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Background: National clinical audit programmes aim to improve patient care by reviewing performance
against explicit standards and directing action towards areas not meeting those standards. Their impact
can be improved by (1) optimising feedback content and format, (2) strengthening audit cycles and
(3) embedding randomised trials evaluating different ways of delivering feedback.

Objectives: The objectives were to (1) develop and evaluate the effects of modifications to feedback
on recipient responses, (2) identify ways of strengthening feedback cycles for two national audits and
(3) explore opportunities, costs and benefits of national audit participation in a programme of trials.
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Design: An online fractional factorial screening experiment (objective 1) and qualitative interviews
(objectives 2 and 3).

Setting and participants: Participants were clinicians and managers involved in five national clinical
audits – the National Comparative Audit of Blood Transfusions, the Paediatric Intensive Care Audit
Network, the Myocardial Ischaemia National Audit Project, the Trauma Audit & Research Network
and the National Diabetes Audit – (objective 1); and clinicians, members of the public and researchers
(objectives 2 and 3).

Interventions: We selected and developed six online feedback modifications through three rounds of
user testing. We randomised participants to one of 32 combinations of the following recommended
specific actions: comparators reinforcing desired behaviour change; multimodal feedback; minimised
extraneous cognitive load for feedback recipients; short, actionable messages followed by optional
detail; and incorporating ‘the patient voice’ (objective 1).

Main outcome measures: The outcomes were intended actions, including enactment of audit
standards (primary outcome), comprehension, user experience and engagement (objective 1).

Results: For objective 1, the primary analysis included 638 randomised participants, of whom 566
completed the outcome questionnaire. No modification independently increased intended enactment
of audit standards. Minimised cognitive load improved comprehension (+0.1; p = 0.014) and plans to
bring audit findings to colleagues’ attention (+0.13, on a –3 to +3 scale; p = 0.016). We observed
important cumulative synergistic and antagonistic interactions between modifications, participant
role and national audit. The analysis in objective 2 included 19 interviews assessing the Trauma Audit
Research Network and the National Diabetes Audit. The identified ways of strengthening audit cycles
included making performance data easier to understand and guiding action planning. The analysis in
objective 3 identified four conditions for effective collaboration from 31 interviews: compromise –

recognising capacity and constraints; logistics – enabling data sharing, audit quality and funding;
leadership – engaging local stakeholders; and relationships – agreeing shared priorities and needs.
The perceived benefits of collaboration outweighed the risks.

Limitations: The online experiment assessed intended enactment as a predictor of actual clinical
behaviour. Interviews and surveys were subject to social desirability bias.

Conclusions: National audit impacts may be enhanced by strengthening all aspects of feedback cycles,
particularly effective feedback, and considering how different ways of reinforcing feedback act together.

Future work: Embedded randomised trials evaluating different ways of delivering feedback within
national clinical audits are acceptable and may offer efficient, evidence-based and cumulative
improvements in outcomes.

Trial registration: This trial is registered as ISRCTN41584028.

Funding details: This project was funded by the National Institute for Health and Care Research
(NIHR) Health and Social Care Delivery Research programme and will be published in full in Health
and Social Care Delivery Research; Vol. 10, No. 15. See the NIHR Journals Library website for further
project information.

ABSTRACT

NIHR Journals Library www.journalslibrary.nihr.ac.uk

viii



Contents

List of tables xv

List of figures xix

List of boxes xxiii

List of abbreviations xxv

Plain English summary xxvii

Scientific summary xxix

Chapter 1 Background, rationale and objectives 1
Objective 1: to develop and evaluate, within an online randomised screening
experiment, the effects of modifications to feedback on intended enactment,
user comprehension, experience, preferences and engagement 2

Research questions 2
Objective 2: to evaluate how different modifications of feedback from national audit
programmes are delivered, perceived and acted on in health-care organisations 3

Research question 3
Objective 3: to explore the opportunities, costs and benefits of national audit
programme participation in a long-term international collaborative to improve audits
through a programme of trials 3

Research question 3
Collaborating National Clinical Audit programmes 4

Myocardial Ischaemia National Audit Project 4
National Diabetes Audit 4
Paediatric Intensive Care Audit Network 5
Trauma Audit and Research Network 5
National Comparative Audit of Blood Transfusion 5

Chapter 2 The development of feedback modifications for an online randomised
screening experiment (objective 1) 7
Background 7
Methods 7
Step one: priority setting 8

Design 8
Participants 8
Procedure 8
Step 2: user-centred design 9

Design 9
User-centred design workshops 9
Participants 11
Procedure 12

Round 1: design and evaluation of sets of paper-based prototypes exploring the
modifications and the design of the online audit report 13
Round 2: design and evaluation of sets of online prototypes refining modifications and
the design of the study invitation e-mail, report iconography and terminology 13

DOI: 10.3310/QBBZ1124 Health and Social Care Delivery Research 2022 Vol. 10 No. 15

Copyright © 2022 Willis et al. This work was produced by Willis et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social
Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

ix



Round 3: design and evaluation of a complete online prototype, refining the content,
data, flow, and presentation of all screens in the experiment 13
Expert testing 13

Data collection and analysis 13
Results 13

Recommend actions that are consistent with established goals and priorities 14
Recommend actions that can improve and are under the recipient’s control 15
Recommend specific actions 16
Provide multiple instances of feedback 17
Provide feedback as soon as possible and at a frequency informed by the number of
new patient cases 18
Provide individual (e.g. practitioner-specific) rather than general data 18
Choose comparators that reinforce desired behaviour change 19
Closely link the visual display and summary messages 20
Provide feedback in more than one way 20
Minimise extraneous cognitive load for feedback recipients 21
Address barriers to feedback use 22
Provide short, actionable messages followed by optional detail 23
Address the credibility of the information 24
Prevent defensive reactions to feedback 25
Construct feedback through social interaction 25
Incorporate ‘the patient voice’ 26

Designing the online experiment 27
System scope 27
Requirements 27

Evolution over user-centred design rounds 27
Round 1 sketches 27
Round 1 findings 28
Round 1 requirements 28
Round 2 prototypes 28
Round 2 findings 29
Round 2 requirements 29
Round 3 prototype 29
Round 3 findings 29
Round 3 requirements 30
Round 3 expert evaluation 30
Round 3 testing and deployment 30

Discussion 30
Comparisons with existing research 31
Limitations 32
Implications for research 32
Summary 33

Chapter 3 A randomised fractional factorial screening experiment to predict effective
features of audit and feedback (objective 1) 35
Introduction 35
Methods 35

Study design 35
Setting and participants 35
Protocol violations 36
Intervention 36

Experimental design 37
Randomisation and masking 39

CONTENTS

NIHR Journals Library www.journalslibrary.nihr.ac.uk

x



Data collection 39
Outcomes 41

Primary outcome 41
Secondary outcomes 41
Additional outcomes 42
Sample size 42
Statistical analysis 42
Populations 42
Statistical considerations 43
Distributional assumptions 43
Covariates 43
Primary outcome analysis 43
Stage 1: model selection using available complete data 44
Stage 2: primary intention-to-treat analysis 45
Secondary outcome analysis 45
Sensitivity analysis 45

Results 45
Recruitment 45
Participant characteristics 48
Randomisation 49
Experiment completion 50
Outcomes 51
Primary intention-to-treat analysis: model effects 58
Primary outcome 58
Audit and role 62
Effective comparators (modification A) 62
Multimodal feedback (modification B) 66
Specific actions (modification C) 67
Optional detail (modification D) 74
Patient voice (modification E) 74
Cognitive load (modification F) 76
Three-way modification interactions 77
Sensitivity analysis 78
Secondary outcome: user engagement 78

Discussion 78
Interpretation 81
Comparison with existing literature 82
Strengths and limitations 83
Implications for practice 84
Implications for research 85
Summary 86

Chapter 4 A theory-guided evaluation of two national clinical audit programmes
(objective 2) 87
Background 87
Methods 87

Original study design 87
Clinical Performance Feedback Intervention Theory 88
Revised study 89
Design 89
Participants 89
Interview procedure 89

Analysis 90

DOI: 10.3310/QBBZ1124 Health and Social Care Delivery Research 2022 Vol. 10 No. 15

Copyright © 2022 Willis et al. This work was produced by Willis et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social
Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

xi



Results 90
National Diabetes Audit 91
Trauma Audit Research Network 98

Discussion 104
Comparison to existing literature 104
Strengths and limitations 105
Implications for practice 105
Implications for research 107
Summary 107

Chapter 5 Perspectives on embedding trials of audit and feedback within national
clinical audits (objective 3) 109
Background 109
Methods 110

Participants 110
Development of interview schedule 110
Data collection and analysis 110

Results 111
Resources 112
Logistics 118
Leadership 118
Relationships 119
Perceived risks 120
Opportunities and benefits 120

Discussion 121
Comparison to existing literature 121
Strengths and limitations 122
Implications for research, practice and policy 122
Summary 123

Chapter 6 Patient and public involvement 125
Objective 1 125
Objective 2 125
Objective 3 125

Chapter 7 Discussion 127
Key findings 127
Comparison with existing literature 128
Strengths and limitations 129
Implications for practice 130
Recommendations for research 132

Chapter 8 Ethics review 133

Acknowledgements 135

References 137

Appendix 1 Findings from user centred design of feedback modifications selected for
online development 147

Appendix 2 Screenshots of the feedback modifications presented in the online experiment 161

CONTENTS

NIHR Journals Library www.journalslibrary.nihr.ac.uk

xii



Appendix 3 ENACT experiment web pages 193

Appendix 4 Detection of duplicate participant completions 205

Appendix 5 Participant characteristics, randomisation and experiment completion 215

Appendix 6 Model selection 231

Appendix 7 Sensitivity analyses 263

Appendix 8 Screenshots of the online experiment admin dashboard 269

Appendix 9 Table of CP-FIT processes shared with participants prior to interview
(objective 2) 273

Appendix 10 Summaries of NDA and TARN provided to participants ahead of
interview (objective 2) 275

Appendix 11 Interview topic guide (objective 3) 283

DOI: 10.3310/QBBZ1124 Health and Social Care Delivery Research 2022 Vol. 10 No. 15

Copyright © 2022 Willis et al. This work was produced by Willis et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social
Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

xiii





List of tables

TABLE 1 UCD participants per round 11

TABLE 2 Research grid for UCD 12

TABLE 3 Median scores for first and second rounds of consensus process 14

TABLE 4 Page steps for the online experiment 27

TABLE 5 Summarised UCD evaluation of online experiment design 28

TABLE 6 Number of prototypes for each modification in UCD rounds 1, 2 and 3 30

TABLE 7 Modification factors and levels 36

TABLE 8 Half replicate of the 26 factorial in blocks of 16 38

TABLE 9 Online questionnaire development 40

TABLE 10 Parameters in the ‘initial’, ‘full’ and ’imputation’ models 44

TABLE 11 Number of participants in each population by audit 46

TABLE 12 Participant organisation and role by audit 48

TABLE 13 Participant experiment completion for the primary modified ITT population 50

TABLE 14 Summary statistics for the primary outcome by participant characteristics
and randomised modifications 54

TABLE 15 Parameter estimates for parsimonious models across outcomes 59

TABLE 16 Predicted intended enactment (primary outcome) across audits and role
for the most and least effective modification combinations (parsimonious model) 64

TABLE 17 Primary outcome: comparative parameter estimates for the parsimonious
models using the primary and secondary modified ITT populations 79

TABLE 18 Participant demographic information, role and audit discussed 90

TABLE 19 Participant characteristics 111

TABLE 20 Determinants of behaviour relating to the domains within the TDF 113

TABLE 21 The 10 top tips for the development of successful collaborations between
researchers and clinical audit programmes 123

TABLE 22 Participant responses to controllable actions (M2) prototypes in round 2 147

TABLE 23 Participant responses to specific actions (M3) prototypes in rounds 2 and 3 148

DOI: 10.3310/QBBZ1124 Health and Social Care Delivery Research 2022 Vol. 10 No. 15

Copyright © 2022 Willis et al. This work was produced by Willis et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social
Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

xv



TABLE 24 Participant responses to effective comparators (M7) prototypes in
rounds 2 and 3 149

TABLE 25 Participant responses to multimodal feedback (M9) prototypes in all rounds 151

TABLE 26 Participant responses to cognitive load (M10) prototypes in all rounds 153

TABLE 27 Participant responses to optional detail (M12) prototypes in all rounds 156

TABLE 28 Participant responses to patient voice (M16) prototypes in all rounds 159

TABLE 29 Number of individuals requesting vouchers having completed the
experiment and number of vouchers requested for each individual across
recruitment periods 205

TABLE 30 Minutes spent on audit report and questionnaire by contamination period 206

TABLE 31 Time spent on questionnaire by population 212

TABLE 32 Time spent and number of clicks on audit report by population 213

TABLE 33 Crossover of participants in primary and secondary modified
ITT populations 215

TABLE 34 Participant organisation and role by audit and population 216

TABLE 35 Randomly allocated modifications by audit for all randomised and
secondary analysis sets 218

TABLE 36 Randomly allocated modification combination audit by audit for all
randomised and secondary analysis sets 220

TABLE 37 Participant characteristics by experiment completion for all randomised
and secondary modified ITT population 224

TABLE 38 Experiment non-completion by audit and randomisation characteristics 226

TABLE 39 Primary outcome: model selection (available complete data) 231

TABLE 40 Primary outcome: parameter estimates (parsimonious models – available
complete data and the primary modified intention-to-treat population) 234

TABLE 41 Secondary outcome: attention – model selection (available complete data) 238

TABLE 42 Secondary outcome: attention – parameter estimates (parsimonious
models – available complete data and the primary modified ITT population) 241

TABLE 43 Secondary outcome: goals – model selection (available complete data) 241

TABLE 44 Secondary outcome: goals – parameter estimates (parsimonious models:
available complete data and the primary modified ITT population) 244

TABLE 45 Secondary outcome: action plan – model selection (available complete data) 245

LIST OF TABLES

NIHR Journals Library www.journalslibrary.nihr.ac.uk

xvi



TABLE 46 Secondary outcome: action plan – parameter estimates (parsimonious
models: available complete data and the primary modified ITT population) 248

TABLE 47 Secondary outcome: review performance – model selection (available
complete data) 249

TABLE 48 Secondary outcome: review performance – parameter estimates
(parsimonious models: available complete data and the primary modified
ITT population) 252

TABLE 49 Secondary outcome: comprehension – model selection (available
complete data) 253

TABLE 50 Secondary outcome: comprehension – parameter estimates (parsimonious
models: available complete data and the primary modified ITT population) 256

TABLE 51 Secondary outcome: user experience – model selection (available
complete data) 256

TABLE 52 Secondary outcome: user experience – parameter estimates (parsimonious
models: available complete data and the primary modified ITT population) 259

DOI: 10.3310/QBBZ1124 Health and Social Care Delivery Research 2022 Vol. 10 No. 15

Copyright © 2022 Willis et al. This work was produced by Willis et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social
Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

xvii





List of figures

FIGURE 1 User-centred design process 9

FIGURE 2 Screenshot example of final ON version of modification specific actions
(M3) (NCABT) 17

FIGURE 3 Screenshot examples of final ON and OFF versions of effective
comparators (M7) (NCABT) 20

FIGURE 4 Screenshot examples of final versions of multimodal feedback (M9) when
effective comparators (M7) is switched (a) ON and (b) OFF (NCABT) 21

FIGURE 5 Screenshot example of a section of the final OFF version of cognitive load
(M10) (NCABT) 23

FIGURE 6 Screenshot example of final ON version of modification 12 (NCABT) 24

FIGURE 7 Screenshot example of final ON version of M16: patient story (NCABT) 26

FIGURE 8 Experiment summary: participant flow 46

FIGURE 9 Daily and cumulative online experiment recruitment 47

FIGURE 10 Randomly allocated modifications and modification combination by audit:
(a) modification combination and (b) modification ON or OFF 49

FIGURE 11 Distribution of primary intention outcome components 52

FIGURE 12 Distribution of secondary outcomes on a scale of –3, completely
disagree, to +3, completely agree: (a) attention; (b) goals; (c) action plan; (d) review
performance; (e) comprehension; and (f) user experience 52

FIGURE 13 Internal consistency of primary outcome components 53

FIGURE 14 Distribution of the primary outcome by audit and role: (a) MINAP;
(b) NCABT; (c) NDA; (d) PICANet; (e) TARN; (f) clinical; (g) manager; and (h) audit
and administration 55

FIGURE 15 Box plot of the primary intention outcome by modifications, indicating
the mean (+), median, upper and lower quartiles (25th/75th percentiles), minimum
and maximum values [most extreme value within 1.5 (IQR) of the 25th/75th percentile]
and outliers (*) 56

FIGURE 16 Primary outcome: Pareto plot of standardised effects (full model) 57

FIGURE 17 Predicted intended enactment for modification combinations ordered
by recipients: (a) clinical; and (b) non-clinical 63

DOI: 10.3310/QBBZ1124 Health and Social Care Delivery Research 2022 Vol. 10 No. 15

Copyright © 2022 Willis et al. This work was produced by Willis et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social
Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

xix



FIGURE 18 Predicted agreement by audit and role for primary outcome intended
enactment and secondary proximal intention outcomes: (a) intended enactment;
(b) attention; (c) set goals; (d) action plan; and (e) review performance 64

FIGURE 19 Predicted agreement by effective comparators and optional detail (A*D)
for comprehension and user experience outcomes in NDA clinical recipients:
(a) comprehension; and (b) user experience 67

FIGURE 20 Predicted agreement by effective comparators and multimodal feedback
(A*B) for intention to review performance in NDA clinical recipients 68

FIGURE 21 Predicted agreement by multimodal feedback and optional detail (B*D)
for outcomes: (a) intended enactment – clinical; (b) intended enactment – non-clinical;
(c) comprehension – clinical and non-clinical; (d) user experience – clinical and
non-clinical; (e) set goal – MINAP; (f) set goal – NCABT; (g) set goal – NDA;
(h) set goal – PICANet; and (i) set goal – TARN 68

FIGURE 22 Predicted agreement by multimodal feedback and cognitive load
(B*F) for intention to bring audit report to attention of colleagues and to review
performance in NDA clinical recipients and intention to set goals accounting for
B*F*audit interaction in clinical recipients: (a) attention; (b) review performance;
(c) set goal – MINAP; (d) set goal – NCABT; (e) set goal – NDA; (f) set goal –
PICANet; and (g) set goal – TARN 71

FIGURE 23 Predicted agreement by specific actions and optional detail (C*D) for
intention to make an action plan and review performance in NDA clinical recipients:
(a) action plan; and (b) review performance 73

FIGURE 24 Predicted agreement by specific actions and cognitive load (C*F) for
intended enactment in NDA clinical recipients 73

FIGURE 25 Predicted agreement by optional detail and cognitive load (D*F) in the
NDA for intended enactment, accounting for D*Role interaction; intention to review
performance in clinical recipients; and comprehension across recipients: (a) intended
enactment – clinical; (b) intended enactment – non-clinical; (c) review performance –

clinical; and (d) comprehension – clinical and non-clinical 74

FIGURE 26 Predicted agreement by optional detail and patient voice (D*E) in NDA
clinical recipients for user experience 76

FIGURE 27 Predicted agreement by cognitive load and audit in clinical recipients for
intention to set goals, accounting for B*F interaction (multimodal feedback*cognitive
load) and intention to set an action plan: (a) set goals – multimodal feedback OFF;
(b) set goals – multimodal feedback ON; and (c) action plan – multimodal feedback
ON or OFF 76

FIGURE 28 Boxplot of user engagement – time on audit report – by (a) modification
and (b) audit 80

FIGURE 29 Clinical Performance Feedback Intervention Theory 88

FIGURE 30 Themes elicited per TDF domain for data saturation analysis 112

LIST OF FIGURES

NIHR Journals Library www.journalslibrary.nihr.ac.uk

xx



FIGURE 31 Histogram of time spent on audit report and questionnaire 207

FIGURE 32 Questionnaire responses by completion during contamination period 208

FIGURE 33 Randomly allocated modifications by audit and population 222

FIGURE 34 Distribution of secondary outcome user experience components 227

FIGURE 35 Proportion of participants with missing data by modification (ON vs. OFF)
and audit: (a) MINAP, (b) NCABT, (c) NDA, (d) PICANet, (e) TARN and (f) all audits 227

FIGURE 36 Distribution of the combined primary intention outcome by population:
(a) all participants, (b) primary modified-ITT population and (c) secondary modified-
ITT population 229

FIGURE 37 Primary outcome: Pareto plot of standardised effects (full model –
available complete data) 233

FIGURE 38 Predicted intended enactment for modification combinations ordered by:
(a) non-clinical recipients and (b) clinical recipients 235

FIGURE 39 Primary outcome: Pareto plot of standardised effects (full model):
(a) primary modified ITT population and (b) secondary modified ITT population 236

FIGURE 40 Secondary outcome: attention – Pareto plot of standardised effects
(full model) 239

FIGURE 41 Secondary outcome: goals – Pareto plot of standardised effects
(full model) 242

FIGURE 42 Secondary outcome: action plan – Pareto plot of standardised effects
(full model) 246

FIGURE 43 Secondary outcome: review performance – Pareto plot of standardised
effects (full model) 250

FIGURE 44 Secondary outcome: comprehension – Pareto plot of standardised effects
(full model) 254

FIGURE 45 Secondary outcome: user experience – Pareto plot of standardised
effects (full model) 257

FIGURE 46 Parsimonious model diagnostics (available complete data): (a) primary
outcome, (b) attention, (c) goals, (d) action plan, (e) review performance,
(f) comprehension and (g) user experience 260

FIGURE 47 Primary outcome by audit across populations: (a) MINAP, (b) blood,
(c) diabetes, (d) PICANet and (e) TARN 263

FIGURE 48 Primary outcome by role across populations: (a) clinical, (b) manager
and (c) audit and admin 264

DOI: 10.3310/QBBZ1124 Health and Social Care Delivery Research 2022 Vol. 10 No. 15

Copyright © 2022 Willis et al. This work was produced by Willis et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social
Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

xxi



FIGURE 49 Primary outcome by modifications across populations: (a) all randomised,
(b) primary population and (c) secondary population 265

FIGURE 50 Audit and role 266

FIGURE 51 Effective comparators (A) and audit 266

FIGURE 52 Optional detail and cognitive load (D*F) accounting for interactions with
role: (a) clinical; and (b) non-clinical 266

FIGURE 53 Multimodal feedback and optional detail (B*D) accounting for interactions
with role: (a) clinical and (b) non-clinical 267

FIGURE 54 Specific actions and cognitive load (C*F) 267

FIGURE 55 Boxplot of user engagement – clicks on audit report by (a) modification
and (b) audit 267

LIST OF FIGURES

NIHR Journals Library www.journalslibrary.nihr.ac.uk

xxii



List of boxes

BOX 1 Fifteen suggestions for effective feedback 2

BOX 2 Audit criteria for collaborating audits 10

BOX 3 Alias structure of the half replicate of the 26 factorial design 39

BOX 4 Suggestions for the organisation and delivery of national clinical
audit programmes 131

BOX 5 Recommendations for research 132

DOI: 10.3310/QBBZ1124 Health and Social Care Delivery Research 2022 Vol. 10 No. 15

Copyright © 2022 Willis et al. This work was produced by Willis et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social
Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

xxiii





List of abbreviations

A&F audit and feedback

AFFINITIE Audit and feedback interventions
to increase evidence-based
transfusion practice

AIC Akaike information criterion

BIC Bayesian information criterion

CCG Clinical Commissioning Group

CI confidence interval

CP-FIT Clinical Performance Feedback
Intervention Theory

ENACT Enhancing NAtional Clinical audiT
and feedback

GP general practitioner

HbA1c haemoglobin A1c

HQIP Healthcare Quality Improvement
Partnership

HSCNI Health and Social Care Northern
Ireland

HTML Hypertext Markup Language

IQR interquartile range

ITT intention to treat

MINAP Myocardial Ischaemia National
Audit Project

MOST Multiphase Optimisation Strategy

NCA National Clinical Audit

NCABT National Comparative Audit of
Blood Transfusion

NDA National Diabetes Audit

NICE National Institute for Health and
Care Excellence

PICANet Paediatric Intensive Care Network

PPI patient and public involvement

QOF Quality and Outcomes Framework

SD standard deviation

SUS System Usability Scale

TARN Trauma Audit & Research Network

TDF theoretical domains framework

UCD user-centred design

UMUX-LITE Usability Metric for User
Experience

WEQ website evaluation questionnaire

DOI: 10.3310/QBBZ1124 Health and Social Care Delivery Research 2022 Vol. 10 No. 15

Copyright © 2022 Willis et al. This work was produced by Willis et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social
Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

xxv





Plain English summary

What was the question?

National clinical audits collect data on how well patients are treated across a range of problems
and specialties. The data are fed back to NHS clinicians and managers so that they can remedy
any shortfalls in care. The research evidence about how best to deliver this feedback is limited.
For example, different report formats or comparisons may affect how NHS staff and organisations
act on feedback. We investigated different ways to make feedback work better.

What did we do?

First, we did an online experiment with 638 clinicians and managers from across the UK. We randomly
assigned participants to assess different ways of giving feedback and measured their responses to
the feedback.

Second, we had planned to observe promising ways of giving feedback under ‘real-world’ conditions in
the NHS. The COVID-19 pandemic ended this work early. Instead, we interviewed 19 clinicians, members
of the public and researchers about how two national audits could improve their feedback methods.

Third, we interviewed 31 people who produce, receive or evaluate feedback to explore how to embed
further research with national audits.

What did we find?

The experiment showed that different ways of giving feedback and who receives the feedback can have
important positive and negative impacts on how likely it is that clinicians and managers will act on it.

The analysis of two audits found that guiding clinicians and managers in deciding what action to take
could enhance the effects of their feedback.

The interviews suggested that national audit leaders and researchers need to build trusting
relationships and understand one another’s needs and pressures when testing ways of improving the
impacts of audits.

What does this mean?

National audit leaders can make practical changes to their feedback methods so that this improves the
impact that they have on health care, and work with researchers to test new feedback methods.
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Scientific summary

Background

Audit and feedback aim to improve patient care by reviewing health-care performance against explicit
standards. Ideally, where a discrepancy between performance and standards is detected, changes are
implemented at one or more of individual, team and service levels. It is widely used to monitor and
improve NHS care, including in national clinical audit (NCA) programmes. Feedback generally has small
to moderate and variable effects on patient care, although it has, potentially, substantial population
effects. Yet cumulative meta-analysis of feedback trials indicates that effect sizes stabilised > 10 years
ago, suggesting a lack of learning on how to improve effectiveness. There is a need for a systematic
approach to identify and evaluate ways of making feedback more effective. Moreover, health-care
organisations’ response to national audits is highly variable, further limiting the impact of feedback.
There are opportunities to embed experimental work evaluating methods to enhance feedback
within NCAs.

We aimed to improve patient care by optimising the content, format and delivery of feedback from NCAs.

Objectives

1. To develop and evaluate, within a web-based randomised screening experiment, the effects of
modifications to feedback on intended enactment, user comprehension, experience, preferences and
engagement. This offers an efficient way of identifying leading candidate modifications for further
‘real-world’ evaluation.

2. To evaluate how different modifications of feedback from national audit programmes are delivered,
perceived and acted on in health-care organisations. We had originally planned to evaluate feedback
modifications identified in objective 1 and more organisationally-focused modifications that are
less amenable to web-based experimentation in ‘real-world’ NHS settings. However, the COVID-19
pandemic forced us to abandon fieldwork and adopt a revised objective: to identify the strengths of
the two national audit programmes, how their planned changes would strengthen their feedback
cycles and further the scope for strengthening their feedback cycles.

3. To explore the opportunities, costs and benefits of national audit programme participation in a
long-term international collaborative to improve audits through a programme of trials.

Research questions

l Out of a set of recent, state-of-the-science, theory-informed suggestions for improving feedback,
which are the most important, feasible and acceptable to evaluate further within NCAs?
(Objective 1.)

l What is the effect of modifications to feedback on intended enactment, comprehension,
engagement among clinicians and managers targeted by national audits, and user experience under
‘virtual laboratory’ conditions? (Objective 1.)

l What are the strengths of the two national audit programmes, how would their planned changes
strengthen their feedback cycles, and is there further scope for strengthening their feedback cycles?
(Revised objective 2.)

l What are the opportunities, costs and benefits of national audit programme participation in an
international collaborative to improve audits through a programme of trials? (Objective 3.)
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Methods

We worked in partnership with five national programmes: the National Comparative Audit of Blood
Transfusions (NCABT), the Paediatric Intensive Care Audit Network (PICANet), the Myocardial
Ischaemia National Audit Project (MINAP), the Trauma Audit & Research Network (TARN) and the
National Diabetes Audit (NDA). These programmes offered diversity in audit methods, topics and
targeted audiences, thereby allowing us to assess whether the effects of feedback modifications were
general or specific, and increasing confidence that our outputs would be relevant to the wider range
of national audit programmes. All participated in objectives 1 and 3, whereas objective 2 focused on
TARN and the NDA.

Objective 1
We began with a set of 15 evidence- and theory-informed suggestions for effective feedback.
We added a further suggestion of incorporating ‘the patient voice’ within feedback. We used
a structured consensus process with an 11-member reference panel to guide the selection of
suggestions to develop into a set of feedback modifications for an online experiment. We selected
modifications based on current evidence and the need for further research, feasibility of adoption
by NCAs, user acceptability and feasibility of delivery within the online experiment. We engaged
professionals typically involved in developing or targeted by NCAs in user-centred design to develop
the modifications and a web portal for the online experiment.

We invited feedback recipients from the aforementioned five NCAs to participate in the online
experiment, aiming for 500 participants. The online experiment used a fractional factorial design,
whereby participants were randomly allocated to receive and respond to different combinations of
feedback modifications. Outcomes, assessed immediately after working through the online modifications,
included intended enactment to adhere to audit standards (the primary outcome), comprehension, user
experience, and engagement. Analysis was by intention to treat.

