with cell b in figure 2, ~X, Y with cell a, ~X, ~Y with cell c. Cell d refers to
X, ~Y and should not present any observable cases in this cell because X is sufficient for Y.

This would constitute a contradiction.
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Fig. 2.4.2.2.a Sufficient conditions

Set relations: Patterns of sufficient conditions

Sufficient conditions X=condition, Y=outcome

- Two by two table - sufficiency
1 allowed
(but not relevant) allowed
Y
. \‘nl ~X, ~Y a b
| | 0 c d
,,n allowed not allowed

(but not relevant)

0 1
X

Adapted from Schneider & Wagemann, (2012) Sef-Theorelic Methods:
A guide to Qualitative Comparalive Analysis. Cambridge University
Press, Cambridge. UK p.59-60.

Necessary condition

A necessary condition is a condition or factor, if whenever the outcome is present the
condition is also present. Therefore, whenever X is present, Y is also present. However, X
may be present when Y is not present. This means condition X may also result in another
outcome not just this outcome. To illustrate this point table 2.4.2.2.b shows that you cannot
have any observed cases in cell a where outcome Y is present but condition X not to fulfil
necessity. Cell b satisfies necessity, where observed cases are present for Y and X. Cells ¢

and d are not relevant.
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Fig. 2.4.2.2.b Necessary conditions

Set relations: Patterns of necessary conditions

Necessary conditions X=condition, Y=outcome

4 Two by two table - necessity

/ \ 1 Not allowed allowed
/ \ ey Y a o
[ v 0 c d

|| ‘ allowed allowed

\ .-"I (but not relevant) (but not relevant)

/ 0 1

Adapted from Schneider & Wagemann, (2012) Sef-Theoretic Methods:
A guide to Qualitative Comparalive Analysis. Cambridge University
Press, Cambridge. UK p.71-72.

Complexity of the real world is such that set relations do not operate so neatly, and we are
often more likely to identify more partial and inconsistent findings that require further

assessment using parameters of fit (Schneider & Wagemann 2012).

Complex causal arrangements

The complexity of social relations is further elaborated by Mackie’s (1974) INUS condition.
which is a Non-redundant (necessary) part of a condition which is itself Unnecessary but

Sufficient for the result. | elaborate below:

Cause A is an INUS condition of effect P, only if, for some condition X and for some
condition Y, (AX or Y) is a necessary (Y always present when P occurs, therefore P cannot
occur without Y) and sufficient (P always occurs when Y is present) condition of P, but A is

not a sufficient (not always present) condition of P, and X is not a sufficient condition of P.

This articulates that a cause is often part of multiple separate causes for the outcome
(Cartwright 2007), which are difficult to manage in quantitative designs (Schneider and
Wagemann 2012). Another is the SUIN condition, a condition that is Sufficient, but
Unnecessary part of a condition that is Insufficient but Necessary for the outcome (Mahoney
et al 2009). Cartwright (2007) considers in causal terms that unlike RCTs, a QCA study

cannot clinch a result (section 2.5.1.2). However, it moves beyond simplistic notions of ‘yes’

52



or ‘no’ causality to the ‘functional form of the causes’ and may provide better explanations of

how the cause and effect relationship is obtained (Cartwright 2007).

In addition, Mackie introduces the notion of a causal field, this aligns with notions of context.
Thus, causal relations occur within a background, for which we could replace ‘field’ with the
term ‘system’. Mackie acknowledges the multi-layered reality of real-world systems but also
notes that our causal relations are potentially limited by the scale at which we define the
causal relation. This is because we cannot engage the whole of the real. Therefore, finding a
genuinely sufficient condition, one which is “by itself, adequate to secure the effect’, is
unlikely. However, some general causal statements do pick out necessary conditions — e.g.,
“the yellow fever virus is the cause of yellow fever.” It has no other cause. Mackie also
reminds us that for almost any particular effect there will be numerous causes, not just the
cause. Mackie also addresses temporality in causal relations with the notion that ‘causal
priority’ is not temporal because of the possibility of backwards and simultaneous causation.
Backwards and simultaneous causation refer to an anticipated future effect, so the future
affects the present. Holland (1992) suggests that CAS based on learning and prior
information can ‘anticipate’, and so arguably the future anticipated event influences the

nature of the current causal condition that may bring that effect into a real event.

