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SUMMARY OF RESEARCH

Background: Quality dashboards provide visualisations of quality data which can lead to the identification of previously
unnoticed patterns in that data,* informing quality improvement (Ql) initiatives, and more efficient and effective decision
making.?

Aim: To develop and evaluate QualDash, a web-based quality dashboard for exploring National Clinical Audit (NCA)
data. To ensure users can interact with and view audit data in ways that are meaningful to them,?® QualDash will be
interactive and tailored to meet the needs of different users. Through the process of individualisation and using novel
visualisation techniques, QualDash will support clinical teams, quality sub-committees, NHS Trust boards, and
commissioners to better understand and make use of NCA data to improve quality of care and clinical outcomes.
Methods: The project is based on MRC guidance for design and evaluation of complex interventions.* To ensure that
QualDash has a robust theoretical basis and to enhance the probability of its widespread implementation, we will
combine the principles of realist evaluation (which involves building, testing and refining the theories of how and in what
contexts an intervention works)® and principles of co-design.®7 Our project is comprised of five phases:

Phase 1: Interviews with members of clinical teams, quality sub-committees, and boards across five NHS acute Trusts
and relevant commissioners will be used to articulate how NCA data are currently used (or not) in practice, identifying
blockages to effective use and how these might be overcome. Interviews will consider a range of NCAs but will focus
on the Myocardial Ischaemia National Audit Project (MINAP) and the Paediatric Intensive Care Audit Network
(PICANEet). Initial requirements for the design of QualDash derived from the interview data will be discussed at a
workshop with suppliers of other NCAs to determine which requirements are generalisable to all NCAs.

Phase 2: QualDash will be developed through an iterative process, involving focus groups with clinical teams, quality
sub-committee members, and board members from one Trust, relevant commissioners, and patients and carers. A
controlled user experiment will assess comprehension, usability, and acceptability of QualDash prototypes, in
comparison with existing formats for feedback of NCA data.

Phase 3: An implementation strategy for QualDash, tailored to the five Trusts and relevant Clinical Commissioning
Groups (CCGs), will be developed through focus groups with clinical teams, quality sub-committees, and boards from
the five Trusts and relevant commissioners. Planned implementation activities will be delivered across the five Trusts
and with relevant commissioners.

Phase 4: QualDash will be made available in the five Trusts and relevant CCGs. A controlled interrupted time series
(CITS) analysis will investigate impacts of QualDash, using process measures for MINAP and PICANet. Ethnographic
observations and interviews over 12 months will provide insight into contexts and mechanisms that lead to those
impacts. A questionnaire will be used to gather data on perceived usefulness of QualDash.

Phase 5: The feasibility of conducting a cluster randomised controlled trial (CRT) of QualDash will be assessed. If
progression criteria are met, a CRT will be designed, using the CITS results to decide what effect size the trial should
be powered to detect. Two focus groups will explore the suitability of QualDash for a range of other NCAs.

Phase 1 will provide understanding of how NCA data are currently used (or not) by various health service audiences
(topic i of the commissioning brief), while Phases 2-5 will test the principles of effective communication of data to key
audiences and provide the basis for a future trial (topic ii). We have a multidisciplinary team, including expertise in the
visualisation and analysis of large data sets, addressing the requirement for research that provides an understanding of
how academics from such fields and health service researchers can work with NCA suppliers to improve NCA outputs
(topic a). By working with our Lay Advisory Group (LAG) in Phase 2, we begin to explore the most effective ways to
present NCA data to the public (topic c).

BACKGROUND AND RATIONALE
In the UK, the Healthcare Quality Improvement Partnership (HQIP) centrally develops and manages a programme of
over 60 NCA projects each year through the National Clinical Audit and Patient Outcomes Programme (NCAPOP). In
addition, there are over 50 independent NCAs. The aim of the NCAs is not just to systematically measure the quality of
care delivered by clinical teams and provider organisations but to use those data to stimulate QI.8 While there is evidence
of positive impacts of NCAs®1! and clinicians consider the annual reports that NCAs produce as important for identifying
QI opportunities,*? there is variation both within and between NHS Trusts in the extent to which they engage with NCA
data.1>13 A number of NCAs provide Trusts with online access to more recent data and allow users to download data
for local analysis. However, with a recognised shortage of data analysis skills within the NHS,'415 use of such data
poses challenges for some Trusts.13 Consequently, NCA data are substantially underutilised and the potential for NCA
data to inform QI is not being realised. It is also unclear how data from the NCAs are being used by different users in
Trusts, such as clinical teams, quality sub-committees, or boards.

Below, we consider what insight theories of audit and feedback (A&F) can provide into contextual factors that affect
engagement with NCA data, before turning to the literature on dashboards to identify how and in what contexts a quality
dashboard may support more effective use of NCA data.

Audit and feedback

NCAs represent a form of A&F. A&F is a QI strategy that involves generating a summary of clinical performance over a
specified period of time and presenting that information to clinicians to enable them to assess and adjust their
performance.® While the most recent Cochrane Review of 140 randomised trials of A&F interventions found a median
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4.3% absolute increase in clinicians’ compliance with recommended practice, there was significant heterogeneity in the
results.1” This has led to a number of calls for A&F research to focus on identifying the contextual factors that impact
the success of A&F interventions.1819

Theories of A&F suggest a number of such contextual factors. With their origins in psychology, such theories tend to
focus on how A&F interventions are intended to change the reasoning and behaviour of individuals and thus operate at
the individual, or ‘micro’, level. They are premised on the idea that clinicians have an intrinsic motivation to improve and
that if clinicians are presented with evidence that there is a discrepancy between their own performance and that of a
target or standard, this will lead to efforts to improve performance. These theories therefore focus on how characteristics
of the A&F intervention itself might trigger an individual’s intrinsic desire to improve. For example, Contextual Feedback
Intervention Theory (CFIT) suggests the standard or target has to be perceived as desirable and achievable and
feedback about the discrepancy between their performance and the standard has to be perceived as accurate.?® CFIT
contends that such feedback is more likely to change behaviour if it is timely, frequent, cognitively simple, e.g. presented
graphically, unambiguous, and provides concrete suggestions of how to improve performance. Hysong et al.’s model of
actionable feedback suggests clinicians are more likely to respond to audit data if it is perceived to be timely and non-
punitive and if they receive feedback about their own individual performance rather than aggregated data about overall
performance of the organisation.? If they are able to customise how they view the data, this leads to active engagement
in sensemaking, further increasing the likelihood the data will be acted on.

While the A&F literature is largely concerned with feedback to individual clinicians,?! the majority of NCAs provide
feedback at the clinical team or provider level. Studies of national audits suggest A&F will only have an impact if clinical
teams are given adequate time to engage with and use the datal® and if they perceive they have the power to make
changes,?2 emphasising the importance of contextual factors at the organisational, or ‘meso’, level. At this level, theories
of benchmarking can provide useful insight. Benchmarking refers to the identification, sharing, and implementation of
practices at the team or organisational level which lead to excellent performance.?® Van Helden and Tilemma's model
of benchmarking draws on institutional reasoning and resource dependency theories and hypothesises that an
organisation’s response to benchmarking is determined by different types of institutional pressures exerted on them by
government, professional groups, interest groups, and the general public.2* An organisation’s response pattern, which
can vary from passive compliance to pro-active manipulation of pressures, depends on its willingness and ability to
conform to institutional pressures, which in turn is shaped by which stakeholders exert pressure and how, stakeholders’
reasons for exerting pressure, what the pressures are, and the context in which the pressure is exerted.

That theories of benchmarking point to the role of government and other stakeholders is a reminder of the need to
consider ‘macro’ level theories regarding wider social, cultural, and political factors.25 A broad class of theories at this
level focuses on governance arrangements, and in particular relationships between regulators (such as the Care Quality
Commission (CQC), NHS Improvement, and CCGs), Trust managers, and clinicians. It includes theories of ‘new
professionalism’ that draw on Foucauldian concepts of disciplinary power and governmentality.?627 Governmentality,
which refers to forms of self-surveillance that ensure performance meets expectations, negating the need for managerial
surveillance,?® has been found to be relevant to understanding QI in the NHS. For example, Martin et al. revealed the
importance of clinical leaders in championing quality and safety, and regular meetings which bring clinicians together to
discuss quality and safety constructively.2” This theoretical lens would suggest that professional community is important
to the success of NCAs, with social obligations amongst members of the community offering opportunities for social
control.27.2° This class of theories also includes new institutional theories, which focus on the problems associated with
traditional top-down regulation, and the emergence of regulation through networks of actors - what some have referred
to as network governance.3® More generally, engagement with NCAs is likely to be impacted by professional jurisdictions
and status hierarchies, leading to different levels of engagement based on professional group, while political priorities
will determine both the goals providers experience pressure to meet and the funds available for investing in QI.3!

While there are theories regarding how A&F may be impacted by contextual factors at micro, meso, and macro levels,
how these interact to produce improvements in quality is unclear. There is a gap in the literature concerning how
these theories translate to A&F interventions, such as NCAs, that are aimed at clinical teams and managers.