Objective 2
We had originally planned a case study approach to examine how four purposively sampled, linked
pairs of health-care provider and commissioner organisations (two for each of two national audit
topics) responded to ‘real-world’ feedback modifications. The NHS halted all non-essential research
at the beginning of the COVID-19 pandemic. We therefore abandoned this objective during early
fieldwork and, with funder approval, modified our investigation. We drew on our available collective
‘expert’ resources (i.e. international co-investigators, reference panel members, patient and public
involvement panel members and Project Steering Group members) to deliver actionable findings for
our partner audits. We interviewed them using Clinical Performance Feedback Intervention Theory
(CP-FIT) to help identify the strengths of the two NCA programmes (the NDA and TARN), how their
planned changes would strengthen their audit cycles, and further scope for strengthening their audit
cycles. We undertook a rapid, structured content analysis of interviews.

Objective 3
We conducted qualitative semistructured interviews, guided by behavioural theory (i.e. the theoretical
domains framework), with feedback researchers, audit programme staff and health-care professionals
to explore understanding, experience and expectations of integrating research within NCA programmes.
We purposively recruited participants with varied experience of embedded experiments in audit
programmes. We recorded and transcribed interviews prior to thematic analysis.

SCIENTIFIC SUMMARY
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Results

Objective 1
We selected and developed six online feedback modifications through three rounds of user testing and
iterative refinement, involving a total of 17 participants:

1. recommend specific actions
2. choose comparators that reinforce desired behaviour change
3. provide feedback in more than one way
4. minimise extraneous cognitive load for feedback recipients (i.e. make feedback easier to read

and understand)
5. provide short, actionable messages followed by optional detail
6. incorporate the patient voice.

We considered and dropped one further modification (i.e. recommend actions that can improve and are
under the recipient’s control) that was unfeasible to operationalise.

We randomised 1241 participants (who were clinicians, managers and audit staff) from five NCAs. We
then detected suspicious activity associated with repeated (i.e. duplicate) participant completion during
a defined ‘contamination period’. Our primary analysis population conservatively excluded 603 (48.6%)
participants during the ‘contamination period’ and included 638 (51.4%) participants, with 566 (45.6%)
having completed the outcome questionnaire.

Participants in the primary analysis set spent a median of 66.5 seconds (interquartile range 31–136 seconds)
on the page presenting the feedback report comprising randomised modifications, and a median of
159 seconds (interquartile range 97.5–255.5 seconds) on the questionnaire.

Most participants were from hospitals (n = 414; 64.9%) or general practice (n = 189; 29.6%). Over half
of the participants (n = 352; 55.2%) had clinical roles, whereas others had management (n = 174;
27.3%) and audit or administrative (n = 112; 17.6%) roles.

None of the six feedback modifications had an independent effect on the primary outcome, intended
enactment to meet audit standards, across clinical and non-clinical recipients of the five NCAs. We did,
however, observe both synergistic and antagonistic effects when different feedback modifications were
combined across all outcomes, including the primary outcome and secondary outcomes of intention
(bring to the attention of colleagues, set goals, action plan, review performance), comprehension and
user experience.

The magnitude of dependent effects of each modification on outcomes was generally small, but their
combined cumulative effect, across all possible modification combinations and versions of feedback,
showed more substantial heterogeneity and greater effects on outcomes. Indeed, the most effective
combination of modifications for the primary outcome resulted in predicted intended enactment
(on a scale of –3 to +3) of 2.40 [95% confidence interval (CI) 1.88 to 2.93] versus 1.22 (95% CI 0.72 to
1.72) for the least effective combination for clinical participants in the NDA. Intended enactment for
clinical participants was optimised when multimodal feedback, specific actions and patient voice were
provided, while also reducing extraneous cognitive load. In contrast, including multimodal feedback
while also reducing cognitive load led to the lowest intention when optional detail was also provided.

In addition to modification effects, we found that the national audit programme itself and whether or
not recipients had a clinical role had major influences on recipient intentions. Participation in the
NCABT was associated with lower intended enactment of audit standards relative to the NDA
(p < 0.001), as was having a non-clinical role (p < 0.001).

DOI: 10.3310/QBBZ1124 Health and Social Care Delivery Research 2022 Vol. 10 No. 15

Copyright © 2022 Willis et al. This work was produced by Willis et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social
Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

xxxi



Objective 2
Our analysis of two national audit programmes drew on 18 interviews. We identified innovations likely
to increase effectiveness, for example moves towards more frequent data release, and interactivity with
feedback that enabled recipients to verify and accept data. These augmented existing strengths, such as
automated data collection, the use of accepted indicators and recognised credibility of feedback sources.
Suggested areas for improvement included better targeting of feedback recipients, incorporating specific
action plans to guide improvement activities, considering whether or not comparators other than
national averages might be more motivating and providing evidence that the audit had demonstrable
impacts on patient care and outcomes.

Objective 3
We interviewed 31 participants (nine feedback researchers, 14 audit staff and eight health-care
professionals, many having dual roles). We identified wide-ranging barriers to and enablers of
embedded research within national audit programmes. We identified four conditions for optimal and
sustainable collaboration between clinical audit programmes and researchers:

1. Compromise between audit programmes and researchers is needed. Audit programmes need the
capacity to take part in research, with adequate resources and staffing to make changes to feedback
within the timelines and constraints of both audits and research.

2. Logistical issues regarding data sharing and quality, research funding and trial contamination need
to be resolved. However, we identified no major ethical barriers to embedded experimentation, with
some participants suggesting that not embedding may be unethical.

3. Audit programme leaders who understand research equipoise (i.e. sufficient uncertainty to justify
research) and can motivate a research-interested team, as well as engage local health-care leaders.

4. Collaborations between research teams and audit programme staff need to be underpinned by a
trusting and sustained relationship by identifying shared priorities and balancing research and
pragmatic considerations.

Perceived risks of embedded experiments in clinical audits include alienating end-users and fears of
jeopardising future recommissioning with ‘negative’ experiments. Participants generally considered the
benefits of participation to outweigh the risks.

Conclusions

Taken together, our three studies have contributed to the optimisation of feedback by demonstrating
good practice and areas for improvement in NCAs, identifying promising combinations of feedback
modifications for implementation and further evaluation, and delineating the necessary conditions for
successful collaborations to advance the science and impact of audit and feedback.

Implications for healthcare
Different ways of providing feedback can influence recipients’ intentions to act on audit standards. None
of the six feedback modifications evaluated in the online experiment improved intended enactment in
isolation. However, we observed important synergistic and antagonistic effects in various combinations
of feedback modifications, audit programmes and recipients. This suggests that feedback design needs to
explicitly consider how different features act together.

Specific findings of synergistic and antagonistic effects can guide feedback design. For example, given
that recipients spend relatively brief periods assessing feedback, it is notable that minimising extraneous
cognitive load was effective when optional detail was excluded (effectively further reducing cognitive
load), improving intended enactment, intention to review performance and ease of understanding.
Minimising cognitive load also improved intention to bring audit findings to colleagues’ attention when
accompanied by multimodal feedback.
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However, the dominant influences on recipient enactment were whether or not recipients had clinical
roles, suggesting the importance of ensuring that feedback actually reaches those who can act on it, and
the audit programme itself. Although modest changes to feedback delivery may enhance effectiveness,
attending to and strengthening all aspects of the audit cycle is likely to make a critical difference to
impact. The audit cycle is only as strong as its weakest link. We found a number of ways that two
national audit programmes could achieve this by addressing specific gaps in feedback cycles, such as
making feedback data easier to understand, incorporating specific action plans to guide improvement,
and demonstrating programme impacts on patient care and outcomes. We suggest that a structured
self-assessment tool may be of value to national audit programmes in identifying ways to optimise
their effectiveness.

We found that national audit programmes and their recipients are willing to engage with
experimentation embedded within their audit programmes to achieve cumulative improvements if
expectations about commitments, equipoise and timelines are managed. Successful collaborations are
likely to depend on mutual compromises between researchers and audit programmes, logistical
expertise and resources, leadership and trusting relationships.

Recommendations for research

l Future researchers should consider the fact that embedded randomised trials evaluating different
ways of delivering feedback within national clinical audit programmes are acceptable to both
programmes and recipients.

l They should also note that several ways of enhancing feedback show promise, individually or
combined, including minimising cognitive load and incorporating the patient voice.

l Identifying and engaging key feedback recipients, such as clinicians and managers, is likely to be a
major challenge for most audit programmes and merits further investigation.

l Although online experiments offer an appeal in their ability to test multiple feedback interventions
efficiently and identify candidates for further real-world application, further work is needed to
amplify the effects of online interventions and delineate predictors of behaviour that are relevant
throughout the whole audit cycle.

l Practical suggestions to protect the integrity of online research include considering what is essential
to meet ethical safeguards and data protection, assessing the balance between study security and
ease of participation, regularly monitoring data collection, manual rather than automated delivery of
incentives unless there is high confidence in study security, visualising problematic scenarios and
being prepared to act rapidly to protect study integrity.

Trial registration

This trial is registered as ISRCTN41584028.
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Chapter 1 Background, rationale
and objectives

Clinical and health services research continually produces new evidence that can benefit patients.
However, this evidence does not reliably find its way into everyday NHS practice.1 There are

frequent failures to introduce effective new interventions and clinical practices quickly enough,
consistently use those already proven to be effective, or stop using those found to be ineffective or
even harmful. The resulting inappropriate variations in health care and outcomes are well documented
and pervasive across different settings and specialities.2–9 The gap between evidence and practice is a
strategically important problem for policy-makers, health-care systems and research funders because it
limits the health, social and economic effects of research.10

Audit and feedback (A&F) aims to improve the uptake of recommended practice by reviewing clinical
performance against explicit standards and directing action towards areas not meeting those standards.11

It is a widely used foundational component of quality improvement in health-care systems internationally,
including within around 60 National Clinical Audit (NCA) programmes in the UK.12 These programmes
address a range of priorities (e.g. diabetes, cancer) and therefore play key roles in both measuring the
extent of inappropriate variations and using feedback to promote improvement.

The most recent Cochrane review of 140 randomised trials found that A&F had modest effects
on patient processes of care, leading to a median 4.3% absolute improvement [interquartile range
(IQR) 0.5–16%] in compliance with recommended practice.11 One-quarter of A&F interventions had a
relatively large positive effect on quality of care, whereas another quarter had a negative or null effect.
The review found that feedback may be more effective when the source is a supervisor or colleague,
it is provided more than once, it is delivered in both verbal and written formats, and it includes both
explicit targets and an action plan. Given the relative paucity of head-to-head comparisons of different
methods of providing feedback and comparisons of A&F with other interventions, it remains difficult to
recommend the use of one feedback strategy over another on empirical grounds.13

Strategies to promote the uptake of recommended practice need to take account of the cost-effectiveness
of implementation interventions.14 Given that health-care and research resources are finite, it is important
to determine how to enhance the effects and reliability of A&F to maximise population benefit. There is
little evidence about the cost-effectiveness of implementation strategies, including A&F.15,16 Although
NCAs may appear to be relatively costly, any modest effects can potentially be cost-effective if audit
programmes build in efficiencies. For example, the increasing availability of routinely collected data on
quality of care provides opportunities for large scale, efficient A&F programmes.17,18 Effective use of
feedback offers potential advantages over other quality improvement approaches (e.g. educational
outreach visits or inspections) in terms of reach and cost-effectiveness,14 particularly given the scope to
enhance impact on patient care within existing resources and systems. There are further opportunities to
improve the alignment of A&F with national and local quality-improvement drives, such as aligning audits
more closely with National Institute for Health and Care Excellence (NICE) guidance and standards.

We have identified, through expert interviews, systematic reviews and our own experience with providing,
evaluating and receiving practice feedback, 15 state-of-the-science, theory-informed suggestions for
effective feedback interventions (Box 1).19 These suggestions relate to the nature of the desired action
(e.g. improving the specificity of recommendations for action), the nature of the data available for feedback
(e.g. providing more rapid or multiple feedback), feedback display (e.g. minimising cognitive load for
recipients) and delivery of feedback (e.g. addressing credibility of information). These represent practical
ways to bring about tangible improvements in feedback methods that can maximise the value of existing
national audit programmes and health-care infrastructures and, hence, improve patient care and outcomes.
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We (NI, JG) undertook a cumulative meta-analysis of A&F trials included in the Cochrane review.20

The effect size and associated confidence intervals (CIs) stabilised in 2003 after 51 comparisons
from 30 trials. Cumulative meta regressions suggested that new trials were contributing little further
information on the impact of common effect modifiers, indicating that this field of research has become
‘stagnant’. Research needs to shift its focus from asking whether or not A&F can improve professional
practice towards how to optimise its effects. We identified a research agenda for A&F at an international
meeting in Ottawa in 2012.21 Our research built on this agenda and sought to revitalise A&F research
and reduce research waste.We aimed to improve patient care by optimising the content, format and
delivery of feedback from NCAs through three linked objectives.

Objective 1: to develop and evaluate, within an online randomised screening
experiment, the effects of modifications to feedback on intended enactment,
user comprehension, experience, preferences and engagement

Research questions
Out of a set of recent, state-of-the-science, theory-informed suggestions for improving feedback,
which are the most important and feasible to evaluate further within national audit programmes?

What is the effect of such modifications to feedback on intended enactment, comprehension,
engagement among clinicians and managers targeted by national audits, user experience and
preferences under ‘virtual laboratory’ conditions?

BOX 1 Fifteen suggestions for effective feedback

Nature of the desired action

1. Recommend actions that are consistent with established goals and priorities.

2. Recommend actions that have room for improvement and are under the recipient’s control.

3. Recommend specific actions.

Nature of the data available for feedback

4. Provide multiple instances of feedback.

5. Provide feedback as soon as possible and at a frequency informed by the number of new patient cases.

6. Provide individual (e.g. practitioner-specific) rather than general data.

7. Choose comparators that reinforce desired behaviour change.

Feedback display

8. Closely link the visual display and summary message.

9. Provide feedback in more than one way.

10. Minimise extraneous cognitive load for feedback recipients.

Delivering the feedback intervention

11. Address barriers to feedback use.

12. Provide short, actionable messages followed by optional detail.

13. Address the credibility of the information.

14. Prevent defensive reactions to feedback.

15. Construct feedback through social interaction.

BACKGROUND, RATIONALE AND OBJECTIVES
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The 15 suggestions for improving feedback indicate a way forward but require further development
and evaluation.19 Rigorous evaluation methods, such as well-conducted cluster randomised trials, can
establish the relative effectiveness of following such modifications to feedback. However, varying only five
elements of feedback (e.g. timing, frequency, comparators, display and information credibility) produces
288 combinations – not allowing for replication of studies or the addition of other interventions, such as
education meetings of outreach visits.22 Given the multiplicity of factors that would need to be addressed,
such an approach is not feasible; more efficient ways are needed to prioritise which of these to study. In
objective 1, we undertook a fractional factorial screening experiment, building on current evidence and
knowledge of behaviour change, and produced a statistical model to predict the effects of a large number
of single and combined feedback modifications. This model can subsequently guide choices for further
evaluation, as well as suggest practical ways of adapting feedback to enhance NCA impacts.

Objective 2: to evaluate how different modifications of feedback from
national audit programmes are delivered, perceived and acted on in
health-care organisations

This included feedback modifications identified in objective 1 and allowed for more organisationally
focused modifications not amenable to online experimentation.

Research question
How do health-care organisations act in response to modifications of feedback from national audit
programmes under ‘real-world’ conditions?

Our overall approach was consistent with the development, feasibility and (early) evaluation stages
of the UK Medical Research Council guidance on complex interventions.23 Having identified the most
promising single and combined feedback modifications in a virtual experiment, we aimed to investigate
how they work in ‘real-world’ conditions.

Our earlier programme, AFFINITIE (Audit and feedback interventions to increase evidence-based transfusion
practice),24 evaluated the separate and combined effects of enhanced content of feedback and enhanced
support following delivery of feedback with the National Clinical Audit of Blood Transfusion (NCABT).We
identified marked variations in local NHS trust responses to blood transfusion audits, including a lack of
clarity about who feedback should target and who is responsible for action;25,26 such problems are likely to
apply to other national audits. Objective 2 aimed to evaluate how our different modifications of feedback
from national audit programmes were delivered, perceived and acted on in health-care organisations, guided
by Clinical Performance Feedback Intervention Theory (CP-FIT).27 We worked with two national audit
programmes that were introducing changes to how they delivered feedback.

The COVID-19 pandemic halted all non-essential research in the NHS, forcing us to abandon
this objective in the early stages of fieldwork. With funder approval, we therefore modified our
approach and drew on ‘expert’ interviews and CP-FIT to identify the strengths of the two national
audit programmes, how their planned changes would strengthen their audit cycles, and further scope
for strengthening their audit cycles.

Objective 3: to explore the opportunities, costs and benefits of national
audit programme participation in a long-term international collaborative to
improve audits through a programme of trials

Research question
What are the opportunities, costs and benefits of national audit programme participation in an
international collaborative to improve audits through a programme of trials?
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Large scale improvement initiatives, such as national audit programmes, continually aim to enhance their
impacts, often by making incremental changes over time (e.g. in use of comparators, feedback displays).
Given that such changes usually result in small to modest effects on patient care and outcomes, it is
difficult to judge whether or not they are effective in the absence of rigorous experimental evaluations.
There are potential significant returns on investment from NCA participation in a co-ordinated programme
of research to improve effectiveness.We have proposed ‘implementation laboratories’ that embed
research within existing large-scale initiatives such as national audit programmes.28 Close partnerships
between health-care systems delivering implementation strategies at scale and research teams hold
the potential for a more systematic approach to identify and address priorities, sequential head-to-head
trials comparing modifications to improvement strategies (e.g. of A&F), promoting good methodological
practice in both improvement methods and evaluation, enhancing the generalisability of research and
demonstrating the impact of improvement programmes. However, there is very limited experience of
establishing such implementation laboratories. Objective 3 explored the opportunities, costs and benefits
of national audit programme participation in a long-term international collaborative to improve audits
through a programme of trials.

Collaborating National Clinical Audit programmes

We conducted this work in partnership with five NCA programmes:

1. NCABT
2. the Paediatric Intensive Care Audit Network (PICANet)
3. the Myocardial Ischaemia National Audit Project (MINAP)
4. the Trauma Audit & Research Network (TARN)
5. the National Diabetes Audit (NDA).

These national audit programmes offered diversity in audit methods, topics and targeted audiences,
thereby increasing confidence that our outputs would be relevant to the wider range of national audit
programmes. All participated in objectives 1 and 3, whereas objective 2 focused on TARN and the
NDA. The five programmes are summarised next.

Myocardial Ischaemia National Audit Project
This project collects data from admissions in England, Wales and Northern Ireland for myocardial
infarction. It aims to improve clinical care through the audit process and to provide high-resolution
data for research.29

Data span the course of patient care, from the moment the patient calls for professional help through
to hospital discharge and rehabilitation. Clinicians and clerical staff in hospitals collect data on patient
demographics, medical history, clinical assessment, investigations and treatments. Pseudonymised
records are uploaded centrally to the National Institute for Cardiovascular Outcomes Research. In
total, 206 hospitals submit more than 92,000 new cases to MINAP annually. The database currently
holds approximately 1.5 M patient records. Vital status following hospital discharge is obtained via
linkage to data from the Office for National Statistics. An annual report is compiled using these data,
including individual hospital summary data.

National Diabetes Audit
The NDA programme is made up of four modules: the National Diabetes Core Audit, the National
Pregnancy in Diabetes Audit, the National Diabetes Footcare Audit and the National Inpatient
Diabetes Audit.30 The NDA helps improve the quality of diabetes care by enabling participating NHS
services and organisations to assess local practice against NICE guidelines, compare their care and
outcomes with similar services and organisations, identify gaps or shortfalls that are priorities for
improvement, identify and share best practice, and provide comprehensive national pictures of
diabetes care and outcomes in England and Wales.

BACKGROUND, RATIONALE AND OBJECTIVES
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Our study focused on the National Diabetes Core Audit. For this, general practices and specialist
services participate through the General Practice Extraction Service. Secondary care and structured
education providers submit data manually via the Clinical Audit Platform. Audit reports provide
national-level information for prevalence, care process completion, treatment target achievement,
referral and attendance at structured education, comparisons for people with a learning disability,
comparisons for people with a severe mental illness and complication rates. Reports also provide
local-level information for registrations, demographics, complications, care process completion and
treatment target achievement.

Paediatric Intensive Care Audit Network
PICANet was established to develop and maintain a secure and confidential high-quality clinical
database of paediatric intensive care activity to identify best clinical practice, monitor supply and
demand, monitor and review outcomes of treatment episodes, facilitate health-care planning and
quantify resource requirements, and study the epidemiology of critical illness in children.31

PICANet collects data from 30 hospitals providing specialist care. The core data set of demographic
and clinical data on all admissions allows comparison of PICU activity at a local level with national
benchmarks such as Paediatric Intensive Care Standards. This data set provides an important evidence
base on outcomes, processes and structures that permits planning for future practice, audit and
interventions. Each year, PICANet produces audit reports to show changes and comparisons over
the 3-year reporting period.

Trauma Audit and Research Network
TARN is the NCA for traumatic injury and is the largest European Trauma Registry, holding data
on > 800,000 injured patients, including > 50,000 injured children.32 It aims to monitor processes
and outcomes of care to demonstrate the impact of trauma networks, providing local, regional and
national information on trauma patient outcomes and, thereby, help clinicians and managers to
improve trauma services.

TARN collects data from 220 hospitals across England, Wales, Northern Ireland and the Republic of
Ireland. Individual patient data are inputted manually at the trauma unit to an online data collection,
validation and in-built reporting system, aiming to be available within 25 days of patient discharge or
death. TARN produces annual national reports, triannual hospital network-level reports, triannual
performance comparisons (e.g. hospital survival rates), quarterly patient-reported outcome measures
(e.g. patient experience, return to work), and quarterly trauma dashboards for benchmarking against
peers. TARN also provides continuous reporting and ad hoc analyses.

National Comparative Audit of Blood Transfusion
This programme of clinical audits examines the use and administration of blood and blood components
in NHS and independent hospitals in the UK.33 The programme aims to provide evidence that blood
is being prescribed and used appropriately and administered safely, and highlight where practice is
deviating from the guidelines to the possible detriment of patient care.

There is a rolling programme of audits and re-audits, with two or three taking place each year. Recent
topics include the management of major haemorrhage, transfusion-associated circulatory overload,
and patient blood management in adults undergoing elective, scheduled surgery. The NCABT contrasts
with most other national clinical audit programmes, which consistently focus on a core, limited set
of indicators. Consequently, the NCABT has to develop and implement different audit criteria and
methods for the collection, validation and analysis of data within relatively short periods of time.
The resultant feedback reports are subsequently uploaded and delivered to the hospital transfusion
team via a hospital-specific NCA web page.
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Chapter 2 The development of feedback
modifications for an online randomised
screening experiment (objective 1)

Background

Many proposed ways of improving feedback require further development and evaluation.19 The Multiphase
Optimisation Strategy (MOST) offers a methodological approach for building, optimising and evaluating
multicomponent interventions, such as audit and feedback.34 MOST comprises three steps: preparation, to
lay the groundwork for optimisation by conceptualising and piloting components; optimisation, conducting
optimisation trials to identify the most promising single or combined intervention components; and
evaluation, a definitive randomised trial to assess intervention effectiveness.

Work in objective 1 most closely corresponded with the first and second steps of MOST and included
a screening experiment, previously used in implementation research to identify and prioritise the most
promising ‘active ingredients’ for further study.35,36 In this type of study, components of an intervention
are systematically varied within a randomised controlled design in a manner that simulates a real
situation as much as possible. Interim end points (e.g. behavioural intention, behavioural simulation)
are measured rather than changes in actual behaviour or health-care outcome. These experiments can
be conducted virtually (e.g. online) with targeted participants using interim outcomes. One design, the
fractional factorial experiment, can produce a statistical model to predict the effects of a large number
of single and combined intervention components and, hence, guide choices for further evaluation.

We therefore undertook an online fractional factorial experiment to investigate the single and
combined effects of ways of delivering feedback. We based these ways of delivering feedback on the
15 suggestions for improving feedback, and refer to them as feedback modifications. In consultation
with our patient and public involvement (PPI) panel, we considered and added a further suggestion
that involved incorporating ‘the patient voice’ in feedback.

We assessed the effects of these feedback modifications on health professionals’ intended enactment of
audit standards, user comprehension, experience, and engagement. We first describe the development
of the feedback modifications and the building of the interface for the online experiment, before
describing the experiment methods and results.

Methods

We used a two-step process to select and then design the feedback modifications.

Step 1 was priority setting. A consensus process guided team discussions on which feedback
modifications to prioritise for development.

Step 2 was user-centred design (UCD). Through iterative UCD, we developed modifications from
high-level suggestions through to implementation. UCD is an iterative design approach that focuses
on users and their needs. It emphasises initial user research to define system requirements, followed
by repeated phases of design and evaluation with users to deliver progressively more usable system
designs. This ensured that our priorities and choices reflected those of the people planning, delivering
or receiving feedback from NCAs. In parallel, we held regular research team discussions around the
feasibility and detailed design of the evolving feedback modifications.
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Step one: priority setting

Design
We used a structured consensus process to guide the selection of feedback modifications for inclusion
in the experiment.37 Our method involved face-to-face meetings and discussion to elicit all views and
promote transparent decision-making.

Participants

We used an 11-member reference panel. Consensus processes gain relatively little in reliability by
exceeding this number.37 Panel members brought a range of perspectives from patient and public,
national audit, clinical, behavioural science and research backgrounds. This helped to ensure that shared
deliberations took account of service, public and research priorities. The reference panel comprised:

l an active member of a patient participation group in general practice and former paediatric
epidemiologist who helped establish PICANet

l a cardiology specialist registrar associated with MINAP
l a national audit operational manager for PICANet
l a haematology consultant specialising in transfusion (former lead for NCABT)
l a member of the public with experience in marketing
l a consultant neonatologist with a lead role in the National Neonatal Audit Programme
l a behavioural scientist with interests in patient safety and audit and feedback in surgical contexts
l a behavioural scientist with interest in audit and feedback (also a member of the research team; FL)
l an academic general practitioner with experience of leading a regional A&F programme (also a

member of the research team; SA)
l an academic general practitioner with an interest in A&F and informatics (also a member of the

research team; BB)
l an academic foundation year medical trainee.

Procedure

We sent reference panel members a document outlining the rationale for and examples of candidate
feedback modifications. At the first meeting, we presented and summarised key features of each
proposed modification and invited requests for clarification. We then asked panellists to consider each
modification against the following criteria:

1. current evidence and need for further research, prioritising modifications for which there was
greater uncertainty of effectiveness

2. feasibility of adopting and embedding modifications within NCA materials and processes
3. the extent to which feedback modifications combine with other data and quality improvement

processes to the best effect.

Panel members independently rated each modification item on a 1–9 scale, where ‘1’ indicated the
lowest support and ‘9’ indicated the highest support. We collated the scores for each modification and
presented the median and range to all panel members at a second face-to-face meeting. We categorised
low overall agreement as at least three raters scoring the item 1–3 and at least three scoring it 7–9,
moderate agreement as at least two raters scoring the item 1–3 and at least two scoring it 7–9, and
high agreement as one or no raters scoring the item 1–3 and one or zero scoring it 7–9. The second
meeting focused on modification items with low levels of agreement. The panel found the third criterion
(‘the extent to which feedback modifications can be combined with other data and quality improvement
processes to the best effect’) difficult to operationalise consistently. We therefore dropped this criterion.
Following discussion, panellists independently re-rated the modifications.

FEEDBACK MODIFICATIONS FOR ONLINE RANDOMISED SCREENING EXPERIMENT (OBJECTIVE 1)
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We reviewed reference panel outputs at Project Management Team meetings, at an A&F MetaLab
meeting that included our Canadian-based co-investigators in Toronto (May 2018), and at a UCD
workshop held at City, University of London (June 2018), generally prioritising those with higher
scores for further evaluation.

We were aware that it would be problematic to develop and apply online versions of all proposed
modifications (e.g. construct feedback through social interaction) or to test them within a single online
experiment (e.g. provide multiple instances of feedback). We also had to ensure that each feedback
modification included in the online experiment was compatible with other modifications to fulfil the
requirements of the fractional factorial design. Based on these considerations, we excluded nine
modifications from further consideration and took seven modifications forward into the UCD activity.

Step 2: user-centred design

Design
Our approach followed human–computer interaction processes of UCD38 to design both the online
versions of the modifications and other aspects of the experiment, including a questionnaire to measure
participant responses. We started with two UCD workshops at City, University of London (May 2018
and June 2018), then undertook three iterative rounds of design and evaluation (summarised in Figure 1),
followed by testing by the research team. Each of the three iterative rounds of UCD comprised designing
a set of prototypes in consultation with team members familiar with each of the national audits, followed
by formative evaluation of the prototypes with participants using the think-aloud technique.39 This
qualitative approach to design was intended to assess functionality, usability and user experience to
optimise modification content and format.

Throughout the development process, we held regular face-to-face, teleconference and e-mail discussions
as a research team around the feasibility and detailed design of the candidate and evolving online
modifications. We took notes and kept records of these exchanges.

User-centred design workshops

The first UCD workshop brought research team members together with human–computer interaction
researchers. We employed the creative techniques of constraint removal and analogical reasoning40

to generate ideas for ways of delivering the modifications in the online experiment. By imagining that
various operational and design constraints did not exist, team members could think creatively about
ways to remove or work around the issues identified. Analogical reasoning was used to draw on
researchers’ experiences of how web-based technologies were used in other domains (e.g. online
shopping) to inspire design ideas.

The second UCD workshop considered findings from the priority setting process and defined the
design brief for the UCD of the modifications. We started by considering how people typically
receive, use and share feedback. We assumed that most feedback recipients work in high-pressure
environments with constrained resources and competing priorities on time. We also assumed
that computing equipment for staff in health-care settings might be of variable age and capability.

Design

Round 1

Project
team

Users Evaluate

Design

Evaluate

Design

Evaluate

Build

Test
Deliver

Round 2 Round 3 Development
team

Domain
experts

FIGURE 1 User-centred design process.
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We considered designing the online experiment for hand-held devices, but decided against this
for three reasons: (1) some feedback reports might only be delivered via secure NHS systems;
(2) full rather than small screens might be more conducive to viewing any tables and graphs; and
(3) the additional programming required to configure the experiment for multiple hand-held devices
was beyond our means. Likely computing limitations and the unacceptability of audio output in shared
working environments also precluded adding audio to feedback modifications.