2.5 Methods to address social Complex Adaptive Systems

In this chapter, | argue for the adoption of broader, pluralist rather than monist perspectives
of reality and causal philosophy to better address the assumption that we are, and co-exist
in, social CAS, which have specific characteristics. | expand on social CAS in the next
chapter. The tool kit of methods in implementation research needs to expand to enable the
capture of social complex causal relations to allow a better understanding of the variance
between individual cases and their unique contexts. | comment first on trial methodology and
its causal structure which are widely regarded as confirmatory when testing for a cause and
effect relationship. Second, | propose for implementation research methods that allow for
case sensitivity and include the context within which an implementation event occurs. |
evaluate one solution with potential, QCA. | use QCA to operationalisation the social CAS
concepts (Chapter 3) to explain the POISE dataset.

2.5.1 Evidence-based methodology

Evidence-based medicine and subsequent evidence-based fields rely upon experimental
randomised study designs to determine whether a given treatment or policy is efficacious
and effective in comparison to standard treatment, placebo or another similar treatment. This

deductive method is based upon the causal logic and assumptions of the experiment. RCTs
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determine whether a difference occurred in the controlled comparison which was not a
chance difference but an actual difference within specific limits (confidence interval, see
Table 2.3.3.a). Two key methodological features establish the right of RCTs to make causal
claims. First, the internal logic is that all factors are controlled ensuring that only the
parameters of interest undergo the test and that bias (contamination) does not occur (e.g.
blinding of observer and treatment recipient). Second, concealed random allocation ensures
baseline similarity between treatment and control group, such that selection of participants at
baseline does not influence the results leading to a misinterpretation of a true effect. RCTs
are based on probabilistic dependence between the cause and its effect. When using RCTs,
variables under evaluation should meet prescribed control parameters and have close
proximity between the causal agent and its effect, be reproducible (regular) and account for
other interactions in the analysis (Byrne 2002). However, the ‘control’ of a set of parameters
cannot safely assume that all ‘system’ or contextual factors are under control within the
experiment and beyond within the wider target treatment population (Cartwright 2007),
especially for social systems and interventions (loannidis 2018). Thus, RCTs work best with
highly specified and contained interventions, in that the randomised case is not affected by
variation in the treatment or the case’s subsequent trajectory whilst undergoing the specified
treatment (Byrne 2002). RCTs, therefore, are the litmus test sought to ascertain whether an
intervention is effective and produces a change in the outcome. This ‘descriptive causation’,
however, does not explain the causal relationship (Johnson and Schoonenboom 2015).
Whether using RCT or non-RCT evidence, further information is often required to establish
the potential causal relationship (Howick et al 2009), and the causal relationship does not
cover all cases with either the presence of an effect or a known causal agent of interest
(Rothman 2005). In addition, | address probability theory to differentiate it from set theory
that underpins QCA.

2.5.1.1 Probability

The causal relationship in RCTs relies upon showing the probability of an effect at the
population level, and we are left to infer whether the effect (outcome) will occur in any single
case. Probability theory contends that when A causes B, A raises or lowers the probability
of B (Williamson 2010). Statistical procedures using probability theory defined as “the
probability of the occurrence of a particular event equals the proportion of times that the
event would (or does) occur in a large number of similar repeated trials. It has a value
between 0 and 1, equalling O if the event can never occur and 1 if it is certain to occur”
(Kirkwood 1997 p. 73). A probability may also be expressed as a percentage, taking a value
between 0% and 100% (Kirkwood 1997). Generally, probability does not reach 100%,
suggesting other factors are relevant in the cases whereby 1 or 100% was not reached. By

treating Diabetes Type 1 with insulin we expect the probability of treatment of successful
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effect in this instance to be close to, if not, 100%. Effectiveness of insulin will be concerned
with titration of dose and management by the individual of their sugar intake etc. However,
most treatments do not reach this level of probability providing absolute certainty about the
treatment for the population of interest, and not for all cases. Hence the recent impetus for
personalised medicine and individual genome mapping (Annual Report of the Chief Medical
Officer, 2016), which promises to target and titrate treatment to the individual rather a

population of individuals, of which many may not benefit from the treatment.