Dashboards
Dashboards are a specific form of A&F. Originally developed for the business sector, in healthcare dashboards have
been developed to either a) provide feedback to managers on performance on standardised quality/organisation metrics
at ward or organisational level to inform operational decision making and QI efforts (quality dashboards)32 or b) to provide
feedback to individual clinicians on their performance compared to quality metrics to inform decisions about patient care
(clinical dashboards).®® Dashboards may be either paper-based or computer-based but the key characteristic of
dashboards is their use of data visualisation techniques to provide feedback.3* It is thought that use of such techniques
improves data comprehension®® and reduces cognitive load.36

In a recent systematic review of the evidence base for the use of computer-based quality and clinical dashboards
undertaken by two of us (Dawn Dowding (DD), Rebecca Randell (RR)), 11 research studies that had evaluated their
impact on either quality or clinical outcomes were identified.3* Of the 11 studies, only one met the definition of a quality
dashboard, which was designed to provide data for unit managers on quality measures to improve service delivery.33
The other 10 dashboards that were evaluated were all clinical dashboards implemented across a variety of specialties
including intensive care, acute and primary care settings. The studies had mixed results. Zaydfudim et al. found a
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dashboard improved adherence to the ventilator bundle and was associated with a reduction in the rate of ventilator
associated pneumonia®” and Pablate found the introduction of a dashboard increased the timeliness of anaesthetists’
preoperative antibiotic administration.®® Both Linder et al. and Batley et al. found no significant difference in antibiotic
prescribing rates after the introduction of a dashboard but provide data to suggest antibiotic prescribing rates improved
amongst those clinicians who accessed the dashboard.3?4° The review also highlighted heterogeneity in dashboard
design (e.g. use of different graphs, user interfaces) and targeted users, meaning at present it is unclear how
dashboards can be designed effectively and integrated into the workflow of clinicians and managers to inform
clinical and organisational decision making.

Healthcare providers, both in the UK and internationally, are increasingly using dashboards as a way of measuring the
quality of care they provide and as the basis for QI initiatives. The introduction of dashboards into the NHS has been
encouraged by a number of policy documents. Lord Darzi’s Next Stage Review*! and the Health Informatics Review*?,
both published in 2008, recommended greater use of dashboards by NHS organisations. Two distinct strands of thinking
permeated these reviews and subsequent policies and guidance on dashboards. One emphasised the need for
summary real-time information, for use by clinicians in their clinical work. The former NHS Connecting for Health agency
encouraged these developments through its Clinical Dashboard Project.**-*5 More recently, the need for integrated real-
time information on care quality, which could be interrogated by clinical teams for the purpose of learning, was
emphasised in the Berwick report in 2013.1%> The other strand focused on the need for Trust boards and regulators to
have summary performance information. NHS Foundation Trusts already had to publish performance dashboards,
required by Monitor, but otherwise Trusts did not use dashboards for their own internal reporting, or to report to the Care
Quality Commission or (as they were then) primary care Trusts. Developments in this area were prompted by two major
reports in 2013, the second Francis report on substandard care provided at Mid Staffordshire NHS Foundation Trust#6
and the post-Francis Keogh review of 14 NHS Trusts with persistently high mortality rates.4

Two of us (Justin Keen (JK), RR) are undertaking the only empirical study of quality dashboard use in NHS acute
Trusts in England. A survey of 15 Trusts found most had some form of quality dashboard in place for reporting measures
such as those included in the NHS Safety Thermometer.#” However, there was significant variation in the sophistication
of those dashboards, with the term being used to refer both to IT systems and the outputs from these systems, typically
in the form of printed reports. The majority of dashboards still depend on resource-intensive manual collation of
information from a number of systems by central performance management teams, with retrospective reports then being
circulated to wards, directorates and Trust boards. While such quality dashboards allow comparison of wards within a
Trust, they do not allow clinical teams to compare their performance with clinical teams at other Trusts. At board level,
we have found Trusts currently undertake relatively limited comparisons of their performance with that of other Trusts,
focusing on mortality rates, and engagement with NCA data is limited to reporting within Trust board reports whether
they are participating in particular NCAs. However, our work has also revealed a clear ‘direction of travel’, with a desire
for real-time quality dashboards.

While the focus in the literature on clinical dashboards means we know little about mechanisms through which
computer-based quality dashboards drive improvement, as a form of A&F quality dashboards share many of the same
theories as other types of A&F interventions. A number of the A&F theories described above suggest that, by changing
the context at the individual (micro) level, an interactive quality dashboard would lead to improvements in care quality,
through graphical presentation of audit data?® and the ability for clinicians to view audit data in ways that are
meaningful to them.3 While paper-based dashboards are inevitably static, both the computer-based quality dashboards
we have identified in our study and other such quality dashboards that have been introduced into the NHS (e.g.
Stethoscope, developed by Methods Analytics) present information in a standard format. The choice of measure and
perceptions of its accuracy impact clinicians’ motivation to improve their performance,?® which is another contextual
factor that an interactive quality dashboard can influence, enabling access to a range of measures and allowing the
user to focus on those that matter to them. An interactive quality dashboard would also allow the integration of much
richer data than is used at present, such as patient feedback to support the interpretation of quantitative audit data.

While quality dashboards can change elements of the context at the individual clinician (micro) level, their use and
subsequent impact will also be influenced by contextual factors at the micro, organisation (meso), and policy (macro)
level. In addition to those factors described in the theories of A&F described above, at the micro level, it is necessary to
consider the relationship between the technology and work practice.*® For example, Fit between Individuals, Task and
Technology (FITT) is based on the idea that adoption of health IT (HIT) depends on the fit between the attributes of the
individual users (e.g. computer anxiety, motivation), attributes of the technology (e.g. usability, functionality,
performance), and attributes of the work practice (e.g. organisation, task complexity). The Technology Acceptance
Model (TAM), widely used in HIT research, draws particular attention to perceived usefulness and perceived ease of
use, contextual factors that influence a user’s attitude towards a technology and consequently their intention to use it.*°
In considering the attributes of individual users, attention should be given to their ability to interpret different forms of
data visualisation, with recent studies suggesting an individual’s ability to understand information presented in
dashboards is often determined by their level of graph literacy.5%:51 For example, Gaissmaier et al. found individuals with
low graph literacy understood numerical information better if it was presented as numbers, whereas individuals with high
graph literacy had better comprehension when the same information was presented in a graphical format.>°

At the organisation (meso) level, with any form of HIT it is also necessary to consider the process through which the
technology was developed and introduced. For example, Normalisation Process Theory suggests if clinical teams,
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quality sub-committees, NHS Trust boards, and commissioners are able to ‘make sense’ of a quality dashboard, have
been engaged in the process of implementation, have been able to adapt their work processes to incorporate the
technology, and are able to identify potential benefits to its introduction, it is more likely to become embedded into
practice, being used routinely and successfully to inform QI initiatives.52-55

At the policy (macro) level, we can again turn to the class of theories discussed above that focus on governance
arrangements. A quality dashboard could potentially increase access to NCA data, enabling greater scrutiny of clinicians’
practices by managers and Trust performance by commissioners.26:27 [f perceived in this way, clinicians’ views regarding
the appropriateness and legitimacy of this could serve to justify non-participation.2®8 Thus, power relations between
clinical teams, quality sub-committees, Trust boards, and CCGs form an important macro context, shaping how quality
dashboards are perceived and used and subsequent impacts. There is also a second class of theories, focusing on
technology, which is relevant at this level. UK-based researchers have drawn on a range of theories over the years,
including structuration theory and practice theory,%¢:57 but historical institutional approaches have come to dominate the
field over the last decade.585° They emphasise the extent to which current HITs are rarely self-contained but rather are
linked to one another in ‘e-infrastructures’.®® Quality dashboards, and NCAs more generally, depend on NHS e-
infrastructures that have evolved over time, such as the IT infrastructure that allows Trusts to upload large datasets to
regulators and other bodies, and the working practices that have evolved with them.

In summary, existing research focuses on clinical dashboards, so there is a gap in the literature concerning how
and in what contexts quality dashboards lead to improvements in quality of care and clinical outcomes. Quality
dashboards have the potential to impact the micro level context of the feedback of audit data through use of visualisation
techniques and integration of a range of sources of information, but the details of any design need to consider the ability
of individual users to interpret different forms of data visualisation, reflect the concerns of intended users, involve users
in the design process, and take existing governance and IT-infrastructures into account.

In response to both the gap in the evidence and theoretical issues summarised above, we propose to develop and

evaluate QualDash, an interactive web-based quality dashboard for exploring NCA data. The research will answer the

following questions:

A. In what contexts and by what mechanisms are NCA data currently used (or not) to improve quality of care?

B. What other data need to be presented alongside audit data to build a more complete picture of care quality?

C. What are the most effective means for clinical teams, quality sub-committees, boards, and commissioners to view
and interact with audit data?

D. In what contexts and by what mechanisms do quality dashboards lead to increased engagement with audit data
and subsequent improvements in care quality?

EVIDENCE EXPLAINING WHY THIS RESEARCH IS NEEDED NOW

Significant NHS resources, including clinicians’ time, are invested in the delivery and running of NCAs. NCAs have the
ability to make a major contribution to monitoring care quality in the NHS. However, differences both within and between
Trusts in the extent to which they engage with NCA data mean NCA data are substantially underutilised and the potential
for NCA data to inform QI is not being realised.1>1® With a shortage of data analysis skills within Trusts,415 there is
recognition of the need for user-friendly means of supporting clinical teams and providers to analyse, interpret, and
present findings, with indicated requirements including enabling clinicians to make comparisons with providers located
nearby and those similar in terms of size of population, being able to ‘drill down’ from summary data to more detailed
data, and having online access.? Discussions with HQIP have revealed they are currently working with CQC to develop
paper-based quality dashboards on key measures for each NCA, to be used by CQC and Trust boards, and have future
plans to develop quality dashboards that can be used by commissioners, although they are aware of the gap in the
evidence relating to the impact of quality dashboards. Thus, the research proposed here, with its focus on a broader
range of users and making data available in an interactive web-based format, complements work being undertaken by
HQIP and provides evidence, on how and in what contexts quality dashboards work, that can inform the activities HQIP
plan to undertake in future.