We considered whether to present feedback modifications within full feedback reports or as isolated
excerpts. Although the former would have greater ecological validity, developing realistic, fictitious,
whole feedback reports for five national audits, all incorporating randomised combinations of six
modifications, would not have been feasible. However, we recognised that the online experiment would
still need to present contextual information about each NCA and present baseline formatting and
content that would be reasonably familiar to participants. We therefore identified the information
architecture of a ‘typical’ feedback report in the five participating NCAs and mapped key sections
onto the modifications. The key sections identified were About this audit, Audit standard (criteria),
Results (feedback), Recommendations for action, Further information, and Patient story.

We considered the feasibility of including multiple audit criteria within each online report. We opted to
present results for one main audit criterion within each online report to reduce participant burden and
simplify outcome assessment for the experiment. We aimed to ensure that the audit criterion selected
for each NCA would be perceived as valid and credible by experiment participants. We therefore
selected the main audit criterion with advice from relevant national audit collaborators (Box 2).

BOX 2 Audit criteria for collaborating audits

Myocardial Ischaemia National Audit Project

Patients with non-ST-segment elevation myocardial infarction or unstable angina who have an intermediate

or higher risk of future adverse cardiovascular events are offered coronary angiography (with follow-on

percutaneous coronary intervention if indicated) within 72 hours of first admission to hospital.

National Clinical Audit of Blood Transfusion

Clinical staff should prescribe tranexamic acid for surgical patients expected to have moderate or more

significant blood loss unless contraindicated.

National Diabetes Audit

Patients with type 2 diabetes whose HbA1c level is ≥ 58 mmol/mol (7.5%) after 6 months with single-drug

treatment are offered dual therapy.

Paediatric Intensive Care Audit Network

Minimising the number of unplanned extubations for paediatric intensive care patients per 1000 days of

invasive ventilation.

Trauma Audit and Research Network

Patients who have had urgent three-dimensional imaging for major trauma have a provisional written

radiology report within 60 minutes of the scan.

HbA1c, haemoglobin A1c.

FEEDBACK MODIFICATIONS FOR ONLINE RANDOMISED SCREENING EXPERIMENT (OBJECTIVE 1)
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Participants

The UCD participants comprised professionals typically involved in developing or targeted by national
audits, identified via our collaborating audit programmes. We e-mailed invitations and scheduled
evaluation sessions for those who expressed an interest in the study. We obtained informed consent
and conducted evaluation sessions face to face at the most convenient site for the participants, such as
their place of work or at one of our partner universities.

We held a total of 17 evaluation sessions, involving 13 participants, over 8 months between July 2018
and February 2019. Seven participants were involved in round 1, four in round 2 and six in round 3
(Table 1). Four participants were associated with MINAP, three with NCABT, three with PICANet,
two with NDA and one with TARN.

TABLE 1 UCD participants per round

Interview
number

Participant
ID

UCD
round Audit Session date Role

01 P01 1 MINAP 24 July 2018 Nurse

02 P02 1 MINAP 8 August 2018 Consultant cardiologist

03 P03 1 MINAP 9 August 2018 Consultant cardiologist

04 P04 1 NCABT 16 August 2018 Lead transfusion practitioner

05 P05 1 MINAP 16 August 2018 Radiology matron

06 P06 1 NCABT 17 August 2018 Risk and compliance manager

07 P07 1 TARN 23 August 2018 Network manager

08 P08 2 NDA 16 October 2018 Senior quality improvement lead
(diabetes)

09 P09 2 PICANet 17 October 2018 Data and audit manager

10 P10 2 PICANet 23 October 2018 Consultant in intensive care

11 P11 2 NCABT 6 November 2018 Acting clinical lead

12 P04a 3 NCABT 20 December 2018 Lead transfusion practitioner

13 P07a 3 TARN 14 January 2019 Network manager

14 P08a 3 NDA 16 January 2019 Senior quality improvement lead
(diabetes)

15 P12 3 NDA 18 January 2019 GP

16 P13 3 PICANet 5 February 2019 Consultant paediatrician

17a P08a 3 PICANet 21 February 2019 Data manager

GP, general practitioner; ID, identifier.
a Second evaluation session.

Note
Four people participated twice (P04, P07, P08 and P09).
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Procedure

We undertook three rounds of UCD using prototypes of increasing fidelity to the intended online
modifications (Table 2). The evaluation sessions employed a variety of techniques to gather information
about current feedback report usage and elicit preferences for modification content, user interface
elements, naming and ordering (‘information architecture’) of key sections of the audit report, the design
of the online questionnaire, and the e-mail invitation to take part in the experiment.

Four of the seven modifications required user interface-related design work only; the other three
required the creation of audit-specific content. Round 1 included only the four user-interface-related
modifications to reduce preparation time and session run-time. We created ON and OFF versions of
each modification: ON versions where the modifications had been applied and OFF versions where the
modifications had not been applied. We identified a list of possible design patterns and principles as
starting points for operationalising the modifications.

TABLE 2 Research grid for UCD

Round Modifications Materials Protocol Data type Output

1 Multimodal feedback
(M9)

Paper prototypes of
modifications created
using Balsamiq Mockups41

Think-aloud Audio Sentiment data
(positive, negative,
mixed/neutral
responses to
modifications)

Cognitive load (M10) Sketches of report
structure and different
navigation options

Semistructured
interviews

Observational
notes

Insights into people
and process

Optional detail (M12)

Patient voice (M16)

2 Controllable actions
(M2)

Semi-interactive,
web-based prototypes of
modifications and mock-
ups of invitation e-mail
published through Github
Pages (Github, Inc.,
San Francisco, CA, USA)

Think-aloud Audio and video Sentiment data
(positive, negative,
mixed/neutral
responses to
modifications)

Specific actions (M3) Semistructured
interviews

Observational
notes

Insights into people
and process

Effective
comparators (M7)

Multimodal feedback
(M9)

Cognitive load (M10)

Optional detail (M12)

Patient voice (M16)

3 Specific actions (M3) Prototypes of interactive
website, including landing
pages, audit report,
questionnaire page
and thank you page
built using Bootstrap
(https://getbootstrap.com)
and published on Github

Usability testing Audio Usability reports
and change logs

Effective
comparators (M7)

Scenarios Observational
notes

Sentiment data
(positive, negative
mixed/neutral
responses to
modifications)

Multimodal feedback
(M9)

Think-aloud Issue log Insights into people
and process

Cognitive load (M10) Semistructured
interviews

Optional detail (M12) Unmoderated team
testing of rules/
checks and
randomisation

Patient voice (M16)
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Round 1: design and evaluation of sets of paper-based prototypes exploring the modifications
and the design of the online audit report
Semistructured interviews gathered information about roles and typical audit report usage patterns,
including familiar formats, navigational behaviour and attitudes to audit. Then, think-aloud interviews
explored designs for an online audit report, including information architecture and navigational
elements. Finally, think-aloud interviews evaluated prototypes of four of the seven selected
modifications. We iterated content and designs between evaluation sessions.

Round 2: design and evaluation of sets of online prototypes refining modifications and the
design of the study invitation e-mail, report iconography and terminology
Semistructured interviews gathered further information about roles, typical audit report usage patterns,
including familiar formats, navigational behaviour and attitudes to audit. Think-aloud interviews
gathered responses to online prototypes for all seven modifications. We also tested responses to a
mock-up e-mail invitation, and a screen showing different icons paired with common audit terms.

Round 3: design and evaluation of a complete online prototype, refining the content, data,
flow, and presentation of all screens in the experiment
We conducted ‘end-to-end’ usability testing of the prototype experiment to identify issues in the flow
between screens, page interactions and content to ensure that the right information was passed
between various components of the experiment.

Expert testing
Project team members, including those familiar with each national audit, undertook comprehensive
‘expert reviews’ of the live online experiment to identify programming bugs and usability issues and to
ensure fidelity to modifications as intended ahead of the online launch. This involved several rounds
of team testing of all aspects of the website, including rules and checks, randomisation and editorial
content. Data were captured via self-reported issue logs and addressed by the web development team.

Data collection and analysis

We took observational notes and audio- or video-recorded, transcribed and anonymised all evaluation
sessions with UCD participants.We thematically analysed these data using NVivo 12 (QSR International,
Warrington, UK) to identify emergent themes, usability issues and design suggestions.We took a two-
step approach to coding for each round of UCD. Step 1 consisted of initial a priori coding of participants’
responses to the modification versions, categorised by sentiment (mixed or neutral, negative, positive).
Step 2 consisted of inductive coding to understand context of use (not reported here) and to inform the
design and usability of the website that would host the online experiment.We undertook these analyses
as integral elements to the development process to improve the designs in the subsequent round of UCD.

Results

We present integrated findings from the consensus and UCD processes for each of the 16 modifications.
For each modification, we report its underpinning rationale, evidence base, need for further research,
feasibility of incorporating it within NCAs, selection for online experiment and proposed application, and
illustrations of final versions. Appendix 1 provides details of the three UCD rounds of the modifications
selected for online development. Appendix 2 shows the final designs for the six selected modifications for
all five audits. Table 3 summarises the first and second round median ratings from the consensus process.
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Recommend actions that are consistent with established goals and priorities

Rationale
Setting goals promotes behaviour change in various ways, such as priority setting, focusing attention and
effort, and reinforcing commitment.42 Subsequent intention (or motivation) is a reasonable predictor of
behaviour. In contrast, individuals who do not intend to enact a given behaviour are less likely to enact
the behaviour than those who do. Goals that are compatible with professional, team or organisational
goals and priorities are more likely to be achieved than those that are not.

Evidence base
Feedback is more effective when it includes both explicit targets and an action plan, according to
the Cochrane review metaregression.11 For example, a Dutch randomised trial demonstrated that
feedback accompanied by an implementation toolbox suggesting a range of actions improved pain
management in intensive care units.43

TABLE 3 Median scores for first and second rounds of consensus process

Suggested modification

Current evidence
and need for further
research, median
score (range)

Feasibility of adoption
by national clinical
audit programmes,
median score (range)

Round 1 Round 2 Round 1 Round 2

1: recommend actions consistent with established goals
and prioritiesa

7 (3–9) 7 (3–9) 7 (4–8) 7.5 (6–8)

2: recommend actions that can improve and are under the
recipient’s controlb

5 (4–8) 6 (3–8) 7 (5–9) 7 (5–9)

3: recommend specific actions 6 (3–7) 6 (4–7) 7 (6–9) 8 (6–9)

4: provide multiple instances of feedbacka 7 (3–8) 7 (3–8) 6 (4–8) 7 (4–8)

5: provide feedback as soon as possible and at a frequency
informed by the number of new patient casesa

5 (3–8) 6 (4–8) 7 (3–8) 7 (4–8)

6: provide individual rather than general dataa 7 (3–8) 7.5 (5–8) 3 (1–8) 4.5 (2–8)

7: choose comparators that reinforce desired behaviour
change

8 (3–9) 8 (7–9) 8 (2–9) 8 (7–9)

8: closely link the visual display and summary messagea 6 (3–9) 6 (3–9) 8 (5–9) 8 (5–9)

9: provide feedback in more than one way 5 (3–8) 6 (4–8) 7 (4–9) 7 (5–9)

10: minimise extraneous cognitive load for feedback
recipients

6 (3–8) 7 (3–8) 6 (1–9) 6 (3–9)

11: address barriers to feedback usea 6 (2–8) 6 (4–8) 3 (2–6) 4.5 (3–6)

12: provide short, actionable messages followed by
optional detail

7 (4–8) 7 (4–8) 7 (5–9) 8 (7–9)

13: address credibility of informationa 6 (3–7) 6.5 (5–7) 7 (4–8) 7 (5–8)

14: prevent defensive reactionsa 6 (3–8) 6.5 (3–8) 3 (3–7) 3 (3–7)

15: construct feedback through social interactiona 7 (4–8) 7 (5–8) 6 (3–8) 6 (3–8)

16: incorporate the patient voice 7 (2–9) 8 (6–9) 5 (2–9) 7 (4–9)

a Modifications excluded after consensus process and team workshops.
b Modification excluded after UCD.

Note
Items in bold were taken forward for development for online study.
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Need for further research
Although the reference panel rated the need for further research as relatively high (7, high agreement),
the second UCD workshop considered the need for further research to be low; it is unlikely that an audit
programme would ever not want to do this or that further research would produce novel findings.

Feasibility within national audits
The panel rated the feasibility of incorporating this feedback modification within a national audit
programme as relatively high (7.5, high agreement). The panel also recognised a difference between
having goals and setting action plans; feedback recipients might need more guidance and support to
carry out effective action planning.

Selection for online experiment
No.

Recommend actions that can improve and are under the recipient’s control

Rationale
Feedback needs to target recipients who have control over the actions required to improve practice.
The degree of control over an action may vary among recipients. For example, feedback that requires
action at an organisational level or additional resources to improve performance might be better
directed at a hospital clinical lead or senior manager than at individual clinicians, as clinicians are
unlikely to have the power to make such changes. There should also be scope for improvement on
existing levels of practice, although feedback can also help to maintain high levels of performance.

Evidence base
Feedback is more effective when baseline performance is low.11

Need for further research
The need for further research was rated as moderate (6, high agreement). The second UCD workshop
considered that the level of control of the recipient was of interest as the limited evidence suggests
its importance.

Feasibility within national audits
Feasibility within national audits was rated as high (7, high agreement).

Shorthand reference
Controllable actions (M2).

Selection for online experiment
No. There were two components to this suggested modification: first, recommending actions that can
improve (e.g. low as opposed to high performance at baseline) and, second, recommending actions
under the control of recipients (e.g. processes of care as opposed to patient outcomes). We considered
the latter to be of greater interest to the online experiment.

During an e-mail exchange with co-investigators, we agreed that process of care audit criteria might
generally be under the control of clinicians targeted by feedback [e.g. if a general practitioner (GP)
is asked to consider prescribing antihypertensive agents for blood pressure levels above a given
threshold]. In this case, an outcome audit criterion such as the proportion of patients with adequately
controlled blood pressure might be less under the control of the GP, given the variable patient
physiological and behavioural responses to treatment. This issue was pertinent to the experiment
because the perceived fairness of the audit criterion may affect recipient responses (e.g. recipients
might disengage from acting on feedback for audit criteria that they consider outside their control).
We planned to operationalise controllable actions (M2) by randomising recipients to either process of
care or outcome indicators in the online experiment.

DOI: 10.3310/QBBZ1124 Health and Social Care Delivery Research 2022 Vol. 10 No. 15

Copyright © 2022 Willis et al. This work was produced by Willis et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social
Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

15



We encountered two practical problems with operationalising controllable actions (M2) in the
online experiment:

1. Paired process of care and outcome indicators were not available for all five NCA programmes
participating in the experiment.

2. Operationalising both process of care and outcome indicators would have prohibitively increased
the complexity of content and programming for the online experiment (e.g. in requiring differently
worded feedback excerpts and outcome measures).

We therefore dropped this modification during the UCD work and included only one audit criterion
per national audit.

Recommend specific actions

Rationale
Specification of a desired behaviour can facilitate intentions to perform that behaviour and enhance
the likelihood of subsequent action.44 The action, actor, context, target, time (AACTT) framework45

can guide specification by defining the:

l action required – a discrete observable behaviour (i.e. ‘what’ needs to be done)
l actor(s) performing the behaviour (i.e. ‘who’)
l context in which the behaviour is enacted (i.e. ‘where’)
l individuals or population targeted by the behaviour (i.e. ‘to/with whom’)
l required timing (period and duration) of the behaviour (i.e. ‘when’).

For example, a GP (actor) might offer brief smoking cessation advice (action) to a patient who smokes
(target) when time permits in a consultation (context) during an annual review of asthma medicines
(timing). There are a number of ways to promote specific actions, such as providing feedback that is
linked to or automatically generates lists of patients requiring clinical action.

Evidence base
Two randomised trials indicated that feedback accompanied by patient-specific risk information or by
specific action plans was more effective than feedback without this information.43,46 One observational
study found that vaguely worded clinical practice recommendations were associated with lower
compliance.47 A further observational study examining changes in compliance following feedback found
no relationship with specificity of wording.48

Need for further research
The need for further research was rated as moderate (6, high agreement). UCD workshop 2 considered
that, although it is unlikely that an audit programme would ever not want to specify actions, further
research could inform the value of explicitly operationalising this modification.

Feasibility within national audits
Feasibility within national audits was rated as high (8, high agreement).

Selection for online experiment
Yes. The panel acknowledged that defining specific and context-sensitive actions was often challenging
in practice, especially within NCA programmes dealing with complex clinical behaviours performed by
multiple ‘actors’.

We recognised that the relevance and specificity of recommended actions would vary by recipient
(e.g. considering the different needs of clinicians responsible for delivering individual patient care and
managers responsible for service delivery). In practice, these distinctions may be blurred given that

FEEDBACK MODIFICATIONS FOR ONLINE RANDOMISED SCREENING EXPERIMENT (OBJECTIVE 1)

NIHR Journals Library www.journalslibrary.nihr.ac.uk

16



senior clinicians, often targeted by NCA feedback, are also responsible for service delivery. We paid
attention to this issue later when designing questionnaire items for the experiment.

We also noted that the ability to operationalise this modification in one way, by providing links to
(fictional) names of patients requiring action, was contingent on the clinical context. This is feasible
when managing patients with long-term conditions (e.g. diabetes), when clinical actions can be
prompted within ongoing management, but is unlikely to be practical in acute management (e.g. for
immediate trauma care).

The modification would be ON if the feedback included recommendations for action that specified the
action required, the actor(s) who should perform the action, the context in which the action is taken,
the targeted individuals or population, and the required timing of the action. The modification would
be OFF in the absence of these specifications, with any recommendations for action vaguely worded.
Figure 2 illustrates the final design.

Shorthand reference
Specific actions (M3).

Provide multiple instances of feedback

Rationale
Multiple rounds of feedback encourage a feedback loop, wherein the recipient can receive the initial
feedback, attempt a change in practice and then observe whether or not the change has been effective.49

Consistency in feedback format over time fosters familiarity with the data format, increasing the
likelihood of engagement where the data are considered useful.

FIGURE 2 Screenshot example of final ON version of modification specific actions (M3) (NCABT).
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Evidence base
Feedback may be more effective when it is provided more than once.11

Need for further research
The need for further research was rated as high (7, high agreement).

Feasibility within national audits
Feasibility within national audits was rated as high (7, high agreement).

Selection for online experiment
No, as it would not be feasible to randomise participants so that one group received repeated
instances of feedback.

Provide feedback as soon as possible and at a frequency informed by the number of new
patient cases

Rationale
The interval between data collection and feedback should be as short as possible to reinforce the
relevance of data to recipients; delays in providing feedback can allow recipients to discount findings
as being no longer relevant to current practice.50 However, the time between data collection and
feedback needs to be long enough to allow a sufficient number of new cases to accumulate for audit
(ensuring data reliability) and to allow time for recipients to have acted on previous feedback and
observed the benefits of any such action.

Evidence base
One randomised trial found that immediate reminders were more effective than monthly feedback
reports in promoting internal medicine specialists’ adherence to preventative care protocols.51

Need for further research
The need for further research was rated as moderate (6, high agreement).

Feasibility within national audits
Feasibility within national audits was rated as high (7, high agreement).

Selection for online experiment
No, as it would not be feasible to operationalise within the online experiment.

Provide individual (e.g. practitioner-specific) rather than general data

Rationale
Providing individual feedback strengthens accountability and offers recipients fewer options for
discounting performance data that they may initially disagree with. It facilitates corrective actions,
such as reviewing the care of individual patients and reviewing decision-making. In practice, giving
individual-level feedback is often not feasible because most health care is delivered by teams.
However, feedback should generally be fed back at the lowest feasible level (e.g. team rather than
organisation, organisation rather than system).

Evidence base
Feedback data specific to an individual recipient are usually more effective than those that apply to a
group,52 although there is little evidence from health-care settings.

Need for further research
The need for further research was rated as high (7.5, high agreement).
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Feasibility within national audits
Feasibility within national audits was rated as medium (4.5, moderate agreement). There is limited
scope for changing practice as national audits already typically aim to give feedback at the most
individual level (including team or organisation) feasible.

Selection for online experiment
No, as it would be difficult to include such a change within most current NCAs, which typically can
collect data at team or organisational levels only.

Choose comparators that reinforce desired behaviour change

Rationale
Feedback is typically given in the context of a comparator. Comparators can include one or more of:

l recipient performance, usually how performance changes over time
l formal standards, such as a target level of achievement
l a peer group, such as mean performance of similar individuals, teams or organisations.

Comparators should be selected according to their ability to change or reinforce the desired behaviour.
However, care is needed in choosing or tailoring comparators.53 For example, if providing feedback
to high performers, positive feedback may either lead to reduced effort or increased motivation.
Audit programmes may also consider switching attention to new topics where performance is poorer,
but this risks inducing fatigue in higher performers. Yet attempts to improve already high levels of
performance may be less fruitful than switching attention to alternative priorities. For many clinical
actions, there is a ‘ceiling’ beyond which health-care organisations’ and clinicians’ margins for
improvement are restricted because they are functioning at or near their maximum capabilities.
Comparators are also challenging to set for low performers, who may be demotivated by feedback
indicating that they are far below the average or top centile.

Evidence base
There is relatively little evidence about which comparators should be chosen under which circumstances.13

Need for further research
The need for further research was rated as high (8, high agreement).

Feasibility within national audits
Feasibility within national audits was rated as high (8, high agreement).

Selection for online experiment
Yes. Effective comparators (M7) would be ON if the feedback comparator showed recipient
performance against that of the top 25% nationally. The modification would be OFF if the feedback
comparator showed recipient performance against the mean average.

There was a wide range of options for varying comparators, including several variants of each of recipient
performance over time, formal targets and peer comparisons. Although using several comparators
might risk creating mixed messages for recipients, it might also maximise impact if the comparators are
thoughtfully aligned. For example, recipients may see progress over time, note how this compares to
others and be further motivated by explicit targets.We generated a (non-exhaustive) range of questions:

l Is a tailored approach (e.g. those below the mean see the mean, those above the mean see the top
10%) more effective than a standard approach (where all recipients see the same feedback)?

l Is adding an explicit target to peer comparisons more effective than not?
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l Is adding individual peer performance scores (e.g. histogram in which the mean/top 10% is also
marked) more effective than only the mean/top 10% summary statistics?

l Are identifiable peers more effective than anonymous peers (given that comparison is a
social process?)

l Is feedback more effective if it is compared with summary statistics from one reference group
(i.e. national) or multiple groups (e.g. national, regional)?

l Is a comparator more effective than no comparator?

The key issue for any such variant is which best focuses attention for driving behaviour change. Figure 3
illustrates the final design.

Shorthand reference
Effective comparators (M7).

Closely link the visual display and summary messages

Rationale
Summary text can be accompanied by graphical elements in close proximity, with both reinforcing the
same message. The messages can also be linked stylistically.

Evidence base
There is little evidence from health-care settings.19

Need for further research
The need for further research was rated as moderate (6, high agreement).

Feasibility within national audits
Feasibility within national audits was rated as high (8, high agreement).

Selection for online experiment
No, although the second UCD workshop recognised that this would be feasible.

Provide feedback in more than one way

Rationale
Presenting feedback in different ways may help recipients develop a more complete and memorable
mental model of the information presented, allow them to interact with the feedback in a way that
best suits them and reinforce memory by repetition.19

Evidence base
Feedback may be more effective when it combines both written and verbal communication.11

Need for further research
The need for further research was rated as moderate (6, high agreement).

Feasibility within national audits
Feasibility within national audits was rated as high (7, high agreement).

FIGURE 3 Screenshot examples of final ON and OFF versions of effective comparators (M7) (NCABT).
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Selection for online experiment
Yes. The modification would be ON if the feedback included a graphical display of performance data
along with the textual information for effective comparators (M7). The modification would be OFF in
the absence of a graphical display of performance data. Figure 4 illustrates the final designs.

Shorthand reference
Multimodal feedback (M9).

Minimise extraneous cognitive load for feedback recipients

Rationale
Feedback recipients are generally time poor and need to cope with competing priorities for attention.
Poorly presented and excessively complex feedback risks being misunderstood, discounted or ignored

(a)

(b)

FIGURE 4 Screenshot examples of final versions of multimodal feedback (M9) when effective comparators (M7) is
switched (a) ON and (b) OFF (NCABT).
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by recipients.54 Reducing cognitive load entails minimising the effort required to process information
and can be supported by prioritising key messages, reducing the number of data presented, improving
readability and reducing visual clutter. Graphical elements should be as simple as possible and use
features such as colour coding to amplify messages (e.g. ‘traffic lights’).

Evidence base
There is little evidence from health-care settings.

Need for further research
The need for further research was rated as high (7, high agreement). The second UCD workshop
recognised that, although no national audit programme would deliberately attempt to add extraneous
cognitive load to feedback reports, we had encountered variable content and format.26

Feasibility within national audits
Feasibility within national audits was rated as moderate (6, high agreement).

Selection for online experiment
Yes. In the second UCD workshop and subsequent team discussions, we debated the feasibility
of operationalising extraneous cognitive load within an online experiment, recognising issues in
standardisation and interpretation. We decided to develop a modification for the online experiment
in which the control condition would comprise feedback with extraneous cognitive load. However,
we had to be careful to ensure that the control condition was not degraded so much as to be
unrepresentative of typical practice. We were also limited by programming capacity in how much
we could achieve; increasing or reducing cognitive effort might require having two versions (ON and
OFF) of all feedback pages and modifications. We therefore focused on ways of changing the content
to increase or decrease cognitive load.

The modification would be ON in the absence of distracting detail. The modification would be OFF
in the presence of distracting detail, such as additional general text not directly related to the audit
criterion and feedback on other audit criteria. We recognised that this modification might interact
with multimodal feedback (M9) and therefore anticipated a negative interaction in the analysis of the
online experiment. Figure 5 illustrates the final design for the OFF version (high cognitive load).

Shorthand reference
Cognitive load (M10).

Address barriers to feedback use

Rationale
Although recipients may receive and read feedback, they may not feel or be able to act on it. Barriers to
effective action may exist across individual (i.e. professional or patient), clinical team, organisation or
system levels.55 For example, a GP receiving feedback on prescribing anticoagulants for stroke prevention
in patients with atrial fibrillation might be uncertain about how to initiate and monitor treatment in the
absence of clearly defined local pathways for doing so.56 Therefore, feedback may need to include specific
advice on how to do this and be accompanied by organisational initiatives to define and disseminate
recommended clinical pathways. Feedback effects may be enhanced by supported interventions based
on systematically identified barriers to and enablers of recommended practice.

Evidence base
A Cochrane review57 suggests that tailored interventions to address identified determinants of practice
can change professional practice, although they are not always effective and, when they are, the effect
is small to moderate.
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Need for further research
The need for further research was rated as moderate (6, high agreement).

Feasibility within national audits
Feasibility within national audits was rated as moderate (4.5, high agreement).

Selection for online experiment
No. The second UCD workshop suggested that addressing barriers to use would be most relevant
following delivery of feedback.

Provide short, actionable messages followed by optional detail

Rationale
Feedback reports can be lengthy documents that are onerous for recipients and of uncertain value
for changing behaviour. Providing short, actionable messages, with optional information available for
interested recipients, allows those who only have the time or inclination to glean the main messages to
do so. Other recipients may demand more detailed information to check the validity and relevance of
feedback data or consider the evidence base underpinning a particular recommendation for action.
Feedback credibility may be enhanced if recipients can ‘drill down’ to better understand their data.

Evidence base
Little research has addressed this in the context of feedback. One randomised experiment found that a
‘graded-entry’ approach improved clarity and accessibility for clinical guideline summaries.58 A review
of health technology assessments recommended ‘structured decision-relevant summaries’.59 Interaction
designers refer to this technique as progressive disclosure and use it to disguise system complexity and
to declutter the user interface of higher-end functionality in a way that supports both casual and
advanced users.60

FIGURE 5 Screenshot example of a section of the final OFF version of cognitive load (M10) (NCABT).
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Need for further research
The need for further research was rated as high (7, high agreement).

Feasibility within national audits
Feasibility within national audits was rated as high (8, high agreement).

Selection for online experiment
Yes. The modification would be ON if the feedback included short messages with links to explanatory
detail related to the audit criterion. The modification would be OFF in the absence of links to explanatory
detail. This modification partly overlaps with specific actions (M3) and we anticipated a negative interaction
in the online experiment. Similarly, this modification might also negatively interact with cognitive load
(M10), given that adding information might distract participants. Figure 6 illustrates the final design.

Shorthand reference
Optional detail (M12).

Address the credibility of the information

Rationale
Feedback effects may be compromised if recipients consider the data erroneous or irrelevant to their
own practice. Approaches to counter such beliefs include involving recipients in the selection of audit
criteria and data collection, being transparent about the strengths and limitations of feedback data,
and highlighting how the data are relevant to recipients’ practice and circumstances.

Evidence base
Feedback delivered by a supervisor or colleague is more effective than feedback delivered by other
sources.11

Need for further research
The need for further research was rated as moderate (6.5, high agreement).

Feasibility within national audits
Feasibility within national audits was rated as high (7, high agreement).

FIGURE 6 Screenshot example of final ON version of modification 12 (NCABT).
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Selection for online experiment
No. We judged that most NCAs already take reasonable measures to explain the credibility of their
data and it would not be feasible to embed additional delivery by a colleague or supervisor within the
online experiment.

Prevent defensive reactions to feedback

Rationale
Negative feedback may naturally elicit defensive responses, especially if the targets set for improvement
are perceived as unattainable.61,62 Repeated negative feedback coupled with unattainable targets for
change may demotivate and disengage recipients. Encouraging reflection on success with an emphasis
on extending such success to other arenas (‘feedforward’) may be more motivating.62,63 Actively guiding
recipients’ reflections on the feedback away from defensive reactions may also be beneficial.

Evidence base
Few studies on feedforward for clinicians exist.19

Need for further research
The need for further research was rated as moderate (6.5, high agreement).

Feasibility within national audits
Feasibility within national audits was rated as low (3, high agreement).

Selection for online experiment
No. The second UCD workshop noted that most national audits probably attempt such measures
routinely, although we recognised the potential for experimental work framing messages in different
(positive and negative) ways.