2.5.1.2 Internal and external validity of trials

In addition, there is a tension between ensuring internal methodological integrity to make
causal claims and the applicability of the results to the wider target population, the rationale
for conducting the RCT (Cartwright 2007). To further clarify this problem between internal
and external validity, fig. 2.5.1.2 summarises Cartwright’s (2007) core argument on the

problem of causal claims using different methods:

Fig. 2.5.1.2 Cartwright’s ‘clincher’ and ‘voucher’ concepts (2007, Chapter 3)

Study design The Clincher (e.g. Randomised | The Voucher (other non-
characteristics designs) experimental designs e.g. QCA
(Ragin 1987))

Topic focus Narrow focus Broad focus

Outcome focus Identifies effect and its Process and mechanisms
magnitude

Task Provides a degree of certainty or | Offers the best explanation

confidence in the result
Generalisability (external | Restricted extrapolation Generalise to wider populations

validity and contexts

Cartwright (2017, 2013, 2010) suggests that the applicability of RCTs to the real world is
confined by ensuring internal validity, although RCTs’ causal claims are true, if internal
validity is maintained. Therefore, the RCT methodological structure provides confirmatory
evidence to support the causal claim, when conducted well in ideal circumstances. Use of
other methods although not structurally able to ‘clinch’ the causal claim, can nevertheless
‘vouch’ for it (Cartwright 2007; Cartwright includes QCA). Pharmacological interventions
undergo a long development pathway from the laboratory to the clinical environment and so
are underpinned by substantial knowledge prior to testing in RCTs of efficacy or
effectiveness. This is not typical of other social type interventions (loannidus 2018), including
guidelines to change practices such as implementing fasting regimes. Evaluations in

healthcare settings are not controllable, hence the strong focus on context in implementation
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research. Delivery of interventions need contextual information to explain how they
functioned in specific settings (Pfadenhauer et al 2017, May et al 2016). This type of

knowledge would have greater external validity beyond the trial context.

2.5.2 Implementation research methods: case, context and outcome

By accepting RCTs provide confirmatory information of a causal relationship we can
nevertheless consider other methods that vouch for that causal relationship. In other words,
methods that go beyond description. RCTs are outcome focused. In implementation
research we need to know not only whether an intervention works but also how, where,
when, in which circumstances etc. an intervention works or does not work. RCTs are unable
to capture the causal complexity of real systems that are inter-connected at multiple levels
based on the assumption of higher order emergence. This is because they isolate causal
factors from the wider system in which they are conducted (Cilliers 2013). Implementation
research needs to take account of differences that occur in individual case contexts
(Pfadenhauer et al 2017, May et al 2016) both within a case, such as conducting a case
study, and across similar cases in order to ascertain any common patterns of response to
the implementation process. Implementation research needs to connect causal factors to the

outcome through process evaluations and the identification of mechanisms.

Application of a complex realist perspective to methods within healthcare directs the
researcher towards explaining events that occur within their context, how interventions are
deployed and why they work or do not work, or work but not as intended. In addition,
connecting levels between different layers of the humancentric real world such as biology,
sociology and psychology (Galea et al 2010, Clark et al 2008) is within the realist realm as
envisaged by Bhaskar’s multi-layered social reality and Prigogine’s dissipative structures.
Therefore, CAS, whether they are human biological systems or social systems, a hospital, a
department or clinical area within a hospital, a field of research such as implementation, or a
care pathway, all function in the social sphere. Given the inter-connectivity between these
different system levels (Cilliers 2001), researchers need to clarify their observational
boundary because it is not possible to view the whole or universal system (Cilliers 2005). For
research purposes the system becomes the unit of interest and comprises a bounded object
referred to as the ‘case’ for the research activity. Maintaining the case structure is key to
observing the system’s function. Such a research investigation needs to identify system
components and how they come together to function collectively (Castellani and Hafferty
2010).

Examples of methods identified as fitting within a complex realist position for social systems

are agent-based modelling, action-based research (Gerrits and Verwiji 2013), qualitative
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narratives using grounded theory, process tracing and sequencing, case study, ethnographic
approaches (Byrne and Callaghan 2014), quantitative approaches such as equation-based
modelling (Byrne and Callaghan 2014) and realistic evaluation and realist synthesis (Pawson
2006). These methods are mostly explanatory (some also exploratory) and seek to gain a
view of how and why something occurs or does not occur. Complexity consistent
methodology can establish what happened, or is happening, at given point in time, in each
context, to establish evidence of system behaviour. This information might inform future

system behaviour.

An additional method recommended for managing causal complexity in social systems is
QCA (Cartwright 2007, Byrne 2005, 2002, Ragin 1987) (origin political sociology), which
integrates and transforms systematically qualitative and quantitative data. Data are
disaggregated, compared and re-synthesised across a set of common cases (Ragin 2008)
that best fit the data. QCA uses set theory to manage these causal conditions, allowing the

simultaneous comparison of multiple conditions to seek causally complex patterns.