In addition to the immediate benefits to the NHS through the development of QualDash, evaluation of QualDash will
provide an empirical test of existing A&F theories, generating knowledge of broader relevance concerning the design
and implementation of quality dashboards. This is timely, given the current concern with reducing variations in care
guality and clinical outcomes within the NHS, 6% with both the Francis Inquiry*¢ and the Keogh review!* highlighting the
need for better monitoring of care quality at ward and board level and interest in technologies such as dashboards for
this purpose.

This project addresses both key topics in the commissioning brief, providing understanding of how NCA data are used
by various health service audiences (topic i) and testing the principles of effective communication of data to key
audiences (topic ii). What is unique about the project is that the findings will be used to develop a novel web-based
intervention, tailored to the needs of different user groups, which can be adapted for all NCAs.
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AIMS AND OBJECTIVES

Aim: To develop and evaluate QualDash, an interactive web-based quality dashboard that supports clinical teams,
quality sub-committees, NHS Trust boards, and commissioners to better understand and make use of NCA data, thereby
leading to improved quality of care and clinical outcomes.

Objectives:

1. To develop a program theory that explains how and in what contexts use of QualDash will lead to improvements in
care quality;

To use the program theory to co-design QualDash;

To use the program theory to co-design an implementation strategy for QualDash;

To understand how and in what contexts QualDash leads to improvements in care quality; and

To assess the feasibility of conducting a CRT of QualDash.

akrwn

RESEARCH PLAN/METHODS

Design and theoretical/conceptual framework

This project uses the MRC guidance for design and evaluation of complex interventions, which emphasises that new
interventions should have a coherent theoretical basis, with theory being used systematically in the process of
development.* The need for use of theory in design and evaluation of A&F interventions,81962 and QI initiatives more
generally,2%-8364 js well recognised. This project draws on realist evaluation,® which involves building, testing, and refining
the underlying assumptions or theories of how an intervention works, as well as wider literature on use of program theory
for designing and evaluating interventions.®455 Realist evaluation has been recommended for studying QI,%¢ offering a
framework for understanding for whom and in what contexts complex interventions work.

While realist evaluation has been used for studying the implementation and impact of a number of complex
interventions in healthcare,57:%8 including large-scale QI programmes,%° there is growing acknowledgement of the value
of realist approaches for design.”®72 A realist approach enables the development of interventions that are responsive to
specific aspects of context that impact their effectiveness and, through understanding how and why the intervention
works, the adaptation of an intervention to other contexts is supported.”

In this project, we will combine a realist approach with co-design. The principles of realist evaluation and co-design
have been demonstrated to be complementary.” In co-design, rather than passive recipients, the intended users are
viewed as co-designers.® We will work with clinical teams, quality sub-committee members, Trust board members,
commissioners, and patients and carers throughout the project, incorporating participants’ knowledge from past
experiences of working with NCA data, following Bate and Robert’s four stage model for experience-based co-design:
reflection, analysis, diagnosis, and description; imagination and visualisation; modelling, planning, and prototyping; and
action and implementation.”

In Phase 1, interviews with members of clinical teams, quality sub-committees, and boards across five Trusts and
relevant commissioners will be used to develop a program theory for QualDash, through exploring participants’ theories
about how and in what contexts NCA data are currently used (or not) to improve care quality and how QualDash could
increase engagement with NCA data. This represents the reflection, analysis, diagnosis, and description co-design
stage. In Phases 2 and 3, the QualDash program theory will provide the basis for the design of QualDash and an
associated implementation strategy. This represents the imagination and visualisation and the modelling, planning, and
prototyping co-design stages. The detail of the technology will be developed iteratively through focus groups with clinical
teams, quality sub-committee members, and board members from one Trust, relevant commissioners, and patients and
carers. Through this process, our understanding of the theories will be refined, adding detail regarding, for example,
what data need to be presented, how, for whom, and in what contexts. Focus groups at each Trust will be used to
develop an implementation strategy that is tailored to the local context of each Trust. In Phase 4, the QualDash program
theory will be tested as QualDash is evaluated through a rigorous mixed methods evaluation. This represents the action
and implementation co-design stage. In Phase 5, the feasibility of conducting a CRT of QualDash will be assessed, with
the program theory, revised in light of the findings of Phase 4, being used to determine how and in what contexts
QualDash should be evaluated in a CRT.

Setting/context

To ensure the study generates findings that are generalisable beyond a single NCA, we have chosen to work with two
NCAs, MINAP and PICANet. MINAP and PICANet are delivered by different suppliers and involve different clinical
specialties working with different patient groups, multiple professional groups (medical and nursing), and include multiple
types of measures (structure, process, and outcome). They also differ in data quality and completeness. MINAP has
been running continuously since 2000, delivered by the National Institute for Cardiovascular Outcomes Research, and
data are contributed by all hospitals in England, Wales and Northern Ireland that admit patients with acute coronary
syndromes. PICANet was set up in 2002 by the Universities of Leeds, Leicester and Sheffield and contains data from
all NHS Paediatric Intensive Care Units (PICUs) in England and Wales.

There are three main funding arrangements for independent NCAs: subscription by NHS Trusts; funded by a charity
or professional body; or funded by NHS England. To explore the impact of funding arrangements, in Phase 1 we will
also gather data on the National Cardiac Arrest Audit (NCAA; funded by Trust subscription), the National Audit of Cardiac
Rehabilitation (NACR; funded by the British Heart Foundation), and the Elective Surgery National PROMs Programme
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(funded by NHS England). There are a number of independent surgery NCAs where participation is at the individual
clinician, rather than Trust, level; to understand the impact of this difference, in Phase 1 we will gather data about the
British Association of Urological Surgeons (BAUS) audits. In Phase 5, we will explore the applicability of QualDash to
those independent NCAs where data is collected intermittently rather than continuously,

We will work with three NHS acute Trusts (sites A-C) that participate in both MINAP and PICANet. These Trusts have
been selected to ensure variation in key outcome measures (MINAP: 30 day mortality for ST-elevation myocardial
infarction (STEMI) patients; PICANet: risk adjusted standardised mortality ratio), as shown in Table 1.

Because Trusts that participate in PICANet tend to be larger and to be teaching hospitals, they are not representative
of the range of Trusts that participate in MINAP. Therefore, MINAP use will also be studied in two district general
hospitals (DGHs; sites D-E) that do not have a PICU. These have been selected to ensure variation in the same key
MINAP measure.

To further ensure generalisability of our findings, we have selected Trusts with and without foundation status. Those
Trusts with PICUs also vary in number of PICU patients treated per year. We have selected one Trust included in the
Keogh review of 14 Trusts with persistently high mortality.4

Table 1: Case site characteristics

Site | Hospital type MINAP: 30 day mortality for | PICANet: risk adjusted | Number of PICU
STEMI patients (%) standardised mortality ratio patients per year

A Teaching hospital 7.5 1.01 799

B Teaching hospital 6.6 0.66 318

C Teaching hospital, 4.5 1.36 769

Foundation status
D DGH 20.6
E DGH 8.3

Phase 1: Situation analysis

Objectives

e To develop a program theory that explains how and in what contexts use of QualDash will lead to improvements in
care quality (Objective 1); and

e To identify requirements for the design and implementation of QualDash.

Summary of method
Phase 1 addresses the question ‘in what contexts and by what mechanisms are NCA data currently used or not to
improve quality of care?’ (Question A). A situation analysis identifies the nature and extent of the opportunities and
problems to be addressed by an intervention and the context within which the intervention will operate,® referred to in
co-design as the reflection, analysis, diagnosis, and description stage.” The situation analysis will involve interviews
with members of clinical teams, quality sub-committees, and boards and relevant commissioners. By using the
interviews to identify critical elements of context and mechanism that create and sustain the underutilisation of NCA
data, we will be able to establish requirements for the design and implementation of QualDash, while also developing
an understanding of the contextual factors that may support or hinder use of QualDash.”® Effective program theories
typically combine stakeholders’ theories that are derived from experience with substantive theory.>%* Therefore, we will
draw on theories from a range of disciplines across the social sciences, discussed earlier, that are concerned with the
micro, meso and macro level in order to develop the findings from the interviews into a program theory for QualDash.
To assess the generalisability of the requirements and the QualDash program theory, a workshop will be held with
suppliers of both NCAPOP and independent NCAs and representatives of HQIP. To identify which requirements are
generalisable across NCAs, a variation of the nominal group technique will be used, based on methods used by one of
us (RR) for a similar purpose” and involving card sort activities that have been recommended for the purpose of co-
design.” The nominal group technique is a highly structured group process that can be used for identifying requirements
and establishing priorities, that enables a substantial amount of work to be achieved in a relatively short space of time,
providing immediate results with no requirement for further work.” The technique has previously been used successfully
in the development of other complex interventions.”®

Team

The majority of interviews will be undertaken by a Research Fellow (RF) and Research Assistant (RA) employed within
the School of Healthcare (SoH). RR, Roy Ruddle (RAR), and the RF employed within the School of Computing (SoC)
will also take part in a number of interviews, to hear directly the views of participants and for the purpose of relationship
building.” The SoH RF and RA will be responsible for analysing the interview data. RR, Joanne Greenhalgh (JG), DD,
and JK will provide methodological guidance for the design and analysis of the interview study. Chris Gale (CG), Mamas
Mamas (MM), Roger Parslow (RP), and Julia Lake (JL), through their knowledge of how NCA data are used within the
NHS, will contribute to the design of the interview topic guide and the interpretation of the findings. We will invite our
LAG to review the interview topic guide, to ensure the topics explored include those that matter to patients/carers. The
SoC RF will work with the SoH RF and RA to translate the findings into a requirements specification. The requirements
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specification will be reviewed by the LAG for comprehensibility. During this time, the SoC RF will also be becoming
familiar with the MINAP and PICANet data sets and exploring possible ways of presenting and interacting with these
data.