Construct feedback through social interaction

Rationale
Educational research suggests that social interaction offers opportunities for recipients to actively work
with feedback and go beyond superficial responses. Approaches to increase such interaction include
asking recipients to self-assess performance prior to feedback, promoting dialogue about the meaning
and implications of feedback, and taking part in facilitated discussions to develop action plans.64–66

Evidence base
There is little in the feedback literature about interaction between the feedback providers and
recipients,19 although qualitative research suggests that approaches promoting self-assessment can
be motivating.67

Need for further research
The need for further research was rated as high (7, high agreement).

Feasibility within national audits
Feasibility within national audits was rated as moderate (6, high agreement).

Selection for online experiment
No. The second UCD workshop considered that this might be problematic to operationalise
convincingly within an online experiment.
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Incorporate ‘the patient voice’

Rationale
Patient and public involvement can help ensure the relevance of audit programmes to patient and public
needs and provide alternative perspectives to those of health-care professionals. Healthcare Quality
Improvement Partnership (HQIP) guidance for best practice in clinical audit recommends PPI throughout
the audit process as a marker of quality.68 Although none of the previous 15 suggestions for effective
feedback specifically mentioned PPI, we proposed including it in the online experiment given its policy
salience.We analysed 27 national audit reports in 2018 and found that five included sections directly
written by patients about their experiences of care or the audit. None was specifically linked to audit
criteria. Yet, in principle, such attempts to incorporate ‘the patient voice’may highlight the importance of
providing high-quality care to feedback recipients and, hence, increase their motivation to improve practice.

Evidence base
We were unaware of any research directly addressing this suggestion.

Need for further research
The need for further research was rated as high (8, high agreement).

Feasibility within national audits
Feasibility within national audits was rated as high (7, high agreement).

Selection for online experiment
Yes. The modification would be ON with the addition of a quotation from and a photograph of a
fictional patient. The text would describe their experience of care, where possible, directly related to
the audit criterion.

We aimed to embed one or more of the following behavioural change techniques69 in the quotation:

l feedback on outcome(s) of behaviour (i.e. stating how the patient benefited from clinical care
consistent with recommended clinical practice).

l anticipated regret (i.e. suggesting that the feedback recipient might regret not following
recommended practice).

l vicarious consequences [i.e. prompting observation of consequences for others (including rewards
and punishments) when recommended practice is or is not followed].

l information about others’ approval (i.e. stating how the patient approves of the recipient following
recommended practice).

The modification would be OFF in the absence of this information. Figure 7 illustrates the final design.

FIGURE 7 Screenshot example of final ON version of M16: patient story (NCABT).
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Designing the online experiment

System scope
The experiment was to be delivered as a custom-built website that participants would access by
clicking on a link in an e-mail invitation. The core functionality was to present participants with
an audit page composed of the audit standard and combinations of ON or OFF versions of the
6 modifications (Appendix 2), followed by a questionnaire to measure their response. We decided to
embed this functionality within a linear series of pages in designing the experiment (Table 4).

Requirements
The website was required to welcome the participant (step 1), obtain informed consent (step 2), allocate
participants to one condition in the fractional factorial experiment (step 3), present feedback modifications
(step 4), provide a questionnaire to collect outcome data for the experiment (step 5), allow participants
to download ‘evidence-based tips’ for effective feedback and to claim a voucher and certificate upon
completion (step 6). The website was also required to gather metrics, including time to completion and
page visits. To maintain participant anonymity, the personal data required for making the voucher claim
would not be linked to research data.We designed for anticipated behaviour, preventing user errors and
a degree of misuse (e.g. we wanted to be able to detect repeat attempts from voucher request logs).

Evolution over user-centred design rounds

Round 1 sketches
We identified typical and salient content types from national reports published by our five collaborating
national audits. We began to scope the information architecture for an interactive online version of the
feedback excerpts (which effectively corresponded to a ‘mini-audit report’). We designed seven paper
prototypes for ways of presenting an online audit report. We selected five sketches that best fulfilled our
brief. The sketches illustrated ways that common online navigational design patterns could be applied to
audit content. The sketches included a single scrollable web page with a hyperlinked table of contents, a
website with a classic global navigation bar, one with a task-led dashboard, one with step navigation (‘next’
and ‘back’ buttons), and one with side tabs and ‘breadcrumb trail’ navigation. Breadcrumbs are a dynamic
trail of links that allow users to traverse back through drilled content. We illustrated inline features to
prioritise, sort and ‘bookmark’ recommendations, and buttons or links to related content (Table 5).

TABLE 4 Page steps for the online experiment

Step Page description Page type Function

1 Welcome page Static content User orientation, study purpose, graphical overview and funders/
collaborators

2 Consent form and
participant information

Form Capture informed electronic consent and present patient
information sheet. Form including validation

3 Select your audit page Form and patient
information sheet

Allocate user identifier and modification combinations. Capture
role and organisations type

4 Audit report page Feedback display User view of baseline and combined audit report content Page
metrics, including Google Analytics® (Google Inc., Mountain
View, CA, USA)

5 Questionnaire Form Multiple-choice ratings scale capturing outcome data

6 Thank-you page Form Capture e-mail address for incentive fulfilment and unlinked name
for certificate download. User view of ‘tips for effective feedback’

Note
Core functionality in bold.
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Round 1 findings
We received a broad mix of responses relating to the styles of navigation presented. The single
scrolling page was deemed to be typical but not necessarily user-friendly. Participants responded
positively to task-focused navigation and the classic global navigation with side-tabs. Participants gave
mixed responses to the step navigation owing to the lack of signposting or menu in our sketch. They
could not see how deep the system was or what information it contained. Participants also reported
suitable or expected names for sections in order of importance, with the most salient information,
‘results’, presented first. Participants reacted positively to prioritisation features.

Round 1 requirements
The website was designed to:

l clearly convey the scope of the experiment and set respondent expectations before consent
l give a clear indication of progress through the experiment, such as pages viewed versus

pages remaining
l use section titles that were familiar and easy to understand, such as ‘audit standard’,

‘results’, ‘recommendations’
l prioritise salient feedback over less critical information, such as recommendations
l present the audit report as a single page.

We were also able to draw on responses to the sketches to inform ways to operationalise certain
modifications, such as optional detail (M12).

Round 2 prototypes
We built a Hypertext Markup Language (HTML) wireframe including the modification prototypes and
two additional pages to evaluate the look and feel and wording of the e-mail invitation, appropriate
pairing of icons with labels, and naming conventions for our information architecture. We published the
HTML wireframe on Github Pages (GitHub Inc., San Francisco, CA, USA) to access during the evaluation
session.We built and published a second standalone web-based mock-up of the audit report page with

TABLE 5 Summarised UCD evaluation of online experiment design

UCD
Round

Sketch version and
description

Overall sentiment, by participant

01 02 03 04 05 06 07 08 09 10 11 12 13

1 S1.0 single scrollable page,
hyperlinked table of contents
and pared-back content,
i.e. a mini-report

n/c N M M M N M – – – – – –

1 S1.1 step navigation with
guidelines first

N N N M N P M – – – – – –

1 S1.2 task-focused navigation
and breadcrumb trail

N N M N N P M – – – – – –

1 S1.3 classic global navigation
bar and left-hand secondary
navigation, ‘add to basket’
recommendations and linked
results/content

P N M M M M M – – – – – –

1 S1.4 side tabs and breadcrumb
trail navigation, inline links to
related content and ‘favourites’

M M M M P M M – – – – – –

2 E-mail invitation – – – – – – – N P M M – –

M, mixed or neutral; n/c, no comment made; N, negative; P, positive.
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all modifications switched OFF. This mock-up included a range of designs for the overall look and feel
and was shared with members of the project team only.

Round 2 findings
Positive comments from round 2 of the UCD concerned the clarity and simplicity of the e-mail wording.
Mixed, neutral and negative comments oriented around issues of trust. Participants reported that the
e-mail looked ‘too slick’ and ‘markety’. This raised questions about funding; one suggested that this was
suspicious because it didn’t look like it was from the NHS. One participant felt that the question and
answer format might be too conversational in tone and risk being dismissed by some clinicians. Participants
suggested that increasing the prominence of collaborator and funder logos in the footer may increase
trust. We also discussed the estimated completion time, considering that some would see a reduced
amount of content. We were keen to set accurate expectations about the nature of the experiment and
length of time to complete. We ultimately estimated the time to complete as 20–25 minutes. There was
confusion around terminology, with some terms being used interchangeably, such as audit criteria and
recommendations. The term ‘feedback’ was less clear than the term ‘results’. Participants reported a
preference for naming conventions that followed standard scientific terminology, such as ‘results’.

Round 2 requirements
We provided consistent information between the e-mail invitation and the landing page and ensured
that the funding body logo and collaborators were prominently presented. We simplified content
(e.g. consistent use of ‘experiment’ versus ‘study’, avoiding repetition, removing question and answer
format) and stipulated minimum system requirements. We chose to pair distinct blocks or sections of
content, identified during round 1, to individual modifications to present them as part of a complete
abridged version of an audit report. We defined baseline content in the report, including the report
title, data period, audit criterion (named ‘audit standard’) and textual performance feedback in the
‘results’ section. This was the minimum viable amount of content that could be shown when all
modifications were switched OFF.

Round 3 prototype
We built the final prototype (see Table 5), including the outcome questionnaire and peripheral pages such
as the participant information sheet and ‘top tips’, using the popular bootstrap framework. Bootstrap is
an open source toolkit for rapid development of responsive front-end prototypes using HTML, Cascading
Style Sheets, and JavaScript. Responsive websites can detect and automatically fit a range of devices and
screen resolutions. Although we did not design a platform that would be fully responsive to all devices,
we were able to adapt to a broad range of screen sizes and resolutions.We designed the user interface to
reduce differences in layouts between browsers to provide a comparable experience to all respondents.
We optimised and tested the website in modern browsers [i.e. Firefox® web browser (Mozilla Corporation,
San Fransisco, CA, USA), Google Chrome® browser, Microsoft Edge® (Microsoft Corporation, Redmond,
WA, USA) and Safari® (Apple Inc., Cupertino, CA, USA)] and legacy browsers (i.e. Internet Explorer® 7, 8,
9, 10 and 11). This restricted our application of all best-practice web development techniques, such as
progressive enhancement and accessible design. Progressive enhancement is recommended for delivering
websites that deploy enhanced features to browsers that support them so that designers can maximise
impact without compromising the experience in other browsers.

Round 3 findings
We tested each iteration of the web prototype sequentially with the six participants in UCD round 3.
We conducted end-to-end usability testing of the prototype to identify issues in the flow of the screens,
layout, content, and look and feel of the user interface. We captured audio data and took observational
notes that we analysed for emergent themes, usability issues and design suggestions. We identified
74 instances of usability issues (38 low to moderate, 36 severe to critical). Participants reported multiple
issues that we sought to address by providing clearer information pertaining to the scope and purpose of
the website on the landing page. One participant reported that they had expected the experiment to be
more involved and wished to go back and re-read everything properly. There was extensive discussion
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between the project team about the issues and implications for randomisation if users accessed the
back button. Although we could not prevent users from navigating back to the point at which they
were randomised, we could prevent them from being reallocated. Only the first set of answers would
be saved. Respondents were alerted prior to randomisation to avoid using the browser’s back button.

Round 3 requirements
We designed the landing page to include a welcome message describing the experiment’s purpose,
minimum browser requirements and expected time to complete. We designed the system to take
account of users who wished to move back and forth between pages of the experiment. We designed
a pictorial, annotated overview of the steps involved in completing the study. We incorporated a
responsive, rather than step, progress tracker that included a percentage to clearly orient the user,
reduce abandonment and increase questionnaire completion rates. We implemented a discrete
left-hand menu so users could navigate quickly to specific sections to improve the usability of the
overall report page. We aimed to provide sufficient signposting for participants to move back and
forth between the report page and the questionnaire page. We selected criteria to be a single outcome
audit criteria statement. The section was clearly titled ‘audit standard’ to address the issue, observed in
round 2, of participants mistaking the statement as feedback.

Round 3 expert evaluation
Stephanie Wilson conducted a design review on the finalised prototype to assess it for visual
consistency, typography and editorial content. The prototype and content were finalised and shared
with the developer, along with front-end code and assets. The website was built using ASP.NET Razor
Pages in Microsoft Visual Studio® (integrated development environment) with a Microsoft SQL Server®

database. Content was uploaded to the database.

Round 3 testing and deployment
We tested the front-end of the live website with eight project team members over 2 months to identify
browser inconsistencies and issues with the flow between screens, page interactions, content, exceptions,
form validation and error messages. We also wanted to ensure that the right information (i.e. the
randomisation process and participant allocation) was passed between various components of the
experiment. Project team members logged a total of 139 issues over several rounds of testing. These
were collated into a single document and passed to the development team to fix. The issues identified
fell into three main categories: functionality (n = 40), editorial content (n = 56) and cosmetic (n = 43).

Discussion

We created and evaluated a total of 63 prototypes for six feedback modifications (Table 6). Eight of these
prototypes were for the content-based modifications [specific actions (M3), effective comparators (M7)]

TABLE 6 Number of prototypes for each modification in UCD rounds 1, 2 and 3

Modification

Round

1 2 3

M3. Recommend specific actions 0 2 1

M7. Choose comparators that reinforce desired behaviour change 0 4 1

M9. Provide feedback in more than one way 11 4 1

M10. Minimise extraneous cognitive load for feedback recipients 13 4 1

M12. Provide short, actionable messages followed by optional detail 6 6 1

M16. Incorporate the patient voice 4 3 1

Total 34 23 6

FEEDBACK MODIFICATIONS FOR ONLINE RANDOMISED SCREENING EXPERIMENT (OBJECTIVE 1)

NIHR Journals Library www.journalslibrary.nihr.ac.uk

30



and 55 for the user-interface modifications [multimodal feedback (M9), cognitive load (M10), optional
detail (M12), patient voice (M16)]. Participants for the evaluation sessions were recruited from all
five audits and a range of roles. Our rigorous thematic analysis yielded positive and negative findings
regarding usability and feedback content that drove the UCD iterations.

We aimed to maximise fidelity to suggestions for effective feedback,19 selecting those that were most
amenable to evaluation within an online experiment and were priorities for further research. We used
the AACTT framework to write recommendations for action.45 We observed cognitive burden associated
with visual redundancy when viewing the same feedback in more than one way graphically (i.e. graph
plus table). Our interpretation of multimodal feedback (M9), therefore, supported user comprehension
by providing a single piece of graphical feedback alongside baseline textual feedback. We chose to test
the effects of cognitive load by altering extraneous content. We delivered actionable messages and
optional detail in a way that would be amenable to a range of user behaviours.

We followed additional suggestions to improve user experience of the online experiment. We did this
by ensuring that summary messages were closely linked to the visual display, providing supporting
evidence to improve credibility and avoiding triggers for defensive reactions. We addressed credibility
by including inline references, acknowledging that in ‘real-world’ feedback systems, users would expect
these to be linked to online contemporaneous resources such as NICE guidance. The UCD provided
insights into potential triggers for defensive reactions, guided us through all stages of our design
process and is applicable to ‘real-world’ audit programmes.

Comparisons with existing research

We have demonstrated an approach to developing components for a screening experiment that has
advantages over earlier paper-based versions70,71 in allowing participants to interact more with online
materials. These earlier experiments, however, highlighted the importance of clarifying theoretical
constructs and pathways to behaviour change. The suggestions for effective feedback that we worked
with were mainly distilled from a wide body of empirical and theoretical work and expert opinion.
However, while the suggestions were also practically focused, we discovered that we faced many
choices in considering how to operationalise them. For example, the suggestion ‘recommend actions that
can improve and are under the recipient’s control’ refers to two ways of changing feedback: focusing on
clinical areas where there is scope for improvement and focusing on actions that recipients are able to
directly influence. We faced similar, perhaps wider, ranges of choices in operationalising most other
modifications, such as effective comparators (M7) and cognitive load (M10). This is unsurprising given
that Colquhoun et al.72 identified a total of 313 theory-informed hypotheses by interviewing experts
from a wide range of behavioural and social science fields. Our formative work also lent insights into
why key features are not consistently applied to NCAs.73 For example, participants gave accounts of
the difficulties generating tailored recommendations and disregarded generic ones.

Colquhoun et al.74 designed and tested a paper prototype of a web-based A&F intervention with users
to better understand the value of UCD methods applied to community and home health-care sectors.
They found that recommendations or ‘opportunities for action’ were more meaningful to their users
than performance comparisons.74 Our participants, however, reported significant challenges with the
recommendation actionability, especially during early design sessions. The introspective nature of early
design collaboration means that participant responses may be more negative than those assessing future
systems.We, therefore, experienced a broad range of responses to several aspects of the study, from the
level of detail expected in a report to the complexity of features needed to address key tasks. Participants’
capacity to engage with content and features varied hugely, depending on resource capital, such as time or
available technology (we found that a significant proportion of NHS organisations used outdated browsers);
role; or technical ability. This reflects the breadth of the challenge in designing reports.
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Limitations

We acknowledge several limitations. First, the design and delivery of the feedback modifications
were somewhat constrained by the nature of the online experiment and information technology
systems within the NHS. Our final designs, therefore, may not represent the fully optimised ways of
delivering online feedback. However, we consider them faithful to the principles of the suggestions
for effective feedback.

Second, round 1 of the UCD used low-fidelity prototypes and only the refined prototypes in round 3
allowed fully realistic interactions. The earlier prototype may not, therefore, have given participants a
strong sense of the interaction, especially if they were expecting to see more complete designs. Notably,
some participants perceived content in the prototypes to be ‘patchy’ and incomplete. However, our
methods were in line with good UCD practice. The first round sufficiently provoked responses and
identified user needs, with relatively few restrictions imposed.

Third, each prototype modification was seen by a limited number of participants. Some prototypes were
seen by just one participant before our agile UCD process, typical of ‘in the wild’ methods, iterated
to the next version. This may have skewed design decisions towards the preferences of individual
participants and the needs of their associated roles and audits. Furthermore, some participants saw
prototypes populated with content from an audit that was not the one with which they were associated,
as it was not feasible to produce content for all audits for all prototypes.

Fourth, there was a tension between producing online feedback that credibly mimicked existing audit
reports and had ecological validity, and an excerpt that could be read in its entirety in a time-limited
experiment. Incorporating all randomised combinations of modifications in five full feedback reports
would have been unfeasible in the UCD process. Furthermore, there was a risk that participating
staff might miss or fail to work through full reports to see assigned modifications, thereby reducing
exposure to the experimental interventions. This would hinder our ability to detect any effects in an
experiment that was intended to be sensitive to such signals.

Implications for research

We faced challenges in developing a number of the modifications and hope that future research
can improve on our methods. For example, we were unable to operationalise ‘recommend actions
that can improve and are under the recipient’s control’ by comparing recipient responses to audit
criteria based on process of care or patient outcomes. We had found that paired process of care and
outcome indicators were not available for all five collaborating national audits and that including this
modification would have caused problems for programming and experiment outcome measurement.
However, NCAs generally use a range of process of care and outcome measures, with associated
advantages and disadvantages.75 On the one hand, process of care measures can be closely linked
to evidence-based clinical actions, but are of less interest to policy-makers than patient outcomes.
On the other hand, patient outcomes may not always well-reflect processes of care as they are
influenced by a wide range of patient and contextual factors. It is still uncertain whether process
of care or outcome measures are most likely to motivate feedback recipients to change behaviour.

We also welcome future work to improve on the modifications that we developed. For example, we
addressed cognitive load (M10) by only varying feedback content, with some caution about excessively
degrading the comparator feedback so it did not sufficiently represent current feedback practice.
However, we were unable to develop and apply wider stylistic and formatting features that could
also influence recipient responses to feedback.
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Summary

We prioritised and developed a set of six modifications to feedback for an online experiment. We
encountered challenges in operationalising the modifications so that they were sufficiently faithful to
the intentions of evidence- and theory-based suggestions for effective feedback. UCD work with
participants from a range of audit programmes helped ensure credibility and acceptability for the
subsequent online experiment.
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Chapter 3 A randomised fractional factorial
screening experiment to predict effective
features of audit and feedback (objective 1)

Parts of this chapter are reproduced or adapted with permission fromWright-Hughes et al.76 This is an
Open Access article distributed in accordance with the terms of the Creative Commons Attribution

(CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this work, for commercial
use, provided the original work is properly cited. See: https://creativecommons.org/licenses/by/4.0/. The text
below includes minor additions and formatting changes to the original text.

Introduction

The previous chapter described the selection and development of six modifications of feedback for
use within five different NCAs. This chapter sets out the methods and results of the online screening
experiment to explore the effects of those feedback modifications on intended enactment, user
comprehension, experience and engagement.

Methods

Study design
We conducted a randomised, online, fractional factorial screening experiment. Six modifications to
feedback were operationalised in two versions (ON/OFF) and applied within audit report excerpts for
five different national clinical audits.

Participants were randomised to receive one of 32 combinations of the modifications, stratified by
audit. After studying the audit excerpt, participants completed a short questionnaire to generate all
study outcomes. Appendix 3 provides a full example of the ENACT (Enhancing NAtional Clinical audiT
and feedback) online experiment interface. This study is reported as per the Consolidated Standards of
Reporting Trials (CONSORT) guidelines for randomised trials.

Setting and participants
We collaborated with our NCA programmes, which covered a range of clinical topics in primary and
secondary care. Three of the audits (NCABT, MINAP and TARN) each cover more than 150 acute NHS
trusts in England alone, as well as other hospital sites in the devolved nations. PICANet presently
covers 34 specialist-commissioner admission sites and can provide multiple respondents per site.
The NDA covers all (approximately 7500) general practices in England.

Each audit shared an invitation, containing the link to the online experiment, via e-mail with their
existing distribution list. These lists contain the recipients of their reports (i.e. clinicians, managers,
nurses and commissioners), all of whom were potentially eligible to participate as regular recipients
of each audits’ communications.

Prior to entering the experiment, participants could access the information sheet and were required to
confirm their consent. This page stated that we were interested in the views of anyone who received
and acted on the audit report as part of their professional role. There were no other eligibility criteria.

Participants were offered a £25 voucher and certificate of completion in recognition of their time.
At the end of the experiment, participants were offered the opportunity to view evidence-based
guidance (‘top tips’) on how to improve their own A&F practice.
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To obtain the voucher and certificate of completion, participants provided their e-mail address on completing
the experiment; to maintain anonymity, voucher and certificate requests were not linked to experiment data.

Protocol violations
After opening to recruitment, a serious risk to the integrity of the study was identified in which repeated
(i.e. duplicate) participant completion of the experiment took place. The experiment was subsequently
and temporarily closed while security was enhanced. Additional experiment entry criteria, applied prior
to randomisation, required participants to provide their NHS or Health and Social Care Northern Ireland
(HSCNI) e-mail address. This was validated to confirm that the participant had not previously completed
the experiment; the anonymity of experiment data was retained.

As participants were not uniquely identifiable within the experiment data (to maintain anonymity),
we defined a ‘contamination period’ over which repeated (i.e. duplicate) participant completion was
known to have taken place. We further explored the time spent on questionnaire and other indirect,
objective criteria with the aim of identifying and excluding repeated participation, thus providing a data
set of independent participants.

For information about the protocol violations, contamination period and how we maintained study
integrity, see Populations and Appendix 5.

Intervention
Following consent, participants indicated which audit was relevant to them, their role and organisation from a
predefined list. Participants were then randomised to be presented with one of 32 versions of the excerpt of
a modified audit report. Participants were informed that the excerpt contained hypothetical but realistic data.

Modified audit report excerpts followed a basic template. The page was titled with the relevant audit
(e.g. ‘National Diabetes Audit Report’) and a statement that the data were collected in 2018. The excerpt
showed an audit standard taken from the appropriate audit [e.g. ‘Patients with type 2 diabetes whose
haemoglobin A1c (HbA1c) level is ≥ 58 mmol/mol (7.5%) after 6 months with single-drug treatment are
offered dual therapy’] and the result [e.g. ‘Our practice achieved this standard of care for 86% (318/370)
of patients’]. Audit standards were selected with input from each relevant NCA collaborator to ensure
that they were perceived as valid and credible by experiment participants.

The remaining content was dependent on the version of feedback to which the participant had been
randomised, according to a combination of six modifications (Table 7). The six modifications are

TABLE 7 Modification factors and levels

Modification Description

Levels

ON (+ 1) OFF (–1)

A Effective comparators:
comparators that reinforce
desired behaviour change

More specific feedback: top
quarter of [sites] achieved the
audit standard for xx% of patients

Less specific feedback: mean
achievement across [sites] was xx%

B Multimodal feedback: provide
feedback in more than one way

With visual data output Without visual data output

C Specific actions: recommend
specific actions

With recommendations Without recommendations

D Optional detail: provide short,
actionable messages followed
by optional detail

With progressive disclosure/
‘further information’ section

Without progressive disclosure/
‘further information’ section

E Patient voice: incorporate
patient voice

With patient voice Without patient voice

F Cognitive load: minimise
extraneous cognitive load

Without inclusion of
extraneous information

Inclusion of extraneous information
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described in detail in Chapter 2; the implementation of the modifications in the experiment are briefly
outlined below and further illustrated in Appendix 2:

(A) Effective comparators: feedback is typically given in the context of a comparator, and comparators
can be important motivators for improvement or for maintaining high performance. The modification
was ON when showing the top 25% nationally as the comparator and OFF when showing the
mean average.

(B) Multimodal feedback: presenting feedback in different ways may help recipients develop a more
complete and memorable mental model of the information presented, allow them to interact with
the feedback in a way that best suits them and reinforce memory by repetition.19 The modification
was ON if the performance result text was accompanied by a graphical display of performance
data and OFF when the graphical display was absent.

(C) Specific actions: specification of a desired behaviour can facilitate intentions to perform that
behaviour and enhance the likelihood of subsequent action.44 The modification was ON if the
feedback provided specific recommendations for action (i.e. who needs to do what, differently,
with/to whom, where and when) and OFF when such recommendations were absent.

(D) Optional detail: it is recommended that feedback designers provide short, actionable messages
with optional information available for interested recipients. The credibility of feedback can be
enhanced if recipients are able to ‘drill down’ to better understand their data.19,68 The modification
was ON if short messages with clickable, expanding links to explanatory detail were included and
OFF when these links were absent.

(E) Patient voice: HQIP guidance for best practice in clinical audit recommends that PPI be included
throughout the audit process as a marker of quality.68 In principle, explicitly linking patient
experience to audit standards may highlight the importance of providing high-quality care and,
hence, increase motivation to improve practice. The modification was ON when a text box
including a quotation from and a photograph of a fictional patient was added and OFF when the
text was absent. The text described their experience of care, where possible, directly related to the
associated audit standard.

(F) Cognitive load: poorly presented and excessively complex feedback risks being misunderstood,
discounted or ignored by recipients.54 The modification was ON when distracting detail was
absent, reducing cognitive load. The modification was OFF if distracting detail was added
(i.e. additional general text not directly related to the audit standard and feedback on other
audit standards).

Experimental design

A full factorial design would require 26 = 64 combinations of the six modifications. We used a half
fraction of the full design (i.e. 32 combinations) to maximise information while minimising complexity.
This design allowed for the estimation of all main effects and two-factor interactions under the
assumption that four-way and higher-order interactions are negligible. Three-way interactions were
aliased (completely confounded). The design was near orthogonal to minimise the sample size required
to detect the main effect of each modification.

We generated our fractional factorial design,77,78 denoted , using the defining relation I = ABCDEF
and design generator F = ABCDE, with each level of the modifications (A, B, C, D, E, F) coded as
–1 (OFF) or +1 (ON) (Table 8 and Box 3).

Under this design, the main effect of modification F is aliased (completely confounded) with the interaction
between modifications A, B, C, D and E. It follows that each main effect is aliased with a fifth-order
interaction, each two-factor interaction is aliased with a fourth-order interaction, and each three-factor
interaction is aliased with another third-order interaction (see Box 3). To disentangle these effects,
under the sparsity of effects principle,79 it is assumed that higher-order interactions are negligible.
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TABLE 8 Half replicate of the 26 factorial in blocks of 16

Blocking
factora

Combination
ID

Number of
modifications ‘ON’

Modifications
ON

Modification ON (+ 1) or OFF (–1)

A B C D E Fb

B1 C01 0 (1) None –1 –1 –1 –1 –1 –1

B1 C02 2 DE –1 –1 –1 1 1 –1

B1 C03 2 CE –1 –1 1 –1 1 –1

B1 C04 2 CD –1 –1 1 1 –1 –1

B1 C05 2 BF –1 1 –1 –1 –1 1

B1 C06 4 BDEF –1 1 –1 1 1 1

B1 C07 4 BCEF –1 1 1 –1 1 1

B1 C08 4 BCDF –1 1 1 1 –1 1

B1 C09 2 AF 1 –1 –1 –1 –1 1

B1 C10 4 ADEF 1 –1 –1 1 1 1

B1 C11 4 ACEF 1 –1 1 –1 1 1

B1 C12 4 ACDF 1 –1 1 1 –1 1

B1 C13 2 AB 1 1 –1 –1 –1 –1

B1 C14 4 ABDE 1 1 –1 1 1 –1

B1 C15 4 ABCE 1 1 1 –1 1 –1

B1 C16 4 ABCD 1 1 1 1 –1 –1

B2 C17 2 EF –1 –1 –1 –1 1 1

B2 C18 2 DF –1 –1 –1 1 –1 1

B2 C19 2 CF –1 –1 1 –1 –1 1

B2 C20 4 CDEF –1 –1 1 1 1 1

B2 C21 2 BE –1 1 –1 –1 1 –1

B2 C22 2 BD –1 1 –1 1 –1 –1

B2 C23 2 BC –1 1 1 –1 –1 –1

B2 C24 4 BCDE –1 1 1 1 1 –1

B2 C25 2 AE 1 –1 –1 –1 1 –1

B2 C26 2 AD 1 –1 –1 1 –1 –1

B2 C27 2 AC 1 –1 1 –1 –1 –1

B2 C28 4 ACDE 1 –1 1 1 1 –1

B2 C29 4 ABEF 1 1 –1 –1 1 1

B2 C30 4 ABDF 1 1 –1 1 –1 1

B2 C31 4 ABCF 1 1 1 –1 –1 1

B2 C32 6 ABCDEF 1 1 1 1 1 1

ID, identifier.
a Block pseudo-factor confounding rules: [B1] =ABF =CDE. In this block design, the two blocks are made up of the 24

factorial design for modifications A, B, C and D.
b Defining relation F =ABCDE.
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We further partitioned the design, with 32 combinations of modifications, into two blocks of 16, using an
additional alias pair, [B1] = ABF = CDE, to ensure that modifications were balanced (i.e. each modification
has the same number participants at each level) and orthogonal (i.e. the sum of the product of any two or
more modifications is 0) within each block of 16 participants (see Table 8 and Box 3).