Set theory, a form of mathematical logic, classifies types of objects or factors by their
belonging to a category (set). It is not counting or describing frequencies of the objects or
factors present in the cases. Statistical approaches may be applied when large datasets are
available (Thomman and Maggetti 2017, Olsen et al 2018). Numerical tests are undertaken
to assess the robustness of the final configurations as to their coverage and consistency of
the causal relationship, across cases for individual factors, or configurations of factors.

However, there is a fundamental difference between probability and set relation logic.

A simple illustration of the difference between probability and set relation logic, for example,
is made by posing a choice between drinking water from a bottle based on the addition of a
poison. Two bottles of poisoned water are presented. Bottle A is presented as choice based
on the probability than 1 in 10 bottles selected contains a fatal dose. Bottle B is presented as
belonging to the set of poisoned water bottles with a fuzzy set membership of 0.1. Given the
desperate need to drink water and presented with this choice, which is the safest choice to

make? Answer is described in Box 2.5.2.
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2.5.3 Set relation logic

The QCA research strategy and methods assume that social
relations are set-theoretic in nature, that is, we categorise
reality into whether something belongs to one category or
another. In addition, categories may inter-relate and members
of a category can be members of other categories based on
the field of relations under study. Sets are a collection of
objects that relate to each other in some way that would
constitute the rules for membership of that set. Crisp sets
determine whether cases are members of a set or not (1, 0).
Fuzzy sets allow partial membership, membership by degree
neither fully in nor fully out of the set (Schneider and
Wagemann 2012, Ragin 2008, 2000, 1987). Numerical
descriptors between 1 and 0 are used, e.g. 0.67, 0.5, 0.33, for
a set with five assignment options. 0.5 is the point of greatest

Box 2.5.2 Answer to the

bottled water choice

Bottle B — because although
you may have a 9 out of 10
chance of drinking clear water,
there remains a 1 in 10 chance
that you will die with Bottle A.
However, with Bottle B you will
drink water that is only
containing a small amount of
poison based on only just being
in the set (0.1) of poisoned
bottles and thus, although you
may become unwell you will

survive.

ambiguity between whether the object is in or out of the set, so this assignment is neither in

nor out. This means we are not sure whether the object is in or out of the set. In set theory

membership is determined by data, observation, common knowledge or other forms of

evidence using a variety of research methods appropriate to the research question and the

cases under study. These set relations describe the causal condition or factor of interest

using the causal terms sufficiency and necessity and combinations of these.

2.5.4 Selecting Qualitative Comparative Analysis to operationalise social

Complex Adaptive System concepts

QCA is a complexity-informed method (Byrne and Ragin 2010) that fits within the complex

realist framework (Byrne and Callaghan 2014, Gerrits and Verwiji 2013). Furthermore, this

cross-case comparison of variables was designed as a “comparison of wholes as

configurations of parts” (Ragin 1987, p. 84). QCA explicitly seeks causal relations in the

social world (Ragin 2008, 2000, 1987). It goes beyond description and seeks to determine

the factors, conditions or attributes that may configure differently across different cases,

maintaining context specificity, to a common outcome of interest. This method supports the

retention of the individual case complex system narrative (Byrne and Callaghan 2014). It

permits the comparison of multiple cases from 10 to 100+ and therefore goes beyond other

qualitative case study and evaluation approaches. QCA’s methodological architecture is

based on set theoretic relationships, not counts or events (frequency). QCA examines

whether these factors individually or in combination are necessary or sufficient (Box, 2.4.2.2)

to obtain the outcome.
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QCA synthesises data to explain what configuration of factors are most relevant in obtaining
the outcome. Cartwright (2007) suggests utilising the INUS formula (section 2.4.2.2.), that
allows us to identify the functional form of the causes. In addition, can determine that a
cause is a cause for some cases and not for others although there is no way of dealing with
unknown or omitted factors, that is, factors not included in the QCA synthesis. The
identification, selection, reduction and exclusion of causally relevant conditions is an
important research task that may involve multiple methods. Relevant examples in this
context are Befani et al 2007 (with realistic evaluation), and Castellani et al 2019 (with agent-
based modelling). With CAS we need to understand that causal relations are not static and
do not exist under all circumstances, all the time (Susuki 2018). Therefore, QCA is an

iterative approach that needs review over time as social systems evolve and change.

For implementation research, the utility of applying a social CAS perspective to either
intervention design or its evaluation has yet to be shown, and examples are needed
(Brainard and Hunter 2016, Moore et al 2014). Research undertaken for this thesis presents

a structured approach to implementing a CAS perspective using QCA methods that:

e Retains case structure and identity throughout synthesis.