The SoH RF and RA will be responsible for organising the workshop and will be assisted in running the workshop by
RR, RAR, and the SoC RF. The SoC RF will be responsible for quantitative analysis of the data, while the SoH RF and
RA will undertake qualitative analysis of workshop transcripts.

la. Interviews across five Trusts

Sample: Given the intention of QualDash to support clinical teams, quality sub-committees, Trust boards, and
commissioners, it is necessary to ensure all such groups are included. Our current dashboards study suggests
recruitment of participants within these groups is feasible. A combination of purposive sampling and snowball sampling
will be used. Experience from our current dashboards study has revealed variation across Trusts in who is responsible
for and engages with audit data. Therefore, in each Trust, we will begin by interviewing the MINAP and PICANet leads,
asking them to identify others it would be appropriate for us to interview. Using snowball sampling in this way will enable
us to capture the implementation chain through which audit data are produced by certain stakeholders and accessed
and analysed by others. Additionally, we will interview urological surgeons about their experience of the BAUS audits.
At each of sites A-C 12 members of staff and two relevant commissioners will be interviewed, while at each of sites D-
E seven members of staff and one relevant commissioner will be interviewed (total n=58).

Data collection: Interviews will be semi-structured and will follow guidance on the undertaking of realist ‘theory gleaning’
interviews.”® Interviews will start with questions about the participant’s role and their experience of, and involvement
with, NCAs. To begin to elicit the participant’s theories about how and in what contexts NCAs lead to improvements in
care quality, we will ask about their perceptions of the impacts of the NCAs, before encouraging them to expand on the
contexts in which they perceive those impacts to occur and their ideas about how those impacts are achieved. We will
investigate what MINAP and PICANet data are collected (for example, MINAP contains over 130 fields, only 20 of which
must be completed) and how, which of these measures are used in making assessments of care quality and informing
Ql initiatives, what other data participants would like to use for this purpose, and why. In interviews with members of
quality sub-committees and Trust boards and commissioners, we will also explore their experience of NCAA, NACR,
the Elective Surgery National PROMs Programme, and the BAUS audits. As recommended for co-design, interviews
will be conducted at the participants’ places of work, providing the opportunity to view and discuss workplace artefacts
that participants perceive as relevant.” We will discuss the idea of QualDash, to gather participants’ perceptions of what
QualDash would need to provide, what they perceive the impact of that would be, and the contexts in which they perceive
it would provide benefit. The research team will agree revisions to the interview topic guide in light of emerging theories.
All interviews will be audio recorded and transcribed verbatim.

Analysis: An iterative approach to data collection and analysis will be taken, to support the refinement of emerging
theories. Interview transcripts will be entered into a qualitative software program (NVivo 10) for indexing.

Framework analysis, an approach developed for analysing qualitative data for the purpose of applied research, will be
used.”” Framework analysis is an approach that has previously been used within realist evaluation studies,”® including
our own,” and we and have found it to be well suited to working with large data sets. Framework analysis allows for
systematic and comprehensive analysis of the collected data and enables both between- and within-case analysis.

Framework analysis begins with familiarisation. This involves gaining an overview of the collected data through
immersion in the data, while listing recurrent themes and issues which emerge as important to the participants. From
this, a thematic framework will be identified for indexing the data, bringing together a priori issues (those introduced into
the data via the interview topic guide) and emergent issues. Following the realist strategy, indexing of the data will focus
on identifying participants’ accounts of how outcome patterns are formed by mechanisms and contexts.®” As multiple
members of the research team will be undertaking the analysis, clear definitions of each code will be created and, after
applying the codes to a sample of the data by different members of the team, we will measure the inter-rater reliability
of the indexing® and refine the definitions. Indexing of all the collected data will then take place.

Once all the data has been indexed, matrix displays8! will be created, to build up a picture of the data as a whole. This
involves abstraction and synthesis of the data but referencing the original text.””

The final stage of analysis is that of mapping and interpretation. The matrices will be used to support both within-case
comparisons (similarities and differences according to e.g. role) and between-case comparisons, returning to the original
data where necessary. Similarities and differences in participants’ theories will be identified. Because of the range of
participants involved in the interviews, we anticipate that we might encounter conflicting theories. However, realist
evaluation encourages the testing of multiple, contradictory theories, so the intention is not to remove or ignore such
conflicting theories but to refine them.®® Finally, we will compare the participants’ theories with relevant substantive
theories, such as those described above, using those theories that relate to the participants’ theories to develop an
integrated program theory. Given that QualDash use is likely to be supported or constrained by contextual features at
the micro, meso, and macro level, we will adopt Westhorp’s approach of ‘layering’ theories, in order to fully understand
how contextual features shape the mechanisms through which QualDash will work.82:83
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The resulting QualDash program theory will be summarised in both diagrammatic and narrative form.54%5 It will be
translated into a requirements specification, detailing both functional requirements (what QualDash should do) and non-
functional requirements (including look and feel, usability, performance, and maintainability and support requirements,
and requirements relating to implementation).8* The requirements will be presented using the Volere format, where each
requirement includes a description, a rationale, a source, and a fit criterion.8®> Each requirement will also state which
categories of user it is relevant to (e.g. functionality that is of interest to one category of user but not others), e.g. clinical
team, quality and safety sub-committee, Trust board, commissioners, or more fine-grained categories of user that may
become apparent through the analysis. RAR will lead a review of the requirements with representatives from at least
two of the Trusts’ IT departments, to identify practical implementation issues and workarounds. In this way, we will use
our team’s multidisciplinary experience to act as a bridge between QualDash end-users (clinical teams, etc.) and IT
specialists who play a critical part in systems implementation.

1b. Workshop with NCA suppliers

Sample: For the purpose of prioritising the functional and implementation-related requirements for QualDash, we will
use a purposive sample of participants, involving suppliers representing a range of NCAs (covering both NCAPOP and
independent NCAs and the three main funding mechanisms for independent NCAs, as well as NCAs where participation
is at the independent clinician level) and representatives of HQIP. Currently, NCAs (both NCAPOP and independent)
are delivered by a total of 37 suppliers, with some suppliers responsible for the delivery of up to five NCAs. Where a
supplier delivers more than one NCA, we will approach the national clinical lead for each NCA. On the basis of
experience of running events using similar techniques, we will seek to have a maximum of 32 participants. Groups of
between five to eight participants are recommended,®® so participants will be organised into four groups of eight
participants.

Data collection: The workshop will be organised into two two-hour sessions.®” In preparation for the workshop,
participants will be sent the draft requirements specification in a user-friendly format.

The morning session will focus on prioritisation of functional requirements and will follow standard guidance for the
running of nominal groups.”86.87 |t will begin with an opening statement that describes the overall task, the contribution
of participants, the procedures, and how the results will be used. The first activity will be the ‘silent generation of ideas’;
each participant will be given a set of cards describing all of the functional requirements and will select the functional
requirements that they consider essential, as well as writing down on blank cards any additional functional requirements
they consider to be essential. In the second activity, the group will merge their requirements, creating an ‘agreed’ and
‘not agreed’ list on a flipchart, the ‘agreed’ list comprising functional requirements considered essential by all group
members and the ‘not agreed’ list having a ‘weighting’ for each item, i.e. how many people considered this requirement
essential. Participants will then be asked to individually select the 10 functional requirements that they consider most
important, ranking them in order of priority. The results will be collated and fed back to the group as a whole for
discussion, before a final round of ranking the priorities.

The afternoon session will follow the same format as above, this time focusing on requirements relating to the
implementation strategy.

To capture the richness of participants’ observations, the discussion of each of the groups and the discussion of the
group as a whole will be audio recorded and transcribed verbatim, providing valuable context to the ranked priorities.

Analysis: Quantitative analysis will involve combining the lists created by the four groups to identify which functional
and implementation requirements were considered essential by all groups and for which requirements, while not
considered essential by all participants, there was substantial support. The final ranking of the priorities will be combined
to produce a list of functional requirements and a list of implementation requirements ordered by priority.

The transcripts of the discussions will be entered into NVivo 10 and analysed using framework analysis, to identify
participants’ reasoning about why a requirement was or was not necessary, with an emphasis on seeking configurations
of contexts, mechanisms, and outcomes. This analysis will be used to make further refinements to the QualDash
program theory.

Outputs
e A program theory that explains how and in what contexts QualDash use leads to improvements in care quality; and
e Arequirements specification to support design of QualDash, generalisable to all NCAs.