Randomisation and masking

Participants were allocated to one of the 32 combinations of modifications to the audit report excerpt,
with equal allocation using block randomisation, stratified by audit. The design was replicated in blocks
of the 32 combinations, each partitioned into two blocks of 16. The randomisation lists were prepared
by the statistician and incorporated into the website by the programmer. Remaining study personnel
remained blind to allocation. Participants were, by nature of the experiment, exposed to the randomised
audit report; however, they were not informed of the modifications or the combination of modifications
to which they had been allocated.

Data collection

After studying the audit report excerpt, participants were asked to complete a short, one-page, 12-item
questionnaire, displayed within the experiment. Participants were able to return to the excerpt, if desired.
All 12 items were compulsory, and participants were unable to progress to the next page unless all
questions had been answered, with the exception of an optional question eliciting a free-text response.
Each item, with the exception of participants role in relation to the audit standard and optional further
detail, was completed using a seven-point Likert scale (completely agree, strongly agree, somewhat agree,
neither agree nor disagree, somewhat disagree, strongly disagree, completely disagree). Table 9 provides
a summary of items within the questionnaire across audits, and Appendix 3 presents the questionnaire as
displayed within the experiment for the NDA.

The total time spent on both the audit report excerpt and the questionnaire, to the nearest half-second,
was also recorded and constituted additional experiment diagnostic data. This included the cumulative
time spent on each page should a participant move back and forth between the audit and questionnaire.
The total number of ‘clicks’ made on the audit page was also available.

Appendix 2 provides screenshots of the different experimental conditions prepared for the five different
NCAs; Appendix 3 provides screenshots of the website from landing to completion as presented to
participants, using NDA content as an example.

We monitored responses to the experiment using a dashboard (see Appendix 8).

BOX 3 Alias structure of the half replicate of the 26 factorial design

Alias structure

0=ABCDEF, A= BCDEF, B=ACDEF, C=ABDEF, D=ABCEF, E=ABCDF, F=ABCDE.

AB=CDEF, AC= BDEF, AD= BCEF, AE= BCDF, AF= BCDE, BC=ADEF, BD =ACEF, BE=ACDF,

BF=ACDE, CD=ABEF, CE=ABDF, CF=ABDE, DE=ABCF, DF=ABCE, EF=ABCD.

ABC=DEF, ABD=CEF, ABE =CDF, [B1]=ABF=CDE, ACD= BEF, ACE= BDF, ACF= BDE, ADE= BCF,

ADF= BCE, AEF= BCD.
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TABLE 9 Online questionnaire development

We are now going to ask you some questions about this audit report excerpt. Please feel free to look at the audit page
again if you wish

Some of the questions may seem similar; bear with us, this is deliberate for methodological rigour

Our initial questions concern the audit standard:

l NCABT – clinical staff should prescribe tranexamic acid for surgical patients expected to have moderate or more
significant blood loss, unless contraindicated

l NDA – adults with type 2 diabetes whose HbA1c level is 58mmol/mol 7.5% or above after 6 months with single-drug
treatment are offered dual therapy

l MINAP – adults with non-ST-segment elevation myocardial infarction or unstable angina who have an intermediate
or higher risk of future adverse events are offered coronary angiography (with follow-on percutaneous coronary
intervention, if indicated) within 72 hours of first admission to hospital

l PICANet – minimising the number of unplanned extubations for paediatric intensive care patients per 1000 days of
invasive ventilation

l TARN – patients who have had urgent three-dimensional imaging for major trauma have a provisional written
radiology report within 60 minutes of the scan

Q1: which of these descriptions best describes your role in relation to this audit standard?

[I have responsibilities for providing directing clinical care, I have responsibilities for the clinical care that my
organisation or team provides, both of the above, neither of the above]

Considering the time and resources available to you and other clinical priorities, please indicate how much you agree
or disagree with the following statements

[Completely agree, strongly agree, somewhat agree, neither agree nor disagree, somewhat disagree, strongly disagree,
completely disagree]

Q2: over the next 3 months,
I intend to ensure . . .

l NCABT: that surgical patients expected to have moderate or more significant blood
loss, unless contraindicated, are prescribed tranexamic acid

l NDA: that patients with type 2 diabetes whose HbA1c level is 58mmol/mol or
above following 6 months with single-drug treatment are offered dual therapy

l MINAP: that patients who have an intermediate or higher risk of future adverse
cardiovascular events are offered coronary angiography (with follow-on
percutaneous coronary intervention, if indicated) within 72 hours of first admission
to hospital

l PICANet: we minimise unplanned extubations
l TARN: that patients who have had urgent three-dimensional imaging for major

trauma have a provisional written radiology report within 60 minutes of the scan

Q3: over the next 3 months,
I want to ensure . . .

Q4: over the next 3 months,
I expect to ensure . . .

Q5: I will bring this audit result to the attention of my colleagues within the next 3 months

Q6: I will set goals to work towards our performance for this standard within the next 3 months

Q7: I will formulate an action plan towards performance on this standard within the next 3 months

Q8: I will review my performance in relation to this standard within the next 3 months

Q9: are there any further steps or actions you will take in your hospital to meet this audit standard? [Free text and
optional]

The following statements concern your experience of the audit report excerpt. Please indicate to what extent you
agree or disagree with the following statements

[Completely agree, strongly agree, somewhat agree, neither agree nor disagree, somewhat disagree, strongly disagree,
Completely disagree]

Q10: I found the information in this audit report excerpt easy to understand

Q11: this audit report excerpt met my information needs

Q12: this online (interface) audit report excerpt was easy to use
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Outcomes

Primary outcome
The primary outcome was participant strength of intention in relation to the target behaviour80

specified in each of the audit-specific materials presented.

A systematic review of the literature on intention–behaviour relations demonstrated ‘a predictable
relationship between the intentions of a health professional and their subsequent behaviour’.81 We
recognised that (1) there is almost no intention–behaviour gap when intention is low, (2) there will
be an intention–behaviour gap when perceived control over the behaviour is low and (3) there is an
intention–behaviour gap when intention to do the ‘right’ thing (i.e. social desirability) is high. Although
intention has a limited ability to predict subsequent behaviourr,82 it can be informative in intervention
development and early evaluation.23

We anticipated social desirability bias in responses. The randomised design ensured that this was
balanced across the different combinations of modifications to the audit report excerpts. We aimed
to minimise unintended ‘loading’ of potential responses of intention due to social desirability bias
by presenting the target behaviour in the context of other behaviours that would be appropriate,84

including the introductory statement, ‘Considering the time and resources available to you and other
clinical priorities . . . ’, and anchoring items over ‘the next three months’.

Intention was measured using three items (Q2–4 in Table 9, beginning with the stem statements
‘I intend’, ‘I want’ and ‘I expect’).81,83 Each item used the same template and was followed by the
appropriate audit standard, for example ‘Over the next 3 months, I [intend/want/expect] to ensure that
our patients with type 2 diabetes whose HbA1c level is 58 mmol/mol or above following 6 months with
single-drug treatment are offered dual therapy’. Responses to each item followed a seven-point Likert
scale and were scored –3 (completely disagree) through to +3 (completely agree); positive scores
indicated greater intention.

Previous testing of these stems indicated that they measure the same concept, with Cronbach’s alpha
values > 0.9.84,85 We calculated the mean value across the three items to provide a measure of overall
intention as the primary outcome.

Secondary outcomes
Proximal (‘upstream’) intention outcomes evaluated participants’ intention to undertake other actions
in response to the feedback: bring the audit result to the attention of colleagues, set goals, formulate
an action plan and review personal performance in relation to the audit standard. We defined these
as ‘proximal’ outcomes on the assumption that they would generally precede actual enactment of the
audit standard (i.e. the primary outcome). Responses to each item followed a seven-point Likert scale
and were scored –3 (completely disagree) through to +3 (completely agree); positive scores indicated
greater intention. Space was also provided for participants to report any further steps or actions that
they would take to meet the audit standard.

Comprehension was evaluated using a single item (‘I found the information in this audit report excerpt
easy to understand’) adapted from the website evaluation questionnaire (WEQ), a standardised
questionnaire developed to evaluate website quality.86 Responses followed a seven-point Likert scale
and were scored –3 (completely disagree) through to +3 (completely agree); positive scores indicated
higher comprehension.

User experience was defined as a ‘person’s perceptions and responses resulting from the use and/or
anticipated use of a product’87 We use the positively worded two-item Lite version of the Usability
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Metric for User Experience questionnaire (UMUX-LITE)88 to evaluate whether or not the audit report
and online interface were both useful and useable:

l This audit report excerpt met my information needs.
l This online audit report excerpt was easy to use.

These items were selected to minimise time, cost and user effort,89 while also providing a proxy for the
longer and more commonly used System Usability Scale (SUS).88,90

Responses followed a seven-point Likert scale and were scored –3 (completely disagree) through to
+3 (completely agree); positive scores indicated better user experience. We calculated the mean value
across the two items to provide a measure of overall user experience.

Additional outcomes
User engagement was measured by experiment diagnostics, including the length of time (in seconds)
spent working through each combination of modifications and the number of ‘clicks’ within the audit
report excerpt.

Sample size
Assuming similar effects of each modification across audits and roles, a total of 500 participants across
the five NCAs provided 90% power to detect small to moderate main effects [i.e. 0.3 standard deviations
(SDs)] for each modification (two-sided 5% significance test). This also provided approximately 80%
power to detect main effects of 0.25 SDs and 70% to detect main effects of 0.22 SDs. No allowance
for loss to follow-up was required, as data were collected at one time point only. Recruitment was
permitted to exceed the 500 participant target, up to an overall maximum of 1200 participants and
480 participants per audit (15 replications of the 32 combinations of modifications). This increased the
power to evaluate potential interaction effects within available resources. A 4-month recruitment period
was originally planned.

Statistical analysis
All study data were extracted by City University, London (London, UK), and securely transferred to the
Leeds Institute of Clinical Trials Research (Leeds, UK) for analysis. Analyses were conducted in SAS
software, version 9.4 (SAS Institute Inc., Cary, NC, USA). The final version of a prespecified statistical
analysis plan was approved prior to analysis commencing.

Populations
The intention-to-treat (ITT) population consisted of all randomised participants, grouped according to
the combination of modifications they were randomised to receive, regardless of whether or not they
completed the experiment.

Two modified ITT populations were defined owing to the detection of repeated participant experiment
completion (see Appendix 4). As participants were not uniquely identifiable within the experiment data
(to maintain anonymity), indirect, objective criteria were used to define the modified ITT populations,
aiming to ensure the inclusion of unique participants.

The primary modified ITT population excluded all participants recruited during the contamination
period. This is a conservative population, known to exclude a significant proportion of valid participants
alongside repeated participation.

The secondary modified ITT population excluded participants who completed the experiment
questionnaire in an unfeasibly fast time to allow for valid completion. A cut-off point of 20 seconds
for questionnaire completion times was established according to a clear distinction in the distribution
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of questionnaire completion times for participants recruited within the contamination period (see
Appendix 4, Table 30 and Figure 31).

Statistical considerations
Primary analysis was conducted on the primary modified ITT population, regardless of completion of
the experiment or outcomes. An overall two-sided 5% significance level was used for all outcomes
unless otherwise stated.

Distributional assumptions
Questionnaire responses followed a seven-point Likert scale, scored on an integer scale as –3 (completely
disagree) through to +3 (completely agree); responses were quantitative with interval properties. Positive
scores represented greater agreement with statements indicating intention, comprehension and user
experience related to the audit report excerpt.

A continuous distribution was assumed for all outcomes; however, we anticipated that responses
would likely be highly skewed because of social desirability bias. We explored the distribution of all
outcomes using descriptive statistics and graphical display without reference to audit, participant role
or randomised allocation.

We undertook appropriate model diagnostics to check the appropriateness of the distributional
assumptions and validity of the statistical modelling. Based on the distribution of residuals within our
analysis models, if approximate normality could not be assumed, we planned to dichotomise outcomes
to form a meaningful binary outcome of agreement; however, diagnostic plots indicated approximate
normality of residuals (see Appendix 6, Figure 46).

Covariates
Alongside the modifications under investigation, covariates for statistical analysis models included:

l Audit – MINAP, NCABT, NDA, PICANet, TARN. The audit with the largest number of randomised
participants (i.e. NDA) forms the reference category.

l Randomised design block – block 1, block 2; using effect coding (–1, +1).
l Role – clinical (allied health professional, fully trained doctor, manager, nurse or nurse specialist,

training doctor) or non-clinical (manager, audit and administration staff). Clinical roles formed the
reference category.

Audit and role are included as covariates to allow direct estimation of effects. A randomised design
block, generated by [B1] = ABF = CDE, is included as a covariate to account for its role in the design of
the experiment; it is therefore considered a ‘nuisance’ parameter, rather than one of direct interest.

Primary outcome analysis
To identify and screen for potentially active modifications, the six experimental modifications and
covariates (audit, design block, role) were included as independent variables in a multivariable linear
regression model for the primary outcome.

Effect coding (–1, +1) was used for each modification to ensure that parameter estimates for all
modifications and their interactions provide the main effect (rather than simple pairwise effect), that is
the effect averaged across all combinations of levels of the other modifications. Parameter estimates
are therefore on the same scale, unbiased and represent half the main, two-way and three-way
modification interaction effects.

Analysis used a multistage approach. Available complete data were used to identify important
modifications and interactions. The resulting model from available complete data was then applied
using the primary modified ITT population, with multiply imputed missing data.
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Stage 1: model selection using available complete data
We included main effects and two-way interactions of modifications in an ‘initial’ model, alongside key
covariates and randomised design factors as follows (Table 10): randomised design block, audit, role,
modification and two-way modification interactions.

As the experiment included replicated runs, we used the lack-of-fit test to obtain an unbiased, pure
error estimate of the error variance and test the hypothesis that our ‘initial’ model was adequate.

Where lack of fit was observed, we used stepwise selection to identify additional important
interactions (see Table 10) to include in a ‘full’ model. We used traditional entry and removal selection
criteria based on a 15% significance level of the F statistic, reflecting the effect’s contribution to the
model fit when it is added or removed, respecting the hierarchy of effects. The consistency of model
selection using Akaike information criterion (AIC) and Bayesian information criterion (BIC) was explored.

Using the ‘initial’ or ‘full’ model as applicable, we identified the most important modifications78,91 by
ranking the absolute standardised effect sizes of model parameters using Pareto and half-normal plots
for each outcome. Based on the principle that a small number of parameters account for a large portion
of the effect, Pareto plots provide a tool to separate the few vital factors from the many trivial ones.

A final ‘parsimonious’ model was obtained using backward selection (removal based on 15% significance
level of the F statistic, respecting the hierarchy of effects) to simplify the model, while retaining
important parameters identified via the Pareto plot, audit and randomised design block.

Type III sums of squares, mean squares and p-values are presented for overall effects and analysis
of variance (model and lack of fit) in Results, informing the parameters included in the ‘initial’, ‘full’, and
‘parsimonious’ models.

TABLE 10 Parameters in the ‘initial’, ‘full’ and ’imputation’ models

df Model parameters Imputation model

Initial model

1 Intercept ✓

1 Randomised design block ✓

4 Audit (MINAP, NCABT, PICANet and TARN vs. NDA) ✓

1 Role (Non-clinical vs. Clinical) ✓

6 Modification main effects (A, B, C, D, E, F) ✓

15 Two-way modification interactions (A*B, A*C, . . .) ✓

Full model: potential additional interactions (if lack of fit present)

24 Modifications*Audit (A*MINAP, A*NCABT, . . .) ✓

6 Modifications*Role (A*Non-clinical, B*Non-clinical, . . .) ✓

4 Audit*Role (MINAP*Non-clinical, NCABT* Non-clinical, . . .) ✓

9 Three-way modification interactions (A*B*C, A*B*D, . . .) ✓

60 Two-way modification interactions*Audit (A*B*MINAP, A*B*NCABT, . . .) ✓

15 Two-way modification interactions*Role (A*B*Non-clinical, A*C*Non-clinical, . . .) ✓

60 Two-way modification interactions*Audit*Role (A*B*MINAP*Non-clinical, . . .)

36 Three-way medication interactions*Audit (A*B*C*MINAP, . . .)

9 Three-way modification interactions*Role (A*B*C*Non-clinical, . . .)

36 Three-way modification interactions*Audit*Role (A*B*C* MINAP*Non-clinical, . . .)

df, degrees of freedom.
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Stage 2: primary intention-to-treat analysis
Primary analysis was based on the primary modified ITT population, using multiple imputation to
account for missing outcome data.

We used the fully conditional specification (FCS), also known as multivariate imputation by chained
equations,92,93 predictive mean-matching method of multiple imputation to impute missing data. A
single missing data model was used to generate 50 imputations across all missing outcomes, with
the following predictors (see Table 10): outcome, audit, role, audit*role interaction and modification
(main effects, two- and three-way interactions). Additional interactions between modifications with
audit and role were applied where model convergence allowed and included interactions between
the modification main effects and two-way interactions, with audit and with role.

The models containing important effects identified via the analysis of available complete data were
applied to the primary modified ITT population with multiply imputed missing data. Pareto plots from
the ‘initial’ or ‘full’ model, as applicable, were compared to ensure that the appropriate parameters
were included in the ‘parsimonious’ model. Where there were differences in the parameters meeting
the threshold for inclusion from the analysis of available complete data and the primary modified
ITT population, an inclusive approach was taken and parameters included from either analysis were
included in the primary ITT ‘parsimonious’ model.

Presented parameter estimates, associated standard errors and p-values were calculated using Rubin’s
rules.94 Predicted plots are presented to illustrate the direction and strength of effect for identified
main effects and interactions.

Secondary outcome analysis
The analysis strategy for secondary outcomes followed that of the primary outcome. Summary
statistics were used to explore the length of time spent working through and engagement with the
audit report by modifications and audit.

Sensitivity analysis
Sensitivity analysis using the available complete data in the secondary modified ITT population
explored the consistency of findings across analysis populations for the primary outcome.

Results

Recruitment
A total of 1241 randomisations were carried out across two recruitment phases (see Figure 9):
967 (77.9%) from 10 to 30 April 2019, including the randomisations during the contamination period;
and a further 274 (22.1%) from 5 September to 18 October 2019.

The primary modified ITT population comprised 638 (51.4%) randomisations and excluded all
603 (48.6%) from the contamination period (Figure 8 and Table 11, for a detailed breakdown,
see Table A.6). A larger proportion of randomisations occurred within the contamination period for
the NDA, 380 (65.1%), than for the other NCAs. The secondary modified ITT population comprised
961 (77.4%) randomisations and excluded 280 (22.6%) where the questionnaire was completed in
< 20 seconds.

Participation across audits in the primary and secondary modified ITT populations comprised,
respectively, 204 (32%) and 457 (47.6%) randomisations in the NDA, 178 (27.9%) and 211 (22%) in
MINAP, 118 (18.5%) and 130 (13.5%) in TARN, 102 (16%) and 129 (13.4%) in NCABT, and 36 (5.6%)
and 34 (5.5%) in PICANet (Figure 9).
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Started experiment
(n = 1566)

Randomised
(n = 1241)

Completed experiment of all randomised
(n = 1113; 89.7%)

Exit during audit
(n = 9; 1.4%)

MINAP
(n = 267; 21.5%)

NCABT
(n = 175; 14.1%)

NDA
(n = 584; 47.1%)

PICANet
(n = 69; 5.6%)

TARN
(n = 146; 11.8%)

Exit during
questionnaire
(n = 63; 9.9%)

Viewed questionnaire
(n = 629; 98.6%)

Completed experiment
(n = 566; 88.7%)

Viewed questionnaire
(n = 946; 98.4%)

Completed experiment
(n = 833; 86.7%)

Exit during audit
(n = 15; 1.6%)

Exit during
questionnaire

(n = 113; 11.8%)

Primary modif ied ITT population,
excluding participation during

contamination period
(n = 638)

• MINAP, n = 178 (27.9%)
• NCABT, n = 102 (16.0%)
• NDA, n = 204 (32.0%)
• PICANet, n = 36 (5.6%)
• TARN, n = 118 (18.5%)

• MINAP, n = 211 (22.0%)
• NCABT, n = 129 (13.4%)
• NDA, n = 457 (47.6%)
• PICANet, n = 34 (3.5%)
• TARN, n = 130 (13.5%)

Secondary modif ied ITT population,
excluding infeasible questionnaire

completers
(n = 961)

Agreed to participate
(n = 1375; 87.8%)

• Opened the information sheet, n = 152 (11.1%)

FIGURE 8 Experiment summary: participant flow.

TABLE 11 Number of participants in each population by audit

Participants

Audit, n (%)

Total, n (%)MINAP NCABT NDA PICANet TARN

Participant in primary modified ITT population?

Yes 178 (66.7) 102 (58.3) 204 (34.9) 36 (52.2) 118 (80.8) 638 (51.4)

No (recruited during contamination period) 89 (33.3) 73 (41.7) 380 (65.1) 33 (47.8) 28 (19.2) 603 (48.6)

Participant in secondary modified ITT population?

Yes 211 (79.0) 129 (73.7) 457 (78.3) 34 (49.3) 130 (89.0) 961 (77.4)

No (completed questionnaire in < 20 seconds) 56 (21.0) 46 (26.3) 127 (21.7) 35 (50.7) 16 (11.0) 280 (22.6)

Total randomisations 267 (100) 175 (100) 584 (100) 69 (100) 146 (100) 1241 (100)
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A total of 617 (49.7%) randomisations were included in both the primary and secondary modified ITT
populations, and 259 (20.9%) were excluded from both populations (Appendix 5, Table A.5).

Participant characteristics

Primary modified intention-to-treat population
Most participants were from hospital trusts (64.9%) or general practices (29.6%), with < 5% being from
commissioning and community health-care trusts (Table 12). Over 90% of participants from MINAP,
NCABT, PICANet and TARN were from hospital trusts, whereas almost 90% of participants from the
NDA were from a general practice.

Over half of the participants reported having a clinical role, 27.3% were managers and 17.6% had an
audit- or administration-related role. Almost 70% of participants completing the experiment reported
responsibilities for providing clinical care. Almost 90% of participants in NCABT were in a clinical role,
compared with around 50% in the MINAP, PICANet and TARN audits and one-third in the NDA.

Over half of participants in the NDA were managers, compared with 22% for TARN and < 15% for MINAP,
NCABT and PICANet. Around one-third of participants were in audit and administration roles for the
MINAP and PICANet audits, compared with 20% in TARN and < 10% in the NDA and NCABT audits.

TABLE 12 Participant organisation and role by audit

Audit, n (%)
Total
(N= 638),
n (%)

MINAP
(N= 178)

NCABT
(N= 102)

NDA
(N= 204)

PICANet
(N= 36)

TARN
(N= 118)

Organisation

Commissioning 1 (0.6) 0 (0.0) 15 (7.4) 1 (2.8) 10 (8.5) 27 (4.2)

Community health-care trust 3 (1.7) 2 (2.0) 1 (0.5) 1 (2.8) 1 (0.8) 8 (1.3)

General practice 4 (2.2) 1 (1.0) 183 (89.7) 1 (2.8) 0 (0.0) 189 (29.6)

Hospital trust 170 (95.5) 99 (97.1) 5 (2.5) 33 (91.7) 107 (90.7) 414 (64.9)

Role

Clinical 85 (47.8) 91 (89.2) 86 (42.2) 21 (58.3) 69 (58.5) 352 (55.2)

Allied health professional 1 (0.6) 30 (29.4) 9 (4.4) 0 (0.0) 5 (4.2) 45 (7.1)

Nurse or nurse specialist 62 (34.8) 59 (57.8) 39 (19.1) 3 (8.3) 6 (5.1) 169 (26.5)

Fully trained doctor 19 (10.7) 2 (2.0) 37 (18.1) 18 (50.0) 58 (49.2) 134 (21.0)

Training doctor 3 (1.7) 0 (0.0) 1 (0.5) 0 (0.0) 0 (0.0) 4 (0.6)

Manager 27 (15.2) 10 (9.8) 107 (52.5) 4 (11.1) 26 (22.0) 174 (27.3)

Audit and administration 66 (37.1) 1 (1.0) 11 (5.4) 11 (30.6) 23 (19.5) 112 (17.6)

Responsible for clinical care

Yes 82 (51.9) 68 (73.1) 142 (82.6) 25 (75.8) 77 (70.0) 394 (69.6)

Direct clinical care 28 (17.7) 2 (2.2) 39 (22.7) 10 (30.3) 12 (10.9) 91 (16.1)

Of organisation or team 39 (24.7) 63 (67.7) 74 (43.0) 6 (18.2) 28 (25.5) 210 (37.1)

Both 15 (9.5) 3 (3.2) 29 (16.9) 9 (27.3) 37 (33.6) 93 (16.4)

No 76 (48.1) 25 (26.9) 30 (17.4) 8 (24.2) 33 (30.0) 172 (30.4)

Missinga 20 9 32 3 8 72

a Participants not completing the online experiment are missing.
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Participant characteristics across populations
In the primary modified ITT population, the proportion of participants from hospital trusts (64.9%) was
larger and the proportion of participants from general practice (29.6%) smaller than that in either the
whole randomisation population (the corresponding figures being 41.3% and 45%, respectively) or the
secondary modified ITT population (49.8% and 44.8%, respectively; Appendix 5, Table A.6). This was
largely because the contamination period coincided with the distribution of the experiment for the
NDA, of which GPs were the main recipients. A similar but less distinct pattern was observed by role,
with the proportion of managers in the primary modified ITT population (27.3%) being smaller than that
in both the total randomisation population (34.7%) and the secondary modified ITT population (36.2%).

Randomisation

Primary modified intention-to-treat population
A similar number and proportion of participants were randomised to each of the 32 combinations of
modifications and, as a result, to each of the modifications (ON or OFF), both within and across audits
(Figure 10, Appendix 5 ENACT Experiment Example Tables A.7–8). In the PICANet audit, owing to
the small number of participants recruited and exclusions over the contamination period, only 6 of
32 combinations were replicated and there were six combinations with no participants.
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FIGURE 10 Randomly allocated modifications and modification combination by audit: (a) modification combination and
(b) modification ON or OFF.
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Randomisation across populations
Similar proportions of participants were allocated to each version of modifications and combination
of modifications within audits across all populations. There was greater variability in the number of
participants allocated to each of the 32 modification combinations within the secondary modified ITT
population; however, the proportion of participants with each version of modifications (ON or OFF)
was relatively stable across populations (Appendix 5, Tables A.7–8, Figures A.3–4).

Experiment completion

Primary modified intention-to-treat population
The experiment was completed for 566 (88.7%) participants; the majority dropped out when reaching
the experiment questionnaire, rather than while viewing the audit report (see Figure 9).

Non-completers (n = 72, 11.3%) constituted a larger proportion of participants than completers in the
NDA, in a manager role and in general practice (Table 13). Conversely, completers constituted a larger
proportion of participants in the TARN audit, in clinical roles and in a hospital trust. Non-completion
rates were similar overall across modifications (ON or OFF), ranging from 9.7% [when multimodal
feedback (modification B) was included] to 12.5% [when optional detail (modification D) and patient
voice (modification E) were included] (Appendix 5, Table 38 and Figure 35).

TABLE 13 Participant experiment completion for the primary modified ITT population

Participant completed experiment

Total (N= 638)Yes (N= 566) No (N= 72)

Audit, n (%)

MINAP 158 (27.9) 20 (27.8) 178 (27.9)

NCABT 93 (16.4) 9 (12.5) 102 (16.0)

NDA 172 (30.4) 32 (44.4) 204 (32.0)

PICANet 33 (5.8) 3 (4.2) 36 (5.6)

TARN 110 (19.4) 8 (11.1) 118 (18.5)

Role, n (%)

Allied health professional 39 (6.9) 6 (8.3) 45 (7.1)

Nurse or nurse specialist 156 (27.6) 13 (18.1) 169 (26.5)

Fully trained doctor 128 (22.6) 6 (8.3) 134 (21.0)

Training doctor 3 (0.5) 1 (1.4) 4 (0.6)

Manager 141 (24.9) 33 (45.8) 174 (27.3)

Audit and administration 99 (17.5) 13 (18.1) 112 (17.6)

Organisation, n (%)

Commissioning 24 (4.2) 3 (4.2) 27 (4.2)

Community health care trust 5 (0.9) 3 (4.2) 8 (1.3)

General practice 160 (28.3) 29 (40.3) 189 (29.6)

Hospital trust 377 (66.6) 37 (51.4) 414 (64.9)
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Participants spent a median of 66.5 (IQR 31–136) seconds on the audit report and 159 (IQR 97.5–255.5)
seconds completing the questionnaire. Participants who dropped out during the questionnaire spent a
median of 45 (IQR 24–111) seconds on the audit report, compared with 69 (IQR 33–139) seconds in the
case of those completing the experiment. Participants in the NDA spent the least amount of time on the
audit report and questionnaire compared with other audits (Appendix 4, Tables 31 and 32).

Experiment completion across populations
A similar distribution of characteristics and completion rates across modifications was observed for
each population (Appendix 4, Tables 31 and 32, and Appendix 5, Tables 37 and 38).

Outcomes

Primary modified intention-to-treat population
The distribution of participants’ responses was variable across the outcomes; however, a negative skew,
due to a ceiling effect for higher levels of agreement, is present across all outcomes (Figures 11 and 12).
A greater skew with higher levels of agreement can be seen for the ‘want to ensure’ component of the
primary intention outcome, for the proximal intention outcome to bring the audit report to the attention
of colleagues, comprehension and user experience.

Responses for two user experience components, ‘information met needs’ and ‘report easy to use’, were
fairly consistent, with a Cronbach’s alpha of 0.85 and correlation of 0.75, suggesting that there was
adequate internal consistency and reliability across the components (Appendix 5, Figure 34).