¢ Examines more than 5-6 cases, the limit in other potential approaches.

e Permits examination of multiple factors of interest.

o Shows systematically links between causal factors of interest and an outcome.

e Exposes patterns of differently configured factors across cases, potentially identifying
common causal factors of interest across cases.

o Enables the evaluation of theory.

QCA methodology and methods are elaborated further in the next section of this chapter.

2.6 Qualitative Comparative Analysis

Ragin (1987) first describes his methodology and method in ‘The Comparative Method:
Moving beyond Qualitative and Quantitative Strategies’. QCA methodology starts with the
assumption of across case heterogeneity with the same outcome. QCA is both a research
strategy and a data analysis technique for causal analysis based on set relationships
(Schneider and Wageman 2012, p. 13) which can produce modest generalisations (Rihoux
and Ragin 2009, Ragin 1987). Linear cause and effect relationships are unable to take
account of complex causal mechanisms in social systems. Therefore, Ragin’s assessment of
multiple conjunctural causation (Rihoux and Ragin 2009) assumes that a combination of
causally relevant conditions generates an outcome and several different combinations of

conditions may produce the same outcome in different cases. It challenges the assumption
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that an outcome can result from a single cause or a single combination of causes in the
social world. These set relationships are characterised by asymmetry (Ragin 2008), the
conditions that obtain the outcome do not mirror those that do not obtain the outcome. Also,
equifinality describes a state whereby alternative factors combine to produce the same
outcome (Schneider and Wagemann 2012). Core causal concepts underpinning set relations
are the arrangements of sufficient and necessary conditions (section 2.3.2.2).

The method sets out procedures to specify cases both with and without the outcome and
their relevant causal conditions to identify the configurational patterns. The method has
expanded into a set of different methods: the already mentioned crisp set and fuzzy set, and
the multiple variable set and the temporal set (Rihoux and Ragin 2009). The truth table is the

key methodological device:

“The task of truth table refinement is demanding, for it requires in-depth knowledge of
cases and many iterations between theory, cases, and truth table construction. In
effect, the truth table disciplines the research process, providing a framework for
comparing cases as configurations of similarities and differences while exploring
patterns of consistency and inconsistency with respect to case outcomes” (Ragin
2008, p. 25).

Proponents of QCA describe this research strategy as one that bridges the divide between
guantitative and qualitative approaches (Cooper et al 2012). Ragin (1987) describes this as
a difference between case orientated and variable orientated approaches with the purpose
identifying commonality amongst diversity (Ragin 2000 p. 34-35). He further defines his view
of diversity in relation to phenomena: “Diversity is best understood as a synthesis that
transcends these two opposing principles of generality and complexity. To study diversity is
to take a broad view of social phenomena, without imposing homogenising assumptions at
the outset of the research, as in much variable-orientated work, for example, the assumption

that all cases are drawn from the same “population”. (Ragin 2000, p. 35).

2.6.1 The rationale for Qualitative Comparative Analysis

QCA allows exploration of causal complexity rather than assuming that a net effect is
enough information in complex social systems (Chapters 3 and 4). The net effects
assumption is that each variable, by itself, can influence the magnitude or probability of the
outcome (Ragin 2008, p.177). The method is gathering interest in several quarters as
guantification techniques reach their limits (Befani 2016, Thomas 2014). QCA shifts thinking
to a configurational approach of causally relevant conditions permitting exploration of the
combined factors that may result, or not, in an outcome (Fiss 2007), and allows for variability

as expected in real situations. Byrne (2011, 2013) makes links between Complexity Theory
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within the social sphere and QCA. Bhaskar (2015) argues “the epistemological fact that
social structures only ever manifest themselves in open systems means that criteria for the
rational assessment of theories must be explanatory and non-predictive; while the relational
consideration that social science is internal to its subject-matter lays the ground for a kind of
critique in which, without the addition of any extraneous value judgements, one can pass
immediately from facts to values, or more precisely from explanatory theories to practical
imperatives.” (Bhaskar 2015, p. 160).

Theories need methods that permit practical application in real world populations (Cartwright
2018, 2007, Grant et al 2013, Ramsey et al 2010). By identifying combinations of factors that
result or do not result in the outcome of interest, allowing for variance in contexts (the
individual cases) has practical advantage over methods that provide themes or description
(qualitative research, process evaluations) or a summary statistic (RCTs, systematic
reviews). My rationale for selecting this method was that it accommodates contextual
differences between individual