Phase 2: Design of QualDash
Objective
e To use the program theory to co-design QualDash (Objective 2).

Summary of method

Phase 2 represents the conceptual design, prototyping and software development stages. QualDash will be developed
iteratively, with input from a series of interactive focus groups. Focus groups are group interviews, coordinated by a
moderator, that concentrate on a particular topic and generate qualitative data through discussion between
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participants.8 Differences in participants’ opinions and accounts can be explored, helping to draw out the needs of
different categories of user and to refine our understanding of the contextual factors that are likely to affect QualDash
use.® Focus groups enable group ownership of problems and solutions and so are appropriate for the purpose of co-
design.® It is important to ensure that the focus group is organised in such a way that participants are actively involved
in the process of design, rather than just consulted,” so the focus groups will incorporate co-design activities such as
cognitive walkthroughs and creating storyboards and paper-based prototypes. This will be complemented by
ethnographic observation of meetings where quality and safety are discussed, to understand the functionality that
QualDash needs to provide to support discussion of NCA data in those meetings and how QualDash may best be
incorporated into those meetings.

Prototypes of QualDash will be discussed in the focus groups to explore comprehension, usability, and acceptability.
A prototype is one manifestation of a design that allows stakeholders to interact with it and explore its suitability, and
thus prototypes play an important role when co-designing interventions.8* While the design of the prototypes will be
based on the requirements specification, the focus groups will also provide the opportunity to explore the benefits of
presenting more complete NCA data, such as longitudinal data (not just the current snapshot), all of the measures for a
particular NCA rather than just a selection, the actual data values rather than just traffic lights, portraying confidence
limits, showing context (a given Trust’'s performance against others), and integrating other sources of data, such as
patient stories. Through this process, we will address the question ‘what other data need to be presented alongside
audit data to build a more complete picture of care quality?’ (Question B) and begin to address the question ‘what are
the most effective means for clinical teams, quality sub-committees, boards, and commissioners to view and interact
with audit data?’ (Question C).

Once two high fidelity QualDash prototypes have been developed that focus group participants consider to be
comprehensible, usable, and acceptable, a controlled user experiment will be undertaken, providing further data to
answer Question C. The results of the controlled user experiment will be used to determine which QualDash prototype
will be evaluated in Phase 4 and to determine if any further revisions to the QualDash prototype are required before the
evaluation. Once any revisions have been made, the selected QualDash prototype will be subjected to extensive testing
to ensure system stability.

Team
The focus groups will be run by the SoH RF and RA, with RR, RAR, and the SoC RF also present to hear directly the
views of participants.” The SoH RF and RA will be responsible for analysing the focus group data, under the guidance
of RR and JG. The SoC RF will be responsible for ongoing development of the QualDash software, under the guidance
of RAR, and for the production of a technical specification that describes how the requirements have been translated
into a functioning system. CG, MM, Robert West (RW), RP, and JL, through their familiarity with MINAP and PICANet
and knowledge of how NCA data are used within the NHS, will contribute to the design of the QualDash prototypes.
The controlled user experiment will be undertaken by the SoH RF and RA, with technical support provided by the SoC
RF. The SoC RF will be responsible for the analysis of the quantitative data generated by the controlled user experiment,
while the SoH RF and RA will be responsible for the analysis of the qualitative data. Methodological guidance for the
design and analysis of the controlled user experiment will be provided by RAR, RR, and DD. CG, MM, RP, and JL,
through their knowledge of how NCA data are used within the NHS, will contribute to the design of the tasks to be
undertaken within the controlled user experiment. The SoC RF will make any further revisions to QualDash in light of
the findings, under the guidance of RAR, and will be responsible for testing of the final system.

2a. Iterative development

Sample: While all five Trusts will be involved in the co-design process, through participating in the Phase 1 interviews,
co-designing the implementation strategy in Phase 3, and providing feedback on QualDash in Phase 4, we are
intentionally only involving one Trust in Phase 2 so that we can assess, in Phase 4, to what extent the success of
QualDash is dependent on this level of staff involvement in the design process. We anticipate that a minimum of three
focus groups will be held (more if separate focus groups are held for MINAP and PICANet). An additional focus group
will be held with our LAG, to gain a patient and carer perspective on the proposed designs. Guidance on focus groups
suggests 8-12 participants as a suitable number.88 While generally homogenous groups are recommended, it can be
beneficial to bring together a diverse group to maximise exploration of different perspectives;® to support the
identification of similarities and differences in the needs and preferences of our different stakeholders, the first focus
group will bring together a purposive sample of members of the cardiology and PICU clinical teams, the quality sub-
committee, and the Trust board, and local commissioners (total n=12). On the basis of this focus group we will decide
whether in the subsequent focus groups there would be benefit in holding separate focus groups relating to MINAP and
PICANEet.

Data collection: The SoH RF will take on the role of moderator, assisted by the SoH RA who will make notes on the
order of speakers and non-verbal interaction (e.g. body language suggesting lack of engagement).88%0 Each focus group
will be audio recorded.

Co-design requires careful preparation but also a level of flexibility, to allow participants involvement in the design of
the approach as well as the intervention.” While open to revision and further specification, we plan to move from
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developing paper-based storyboards and prototypes with participants (focus group 1), through to rapid prototyping
where prototypes are purposely ambiguous and incomplete to encourage design input from participants (focus group
2), through to high fidelity prototypes (focus group 3). Discussion of the QualDash prototypes will include discussion of
how comprehensible they are (in terms of both the functionality and the presentation of the data) and alternative ways
in which the data could be presented.

Throughout the focus groups the moderator will encourage participants to discuss differences in their opinions.8® At
the end of each focus group, the moderator will present any tentatively identified issues to participants for confirmation
or clarification.®®

Analysis: The audio recordings will be transcribed verbatim, using the notes to identify speakers, and then annotated
with notes of the non-verbal interaction. Analysis of the data will be conducted after each focus group using framework
analysis as described above. This analysis will be used to make further refinements to the QualDash program theory
and determine priorities for the next iteration of the QualDash prototypes.

Software development: The SoC RF will develop the QualDash software in two stages. The first (months 1-12) will
turn the focus group outputs into high fidelity prototypes that implement the most important functionality identified in
Phase 1, and then a version of QualDash that is suitable for evaluation by Trusts and CCGs in Phase 4. The key novelty
of QualDash’s design will come from the way we present data in visualisations, tailored to the needs of different users,
and allow users to interact with those visualisations. The practicality of QualDash will be ensured through discussion
with representatives from the Trusts’ IT departments. The second stage of development (months 16-33) will incorporate
feedback from the Phase 4 evaluation and functionality identified as important during the requirements prioritisation but
initially omitted due to time constraints.

2b. Observation of meetings
Sampling: In each site, we will aim to observe at least one meeting at ward, quality sub-committee, Trust board, and
CCG level.

Data collection: Researchers will observe the meetings, recording their observations in fieldnotes, to be written up in
detail as soon after data collection as possible.

Analysis: An iterative approach to data collection and analysis will be taken, to feed in to the ongoing development of
QualDash and to enable the gathering of further data in light of emerging themes. Fieldnotes will be entered into NVivo
10. Analysis of the data will be conducted using framework analysis as described above. This analysis will be used to
make further refinements to the QualDash program theory and the requirements specification.

2c. Controlled user experiment

Sample: The key outcome measure we will use is the overall system usability scale (SUS) score (described below).
Given a standard deviation for SUS of 10 units (scale is 0-100 with SUS<50 being poor and SUS>80 being very good)
we want the signal to be clear when the difference recorded is 20 units distinguishing between poor and good usability.
When there are at least 10 participants per group such a difference can be achieved with 98.8% power for a single
comparison. Multiple comparisons however will be made, and the power drops to 97.2% for two comparisons, but
remains more than 90% for up to seven comparisons. This allows a sufficient number of comparisons to be meaningfully
made in our context. In order to assess the comprehensibility, usability, and acceptability of the QualDash prototypes to
all the intended categories of user and to gain a patient and carer perspective, a purposive sample of members of the
cardiology and PICU clinical teams, the quality sub-committee, and the Trust board, local commissioners, and members
of our LAG will be invited to participate, with a minimum of 10 participants per group.

Data collection: A controlled user experiment will be run, using a mixed factorial experimental design, with technology
(current presentation of NCA data and two QualDash prototypes) and task as within-participant variables and role, NCA
(MINAP or PICANet), and graph literacy (high or low) as between-participant variables.

Prior to the experiment, participants will be asked to complete an online demographic questionnaire, which will include
Galesic and Garcio-Retamero’s scale for measuring graph literacy.! This scale, developed specifically for the health
domain, measures both basic and advanced graph reading skills and comprehension across different types of graphs.
The scale consists of 13 items and measures three levels of graph comprehension: i) the ability to read the data; ii) the
ability to read between the data (to find relationships in the data); and iii) the ability to read beyond the data (e.g. to be
able to predict a future trend from a line chart). Participants will be categorised as high or low literacy, using the median
split of a high literacy score of nine or more correct responses, and then stratified prior to randomisation into an
experimental group (high vs low literacy).