TABLE 13 Participant experiment completion for the primary modified ITT population (continued )

Participant completed experiment

Total (N= 638)Yes (N= 566) No (N= 72)

Time on audit report (seconds)

N 566 63 629

Missing, n 0 9 9

Median (range) 68.5 (0.5–6762.0) 45.0 (2.5–70,512.0) 66.5 (0.5–70,512.0)

IQR 33.0–138.5 23.5–110.5 31.0–136.0

Number of clicks on audit report

N 566 63 629

Missing, n 0 9 9

Mean (SD) 2.3 (5.34) 1.8 (1.50) 2.2 (5.09)

Median (range) 1.0 (1.0–99.0) 1.0 (1.0–8.0) 1.0 (1.0–99.0)

IQR 1.0–2.0 1.0–2.0 1.0–2.0

Time on questionnaire (seconds)a

N 566 – 566

Missing, n 72 – 72

Median (range) 159.0 – 159.0

IQR 97.5–255.5 – 97.5–255.5

> 20 seconds on questionnaire, n (%)

Yes 545 (96.3) – 545 (96.3)

No 21 (3.7) – 21 (3.7)

a Time on questionnaire is not applicable for participants who did not complete the experiment.
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Primary outcome
Responses for three primary components, ‘I intend’, ‘I want’ and ‘I expect’, were fairly consistent across
all participants, with higher intention observed for ‘I want’ and a more uniform distribution of responses
across the neutral and agreement end of the scale for ‘I intend’ and ‘I expect’ to ensure that the audit
standard is met (see Figure 11). The Cronbach’s alpha value, 0.85, and pairwise correlation coefficients
suggest that there was adequate internal consistency and reliability across the components (Figure 13).

The distribution of the primary outcome (combined on a scale of –3, completely disagree, to +3, completely
agree) by audit shows variability in responses across the audits, with a more similar distribution across
NDA, TARN and MINAP, albeit with the greatest intention observed in MINAP (Table 14 and Figure 14).
There were fewer participants reporting the highest levels of agreement in the NCABT audit and, owing to
the low number of respondents from PICANet, the distribution is relatively sparse.

Clinical participants reported higher levels of intention than non-clinical participants in manager or
audit and administration roles (see Table 14 and Figure 14).

The distribution of the primary outcome varied across the versions of the modifications (Figure 15;
see also Table 14). The greatest differences in the median level of intention were observed for the
modifications ‘effective comparators’ (modification A, with lower median intention when a more specific
comparator was used) and ‘optional detail’ (modification D, with higher intention when optional details
were provided).
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coefficient.
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TABLE 14 Summary statistics for the primary outcome by participant characteristics and randomised modifications

N Missing Mean (SD) Median (IQR)

Audit

MINAP 158 20 1.4 (1.59) 2.0 (0.3–2.7)

NCABT 93 9 0.9 (1.31) 1.0 (0.0–2.0)

NDA 172 32 1.3 (1.30) 1.7 (0.3–2.0)

PICANet 33 3 1.6 (1.68) 2.0 (1.0–2.7)

TARN 110 8 1.5 (1.28) 1.8 (0.7–2.3)

Total 566 72 1.3 (1.41) 1.7 (0.3–2.3)

Role

Clinical 326 26 1.6 (1.29) 2.0 (1.0–2.3)

Manager 141 33 1.1 (1.28) 1.0 (0.0–2.0)

Audit and administration 99 13 0.9 (1.77) 1.0 (0.0–2.0)

Organisation

Commissioning 24 3 1.3 (1.62) 1.5 (1.0–2.3)

Community health-care trust 5 3 2.5 (0.77) 3.0 (2.0–3.0)

General practice 160 29 1.4 (1.24) 1.7 (0.3–2.0)

Hospital trust 377 37 1.3 (1.47) 1.7 (0.3–2.3)

Responsible for clinical care

Missing 0 72

Yes 394 0 1.6 (1.15) 2.0 (1.0–2.3)

No 172 0 0.6 (1.68) 0.7 (0.0–2.0)

Effective comparators (modification A)

ON 292 33 1.3 (1.41) 1.7 (0.3–2.3)

OFF 274 39 1.4 (1.42) 2.0 (0.3–2.3)

Multimodal feedback (modification B)

ON 289 31 1.2 (1.51) 1.7 (0.3–2.3)

OFF 277 41 1.4 (1.31) 1.7 (0.7–2.3)

Specific actions (modification C)

ON 284 34 1.4 (1.37) 1.7 (0.7–2.3)

OFF 282 38 1.2 (1.45) 1.7 (0.3–2.0)

Optional detail (modification D)

ON 273 39 1.4 (1.39) 1.7 (0.7–2.3)

OFF 293 33 1.2 (1.43) 1.3 (0.3–2.3)

Patient voice (modification E)

ON 280 40 1.4 (1.30) 1.7 (0.3–2.3)

OFF 286 32 1.3 (1.51) 1.7 (0.3–2.3)

Cognitive load (modification F)

ON 278 39 1.3 (1.41) 1.7 (0.3–2.3)

OFF 288 33 1.3 (1.42) 1.7 (0.3–2.3)

RANDOMISED FRACTIONAL FACTORIAL SCREENING EXPERIMENT (OBJECTIVE 1)

NIHR Journals Library www.journalslibrary.nihr.ac.uk

54



TABLE 14 Summary statistics for the primary outcome by participant characteristics and randomised modifications
(continued )

N Missing Mean (SD) Median (IQR)

Number of modifications ON

0 18 3 1.1 (1.46) 1.3 (0.3–2.0)

2 264 32 1.3 (1.45) 1.7 (0.3–2.3)

4 268 35 1.4 (1.37) 1.7 (0.7–2.3)

6 16 2 1.3 (1.48) 1.8 (0.2–2.3)
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Primary outcome across populations
Across the populations, responses for the primary outcome were more uniform for the primary
modified ITT population, with slightly increased skew in the secondary modified ITT population, and a
clear peak of responses indicating complete agreement within the ‘all participants’ group (Appendix 5,
Figure 36). Further details of the primary outcome across populations by audit and role are included in
the sensitivity analysis in Appendix 7, Figure 47.

Primary intention-to-treat analysis: model selection
Full details of model building based on available complete data and applied within the primary modified
ITT population are available in Appendix 6.

Residual diagnostic plots (Appendix 6, Figure 46) indicated that, given the nature of the questionnaire
scales, residuals across models based on available complete data were sufficiently normally distributed
and homoscedastic with respect to fitted values to retain continuous outcomes.

Pareto plots presenting the relative magnitude and direction of standardised effects for parameters in
the ‘full’ model are provided for the primary outcome and primary modified ITT population in Figure 16
and in Appendix 6, Figure 37, using the complete available data. No modifications were found to have
an independent overall effect on the primary outcome intended enactment (see Figure 16); however,
important interactions were identified across modifications and according to role. Audit and role had the
greatest dominant influence on intention, followed by the interaction between multimodal feedback and
optional detail (B*D) (see Figure 16). Less of a distinction was observed between subsequent effects with
the greatest influence. These included some evidence for an effect according to multimodal feedback
dependent on role (B*Role); dependent effects of effective comparators, multimodal feedback, and
patient voice (A*B*E); optional detail and specific actions, both dependent on cognitive load (D*F, C*F);
and only very limited evidence for an effect according to optional detail dependent on role (D*Role).

Pareto plots and details of model building for secondary outcomes are available in Appendix 6 (Figure 40
and Tables 41–52).
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FIGURE 16 Primary outcome: Pareto plot of standardised effects (full model).
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Primary intention-to-treat analysis: model effects

Interpretation of effects
Parameter estimates of effects retained in the final ‘parsimonious’ models for each outcome using the
primary modified ITT population are presented in Table 15, alongside their associated p-value. The columns
identify important detected effects for each outcome, and rows identify consistent effects identified across
outcomes. Blank cells represent parameters not included in the final ‘parsimonious’ model, having been
screened out during model building (no evidence of effect, p > 0.15), supported by the Pareto plots.

Parameter estimates are all on the same scale and relative to the outcomes (intention, comprehension,
user experience) on a scale of –3, ‘completely disagree’, to +3, ‘completely agree’.

The model intercept represents the overall predicted mean outcome in the NDA and clinical recipient
reference groups, averaged across all possible combinations of modifications.

Parameter estimates for audit and role represent the deviation from the predicted mean outcome
for the alternative audit and non-clinical recipients. Positive estimates represent an improvement in
outcome compared with the reference NDA and clinical recipients, whereas a negative parameter
estimate represents a detrimental effect on outcome.

Positive parameter estimates for the main effect of each modification represent an improvement in
outcome when the modification is ON (+1) and a negative effect on outcome when the modification
is OFF (–1). Conversely, negative parameter estimates represent a negative effect on outcome when
the modification is ON (+1) and an improvement in outcome when the modification is OFF (–1).

Parameter estimates for interactions between modifications represent the additional deviation from
the predicted mean outcome. When the interaction effect is positive, the interaction is synergistic and
the effect of two modifications together is greater than the sum of their separate main effects; this
scenario suggests improved outcomes if modifications are applied in synergy as they reinforce each
other’s effects. When the interaction effect is negative, the interaction is antagonistic and the effect
of the modifications together is less than the sum of their separate main effects; in this scenario,
the modifications tend to limit or reverse each other’s effects, depending on the magnitude of the
interaction relative to the main effects.

Owing to the complexity of interaction effects, predicted plots are presented for all identified effects.

Primary outcome
No modifications were found to have an independent effect on intended enactment (see Table 15).
Audit and role had the greatest influence on intention, followed by a role-dependent interaction
between multimodal feedback and optional detail (see Figure 16).

Intended enactment was lower in non-clinical participants than in clinical participants (–0.867,
p < 0.001) in the NDA, with similar effects observed within MINAP, PICANet and TARN. This effect
was not observed within NCABT, as intention was lower in clinical NCABT participants than in clinical
participants in the NDA (–0.893, p < .001) and other audits (see Figure 18).

There was good evidence of an antagonistic interaction between multimodal feedback and optional
detail (B*D, –0.112; p = 0.047); intention was reduced when both multimodal feedback and optional
detail were applied (or not) in synergy, and improved when only one or the other was applied (see
Figure 21). In non-clinical participants there was some evidence of a negative effect of multimodal
feedback (B*Non-clinical, –0.196; p = 0.083), and a positive effect of optional detail (D*Non-clinical,
0.195; p = 0.087), with intention optimised when multimodal feedback was excluded and optional
detail provided.
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TABLE 15 Parameter estimates for parsimonious models across outcomes

Parameter

Primary outcome:
intended enactment,
estimate (p-value)

Proximal intention, estimate (p-value)
Comprehension,
estimate (p-value)

User experience,
estimate (p-value)Attention Goals Action plan Review performance

Initial model

Intercept 1.829 (< 0.001) 1.812 (< 0.001) 1.738 (< 0.001) 1.608 (< .001) 1.335 (< 0.001) 2.011 (< 0.001) 1.87 (< 0.001)

Block 0.09 (0.107) –0.082 (0.12) 0.026 (0.681) –0.017 (0.799) –0.093 (0.176) –0.036 (0.39) –0.042 (0.31)

Audit (vs. NDA)

MINAP –0.211 (0.317) 0.521 (< 0.001) –0.445 (0.069) –0.482 (0.049) 0.089 (0.607) 0.14 (0.203) 0.09 (0.407)

NCABT –0.893 (< 0.001) 0.253 (0.115) –0.638 (0.006) –0.603 (0.011) –0.565 (0.008) 0.135 (0.292) 0.118 (0.356)

PICANet 0.361 (0.27) 0.755 (0.002) 0.164 (0.657) –0.263 (0.491) 0.186 (0.548) 0.312 (0.11) 0.247 (0.206)

TARN –0.003 (0.989) 0.304 (0.05) 0.005 (0.984) –0.275 (0.291) 0.246 (0.208) 0.022 (0.858) 0.014 (0.908)

Nonclinical
(vs. Clinical)

–0.867 (<0.001) –0.489 (0.03) –0.571 (0.015) –0.29 (0.043)

A: effective
comparator

–0.038 (0.498) 0.015 (0.778) 0.082 (0.19) –0.018 (0.837) –0.019 (0.784) –0.091 (0.029) –0.087 (0.036)

B: multimodal
feedback

0.018 (0.807) 0.016 (0.766) –0.061 (0.575) –0.064 (0.313) –0.052 (0.436) 0.054 (0.198) 0.048 (0.251)

C: specific actions 0.082 (0.141) –0.044 (0.4) 0.065 (0.285) 0.075 (0.24) 0.118 (0.075) 0.017 (0.679)

D: optional detail 0.017 (0.816) 0.050 (0.415) 0.051 (0.434) 0.093 (0.174) 0.022 (0.603) 0.056 (0.176)

E: patient voice 0.078 (0.161) 0.059 (0.343) 0.064 (0.327) 0.088 (0.201) –0.057 (0.172)

F: cognitive load 0.008 (0.89) 0.126 (0.016) 0.049 (0.656) 0.044 (0.708) 0.042 (0.533) 0.103 (0.014)

A*B –0.011 (0.844) 0.083 (0.111) 0.081 (0.19) 0.073 (0.256) 0.115 (0.089)

A*C –0.041 (0.5) –0.08 (0.21)

A*D 0.069 (0.266) 0.095 (0.132) 0.078 (0.068) 0.085 (0.043)

A*E –0.014 (0.798) –0.046 (0.458) –0.044 (0.496) –0.096 (0.153)

A*F –0.025 (0.696) –0.032 (0.616)
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TABLE 15 Parameter estimates for parsimonious models across outcomes (continued )

Parameter

Primary outcome:
intended enactment,
estimate (p-value)

Proximal intention, estimate (p-value)
Comprehension,
estimate (p-value)

User experience,
estimate (p-value)Attention Goals Action plan Review performance

B*C –0.078 (0.138)

B*D –0.112 (0.047) –0.114 (0.067) –0.114 (0.008) –0.115 (0.006)

B*E 0.035 (0.537) 0.013 (0.832) 0.026 (0.69)

B*F 0.087 (0.089) 0.057 (0.607) –0.119 (0.085)

C*D –0.107 (0.099) –0.119 (0.078)

C*E 0.066 (0.116)

C*F 0.093 (0.09) 0.059 (0.338) 0.05 (0.438)

D*E 0.045 (0.469) 0.085 (0.039)

D*F –0.093 (0.089) –0.123 (0.065) –0.073 (0.079)

E*F –0.008 (0.894)

Additional interactions

A*B*E –0.101 (0.072) –0.121 (0.053) –0.137 (0.033)

A*C*F 0.099 (0.109) 0.159 (0.015)

A*D*E 0.096 (0.136)

A*E*F –0.092 (0.132)

Non-Clinical*MINAP 0.453 (0.117) 0.721 (0.03) 0.695 (0.04)

Non-Clinical*NCABT 1.312 (0.011) 0.817 (0.146) 0.829 (0.16)

Non-Clinical*PICA –0.783 (0.141) –1.360 (0.021) –0.708 (0.248)

Non-Clinical*TARN –0.017 (0.959) –0.310 (.406) –0.135 (0.728)

A*Non-Clinical 0.185 (0.16)

B*Non-Clinical –0.196 (0.083)

D*Non-Clinical 0.195 (0.087)

B*NCABT 0.218 (0.247)
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Parameter

Primary outcome:
intended enactment,
estimate (p-value)

Proximal intention, estimate (p-value)
Comprehension,
estimate (p-value)

User experience,
estimate (p-value)Attention Goals Action plan Review performance

B*MINAP –0.101 (0.526)

B*PICANet 0.607 (0.035)

B*TARN –0.052 (0.775)

F*NCABT –0.135 (0.477) 0.038 (0.846)

F*MINAP –0.094 (0.561) –0.022 (0.894)

F*PICANet –0.08 (0.782) –0.461 (0.132)

F*TARN 0.357 (0.049) 0.407 (0.033)

B*F*NCABT –0.17 (0.372)

B *F*MINAP –0.4 (0.013)

B *F*PICANet 0.569 (0.046)

B *F*TARN –0.036 (0.84)

Parameter estimates p-value

l +ve/–ve: positive or negative effect on outcome.
l Modification interactions +ve = synergistic/–ve = antagonistic

p < 0.001 p < 0.05 p < 0.1
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Predicted intended enactment of all 64 possible combinations of modifications ordered according to
predicted intended enactment in clinical recipients is presented in Figure 17. As no interaction was
detected between audit and modifications, the relative magnitude of effects of modification combinations
is consistent across audits and predicted intended enactment is presented for the reference NDA only.
Owing to interactions between participants’ role with multimodal feedback (B*Role) and optional detail
(D*Role), the order of modification combinations differs for clinical (see Figure 17) and non-clinical
recipients (Appendix 6, Figure 38).

The most effective modification combination in clinical recipients was multimodal feedback, specific
actions, patient voice and reduced extraneous cognitive load (BDEF), with predicted intended enactment
of 2.40 (95% CI 1.88 to 2.93) in the NDA (Table 16). However, including multimodal feedback while
reducing extraneous cognitive load also resulted in the least effective combination of modifications when
optional detail was provided (BDF), with predicted intended enactment of 1.22 (95% CI 0.72 to 1.72).

Audit and role
The predicted primary and proximal intention outcomes across audits and recipients role, averaged
across modifications, are presented in Figure 18. Comprehension and user experience are not
presented, as there was no evidence of an effect according to audit or role for these outcomes.

Intention for the primary outcome, intended enactment, was lower among non-clinical participants
than among clinical participants (–0.867; p < 0.001), as was intention for the secondary outcomes of
intention to formulate an action plan (–0.571; p = 0.015) and intention to set goals (–0.489; p = 0.03)
in NDA, PICANet and TARN. There was reduced intention for the secondary outcome to review
performance (–0.29; p = 0.043) for non-clinical recipients across all audits. There was no evidence
of a difference in intention to bring the audit to the attention of colleagues according to role.

Among clinical participants, intention for the primary outcome, intended enactment, was lower in
NCABT than in the NDA (–0.893; p < 0.001), as was intention for the secondary outcome intention of
review performance (–0.565; p = 0.008). In the same group, intention was lower in both the MINAP
and NCABT than in the NDA for the secondary outcomes intention to formulate an action plan
(MINAP –0.482; p = 0.049; NCABT –0.603; p = 0.011) and intention to set goals (MINAP –0.445;
p = 0.069; NCABT –0.638; p = 0.006). However, intention to bring the audit report to the attention of
colleagues was higher in MINAP (0.521; p < 0.001), PICANet (0.755; p = 0.002) and TARN (0.304;
p = 0.05) than in the NDA.

Effective comparators (modification A)
Using a comparator aiming to reinforce desired behaviour change, which showed recipient performance
against the top quarter of performers, had no or minimal effect on the primary outcome, intended
enactment and secondary proximal intention outcomes, including intention to bring the audit to the
attention of colleagues, set goals, formulate an action plan and review performance.

On average, this modification did, however, reduce how easily participants understood the audit report
(A, –0.091; p = 0.029) and their overall user experience (A, –0.087; p = 0.036). Synergistic interactions
between the comparator and optional detail for these outcomes, comprehension (A*D, 0.078; p = 0.068)
and overall user experience (A*D, 0.085; p = 0.043), meant that the negative comparator effect was not
present when optional detail was provided (Figure 19).

There was also weak evidence of a synergistic interaction with multimodal feedback (modification B)
on intention to review performance (A*B, 0.115; p = 0.089), which suggested that multimodal feedback
reduced intention unless accompanied by the effective comparators, but with optimal intention when
neither modification was applied (Figure 20).
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FIGURE 17 Predicted intended enactment for modification combinations ordered by recipients: (a) clinical; and
(b) non-clinical.
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TABLE 16 Predicted intended enactment (primary outcome) across audits and role for the most and least effective
modification combinations (parsimonious modela)

Clinical Non-clinical

Least predicted
intention (95% CI)

Highest predicted
intention (95% CI)

Least predicted
intention (95% CI)

Highest predicted
intention (95% CI)

Modifications BDF BCEF BF ADE

A: effective comparator ✗ ✗ ✗ ✓

B: multimodal feedback ✓ ✓ ✓ ✗

C: specific actions ✗ ✓ ✗ ✗

D: optional detail ✓ ✗ ✗ ✓

E: patient voice ✗ ✓ ✗ ✓

F: cognitive load ✓ ✓ ✓ ✗

Audit

MINAP 1.01 (0.49 to 1.53) 2.19 (1.67 to 2.72) 0.58 (0.06 to 1.10) 1.99 (1.46 to 2.53)

NCABT 0.33 (–0.17 to 0.83) 1.51 (0.98 to 2.04) 0.76 (–0.25 to 1.77) 2.17 (1.18 to 3.17)

NDA 1.22 (0.72 to 1.72) 2.40 (1.88 to 2.93) 0.34 (–0.17 to 0.84) 1.75 (1.23 to 2.27)

PICANet 1.58 (0.87 to 2.29) 2.76 (2.04 to 3.49) –0.08 (–0.99 to 0.82) 1.33 (0.44 to 2.22)

TARN 1.22 (0.69 to 1.75) 2.40 (1.86 to 2.95) 0.32 (–0.28 to 0.92) 1.73 (1.16 to 2.31)

a Parsimonious model for the primary outcome included parameters: Block, Audit, Role, A, B, C, D, E, F, A*B, A*E, B*D,
B*E, C*F, D*F, Role*Audit, A*B*E, B*Role and D*Role.
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FIGURE 18 Predicted agreement by audit and role for primary outcome intended enactment and secondary proximal
intention outcomes: (a) intended enactment; (b) attention; (c) set goals; (d) action plan; and (e) review performance.
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FIGURE 18 Predicted agreement by audit and role for primary outcome intended enactment and secondary proximal
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Higher-order three-way interactions detected between effective comparators, multimodal feedback
and patient voice (A*B*E) and between effective comparators, specific actions and cognitive load
(A*C*F) are described later, as are all other modification three-way interactions.

Multimodal feedback (modification B)
Using multimodal feedback to reinforce desired behaviour change, by including a graphical display
of performance data alongside text, did not independently improve the primary outcome, intended
enactment or the secondary outcomes of proximal intention, comprehension or user experience.
Multimodal feedback did, however, interact with a number of other modifications, leading to variable
effects on all outcomes.

A consistent antagonistic interaction was observed between multimodal feedback and optional detail,
with good evidence of effect for the primary outcome, intended enactment (B*D, –0.112; p = 0.048),
and secondary outcomes of user experience (B*D, –0.115; p = 0.006) and comprehension (B*D, –0.114;
p = 0.008); and weak evidence for the secondary outcome of intention to set goals (B*D, –0.114; p = 0.067)
(Figure 21). Outcomes were generally reduced when both multimodal feedback and optional detail were
applied (or not) in synergy, and improved when only one of the modifications was applied. However, to
improve the primary outcome, intended enactment, further interactions between multimodal feedback,
optional detail and role (B*Non-clinical, –0.196; p= 0.083; D*Non-clinical, 0.195; p = 0.087) meant the
effect was quite different in non-clinical participants than in clinical participants, and intention was
optimised when multimodal feedback was excluded and optional detail provided (see Figure 21). There
was also a positive interaction between multimodal feedback and the PICANet audit (B*PICANet, 0.607;
p = 0.035), such that intention to set goals was improved when multimodal feedback was provided,
irrespective of optional detail.

There was a synergistic interaction between multimodal feedback and cognitive load for secondary
outcomes intention to bring the audit report to the attention of colleagues (F, 0.126; p = 0.016; B*F,
0.087; p = 0.089) and to set goals in the PICANet audit (B*F*PICANet, 0.569; p = 0.046), such that
intention was optimised when cognitive load was reduced and multimodal feedback was provided
(Figure 22). An opposite antagonistic interaction was, however, observed for intention to review
performance (B*F, –0.119; p = 0.085) and intention to set goals in the MINAP audit (B*F*MNAP, –0.4;
p = 0.013) such that intention was optimised when cognitive load was reduced and multimodal feedback
was not provided.
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FIGURE 18 Predicted agreement by audit and role for primary outcome intended enactment and secondary proximal
intention outcomes: (a) intended enactment; (b) attention; (c) set goals; (d) action plan; and (e) review performance.
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Specific actions (modification C)
Using specific actions to reinforce desired behaviour change, by including suggested specific
recommendations, had no or minimal effect on secondary outcomes intention to bring the audit to
the attention of colleagues and to set goals, or on comprehension.

Using specific actions to reinforce desired behaviour change improved the secondary outcomes
intention to set an action plan and review performance, dependent on the inclusion of optional detail
(modification D). The interaction between modifications was antagonistic for both intention to set an
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FIGURE 19 Predicted agreement by effective comparators and optional detail (A*D) for comprehension and user
experience outcomes in NDA clinical recipients: (a) comprehension; and (b) user experience.
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performance in NDA clinical recipients.

0.0

OFF ON
B: multimodal feedback

0.5

1.0

1.5

Le
ve

l o
f a

gr
ee

m
en

t

2.0

2.5

3.0

D: optional
detail

OFF
ON

(a)

0.0

OFF ON
B: multimodal feedback

0.5

1.0

1.5

Le
ve

l o
f a

gr
ee

m
en

t

2.0

2.5

3.0

D: optional
detail

OFF
ON

(b)

FIGURE 21 Predicted agreement by multimodal feedback and optional detail (B*D) for outcomes: (a) intended enactment –
clinical; (b) intended enactment – non-clinical; (c) comprehension – clinical and non-clinical; (d) user experience – clinical and
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FIGURE 21 Predicted agreement by multimodal feedback and optional detail (B*D) for outcomes: (a) intended enactment –
clinical; (b) intended enactment – non-clinical; (c) comprehension – clinical and non-clinical; (d) user experience – clinical and
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action plan (C*D, –0.107; p = 0.099) and intention to review performance (C, 0.118; p = 0.075; C*D,
–0.119; p = 0.078), such that there was improved intention when specific actions were provided,
but only when optional detail was not also provided (Figure 23). A weak synergistic interaction was
also identified between specific actions and cognitive load (C*F, 0.093; p = 0.09) (Figure 24), for the
primary outcome, such that intended enactment was optimised when both specific actions and reduced
cognitive load were applied.
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FIGURE 21 Predicted agreement by multimodal feedback and optional detail (B*D) for outcomes: (a) intended enactment –
clinical; (b) intended enactment – non-clinical; (c) comprehension – clinical and non-clinical; (d) user experience – clinical and
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FIGURE 22 Predicted agreement by multimodal feedback and cognitive load (B*F) for intention to bring audit report to
attention of colleagues and to review performance in NDA clinical recipients and intention to set goals accounting for
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FIGURE 22 Predicted agreement by multimodal feedback and cognitive load (B*F) for intention to bring audit report to
attention of colleagues and to review performance in NDA clinical recipients and intention to set goals accounting for
B*F*audit interaction in clinical recipients: (a) attention; (b) review performance; (c) set goal – MINAP; (d) set goal –
NCABT; (e) set goal – NDA; (f) set goal – PICANet; and (g) set goal – TARN. (continued )
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FIGURE 23 Predicted agreement by specific actions and optional detail (C*D) for intention to make an action plan and
review performance in NDA clinical recipients: (a) action plan; and (b) review performance.
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FIGURE 24 Predicted agreement by specific actions and cognitive load (C*F) for intended enactment in NDA clinical
recipients.
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Optional detail (modification D)
Adding optional detail to reinforce desired behaviour change, by including short messages with clickable,
expanding links to explanatory detail, interacted with other modifications and participant role, resulting in
effects on the primary outcome, intended enactment; secondary outcomes intention to set goals, make
an action plan and review performance; and comprehension and user experience. Optional detail had no
effect on the secondary outcome of intention to bring the audit to the attention of colleagues.

A weak but consistent antagonistic interaction was observed between optional detail and cognitive load
for the primary outcome, intended enactment (D*F, –0.093; p= 0.089); intention to review performance
(D*F, –0.123; p= 0.065); and comprehension (D*F, –0.073; p= 0.079) (Figure 25). Outcomes were generally
reduced when both optional detail and reduced cognitive load were applied (or not) in synergy, whereas
outcomes were improved when only one of the modifications was applied. To improve comprehension it
was better to reduce cognitive load rather than include optional detail. To improve the primary outcome,
intended enactment, a further interaction between optional detail and role (D*Non-clinical, 0.195; p = 0.087)
meant that the effect was quite different in non-clinical participants for whom intention was optimised
when optional detail was provided and cognitive load was not reduced.

There was good evidence of a synergistic interaction between optional detail and patient voice such
that including optional detail improved user experience when patient voice was included in the audit
report, but including patient voice without optional detail reduced user experience (D*E, 0.085;
p = 0.039) (Figure 26).

Interactions between optional detail and effective comparators; multimodal feedback and specific
actions for the primary outcome, intended enactment (B*D, –0.112; p = 0.047); the secondary
outcomes intention to set goals (B*D, –0.114; p = 0.067), intention to set an action plan (C*D,
–0.107; p = 0.099) and intention to review performance (C, 0.118; p = 0.075; C*D –0.119; p = 0.078);
comprehension (A*D, 0.078; p = 0.068; B*D, –0.114; p = 0.008) and user experience (A*D, 0.085;
p = 0.043; B*D, –0.115; p = 0.006) have been described previously.

Patient voice (modification E)
Using the patient voice to reinforce desired behaviour change by including a quotation and photograph
from a fictional patient describing their experience of care related to the associated audit standard
had no or minimal effect on the primary outcome, intended enactment, secondary proximal intention
outcomes or comprehension.
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FIGURE 25 Predicted agreement by optional detail and cognitive load (D*F) in the NDA for intended enactment,
accounting for D*Role interaction; intention to review performance in clinical recipients; and comprehension across
recipients: (a) intended enactment – clinical; (b) intended enactment – non-clinical; (c) review performance – clinical;
and (d) comprehension – clinical and non-clinical. (continued )
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FIGURE 25 Predicted agreement by optional detail and cognitive load (D*F) in the NDA for intended enactment,
accounting for D*Role interaction; intention to review performance in clinical recipients; and comprehension across
recipients: (a) intended enactment – clinical; (b) intended enactment – non-clinical; (c) review performance – clinical;
and (d) comprehension – clinical and non-clinical.
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Good evidence, however, of a synergistic interaction between patient voice and optional detail on user
experience (D*E, 0.085; p = 0.039) has been described previously (see Optional detail).

Cognitive load (modification F)
The reduction of cognitive load, to reinforce desired behaviour change by removing distracting detail
and additional general text not directly related to the audit standard and feedback, interacted with
other modifications and audit, resulting in effects on the primary outcome, intended enactment; the
secondary outcomes of intention to bring the audit to the attention of colleagues, set goals, make
an action plan and review performance; and comprehension. Cognitive load had no effect on the
secondary outcome user experience.