Each participant will complete a series of tasks in each condition. Details of the QualDash prototypes to be evaluated
and tasks to be undertaken will be dependent on the outputs of Phase 1 and the Phase 2 focus groups. The order of
technology used and the task order will be determined by a computer randomisation program. On completing each task,
participants will be asked to record their decision, certainty and, using the NASA task load index,®? their mental workload.
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Time to complete each task will be recorded. Morae software will be used for recording participants’ interaction with the
QualDash prototypes, enabling capture of audio, video, on-screen activity, keyboard and mouse input.

To assess usability and acceptability of the QualDash prototypes, following completion of tasks on each prototype
participants will be asked to complete the system usability scale (SUS), a flexible questionnaire designed to assess any
technology.?® The SUS is quick and easy to complete, consisting of 10 statements that are scored on a 5-point scale of
strength of agreement, with final scores ranging from 0-100. On completion of tasks in all conditions, we will carry out
semi-structured interviews with participants to explore their views of the two QualDash prototypes in more detail.

Analysis: Quantitative data (time to complete task, accuracy, certainty, perceived workload, and SUS score) will be
analysed using analyses of variance (ANOVA). Qualitative data (from the Morae recordings and interviews) will be
analysed using the methods previously described.

The analysis will be used to: make further refinements to the QualDash program theory, adding details regarding the
impact of an individual’s graph literacy as a contextual factor; determine which QualDash prototype should be used in
the evaluation; determine if further revisions to the QualDash prototype are required before the evaluation and what
they should be.

Outputs

e Aninteractive web-based quality dashboard for clinical teams, quality sub-committees, boards, and commissioners,
using novel visualisation techniques and tailored to meet the needs of different users, that can be adapted for all
NCAs, the design based on existing theory and significant engagement with suppliers and users of NCA data; and

e Atechnical specification for QualDash.

Phase 3: QualDash implementation
Objective
e To use the program theory to co-design an implementation strategy for QualDash (Objective 3).

Summary of method

Implementation is a key element in the MRC guidance on the development and evaluation of complex interventions.*
Implementation refers to putting an intervention into practice, using strategies to support and encourage the use of that
intervention in ways that will lead to the desired impact.®* While an understanding of implementation requirements will
have been developed in the Phase 1 interviews and prioritised with NCA suppliers in the Phase 1 workshop, it is
important that implementation strategies are tailored to the local context.®® For example, discussions with HQIP suggest
that training will need to cover both how to use QualDash and how to use it as part of a QI process, but this will depend
on the extent to which the intended users at different sites are already engaging with NCA data for the purpose of QI
and the processes and practices that they have already developed. Implementation strategies are most likely to be
successful if stakeholders are involved in their design.®® Therefore, focus groups will be used, again ensuring that they
are organised in such a way that participants are actively involved, rather than just consulted. At the end of this phase,
planned implementation activities will be undertaken across the five Trusts and with relevant commissioners.

Team

Activities in this phase will be undertaken by the SoH RF and RA and the SoC RF, under the guidance of RR, in parallel
to the Phase 2 activities. Resources to support implementation, such as user guides, will be reviewed by the LAG for
comprehensibility.

Sample: One focus group will be held at each Trust, involving members of the relevant clinical teams, the quality sub-
committee, the IT department, and the Trust board, and local commissioners.

Data collection: As in the Phase 2 focus groups, the focus groups will be moderated by the SoH RF, who will encourage
participants to discuss differences in their opinions. The SoH RA will make notes on the order of speakers and non-
verbal interaction. Each focus group will be audio recorded. Participants will be asked to discuss what they think the
likely problems might be with introducing QualDash into their practice and ways in which these problems could be
overcome, using the prioritised implementation requirements from Phase 1 as a starting point for discussion. At the end
of each focus group, the moderator will present identified implementation activities to participants for confirmation or
clarification.

Analysis: The audio recordings will be transcribed verbatim, using the notes to identify speakers, and then annotated
with notes of the non-verbal interaction. Analysis of the data will be conducted after each focus group using framework
analysis as described above. This analysis will be used to make further refinements to the QualDash program theory
and inform the design of the implementation strategy.

Outputs
¢ Animplementation strategy and associated resources for QualDash, tailored to each of the five Trusts.
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Phase 4: QualDash evaluation
Objective
e To understand how and in what contexts QualDash leads to improvements in care quality (Objective 4).

Summary of method
Phase 4 addresses the question ‘in what contexts and by what mechanisms do quality dashboards lead to increased
engagement with audit data and subsequent improvements in care quality?’ (Question D). To evaluate QualDash, we
will collect data that will enable testing of the program theory. Realist evaluation does not employ particular methods of
data collection, but is explicitly a mixed method approach.®® Outcome data, in the form of key MINAP and PICANet
process measures, will be collected and analysed in a CITS study, while a multi-site case study®” will provide insight
into the contexts and mechanisms that lead to those outcomes. CITS studies provide a robust method of assessing the
effect of an intervention and have been used to assess the effectiveness of a variety of complex interventions. 8

In the multi-site case study, data will be collected through ethnographic observation and interviews. Ethnography is
the study of people in their environments where the researcher participates in the setting in order to collect data.%®
Ethnographic methods, such as non-participant observation, have been used in previous realist evaluations as part of
the process of theory testing and refinement,59100 and such methods have been argued as essential for studying both
the implementation of QI interventions?® and the introduction of technology in healthcare.1°* We will follow the Biography
of Artefacts (BoA) approach,®® which has been used successfully in a number of studies of HIT®8192 and which we have
found useful in our current study of dashboards. This approach involves ‘strategic ethnography’,>® studying
longitudinally, across different locations, and at different levels of the organisation how practices surrounding a new
technology evolve and how previous practices enable and constrain this process.58

Interviews are an important complement to ethnographic observation, providing an opportunity for the researcher to
ask questions about aspects of practice that might not be immediately intelligible to an observer, as well as for gaining
interviewees’ reasoning about QualDash. Lodfiles will provide additional data on when and how QualDash is used.

A&F interventions, and QI interventions more generally, require longitudinal evaluation to allow sufficient time for staff
to implement changes and incorporate them into their practice.193-105 Similarly, the evaluation of HIT should allow time
for staff to integrate the technology into their practices and evolve those practices to take advantage of the functionality
offered by the technology.5® Therefore, data will be collected over a 12 month period.

Team

The CITS will be designed and undertaken by RW. Data collection and analysis for the multi-site case study will be
undertaken by the SoH RF and RA, under the leadership of RR, with JG, DD, and JK providing additional methodological
guidance. CG, MM, RP, and JL, through their knowledge of how NCA data are used within the NHS, will contribute to
the design of the multi-site case study and the interpretation of the findings of both the CITS and the multi-site case
study. Amanda Farrin (AF) will advise on the data to be collected for informing the CRT feasibility assessment and
design. The SoC RF will analyse the logfile data to identify patterns of QualDash use (at what sites, by whom, when,
and using what functionality). Participants’ feedback on QualDash will be used to make revisions to the software, which
will be undertaken by the SoC RF, under the guidance of RAR.

4a. Controlled interrupted time series study

Sample: Data will be collected for sites A-E, with two control Trusts per intervention Trust, matched on comparable
outcomes pre-intervention. Contextual factors in the QualDash program theory may be used as additional matching
criteria. A CITS study requires data for a minimum of three time points pre-intervention and three time points post-
intervention and must also allow for any seasonal effect on the outcomes.1% Therefore, monthly data will be obtained
for 24 months pre-intervention and 12 months post-intervention. For MINAP, Cumulative Missed Opportunities for Care
(CMOC) will be used as the primary process measure (described below). The average CMOC for patients on a ward
will be averaged for each month, so that there are 36 observations clustered within each of 15 hospitals. Taking the
intra-class correlation to be 0.15, this yields a design effect of 6.25. Hence the effective number of observations is
15*36/6.25=86.4. Using Cohen’s approach to sample size calculation this means that an effect size of 0.17 can be
estimated with 80% given that there are six parameters in the model (including the coefficient for QualDash). Converting
this to the percentage of variation that can be explained by the model, this yields 20.5%. Translating this back to CMOC,
currently 49.6% are discharged from hospital without missing any of the nine opportunities for care, and we would be
powered at the 80% level to detect an improvement from an average of 8.33 opportunities achieved to 8.46. Thus our
study has good power to detect small but meaningful clinical improvements. For PICANet, the primary process measure
will be the use of non-invasive ventilation first for patients requiring ventilation, 10% of the admitted population.1%” On
average there are 5.25 ventilation cases per month per hospital. With a further design effect from patients clustered
within hospitals, based on the reported ICC=0.065 giving DEff=1.276, the actual anticipated number of patients is 1701
giving an effective number of 213: 71 exposed to QualDash and 142 controls. This yields 80% power to detect a change
from 32% to 53% which is a feasible target given that the use of non-invasive ventilation first will be highlighted by
QualDash.
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Data collection: For MINAP, the primary outcome will be the composite process measure CMOC. This has nine
components (pre-hospital ECG, acute use of aspirin, timely perfusion, prescription at hospital discharge of aspirin,
thienopyridine inhibitor, ACE-inhibitor, HMG-CoA reductase inhibitor, beta blocker, referral for cardiac rehabilitation)
and, in previous work by members of the team, CMOC has been shown to be associated with mortality.1% For PICANEet,
the primary outcome will be use of non-invasive ventilation first for patients requiring ventilation, which has been shown
to be associated with reduced mortality.19” Secondary outcomes will be determined on the basis of findings from Phase
1 regarding interviewees’ perceptions of the value of particular measures and the extent to which they can be impacted
by QI initiatives and through consultation with our LAG.