There was good evidence that intention to set goals (F*TARN, 0.357; p = 0.049) and intention to make
an action plan (F*TARN, 0.407; p = 0.033) were improved when cognitive load was reduced for
participants in the TARN audit (Figure 27).
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FIGURE 26 Predicted agreement by optional detail and patient voice (D*E) in NDA clinical recipients for user experience.
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FIGURE 27 Predicted agreement by cognitive load and audit in clinical recipients for intention to set goals, accounting
for B*F interaction (multimodal feedback*cognitive load) and intention to set an action plan: (a) set goals – multimodal
feedback OFF; (b) set goals – multimodal feedback ON; and (c) action plan – multimodal feedback ON or OFF. (continued )
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Interactions between cognitive load and other modifications are previously described. These include
the interactions between cognitive load and:

l specific actions with an effect on the primary outcome (C*F 0.093; p = 0.09);
l multimodal feedback with an effect on intention to

¢ bring the audit to the attention of colleagues (F 0.126, p = 0.016; B*F 0.087, p = 0.089)
¢ review performance (B*F –0.119; p = 0.085),
¢ set goals in the MINAP audit (B*F*MINAP –0.4; p = 0.013)
¢ make an action plan in the PICANET audit (B*F*PICANet 0.569; p = 0.046

l optional detail with an effect on comprehension (F 0.103, p = 0.014; D*F –0.073, p = 0.079).

Three-way modification interactions
There was consistent weak to good evidence of a negative three-way interaction between effective
comparators, multimodal feedback and patient voice across the primary outcome, intended enactment
(A*B*E, –0.101; p = 0.072), intention to set goals (A*B*E, –0.121; p = 0.053) and to formulate an action
plan (A*B*E, –0.137; p = 0.033). There was also good evidence of a positive three-way interaction
between effective comparators, specific actions and cognitive load on the secondary outcome intention
to formulate an action plan (A*C*F, 0.159; p = 0.015).
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FIGURE 27 Predicted agreement by cognitive load and audit in clinical recipients for intention to set goals, accounting
for B*F interaction (multimodal feedback*cognitive load) and intention to set an action plan: (a) set goals – multimodal
feedback OFF; (b) set goals – multimodal feedback ON; and (c) action plan – multimodal feedback ON or OFF.
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Owing to our fractional factorial design, three-way modification interactions were confounded such
that the effect of A*B*E was confounded with C*D*F, and the effect of A*C*F was confounded with
B*D*E (see Box 3). As a result, the identification of the interaction between effective comparators,
multimodal feedback and patient voice (A*B*E) may reflect an interaction between the confounded
modifications of specific actions, optional detail and cognitive load (C*D*F). Similarly, the identification
of the interaction between effective comparators, specific actions and cognitive load (A*C*F) may
reflect an interaction between the confounded modifications of multimodal feedback, optional detail
and patient voice (B*D*E).

Sensitivity analysis
Sensitivity analysis used available complete data for the secondary modified ITT population to explore
the consistency of findings across analysis populations for the primary outcome. Comparative Pareto
plots for parameters in the full models for each population are provided in Appendix 6, Figure 39, and
estimates for parameters in the ‘parsimonious’ models for each population are provided in Table 17.

Intended enactment is dominated by the effects of audit and role to a greater degree in the secondary
modified ITT population (see Figure 50) than in the primary modified ITT population (Appendix 6,
Figure 39), resulting in little relative input of modifications and no clear point at which to distinguish
important modification effects.

Nevertheless, the modifications with the greatest influence and good evidence of an effect (p < 0.05)
(see Table 17) include effective comparators (modification A) by audit (see Figure 51); the interaction
between optional detail and cognitive load (D*F; see Figure 52); effective comparators, multimodal
feedback and optional detail (A*B*D); multimodal feedback and optional detail (B*D; see Figure 53);
and multimodal feedback and cognitive load by role (B*Role, F*Role).

Analysis of the primary modified ITT population did not detect an effect for effective comparators
(modification A); the interaction between effective comparators, multimodal feedback and optional
detail (A*B*D); or cognitive load by role (F*Role). There was also only some evidence of an interaction
between optional detail and cognitive load (D*F; p < 0.1), rather than the stronger effect detected in
the secondary modified ITT population; however, the magnitude and direction of effect were similar
and this difference was probably due to the increased power that the larger sample size provided.

Analysis of the primary modified ITT population detected effects for optional detail by role (D*Role),
and an interaction between effective comparators, multimodal feedback and patient voice (A*B*E);
however, these effects were not detected within the secondary modified ITT population. There was
also only very limited evidence of an effect for the interaction between specific actions and cognitive
load (C*F; p < 0.15) (see Figure 54) within the secondary modified ITT population.

Secondary outcome: user engagement
User engagement measured through the length of time (in seconds) spent working through and the number
of ‘clicks’ on the audit report excerpt showed a variable but skewed distribution across modifications and
audits (Figure 28 and Appendix 7, Figure 55). Median time spent on the audit tended to be higher when each
of the modifications were on, with the exception of reduced cognitive load. The greatest distinction in the
number of clicks on the audit report was seen for the provision of optional detail with a greater number of
clicks observed when this modification was ON than when it was OFF.

Discussion

This online experiment found that none of six feedback modifications independently increased the
primary outcome of intended enactment to meet audit standards across clinical and non-clinical
recipients of five NCAs. We did, however, observe both synergistic and antagonistic effects when

RANDOMISED FRACTIONAL FACTORIAL SCREENING EXPERIMENT (OBJECTIVE 1)

NIHR Journals Library www.journalslibrary.nihr.ac.uk

78



TABLE 17 Primary outcome: comparative parameter estimates for the parsimonious models using the primary and
secondary modified ITT populations

Parameter

Primary modified ITT population Secondary modified ITT population

Estimate Standard error p-value Estimate Standard error p-value

Intercept 1.829 0.147 < 0.001 1.898 0.110 < 0.0001

Block 0.090 0.056 0.107 0.037 0.045 0.4108

MINAP –0.211 0.211 0.317 –0.258 0.179 0.1496

NCABT –0.893 0.206 < 0.001 –1.004 0.168 < 0.0001

PICANet 0.361 0.327 0.270 0.101 0.319 0.7514

TARN –0.003 0.220 0.989 –0.120 0.189 0.5256

Role: non-clinical –0.867 0.200 < 0.001 –0.790 0.139 < 0.0001

A: effective comparators –0.038 0.056 0.498 0.125 0.066 0.0604

B: multimodal feedback 0.018 0.073 0.807 0.049 0.064 0.4419

C: specific actions 0.082 0.056 0.141 0.033 0.045 0.4622

D: optional detail 0.017 0.074 0.816 0.059 0.045 0.1932

E: patient voice 0.078 0.055 0.161 0.073 0.045 0.1051

F: cognitive load 0.008 0.055 0.890 –0.095 0.063 0.1352

A*B –0.011 0.055 0.844 –0.004 0.045 0.9322

A*D – – – 0.020 0.045 0.6562

A*E –0.014 0.056 0.798 – – –

B*D –0.112 0.056 0.047 –0.089 0.045 0.0491

B*E 0.035 0.057 0.537 – – –

C*F 0.093 0.055 0.090 0.071 0.045 0.1143

D*F –0.093 0.055 0.089 –0.097 0.045 0.0319

Role*MINAP 0.453 0.290 0.117 0.258 0.237 0.2779

Role*NCABT 1.312 0.518 0.011 1.207 0.439 0.0061

Role*PICA –0.783 0.532 0.141 –0.627 0.511 0.2200

Role*TARN –0.017 0.331 0.959 0.054 0.277 0.8464

A*MINAP – – – –0.074 0.116 0.5267

A*NCABT – – – –0.246 0.139 0.0774

A*PICA – – – –0.342 0.248 0.1693

A*TARN – – – –0.302 0.135 0.0261

B*Non-clinical –0.196 0.113 0.083 –0.151 0.091 0.0947

D*Non-clinical 0.195 0.114 0.087 – – –

F*Non-clinical – – – 0.156 0.090 0.0833

A*B*D – – – –0.088 0.045 0.0520

A*B*E –0.101 0.056 0.072 – – –

p-value

p< 0.05 p < 0.1
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modifications to feedback were combined across all outcomes, including the primary outcome and
secondary outcomes of proximal intention, comprehension and user experience.

The magnitude of dependent effects of each modification on outcomes was generally small, but their
combined cumulative effect, across all possible modification combinations and versions of feedback,
show more substantial heterogeneity and greater effect on outcome. For example the main effects of
modifications on the primary outcome, predicted intended enactment (on a scale of –3 to +3), were all
of magnitude < 0.1 with no evidence of a statistically significant effect (see Table 15). In contrast, the
most effective combination of modifications on the primary outcome resulted in predicted intended
enactment of 2.40 (95% CI 1.88 to 2.93), compared with 1.22 (95% CI 0.72 to 1.72) for the least
effective combination in clinical participants in the NDA, representing over a 10-fold increase in effect
size (see Table 16). Furthermore, the relative magnitude of predicted intention across all possible
modification combinations demonstrates the dependent effects of modifications. Intended enactment
for clinical participants was optimised when multimodal feedback, specific actions and patient voice
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FIGURE 28 Boxplot of user engagement – time on audit report – by (a) modification and (b) audit. Fourteen extreme
outliers are not displayed.

RANDOMISED FRACTIONAL FACTORIAL SCREENING EXPERIMENT (OBJECTIVE 1)

NIHR Journals Library www.journalslibrary.nihr.ac.uk

80



were provided while also reducing cognitive load; whereas including multimodal feedback while also
reducing cognitive load led to the lowest intention when optional details were also provided.

Specific findings of synergistic and antagonistic effects may be particularly useful for NCA programmes.
For example, given that recipients spend relatively brief periods assessing feedback, it is notable
that minimising cognitive load was effective when optional detail was excluded (effectively further
reducing cognitive load), improving intended enactment, intention to review performance and ease of
understanding. Minimising cognitive load also improved intention to bring audit findings to colleagues’
attention when accompanied by multimodal feedback; whereas minimising cognitive load improved
intention to review performance when multimodal feedback was excluded.

In addition to the effects of modifications, we found that the NCA programme itself and whether
or not recipients had a clinical role had a dominant influence on recipients’ intended enactment and
proximal intention. Participation in the NCABT was associated with lower intended enactment of audit
standards relative to the NDA, as was having a non-clinical role, with the exception of non-clinical
participants from the NCABT.

Interpretation
There is accumulated evidence that different ways of providing feedback can change clinical practice.11

There are many potential modifications to feedback and ways of combining them, and a limited
understanding of how to optimise these. Our online screening experiment was designed to understand
how modifications work, both overall and in combination, to robustly and efficiently identify optimal
combinations of modifications that may have the most promising effects when subsequently applied to
‘real-world’ practice.

We found that the factors with the greatest influence on intended enactment of audit standards
were audit and role (see Figures 16 and 18). The reasons for variations in intention by audit are not
immediately apparent, but may be indicative of differences in audit and specialty engagement with the
audit programmes. For example, there was a trend towards higher intended enactment in PICANet;
this is a highly specialised audit with a relatively small number of participating sites and may, therefore,
be a more cohesive, engaged and responsive network than other national audits. With the exceptions
of MINAP and NCABT, intended enactment was generally higher for clinical than managerial, audit or
administrative roles. This may be expected given that clinicians often have more direct influence over
achievement of audit standards and this is consistent with one of the hypotheses from CP-FIT: that
feedback recipients will act on goals perceived as relevant to their jobs.27

We observed synergistic and antagonistic effects of different combinations of feedback modifications
and participant roles. Some of these interactions may have intuitive explanations. For example, both
providing optional detail and multimodal feedback entail giving additional information to audit recipients
and, consequently, combining them means that their overlapping functions led to the result (intended
enactment) being less than the sum of their parts (i.e. an antagonistic interaction). We found similar, if
weaker, evidence for an antagonistic interaction between optional detail and cognitive load; in this case,
providing optional detail might be expected to counter any benefits of reduced cognitive load given that
additional information might have distracted participants. We also found weak evidence of a synergistic
interaction between recommending specific actions and reducing cognitive load; both of these may
have worked together and focused participants to act on audit standards. However, other interactions
were difficult to explain and sometimes counterintuitive, such as both synergistic and antagonistic
interactions between multimodal feedback and cognitive load for different outcomes, audits and roles.

Such a range of findings reflect the exploratory nature of this screening experiment, which aimed to
detect the most promising signals of effects. It is notable that we did not find evidence supporting
several hypotheses concerning the effects of single feedback modifications on recipient intentions,
as predicted by the theoretical literature.19,27 We were, uniquely, able to explore interactions between
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modifications and demonstrate the interdependence of feedback hypotheses. Considering potential
real-world application, we would base our advice on interactions with the strongest evidence (reflected
in Implications for practice).

We interpret these findings further, considering (1) design of the online feedback modifications,
(2) participant engagement with the online feedback modifications and (3) sensitivity and ceiling
effects of intended enactment and proximal intention.

First, we prioritised and deliberately selected feedback modifications that would be relatively
amenable to online experimentation and could be operationalised with sufficient fidelity to the original
15 suggestions for effective feedback.19 Modifications were developed through UCD to understand
user preferences and comprehension. We presented the feedback modifications within credible, if
hypothetical, excerpts of audit reports. Nevertheless, where anticipated modification effects were
not detected, we must consider whether or not the online feedback modifications were optimised
to deliver a sufficient ‘dose’ to bring about changes in recipient responses and use these findings to
pinpoint where additional work is needed to ‘enhance’ modifications. One case in point is multimodal
feedback; although the Cochrane review11 indicated that feedback may be more effective when it
combines both written and verbal communication, we were able to operationalise this modification
only by adding graphical information to textual information. Another is that specific actions did not
feature among the most dominant effects on intentions to set goals, as may have been expected.

Second, considering participant engagement, we noted that 11.3% of participants (most commonly
managers) dropped out of the experiment prior to questionnaire completion. This suggests a modest
degree of self-selection, so that those who completed the experiment may have perceived it as more
relevant to their roles than those who did not. Most of our feedback modifications were designed with
an assumption that limited exposures could influence responses (e.g. use of different comparators,
recommending specific actions). We had originally estimated a completion time of 20–25 minutes for
the audit excerpt and survey; participants in the primary analysis spent a much lower median time
of < 5 minutes on the experiment. Specifically, they spent a median of 66.5 seconds (IQR 31–136
seconds) on the audit report excerpt, with NDA participants (mostly general practice staff) spending
just over half as long as all others on the audit report (see Table 32). Although these short durations
reflect only limited engagement, it is not known how long feedback recipients would typically spend
examining feedback in actual practice settings; it may still be relatively brief given competing pressures
on attention. Therefore, this aspect of our experiment may still have reasonable external validity,
especially given that much NCA feedback is already presented online or sent electronically.

Third, we set out to design a screening experiment that would be relatively sensitive in detecting changes
in proximal outcomes of behaviour change, primarily intended enactment of audit standards. We would
expect some attenuation of any effect on intended enactment when the feedback modifications are
applied in ‘real-world’ practice, largely because of many post-intentional influences on practice (e.g.
time and resource constraints). Further considering possible ceiling effects, we had anticipated that the
primary and secondary outcomes measuring intentions would exhibit skew towards higher intention,
partly because of social desirability bias (i.e. participants would be reluctant to state that they did not
want to perform recommended practice). We therefore attempted to neutralise some of this bias by
offering statements that recognised that participants would have competing priorities in normal practice.
However, our intention measures were still generally skewed towards higher intentions, which imposed a
ceiling effect on our ability to detect change.

Comparison with existing literature
We briefly compare our methods and findings with those of similar studies modelling interventions to
change professional practice. Three have assessed feedback interventions. In the first, a factorial trial,
Bonetti et al.35 randomised GPs twice to receive or not receive A&F and educational reminder messages
regarding ordering of lumbar spine X-rays. Both paper-based interventions changed simulated behaviour
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(responses to vignettes), but not behavioural intention. The effect of A&F on simulated behaviour was
mediated through perceived behavioural control. This finding is noteworthy given that we found the
role of the recipient was associated with intended enactment; clinicians may have considered that they
had greater control over their ability to implement audit standards than those in other roles. In the
second study, Gude et al.95 conducted an online before–after study with intensive care staff to assess
the effect of feedback on intentions to change pain management across a set of indicators. Intentions
to improve practice, consistent with actual gaps in performance, improved modestly following feedback.
In the third study, Gude et al.96 conducted an online before–after study to assess whether or not feedback
changed intentions of cardiac rehabilitation staff to adhere to performance indicators. Intention outcomes
were assessed according to whether or not an indicator was selected for improvement. Lower performance
at baseline was associated with greater intentions to change practice after feedback.

Two further studies modelled different interventions targeting professional behaviour. Eccles et al.36

randomised older people’s mental health teams to one of three paper-based interventions incorporating
persuasive messaging to promote the disclosure of a diagnosis of dementia or to no intervention
(control).36 There were no significant differences in intention or simulated behaviour between the trial
groups. Explanations considered for this null finding included that the paper-based self-administered
nature of the intervention was not ‘potent’ enough and ceiling effects on intention. Bonetti et al.70

randomised dentists to a paper-based intervention, rehearsing alternative actions, to change intention
to implement evidence-based practice for third molar management or to no intervention (control).70 This
intervention significantly influenced intention to extract third molars in line with recommended practice.

Together, these studies found variable effects of simulated interventions on professionals’ behavioural
intentions. These variable effects may, in part, reflect differences in how intentions were assessed.

Strengths and limitations
We have conducted a unique experiment in collaboration with five NCA programmes. Our fractional
factorial randomised design increased confidence in the internal validity of our findings and allowed
evaluation of a set of feedback modifications, in terms of both their individual average effects and in
combination by exploring interactions.

The five NCAs provided diversity in audit methods, topics and targeted audiences, thereby increasing
confidence that our findings are relevant to a wider range of clinical audits.

We were able to efficiently and simultaneously investigate the effects of six different modifications
using a well-powered randomised design. Our primary and secondary analysis populations exceeded
our sample size requirements of 500 participants, providing > 90% power to detect small to moderate
main and interaction effects for each modification.

Our fractional factorial design enabled us to provide direct information on which modifications provide
an active effect and whether or not there was any interaction between modifications, providing
the gold-standard approach for developing multicomponent interventions.78 Indeed, we identified
multiple synergistic and antagonistic effects between modifications, which would not have been
feasible within the standard parallel-designs framework for each modification or even particular
combinations of modifications.

We highlight three limitations. First, as we have emphasised earlier, this was a screening experiment
using proxy outcomes theorised to influence actual clinical behaviour. We have, therefore, identified
feedback modifications and combinations of modifications worthy of further real-world evaluation
in pragmatic trials before findings can directly inform widespread adoption in NCA programmes.
However, our findings suggest that there are some practical considerations for the design and
delivery of A&F programmes.
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Second, we evaluated the effects of the feedback modifications on different audit standards across the
five NCAs. These audit standards may have been of varying quality and familiarity with audit teams.
We could not separate the effects of feedback modifications related to the audit standards chosen
for the experiment from wider differences in the national audits and their participants. The levels of
agreement with outcome statements related to audit standards and the distribution of agreement may
have varied across outcomes according to the level of commitment or effort required to achieve each
target audit standard. Indeed, outcomes related to audit standards and intention varied considerably
by audit and role, whereas comprehension and user experience did not.

Third, the integrity of the experiment was threatened by a significant number of duplicative responses
by a single participant. As a consequence of designing our experiment to maintain participant anonymity
of responses, we were unable to identify the duplicative participant within the experiment data.
We therefore minimised the impact that duplicative responses had by removing all 603 (49%) participants
who took part during the contamination period to ensure that only genuine, independent responses were
included in the primary analysis. This approach simultaneously discarded unidentifiable genuine responses,
representing a waste of research resources and participant time.

We conducted sensitivity analysis on a secondary modified sample, excluding only participants who
spent < 20 seconds completing the experiment questionnaire. This resulted in far fewer exclusions
(280, 23%) and a greater proportion of participants included from general practice. Sensitivity analysis
of the primary outcome largely supported the modification effects identified; however, additional
effects not detected in the primary analysis were identified, in part due to the increased sample size
but also due to differences in participants and responses between the populations.

Implications for practice
Our findings have some general and specific implications for the design and delivery of NCAs. In
general, although the six feedback modifications we evaluated did not improve intended enactment
of audit standards in isolation, they did all have effects on a range of intended actions, comprehension
and user experience. Indeed, the relative magnitude of predicted intention across possible combinations
of modifications demonstrates interdependent effects of the modifications. For example, predicted
intention in clinical participants was both optimised and reduced when multimodal feedback was
provided and cognitive load reduced owing to the inclusion and exclusion of other modifications
working with and against these two modifications.

Our results need to be contextualised in the wider theoretical and empirical literature on A&F,11,19

and indicate the need for careful consideration before adopting widespread changes. For example,
we observed both synergistic and antagonistic effects when a number of modifications to feedback
were combined. This suggests that NCA programmes need to explicitly consider how different features
of their feedback are likely to act together.

Partly because of the nature of the online experiment, the modifications we examined are unlikely
to require major resources for them to be implemented in NCA programmes. Most audit leads may
wish to user-test any feedback changes prior to national roll out and this would probably be the main
implementation cost.

We observed differences between national audits in intended enactment of the audit standards used
in the experiment. Although we cannot specify which aspects of the audit standards, audit organisation
or targeted recipients account for these variations, our findings suggest that NCA programmes should
explicitly review the strengths and weaknesses in their whole audit cycles to identify priorities for
change.27 We also found that clinical recipients were more likely to report higher intended enactment
of audit standards than managers, administrative and audit staff; we acknowledge that national audits
may already face considerable challenges in ensuring that feedback is disseminated to those who are
most likely to be able to act on it.26
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We make some specific suggestions based on modification effects supported by good or consistent
evidence for the combined analysis of five audits:

l Using a comparator aiming to reinforce desired behaviour change (effective comparators), which
shows recipient performance against the top quarter of performers rather than a comparison
against overall mean performance, may reduce how easily recipients understand the audit report
and their overall user experience unless accompanied by short, actionable messages with
progressive disclosure of additional information (optional detail).

l Combining optional detail and a quotation and photograph from a fictional patient describing
their experience of care related to the associated audit standard (patient voice) may improve
recipient experience.

l Combining multimodal feedback with optional detail may reduce intentions to implement audit
standards and set goals, and reduce comprehension and recipient experience.

l Many recipients may invest a relatively brief time in digesting feedback. Minimising cognitive load,
by removing distracting detail and additional general text not directly related to the audit standard
and feedback, may improve comprehension and, especially when combined with multimodal
feedback, intention to bring the audit report to the attention of colleagues.

l The variations in effects by national audit programme suggest that such programmes can learn from
one another in comparing how they design and deliver both audit and feedback methods.

Implications for research
Online screening experiments have an appeal in their potential to identify promising intervention
components with relative efficiency prior to scaled-up definitive evaluations. We highlight one
theoretical and one practical lesson respectively from our experience.

First, it is worth considering whether or not intention is the most appropriate primary outcome to use in
screening experiments of A&F. CP-FIT hypothesises that a number of other factors both upstream and
downstream to intention affect the ability of A&F to change clinical behaviour.27 Upstream influences
include interactions with and perceptions and verifications of feedback data.We found that reducing
cognitive load improved comprehension of data and increased the self-reported intention to bring audit
findings to the attention of colleagues when accompanied by multimodal feedback. Therefore, any future
experiments could use a wider range of outcomes that reflect different aspects of the whole audit cycle.27

Second, we have documented the protocol violations, contamination period and measures to protect
study integrity (Appendix 4). We offer some practical suggestions to reduce the risk of deliberate or
inadvertent duplicated participation in online experiments offering incentives:

l Consider what is essential to meet ethical safeguards and data protection and whether or not there
is a strong reason to remove linkage of personal and (non-sensitive) study data.

l Assess the balance between study security and ease of participation. Requesting limited personal
information, such as e-mail addresses, at study entry may not have an obvious effect on
response rates.

l Attempt to visualise problematic scenarios. Only one individual is necessary to exploit an existing
vulnerability. Consider study vulnerabilities and how they might be exploited. Consider whether
or not and how it would be possible to identify and exclude suspect data with confidence if a
problem arose.

l Regularly monitor aspects of collected data. Simple checking of recruitment totals may mask
problems until it is too late.

l Unless there is high confidence in study security, use manual rather than automated delivery
of incentives.

l Ensure that at least one person can access study systems and extract detailed monitoring data.
Rapid responses can be critical in damage limitation.
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Summary
Overall, although we recognise the limitations of our online experiment, we have demonstrated
that it is feasible to conduct a large-scale study across different audit programmes and health-care
settings. Doing so at scale allows the efficient evaluation of multiple features of feedback interventions,
including the critical detection of synergistic and antagonistic effects. Our demonstration and lessons
learned should therefore be of interest to the wider, international research community.
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Chapter 4 A theory-guided evaluation of
two national clinical audit programmes
(objective 2)

Parts of this chapter are reproduced or adapted with permission from Willis et al.97 This is an Open
Access article distributed in accordance with the terms of the Creative Commons Attribution

(CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this work, for commercial
use, provided the original work is properly cited. See: https://creativecommons.org/licenses/by/4.0/. The text
below includes minor additions and formatting changes to the original text.

Background

Our screening experiment allowed us to manipulate and assess the effects of six modifications to
feedback simultaneously, in controlled conditions. This was an efficient way of gathering evidence
about which interventions may be most promising in real-world conditions. However, only selected
suggestions for effective feedback19 could be feasibly operationalised and tested in an online
experiment (e.g. provide multiple instances of feedback).

We set out to explore how two NCAs were delivered, received and acted on by health-care organisations.
We focused particularly on modifications being introduced by both audit programmes, drawing on a
comprehensive theory of feedback (CP-FIT).27 We had originally planned this investigation within NHS
settings, interviewing and observing clinicians and decision-makers. The advent of COVID-19 meant that
this was no longer possible and we, therefore, changed our design to work within pandemic constraints.

Methods

Original study design
We had planned a qualitative case study of four localities, with two purposively selected sites for each
audit. We had intended to maximise diversity by recruiting sites on the basis of previously documented
high and low performance in relation to audit criteria. Performance was selected as a sampling criterion
because feedback may be more effective when baseline performance is low.11

Data collection was to follow the trail from the receipt of feedback data through to any actions taken
to improve clinical care over a 6-month period. We would have collected data through interviews,
meeting observation and document review in the four localities, interviewing clinicians, managers,
board members and lead commissioners (nine interviews per locality; 36 interviews in total).

Through discussions with our partner NCA programmes from objective 1, we became aware that two
were in the process of introducing changes to their feedback delivery. Both changes aligned with
suggestions for effective feedback:19

l The NDA was increasing the frequency of data sharing with recipients. Its annual report was to be
supplemented by quarterly data releases, a change that met the suggestion to provide feedback
as soon as possible, particularly for outcomes with many patient cases (i.e. suggestion 5 in Box 1).
We had been unable to operationalise this suggestion for effective feedback in our online experiment.

l TARN had developed a new tool, ‘TARN Analytics’. It allowed feedback recipients to examine data
in greater depth and ‘drill down’ beyond the headline messages. This aligned with the suggestion that
key feedback messages are supported by optional detail to enhance credibility (suggestion 12 in Box 1).
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Clinical Performance Feedback Intervention Theory
Clinical Performance Feedback Intervention Theory (Figure 29) resulted from a metasynthesis of
qualitative studies of A&F interventions.27 The model builds upon 30 existing theories and frameworks
of behaviour change, including feedback intervention theory,98 the Capability, Opportunity, Motivation
and Behaviour (COM–B) model,99 and the Consolidated Framework for Implementation Research.100 It
proposes that effective A&F is a cyclical process consisting of goal setting and audit, feedback message
production, perception and acceptance of feedback message, recipient desire and intention to respond,
action (at both individual and organisational levels) and, ultimately, quality improvement. The cycle will
be weakened, and progress halted, if any individual process fails.

The authors offer 42 ‘high-confidence hypotheses’ based on the theory. These illustrate how CP-FIT
variables and explanatory mechanisms influence the feedback cycle. These are all in the format of ‘Feedback
interventions are more effective when . . .’. For example, for the variable, ‘importance’, the hypothesis is
‘. . . they focus on goals recipients believe to be meaningful and often do not happen in practice’.

The feedback cycle

To inf luence

Operate via

Mechanisms

1. Goal setting

10. Clinical
performance
improvement

2. Data collection
and analysis

3. Feedback

4. Interaction

5. Perception 6. Verif ication7. Acceptance8. Intention

11. Unintended
consequences

9. Behaviour
(patient- vs.

organisation-level)

• Complexity
• Relative advantage
• Resource match
• Compatibility
• Credibility
• Social inf luence
• Actionability

Recipient variables
• Health professional characteristics
• Behavioural response

Feedback variables
• Goal
• Data collection and analysis method
• Feedback display
• Feedback delivery

Context variables
• Organisation or team characteristics
• Patient population
• Co-interventions
• Implementation process

FIGURE 29 Clinical Performance Feedback Intervention Theory. The diagram presents the theory’s variables and
explanatory mechanisms, and their influence on the feedback cycle. Reproduced with permission from Brown et al.27
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Revised study
We halted the planned study in March 2020 following the emergence of the COVID-19 pandemic and
the cessation of non-essential research in NHS settings. Consequently, we successfully adjusted our
design to ensure that it could proceed with minimum disruption to the wider programme. Our revised
study avoided any burden on the NHS and fully exploited the collective knowledge and experience of
our project team and extended network of advisors and stakeholders. The audits, their modifications
and the extent of their alignment with CP-FIT would all remain core elements of our study.

The revised study allowed us to partly address our original objective and make a contribution to the field.
First, our revised sample incorporated a wider range of perspectives, reducing clinical and commissioning
contributions by necessity and bringing different knowledge, experience and perspectives of A&F
researchers, patient and public representatives, and clinicians with experience of managing and receiving
audit in other clinical fields. Second, we delivered an innovative, rapid method of evaluating feedback
against a comprehensive, integrated theory (CP-FIT).

We applied CP-FIT to identify strong and weak points in the A&F cycles for both the NDA and TARN
and how those may be addressed by their intended innovations. Thus, we aimed to highlight good
practice and identify evidence-based suggestions on how each audit could enhance its impact.