Analysis: Monthly MINAP and PICANet data will be extracted to spreadsheets for analysis with R software.1%® For each
intervention Trust, there will be 72 data points prior to introduction (24 for the intervention Trust and 48 for the control
Trusts) and 36 data points post intervention (12 for the intervention Trust and 24 for the control Trusts). For both NCAs,
the outcome will be regressed upon time and the intervention (QualDash). The time component will include a seasonal
effect (quarterly effect) and will allow for a (linear) time trend. To account for clustering of monthly observations within
hospitals a random intercept will be fitted, although a fixed effect for hospital as a sensitivity analysis will be explored.
Although the intervention is abrupt, its impact may well be ‘phased in’ over a few months, perhaps three. The timing of
the bedding in of the intervention will be reported from the multi-site case study. Then a partial effect can be considered
for this period with the interaction effect stepping up in a linear fashion.

4b. Multi-site case study

Sampling: In sites A-C we will undertake a minimum of 24 four hour periods of observation per Trust and in sites D-E
we will undertake a minimum of 12 four hour periods of observation per Trust (total n=384 hours). While the researchers
will return to each Trust monthly, to understand how use of QualDash changes over time, more time will be spent in the
first few months following the introduction of QualDash, because this is when users are most likely to engage with and
explore the affordances of QualDash and establish new practices around it, generating information with implications for
both system enhancement and future implementation strategies.5°

Data collection: At each case site, there will be an initial phase of general ethnographic observation, informed by the
implementation chains identified in the Phase 1 interviews. Following the methods we have used in our current study of
dashboards, this is anticipated to include: i) observation of formal meetings at ward, quality sub-committee, Trust board,
and CCG level where quality and safety are discussed; and ii) observation in clinical areas to understand the working
practices of the clinical teams and capture what Waring refers to as ‘corridor committees’ where issues of quality and
safety are discussed more informally.28 Following this, observation will be more focused, with details of what to pay
attention to depending on the refined QualDash program theory. How and in what contexts QualDash is used (or not)
at different levels will be observed, understood in the context of broader practices and use of other sources of information
for monitoring care quality. Researchers will record observations in fieldnotes, to be written up in detail as soon after
data collection as possible.

Observations will be complemented by semi-structured interviews with staff. These will gather data on: i) staff
perceptions of mechanisms that result from QualDash use; and ii) outcomes that cannot be easily gathered by other
means, particularly those relating to the perceptions of staff. Interviews will be audio recorded and transcribed verbatim.

Patterns of QualDash use identified through the analysis of the logfiles will be used to inform qualitative data collection
(e.g. asking in interviews why participants use particular functionality), while the logfiles will provide detailed data on
QualDash use observed during the course of data collection.

At the end of the data collection period, we will ask participants to complete a questionnaire based on the Technology
Acceptance Model, using well validated items that have been used in numerous previous studies of health IT4° and in
previous studies of dashboards.!19 This will provide participants’ perceptions of the usefulness of QualDash and data
on whether they intend to continue using QualDash after the study period.

Depending on the refined QualDash program theory, it might be appropriate to add additional data collection methods.
For example, if the safety culture of a ward or Trust is seen as an important contextual factor, a questionnaire to measure
safety culture may be included.!?

Analysis: An iterative approach to data collection and analysis will be taken, to enable: ongoing testing and refinement
of the program theory; gathering of further data in light of such revisions; and refinement of QualDash in response to
participants’ feedback. Fieldnotes and interview transcripts will be entered into NVivo 10. Narrative analysis will be
undertaken to develop a ‘biography’ of QualDash, which will describe the use of QualDash by a range of stakeholders
at different levels and the interconnections between them (clinical team, quality sub-committee, Trust board, and CCG).
Narrative analysis is consistent with a realist approach due to its emphasis on preserving connections within the data,
thereby helping to understand causality.!1? Incorporating the results of the CITS analysis and analysis of the logfiles and
guestionnaire data, the biography will focus on how contextual factors shape the evolution of practices around QualDash
and how this leads to the resulting outcome pattern, thereby providing evidence to support, refute, or revise the
QualDash program theory.
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Outputs
e Evidence regarding how and in what contexts use of QualDash leads to improvements in care quality.

Phase 5: Trial feasibility assessment and design

Objective

e To assess the feasibility of conducting a CRT of QualDash (Objective 5); and

e To assess the extent to which QualDash and the program theory are applicable to other NCAs.

Summary of method

The commissioning brief emphasises the need for trials within NCAs to test the principles of effective communication of
NCA data to key audiences. We will use the findings of Phase 4 to determine for whom and in what contexts a trial of
QualDash is appropriate. This avoids the cost of a trial if QualDash is found to be ineffective while, if the results of Phase
4 suggest QualDash does provide benefit, we will be able to design a trial that is fit for purpose, with high internal and
external validity, for which subsequent funding would be sought.113.114

Progression criteria will be: (i) QualDash is used by 50% or more of the intended users; (ii) data completeness in the
NCA improves or remains the same; and (iii) participants perceive QualDash to be useful and express the intention to
continue using it after the study period. Criteria (i) and (iii) are concerned with acceptability and uptake of the intervention,
and therefore have implications for recruitment to a trial. The second criterion is concerned with ensuring that the
intervention does not have unintended negative consequences which would affect both the success of the intervention
(as QualDash will be less useful if data completeness is reduced) and the feasibility of outcome assessment. The third
criterion is also concerned with participants’ perceptions of the impact of QualDash on care. While not formally assessed
as part of the progression criteria, the impact of QualDash on processes of care as identified in the CITS will also be
considered in determining whether a future CRT is justified. A traffic light system will be used to determine if a trial is
feasible (green), feasible with modifications to QualDash and/or the implementation strategy (amber), or not feasible
(red).113.115

If a trial is found to be feasible, a CRT will be designed. It is anticipated that the primary outcome will be a patient
outcome. Data from the CITS will be used to inform the selection of NCAs to be included in the trial (MINAP and/or
PICANet) and will provide information about variability of outcomes and about how long a trial intervention period would
need to be. Findings from the multi-site case study will be used to inform the selection of categories of user to be included
in the trial and, associated with this, the level of randomisation (Trust, hospital, or ward).

If the feasibility assessment indicates that QualDash and/or the implementation strategy need to be modified, Phase 4
findings will be used to determine what those modifications should be, while also identifying components of QualDash
and the implementation strategy that, being associated with mechanisms that produce desired outcomes, should be
preserved in the trial.

In addition, two focus groups will be undertaken in the Phase to assess the extent to which QualDash and the program
theory are applicable to other NCAs.

Team

Trial feasibility assessment and design will be led by AF, working in collaboration with RR and the SoH RF, with support
from a statistician and trial manager from the Leeds Institute for Clinical Trials Research (LICTR). If modifications to
QualDash are required, these will be undertaken by the SoC RF, under the guidance of RAR. If modifications to the
implementation strategy are required, these will be undertaken by the SoH RF, under the guidance of RR. RR and the
SoH RF will undertake the focus groups.

Sample: Two focus groups will be held. In the first focus group, we will bring together quality sub-committee members
from across the five sites. In the second focus group, we will bring together suppliers of intermittent audits.

Data collection: The focus groups will be moderated by RR, who will encourage participants to discuss differences in
their opinions. The SoH RF will make notes on the order of speakers and non-verbal interaction. Each focus group will
be audio recorded. In the first focus group, participants will be asked to discuss the extent to which QualDash would be
suitable for NCAA, NACR, the Elective Surgery National PROMs Programme, and the BAUS audits. The discussion will
not just consider the features of QualDash and how they may need to be adapted for the particular types of data held
within these three audits, but also contextual factors that may impact use of QualDash for engaging with these audits.
In the second focus group, participants will be asked to discuss whether and how QualDash might be adapted to provide
value to intermittent audits.

Analysis: The audio recordings will be transcribed verbatim, using the notes to identify speakers, and then annotated

with notes of the non-verbal interaction. Analysis of the data will be conducted using framework analysis as described
above. This analysis will be used to make further refinements to the QualDash program theory.
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Outputs
o Assessment of the feasibility of a CRT of QualDash; and
e |If criteria for progression are met, design for a CRT of QualDash.

DISSEMINATION AND PROJECTED OUTPUTS

The main outputs will be: i) a program theory that explains how and in what contexts QualDash use leads to
improvements in care quality; ii) based on the QualDash program theory, a requirements specification to support design
of QualDash, generalisable to all NCAs, delivered by end of month 6 with revisions as the project progresses; iii) a
technical specification for QualDash, delivered by end of month 12 with revisions as the project progresses; iv) an
interactive web-based quality dashboard for clinical teams, quality sub-committees, boards, and commissioners, using
novel visualisation techniques and tailored to meet the needs of different users, that can be adapted for all NCAs; v) a
QualDash implementation strategy, the success of which is not dependent on involvement in design of QualDash; vi)
evidence regarding how and in what contexts use of QualDash leads to improvements in care quality; vii) assessment
of the feasibility of a CRT of QualDash; and, if progression criteria are met, viii) design for a CRT of QualDash.

Outputs i-iii will be sent to HQIP and NCA suppliers and will be made available on a dedicated project website. Outputs
i and ii will enable suppliers of other NCAs to draw on our findings to inform the design of feedback they provide, and
output ii can be used by suppliers if employing a commercial company to develop a quality dashboard. Output iii will
support suppliers of other NCAs to develop their own quality dashboards based on the design of QualDash. We will
hold an end of project dissemination event for NCA suppliers, with presentations video recorded and made available on
the project website.

Other dissemination activities will include Open Access publications in a range of academic journals (e.g. BMJ Quality
& Safety, Implementation Science, Journal of the American Medical Informatics Association), and presentation of
findings at a national conference, such as the HSRUK Symposium or the HQIP-sponsored Clinical Audit for
Improvement conference.
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PLAN OF INVESTIGATION AND TIMETABLE
The project will be for 33 months. The timetable below describes the key tasks to be completed within the project and
the timing of key milestones.

Months
Pre- 1-3 4-6 7-9 10- 13- 16- 19- 22- 25- 28- 31-
study 12 15 18 21 24 27 30 33

Tasks

Ethics & R&D approval
PHASE 1

Interviews across 5
Trusts

Workshop with NCA
suppliers

PHASE 2

Iterative development ]
Controlled user
experiment

PHASE 3
QualDash
implementation
PHASE 4

QualDash evaluation —

data collection

QualDash evaluation —

analysis

PHASE 5

Trial feasibility
assessment & design
Focus groups

Final report
Milestones
Requirements %
specification delivered
Technical specification .
delivered
Implementation .
strategy delivered
QualDash software . .
release

QualDash evaluation
data collection *
complete
QualDash evaluation .
analysis complete
Progress reports * * * * *

PROJECT MANAGEMENT

All applicants will be part of the Project Management Group (PMG), chaired by RR (PI). This group will initially meet
monthly and then every two months, where the progress of the research will be reported and decisions regarding next
steps will be made. Between meetings, email will be used to keep the PMG up to date. A meeting with RR, RAR, JK,
and the research staff will be held fortnightly to monitor the progress of the research. In addition, RR will meet at least
weekly with the SoH research staff and RAR will meet at least weekly with the SoC RF. Other members of the PMG will
be involved in these meetings as and when their methodological and/or subject expertise is needed.

We will also convene a Study Steering Committee (SSC). The following people have agreed to be on the SSC:
Professor Graham Martin (University of Leicester, expertise in relevant social science theories and the conduct of
ethnographic studies of quality and safety); Dr Ana Manzano (University of Leeds, expertise in realist evaluation); Dr
Clive Weston (Swansea University, MINAP clinical lead). We will have a representative of HQIP on the SSC (Yvonne
Silove, Tasneem Hoosain, or Kirsten Windfuhr). We will also invite representatives of NCAA, NACR, and the Elective
Surgery National PROMs Programme to join the SSC. We will appoint an NHS manager with responsibility for audit via
the Yorkshire & Humber Effectiveness & Audit Regional Network, an NHS IT manager, and an expert in CITS. We will
ask our LAG to nominate a member to sit on the SSC. SSC meetings will take place at key points in the project: shortly
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after the beginning of the project; at the end of Phase 1, to discuss the requirements specification and its implications
for the design of QualDash; at the end of Phase 3, to review the Phase 4 evaluation design in light of the revised
QualDash program theory; and at the end of Phase 4, to discuss the findings and appropriate steps forward. The
dissemination plan will be discussed at the first SSC meeting and will be a regular item on the agenda of the SSC
meetings.

APPROVAL BY ETHICS COMMITTEES

We propose to carry out data collection across five NHS hospital Trusts, involving staff in the study. We will also be
working with anonymised routinely collected data. The research team has considerable relevant experience, both in
carrying out qualitative research in such settings and in the use of routinely collected data. NHS Research Ethics
Committee approval will be sought. We have a draft ethics application which will be submitted by the end of May 2017.
R&D governance approval will then be sought. Both MINAP and PICANet data are already held securely within the
University of Leeds. We are aware of the third Caldicott report and will ensure that our data handling arrangements are
compliant with any new guidance published in 2016/2017.

PATIENT AND PUBLIC INVOLVEMENT

A draft of the plain English summary was circulated to the Patient and Public Involvement (PPI) Group of our current
dashboards study and discussed at the PPl meeting in April 2016. A LAG will be established, with participants recruited
from the PPI Group of our current study, lay members of PICANet’s Paediatric Intensive Care Families Group, and lay
members of the MINAP Steering Group. LAG members will: Advise on data collection, e.g. review interview topic guides;
Participate in a focus group to inform the design of QualDash; Participate in the controlled user experiment; Contribute
to the design of the QualDash evaluation, e.g. selection of measures for the CITS; Provide their perspective on findings;
Advise on dissemination of findings to relevant interest groups. They will also contribute to the creation of outputs, e.g.
reviewing the requirements specification and user guide for comprehensibility. Five LAG meetings will be held over the
course of the project, with the LAG also meeting to participate in the co-design activities and the controlled user
experiment and with additional communication with members via telephone and email as the need arises. Four of the
meetings will be scheduled to occur in advance of the SSC meetings, so that feedback from the LAG can be fed into
the SSC meetings. An additional meeting will be held during Phase 1, prior to the workshop with NCA suppliers, for
reviewing the requirements specification. A training session will be organised and de-briefing sessions will be held after
activities to gather feedback on the process. This approach builds on successful PPl methods used in previous HS&DR
projects. PPI will benefit the process and outputs of the project by: ensuring the topics explored in interviews include
those that matter to patients/carers; making the design of QualDash more patient friendly; ensuring the measures used
in the CITS are ones that matter to patients/carers; providing a more nuanced analysis (e.g. challenging clinicians’
assumptions); ensuring comprehensibility of project materials; making communication of findings to the general public
more effective.116

EXPERTISE AND JUSTIFICATION OF SUPPORT REQUIRED

Expertise

The project team is uniquely placed to carry out this work, with team members bringing significant relevant topic
knowledge from current and previous projects in this area. The team will also have access to the knowledge and
resources of the Leeds Institute for Data Analytics, which includes the £7m Leeds MRC Medical Bioinformatics Centre
(ES/L011891/1), and the Applied Health Co-operative.

HIT design and evaluation: RR (study PI) has extensive experience of studying HIT use and contributing to the design
of HIT. RAR is Professor of Computing and has expertise in the visualisation and analysis of large data sets. He is PI
for QuantiCode (EP/N013980/1), a 3 year project funded by the EPSRC Making Sense of Data call, which is developing
novel visualisation tools for analysis of electronic health records. DD brings unique expertise in development and
evaluation of decision support tools. She is currently leading an NIH study on design and evaluation of dynamic
dashboards for community nurses (AHRQ R21 HS 023855-01A1). JK is Professor of Health Politics and brings an
organisational perspective on HIT use and knowledge of use of dashboards and related technologies within the NHS.
He is PI for an HS&DR study (13/07/68) on the design and use of quality dashboards within NHS acute Trusts. We have
expertise in human-computer interaction (RR, RAR) and experience of introducing new technologies into the NHS (RR,
RAR).

Realist evaluation: JG, part of the RAMESES Il team funded by HS&DR, provides expertise in realist evaluation. She
led an HS&DR funded realist synthesis of the use of aggregate and individual PROMs data (12/136/31), which shares
a number of program theories with the use of NCA data e.g. theories of A&F and benchmarking. RR was Pl on a recently
completed HS&DR funded realist evaluation of robotic surgery (12/5005/04), with JG and DD as co-investigators.
Qualitative methods: Team members also have methodological expertise in multi-site case studies (RR, DD, JK, JG)
and qualitative research (RR, JG, DD, JK).

CITS and statistics: RW is Professor of Biostatistics and brings expertise in the desigh and conduct of CITS analyses.
CG, MM, and RW all have experience of working with MINAP data. RP is the PICANet PI, bringing expertise in working
with PICANet data.
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Trial feasibility assessment and design: AF is Professor of Clinical Trials & Evaluation of Complex Interventions and
brings expertise in trial feasibility assessment and design. She is co-investigator on the NIHR programme grant
AFFINITIE which involves 2 CRTs of A&F interventions.

Clinical and professional expertise: CG and MM are both consultant cardiologists, bringing clinical expertise. An NHS
perspective is provided by JL, Clinical Information & Outcomes Manager at Leeds Teaching Hospitals NHS Trust. CG,
MM, RP, and JL provide knowledge of how NCA data are being used within the NHS and links to clinical teams who
work with these data.

Justification of support required

Because A&F interventions require longitudinal evaluation to allow sufficient time for staff to implement changes and
incorporate them into their practice, we are seeking funding for 33 months to allow us to follow use of QualDash over a
12 month period. Successful completion of this substantial and complex project requires significant input from a
productive multidisciplinary team. Therefore, the majority of costs relate to staff costs and associated estates and indirect
costs. A RF (1.0 FTE for 33 months) and RA (0.5 FTE for 30 months) will be employed in SoH and a RF (1.0 FTE for
33 months) will be employed in SoC. The Pl has been costed at 0.3 FTE and will be responsible for project management
and managing the SoH RF and RA. RAR has been costed at 0.15 FTE as he will be responsible for overseeing the work
of the SoC RF and will have significant input into the design of QualDash. RW has been costed at 0.05 FTE in Years 1
and 2 then 0.1 FTE in Year 3 to undertake the CITS analysis. All other co-applicants have been costed at 0.05 FTE to
support their contribution to the design, analysis and dissemination of the research. A statistician and trial manager from
the LICTR have been costed to advise on Phase 5 and design of a definitive CRT (6 days each over 3 months).
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