Design
This was a rapid, theory-informed interview study.

Participants
We invited our co-investigators, Project Steering Group members, PPI panel members, reference
panel members (from objective 1) and selected nominees from TARN and the NDA to participate.
We aimed for a sample of around 20 individuals, seeking representation across the various roles and
backgrounds available.

Interview procedure
We sent participants a table of the CP-FIT feedback cycle processes prior to the discussion (Appendix 9).
This was to improve familiarity with the theory, help to concentrate attention on specific feedback
processes and frame discussion. We provided a question for each process to aid participant interpretation
and understanding (e.g. for verification, the question was ‘Can the recipient interrogate the data?’).

Interviews lasted approximately 30–45 minutes and were conducted remotely. We structured our topic
guide around CP-FIT and the individual processes of the feedback cycle. Some interviews covered the
entire cycle, whereas others focused on specific processes, depending on interviewee experience and
preferences. Where appropriate, follow-up questions were used to clarify understanding.

The first interviews were with audit managers from the NDA and TARN. These established understanding
of how the audits worked, recent changes made and their reflections on the feedback cycles for their
audit programmes. Their responses helped us to develop short summaries of both audits (Appendix 10)
for subsequent participants who did not already possess a detailed knowledge of these audits.

We invited participants to discuss one or both of the audits, and to raise any issues related to the audit
cycle that particularly interested them or that they wanted to discuss after reading the summaries.
We also prompted participants on aspects of the audit cycle that had not been covered in other
interviews. We were open to other findings that did not fit within the theory and disconfirming cases.
Participants were given opportunities to indicate issues that did not clearly fall within CP-FIT. For
instance, we asked ‘If you could change one thing about this audit, what would it be?’ or ‘Is there
anything that you wish to discuss that has not been covered by the cycle?’. Interviews were audio-
recorded and transcribed verbatim.
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Analysis

We completed a rapid, structured content analysis of transcripts against CP-FIT. Rapid approaches
to qualitative analysis are gaining recognition as a valid methodology within limited time frames and
have been applied to other contexts. Comparative studies suggest that rapid analysis techniques can
generate similar findings to more in-depth approaches, as well as provide actionable recommendations
required in applied settings.101–103 Using CP-FIT to structure the interviews meant that we explored
individual feedback cycle processes with participants. Individual interviews were examined (by SWo
and TAW) to ascertain whether or not the CP-FIT processes were achieved by the audits. Using
Microsoft Excel®, we created a matrix for each of the two audits. These were populated with
summaries of participants’ comments that mapped to each of the CP-FIT feedback cycle processes.
Each matrix was divided into two sections, with one half including positive comments and the other
detailing potential weaknesses and failed processes. Where appropriate, and to enhance meaning and
understanding, illustrative quotations were extracted. To check reliability of coding and interpretation,
Su Wood and Thomas A Willis began by independently coding two interviews, one focusing on the
NDA and one on TARN. They checked that both had generated similar summaries and that these
summaries had been mapped to the same CP-FIT cycle process. Following discussion, two further
transcripts were coded independently and compared. Differences were resolved by discussion. The
remaining transcripts were coded independently.

Results

We completed 18 interviews (one involved two people; thus, there were 19 participants) using our
amended approach and present participant information in Table 18.

TABLE 18 Participant demographic information, role and audit discussed

Participant characteristics n

Audit discussed

NDA TARN

Role

A&F researcher 4 2 4

A&F researcher and GP 3 3 1

Audit provider 3 1 2

Patient and public representative 4 3 2

Hospital consultant 2 2 2

Hospital consultant and audit lead 2 1 1

Major trauma network manager 1 – 1

Totala 19 12 13

Location of participant

Canada 1

England 17

Scotland 1

Sexb

Male 11

Female 8

a Several participants discussed both audits and thus the total values are greater than the number of interviews.
b One interview comprised two people (one male, one female).
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We have used the cycle as a loose structure to present our results; in some areas there is overlap
between processes. We present the results first for the NDA, and then for TARN. The questions that
we developed to aid reader understanding are provided for each process.

National Diabetes Audit

Goal setting (Are the standards of clinical performance clear?)
The NDA core audit is well established, and the clinical indicators it presents are of recognised
public health importance. This relates to two of the high-confidence hypotheses arising from CP-FIT.
Specifically, feedback interventions are more effective when they focus on goals that recipients
(1) believe to be meaningful and (2) perceive as relevant to their role. A participant with leadership
responsibility at another audit described his satisfaction at how his audit had worked to successfully
‘unify the measurement conversation’ (D9, hospital consultant and national audit lead). This referred
to establishing consensus around the indicators used and their acceptance by that particular audit
community. Such acceptance is an important foundation of any clinical audit and the NDA’s clear,
evidence-based criteria were considered a real strength.

However, an associated weakness was that the inclusion of several of the same or similar diabetes
indicators within the Quality and Outcomes Framework (QOF)104 undermined much of the need for the
NDA. Some interviewees, typically those with experience of primary care, highlighted this overlap. For
example, general practices can already access information on their achievement of the nine diabetes
processes of care via their electronic health record systems (and, notably, these data are also available
in real-time). Moreover, the fact that targets specified by NICE and QOF are not always in alignment
can lead to confusion in practitioners and a tendency to aim for the target considered to be of greater
importance, which is likely to be QOF, as achievement has financial implications for the practice:

I think it also competes with QOF . . . people tend to use QOF achievement more as their goals for
treatment than necessarily using the audit because they don’t tend to see it and also in a way might
duplicate some of the information that they are getting off them.

D17, A&F researcher and GP

Data collection and analysis (Who does the data collection?)
An important characteristic of the NDA is that the data collection process is automated and places
no demands on practice staff in data collection or analysis. This relates to two of the high-confidence
hypotheses arising from CP-FIT, that is that feedback interventions are more effective when they
(1) do not require the recipient to collect or analyse the clinical performance data and (2) collect and
analyse data automatically rather than manually. Other NCAs place greater demands on individuals and
teams in terms of collecting, checking and submitting required data. Data collection and analysis that is
performed manually or by the recipients themselves is often hindered by a lack of time or skills.27

When developing CP-FIT, Brown et al.27 identified seven explanatory mechanisms through which
feedback, recipient and context variables influenced the feedback cycle. One of these, complexity,
concerns how straightforward it was to undertake each feedback cycle process. In essence, the simpler
a process, the more likely it is to be successfully completed. The NDA’s automated data collection
reduces complexity and facilitates completion of this feedback cycle process.

‘Ownership’ is potentially relevant here. This refers to a sense that individuals are intrinsically
motivated to engage with an intervention and do not feel that it has been imposed on them. The
associated CP-FIT hypothesis states that feedback interventions are more effective when recipients
feel that they ‘own’ them.27 This may be considered to be in conflict with the automation hypothesis
(i.e. greater involvement in the preparation and submission of data may be expected to promote a
sense of engagement and ownership). Although automation reduces complexity and saves clinician
resources, it may also detract from ownership.

DOI: 10.3310/QBBZ1124 Health and Social Care Delivery Research 2022 Vol. 10 No. 15

Copyright © 2022 Willis et al. This work was produced by Willis et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social
Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

91



Feedback (What feedback is communicated?)
Our interviews particularly focused on the NDA’s recent introduction of a quarterly data release.
Current best evidence suggests that increasing the frequency of feedback is likely to make it more
effective.19 Our interview with a member of the NDA management team revealed that the change
had been introduced partly in response to users’ request that they not wait so long for performance
data. This is consistent with the CP-FIT hypothesis: feedback interventions are more effective when
they use recent data to calculate recipients’ current performance. Use of recent data may increase
acceptance, intention and behaviour because recipients are not being presented with events that
are long past.

Participants from all backgrounds endorsed this initiative. For example, more frequent data will
‘help people to get on top of their data’ (D9, hospital consultant and audit lead), and:

More frequent feedback is good as lots can change in a year and you wouldn’t know if you
were improving.

D17, A&F researcher and GP

Owing in part to delays around their preparation and sign-off from stakeholders, annual audit reports
often contain data that may be 18 months old. The ability to access more recent data may result in
poor performance being identified and acted on more quickly. Similarly, the impact of new improvement
initiatives may also be detected more promptly. One of our PPI representatives identified this ability for an
audit to be ‘reactive’ as an important feature (D14, PPI representative and retired national audit developer).

Another participant was more cautious, however, noting that increased frequency is not necessarily
beneficial (D18, A&F researcher). The impact it has depends on the number of patients included in
the feedback and time taken for any change to occur. It may also cause ‘alert fatigue’. Although there is
good evidence for the importance of feedback being timely (i.e. using recent data), optimal frequency
is less clear.27

There was praise for two other aspects of the feedback: presenting data at the level of practice teams
and making it publicly available. However, it is interesting that, although these elements were viewed
positively by participants, they are not necessarily compatible with CP-FIT and conducive to effective
feedback. First, one of the CP-FIT hypotheses concerns ‘specificity’: feedback interventions are more
effective when they report the performance of individual health professionals rather than that of their
wider team or organisation. Nevertheless, the fact that the NDA presents performance at the practice
(team) level was considered to be appropriate, as diabetes care is typically the responsibility not of
individuals but of several team members. Second, the CP-FIT review noted that sharing feedback with
the public often drew negative reactions from health professionals, with little evidence of having an
impact on clinical performance. The review cited one study suggesting that external reporting might
be considered punitive if data are shared without first allowing the opportunity for action.105 To our
participants, however, and particularly the PPI representatives, the fact that the data were publicly
accessible was welcomed, as patients may be interested in the performance of their practice.

Interviewees noted that recommendations on how to improve accompanying feedback may enhance
effectiveness. Action planning and problem solving are thought to facilitate intention and behaviour
by increasing actionability (a key explanatory mechanism in CP-FIT): the ease with which feedback
recipients can take action in response to feedback, and consequently how directly that action influences
patient care.27 They may also serve to reduce complexity, by providing clear guidance to recipients and
helping to reduce the effort required on their part in having to identify solutions. Two CP-FIT hypotheses
specifically address this: feedback interventions are more effective when (1) they help recipients identify
and develop solutions to reasons for suboptimal performance (problem solving) and (2) they provide
solutions to suboptimal performance (action planning). The lack of any such recommendations may,
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therefore, undermine any potential gains resulting from more frequent data release [for further details
see Intention (does the feedback elicit a planned response?) and Behaviour (is the behavioural response at
patient or organisation level?)]:

If there’s a deficit, is it communicated with a sense of purpose, with a set of recommendations for
action . . . and what we should prioritise . . . these are the areas that need most improvement?

D2, A&F researcher and GP

Interaction (How is the feedback received?)
The NDA circulates information and links to new publications to a distribution list of primary care
contacts within England and Wales. This can be considered an example of ‘pushing’ feedback to the
target audience; it helps to reduce complexity and facilitate progress through the cycle. However,
even with this ‘push’, the feedback may not necessarily reach its intended audience. Our participants
with primary care experience said that they had little awareness of the NDA and the reports were not
discussed among their practice teams. Feedback from the NDA has to compete against other priorities
for attention in primary care. One interviewee recognised that it would require considerable resources
and a ‘sales job’ to raise the audit’s profile within primary care:

As a recipient, I think that’s probably been one of the key issues is that I’ve just not looked at it very
much because it’s not really been pushed in my face or kind of promoted.

D16, A&F researcher and GP

Nevertheless, it was apparent from our interviews that the audit is not as widely known among its target
audience as might be hoped. Efforts to promote the audit and engage the primary care community may
prove beneficial. This would appear to highlight a critical flaw and a potential break in the feedback
cycle: if the audit is having difficulty reaching its intended audience, then its content and messages will
not be received and cannot be acted on:

It’s not just a matter of having the data and having it good quality, and giving it to the practitioners,
you have to do more than that in order to get them to use it.

D18, A&F researcher

Perception (How is the feedback understood?)
Aside from the obstacle of target recipients not receiving the information, several interviewees were
emphatic about what they considered to be the main flaw of the data release: the presentation of the
data itself. This was described as ‘very dense’ (D7, hospital consultant), ‘overwhelming’ (D11, audit and
feedback researcher) and ‘really quite dysfunctional and unappealing’ (D9, hospital consultant).

The quarterly data release is not the same as the full, annual report, which contains a range of
visualisations and headline messages. Nevertheless, interviewees consistently observed that the data
were practically impenetrable on first look, and few users would have the time or willingness to extract
what was personally relevant for them:

[Quarterly data] is useful as long as it is decipherable data. If you are just sent a massive spreadsheet that
you don’t read, it doesn’t really matter whether it is quarterly or annually, it’s still not going to be read.

D7, hospital consultant

One interviewee considered the cognitive effort necessary to progress from the data sheet to
improved patient care:

They have to do a lot of work in order to take their one line from these data, from this [Microsoft] Excel
sheet and turn it into useful information . . . the sort of cognitive steps that need to happen in order to
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take numbers and turn it into practice change . . . Unless it’s made dead easy, and people are interested
and want to engage in it, then they won’t even make use of the easy to use displays, never mind the stuff
where they actually have to go and do some work.

D18, A&F researcher

These findings are consistent with those of the systematic review of qualitative research on feedback27

and a high-confidence hypothesis: feedback interventions are more effective when they employ user-
friendly designs. This reduces complexity by helping users to decide what aspects of their performance
required attention, and facilitates the ‘perception’ stage of the feedback cycle. In the case of the NDA
quarterly data release, our evidence suggests that, even if recipients overcome earlier barriers and
interact with the feedback, they are highly likely to find the feedback too complex to continue through
the audit cycle.

The lack of a comparator further hindered interpretation of feedback. The data shared by the NDA
do permit users to compare their practice performance against that of others. However, this is not
straightforward, and the user is required to navigate and manipulate a complex datasheet to produce
their own comparisons. If performance is substandard, being able to easily see this in the light of
previous achievement or that of others is necessary to highlight that change is required. The absence
of a clear and meaningful comparator was identified by several interviewees:

What they really need to know, I think, might be how would they be performing compared to this time
last year and how were they performing compared to others, so for example if I find that I am, you know,
30% lower than I was at the same time last year, that should set off alarm bells, or if I find that I’m
20% lower than where other people are just now that sets off alarm bells . . . On the other hand, if I’m
doing 20%, 30% better than expected, actually that is really useful to know . . . I can say, OK, so that’s
something I’m not going to worry about for the next 2 or 3 months.

D2, A&F researcher and GP

It could be improved by having your practice data sent to you including previous performance to show
trends over time.

D7, hospital consultant

The numbers alone are not enough. They need to be accompanied by specific targets so that progress
towards these can be assessed.

D13, PPI representative

These findings are consistent with evidence from both the Cochrane review11 and the systematic
review of qualitative research.27 Providing a comparator is considered to facilitate the perception,
intention and behaviour processes of the feedback cycle via one or both of two key explanatory
mechanisms. A meaningful comparator will decrease complexity by helping users comprehend what
constitutes ‘good’ performance and increase social influence, stimulating a sense of competition.
Comparators can be generally considered in three categories.53 First, trend data present performance
in relation to past achievement levels, allowing users to interpret current data in a historical context.
Second, benchmarking involves presenting data relative to other health professionals or organisations,
and prompts individuals to do better than their neighbours, for instance. Third, specific targets may be
set as a level for recipients to attain. CP-FIT hypothesises that either trends or benchmarking will
make feedback more effective, but there is less evidence to recommend the use of targets.

Verification (Can the recipients interrogate the data?)
In addition to access to more frequent data, a NDA manager reported that their users had also
requested greater interactivity with their data. Our interviewees acknowledged that the data
release did permit greater interactivity: the data were presented in a Microsoft Excel spreadsheet,
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as opposed to a portable document format (PDF) file, and this format was likely to be familiar
to recipients:

The advantage of [Microsoft] Excel is that I think most GPs could open the file! Because I’ve learned a lot
of GPs are not tech-savvy, and don’t wish to be.

D17, A&F researcher and GP

The data could be manipulated by users to create their own comparisons, such as with other local
practices. However, as outlined above, participants were not convinced that recipients would utilise
the functionality to interrogate and verify the data. Moreover, the level of interactivity might be
considered rather superficial. Although it is possible to create comparisons between practices or Clinical
Commissioning Groups (CCGs), it is not possible to explore the data in any finer detail. For example, to
observe trend information, the user would have to locate and then compare their latest value(s) against
previous data releases. Interviewees with experience of primary care described the desire to identify
which of their patients were in need of review. Without this ability, it was difficult to see how the data
could produce specific actions to enable improvement. For example:

There’s no point sending back data to practices if they can’t do anything about it. If they can’t run a
similar search, find out who they need to see and review and where there’s gaps in care, then you’re
making it very difficult for people to interact and actually achieve something different.

D17, A&F researcher and GP

Acceptance (Is there acceptance of the feedback?)
Interviewees indicated that the feedback – once it had been read – would be accepted by recipients.
The organisations responsible were considered to be credible and the previously outlined association
with QOF meant that the feedback presented would be recognised as important and valid. Acceptance
is facilitated when recipients believe the data collection and analysis process produces a true
representation of their clinical performance.

A potential complication here related to the aforementioned lack of comparator. One GP participant
noted that there was no stratification or segmentation of the data. A possible consequence of this is
that suboptimal performers may feel able to blame their performance on, for example, the demography
of their patient population and downplay the responsibility of their practice team. This introduces
the possibility that, although the feedback might be accepted, it may fail to prompt recognition that
professional behaviour change is necessary. Consequently, progress through the cycle to intention
and behaviour, and then clinical performance improvement, would be unlikely. It was suggested that
acceptance might be improved and the feedback made more impactful by segmenting the data and
providing comparisons with practices with similar populations.

Whether the audit prompts a sense of ownership may also be relevant here. Recipients may accept the
feedback, but a lack of ownership and engagement with the data may result in shallow acceptance,
at best:

As someone who has received or looked at the NDA, I don’t feel I have any ownership of it as a GP,
so I do kind of feel that it’s been imposed.

D16, A&F researcher and GP

Intention (Does the feedback elicit a planned response?)
There was little evidence that participants believed that the feedback would produce an intention to
change behaviour. Only one interviewee (D13, PPI representative with experience of CCG management)
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reported that the feedback would lead to intentions to change, by enabling recipients (both clinicians
and managers) to look at their local picture and ask what they would do to change it:

It all has a good story to tell and I think that good story enables clinicians and managers to apply
themselves to ‘this is how it works locally, this is what we’ve got, what are we doing about it?’.

D13, PPI representative with experience of CCG management

The provision of specific recommendations would probably strengthen this relationship. Another
participant suggested that being presented with the information more frequently would serve to act as
a reminder and increase intention to act. This perspective is consistent with CP-FIT; delivering more
timely information is proposed to facilitate the feedback cycle processes of acceptance, intention and
behaviour by making the feedback more credible and actionable.

The fact that the NDA covered regular GP behaviours was important. It was noted that several of
the indicators (e.g. recommended processes of care for diabetes) did not require new learning or
training to be achieved. Their focus on a practitioners’ regular role meant that nothing unusual was
required of recipients, which meant that there ought to be few barriers preventing the completion of
target behaviours.

However, where this was likely to fall down was in relation to the lack of recommended actions. One
interviewee noted: ‘I don’t know what response they want to elicit, other than work harder?’ (D2, A&F
researcher and GP). An implicit request to work harder is unlikely to be met with a positive response.
Another participant made a similar point:

You know, you want to have ideally an action to, for someone to at least think about, and it’s not clear to
me from this particular graph that there’s anything that they should be thinking about doing.

D18, A&F researcher

A further complication here concerns the level of feedback specificity. It was noted in relation to
the feedback process of the cycle [see Feedback (what feedback is communicated?)] that diabetes care
involves multiple members of practice teams. However, CP-FIT states that providing feedback at
the level of individual clinicians will make it more effective. Failure to provide specific recommended
actions may make it easier for individual staff to dismiss the feedback as not being relevant to them,
and reduce the chances of intentions being formed.

Behaviour (Is the behavioural response at patient or organisation level?)
In the feedback cycle, feedback that has been received, understood and accepted by users, will
ideally be followed by a planned behavioural response. An important problem with the NDA quarterly
data release, identified by several interviewees, is that it is not made explicitly clear what is required
of recipients in response to the audit, beyond a general call to ‘do better’. It has been discussed
above (see Feedback and Intention) how the inclusion of specific actions can help to raise the likelihood
that audit data are acted on.

The capacity to access patient-level information was noted in relation to the verification process
of the feedback cycle and this is also pertinent when considering the desired behavioural response.
CP-FIT hypothesises that feedback interventions are more effective when they show the details of
patients used to calculate recipient clinical performance. This is based on evidence that feedback that
detailed patient lists facilitated verification, perception, intention and behaviour by enabling users to
understand how suboptimal care may have occurred, helping them take corrective action for those
patients, and learn lessons for the future. In addition, such feedback facilitated acceptance by
increasing transparency and understanding of the feedback methodology.
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Thus, a particularly helpful addition to the feedback would be support to create lists of relevant
patients so that they might be identified and invited for review, for example:

They don’t provide patient lists so I think that’s probably, you know, that’s a major downfall . . . you need
patient-level change as well and patient-level change really only happens if you have those patient lists.

D16, A&F researcher and GP

Clearly, for an audit that covers every general practice in England and Wales, it would be impractical
(even before considering the data protection implications) to generate patient lists for all recipients.
However, this may be supported in several ways. For example, providing guidance to practices on how
they might identify the patients on which to focus, or tools on how to create lists using different
software systems. Many practices would be able to complete this exercise for themselves, but for
audits to be as effective as possible they need to make actions as straightforward as possible for
those that cannot or are not inclined to do so (i.e. reduce complexity and increase actionability).
One interviewee described the NDA as ‘monolithic’, but did not suggest that it could not improve
(D14, PPI representative and retired national audit developer).

Clinical performance improvement (Are there positive changes to patient care as a
result of feedback?)
A distinction is made within CP-FIT between behavioural responses that are at the patient-level
(i.e. relating to the care of individual patients) and those at the organisation-level with impacts across
the wider health-care system. In relation to the NDA data release, a patient-level response might be
to invite those patients with diabetes for a foot care review that had not been reviewed previously;
an organisation-level approach would be to initiate a computerised decision support system that
reminded clinicians to check whether or not eligible patients had been offered a foot care review
during the current data collection period.

Organisation-level behaviours are associated with greater clinical performance improvement as they
enable multiple patient-led behaviours by enhancing the clinical environment in which they occur.

We found little evidence of positive changes to patient care as a result of the NDA feedback. The
clinical standards included were considered to be advisory, with positive change hoped for, but a
mechanism for actually instigating this was lacking. One GP did consider the audit supportive of
positive change in contrast to other approaches (e.g. inspection regimes) perceived as punishing
underachievement (D16, A&F researcher and GP).

Our interviewees touched on an issue that CP-FIT terms ‘observability’: feedback interventions are
more effective when they demonstrate their potential benefits to recipients. In this context, attention-
grabbing messages could be used to highlight the population health benefits of greater adherence to
recommended practice:

I think the thing that they need to do, or consider, would be something like, ‘Out of your 400 people with
Type 2 diabetes, there are 100 with suboptimally controlled blood pressure. If you were to improve the
blood pressure control for 50 of those, set a reasonable target over the next year, and maintain that
improvement, that would translate into fewer strokes in the next 10 . . .’ They can’t see what the tangible
benefits are for patients just now because it’s processes.

D2, A&F researcher and GP

This view that more could be done to disseminate audit messages to the wider population was
reiterated by our PPI representatives. One interviewee (D13) questioned whether or not the audit led
to any change in the conversation between GP and patient. They made the more general point that
much audit work could be considered ‘tick box’, with benefits to the practice for completing particular
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activity (‘points scored’), but without any impact on patients themselves. This participant identified the
potential for practices’ patient participation groups to contribute in line with an increasing expectation
that audits should incorporate and demonstrate PPI.68 Supporting wider patient awareness of the audit,
its aims and the achievement of individual practices may improve ownership.

Unintended consequences
CP-FIT acknowledges the potential for both positive and negative unintended outcomes of feedback
interventions. These include improved record-keeping, or manipulation of patient populations to
‘game’ the data and artificially improve performance. Our participants identified no such unintended
consequences in relation to the NDA.

Trauma Audit Research Network

Goal-setting (Are the standards of clinical performance clear?)
CP-FIT hypothesises that feedback is more effective when the standards of clinical performance are
considered important and relevant to recipient’s roles. Our interviewees were generally content that
these requirements had been met. One participant (D5, trauma network manager) used TARN outputs
within their professional role and was happy with what was being measured and its relevance to
patient care. No concerns were raised about the acceptability and clarity of the standards.

Data collection (Who does the data collection?)
Each trauma unit has a TARN co-ordinator, responsible for the manual processing and submitting of
the required data. The role can be time-consuming and requires particular expertise to ensure that
data are accurate and processed within specified time frames. CP-FIT hypothesises that requiring
recipients to collect data, and via manual processes, will inhibit the feedback cycle by introducing
complexity and demands on resources (i.e. time, staff capacity and skills, finances). Ensuring that
sufficient resources are available may facilitate progress through the audit cycle.

Two secondary care participants with experience of other audits identified manual data collection as a
potential weakness in the cycle. One explained that manual processes were associated with ongoing
questions about whether all of the data were necessary, who completes the work and, crucially,
how that work is resourced. Nevertheless, they perceived TARN’s data collection to be an efficient,
structured process, and one that their own audit could learn from. There was a recognised value in
moving towards automated data collection:

We should be moving to a world in which the data is collected not essentially paper based, manually,
but is collected more remotely, electronically, efficiently . . . I think there’s a lot of scope for doing that
and I think that’s something important that we should be moving towards doing.

D12, hospital consultant

Those were the two things that struck me about it, you know, TARN has moved on and has tried to deal
with the user end of things, you know, with the looking at the data, but they don’t appear to have solved
the getting the data automatically, it’s still manual data entry.

D19, hospital consultant and audit lead

Participants with knowledge of TARN considered the checking and analysis of data to be a rigorous
process. All data are checked and validated centrally before being included in analysis and incorporated
into feedback. Where data fall outside of expected parameters, TARN contacts sites to check submissions
and explore reasons for anomalies (which are typically explained by data entry issues rather than genuine
problems with care). This rigour will support data accuracy, helping to ensure that the feedback is
considered trustworthy and reliable. Feedback users are more likely to believe and engage with credible
feedback27 that facilitates several steps of the feedback cycle: interaction, verification, acceptance,
intention and behaviour.
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Feedback (What data are communicated?)
Our interviewee with professional experience of working with TARN (D5, trauma network manager)
strongly praised what is fed back to users. They considered that TARN had worked hard to provide
accessible outputs and to balance the varying needs for information of all recipients, especially in
developing TARN Analytics. Participants less familiar with TARN were also positive about the new
tool. The dashboard was considered attractive and user-friendly, facilitating progress through the
early stages of the feedback cycle by reducing complexity:

I can see that the visualisations that they use are quite simple, which is what people were asking for from
[other audits].

D10, A&F researcher

The ‘function’ of feedback is the subject of a hypothesis in CP-FIT (i.e. is it perceived to support
positive change or punish suboptimal performance?). Recipients often reject feedback perceived as
punitive; it may undermine intrinsic motivation to improve care. However, feedback still has to
stimulate change:

I think it comes across as neutral. I think that’s nice from TARN’s perspective because they’re not meant
to be choosing to manage or lead in a carrot or stick format. I think that’s a choice for managers or
clinical directors or chief execs or leaders as to what balance and proportion of carrot and stick they use
in their day job, or in an area to, to make change happen. So there’s a positive element in that sense for
when you first look at TARN Analytics that does appear relatively neutral. There’s a negative to that
though, is that neutrality doesn’t help change anything.

D5, trauma network manager

Interaction (How is the feedback received?)
Perceptions of TARN Analytics were generally positive. However, this does not guarantee that it will
actually be used. It may take time for users to adjust to new systems, and those who are familiar with
their own tried and trusted methods may prefer to continue to work with an old system that they
are confident in using. Our recognised user of TARN feedback described checking his data regularly,
but did not actually use the new system:

I didn’t have a motivation to go in and teach myself how to do it . . . I’ve probably been in [the new
system] in all truth probably less than half a dozen times between [getting access] and now because
I keep going back to the old ways of working.

D5, trauma network manager

One participant with experience of developing a national audit also acknowledged the impressive
functionality of TARN Analytics, but questioned how widely it would be used. At the time of the
interviews, TARN Analytics had been available for only a matter of months:

I guess it would be interesting to know how well it was being used or if it was being used. Because I know
in [another audit] there were some kind of very active units who were always requesting data and always
wanting information. But there were other units who never, you know, they submitted data, but the staff,
there wasn’t a culture, really, I think, of using information, you know, to examine and evaluate their practice.

D14, PPI representative and former national audit developer

Although the majority of participants considered the feedback to be user-friendly, there was scope for
improving design and further reducing complexity:

What it lacks is sort of headlines, sort of labels to orient the viewer. [Presenting similar information in
different ways] is adding to the overall sort of cognitive load of having to unpack it. So I think that, you
know, there’s a trade-off between, in general, you want to present things in terms of words and graphs,
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present them in multiple ways, but there I think this probably goes a bit too far in trying to present it any
number of ways.

D18, A&F researcher

A further issue here concerned the intended target audience for the feedback. Several participants
raised questions around this, and whether or not there may be better signposting for different groups
of users. For example:

I guess this appeals to people like me and what I’m seeing there on the TARN dashboard example and it
will appeal to medical directors, but it might not be very, um, and it probably will be important in terms
of influencing doctors perhaps and some nurses, but not everybody. . . . There’s definitely a thing for me
about the difference in audiences. Whose performance you are actually trying to, whose behaviour are
you trying to change?

D9, hospital consultant

This need to consider the varying needs of a range of recipients was echoed by another participant:

So they’ve got, you know, a massive amount of information. And the buttons on top of their website,
I think it says research, but, you know, on the front it’s difficult to know who it is designed for, you know,
the nurses in the trauma units or the clinical staff in the trauma units? Or is it, you know, if you’re a
relative of a patient and you were told about the audit, you know, and you go there. . . . there should be
avenues for clinical staff and for people who want a more general overview of what they do.

D14, PPI and former national audit developer

Perception (How is the feedback understood?)
Meaningful comparators are important in making feedback effective.19,27 CP-FIT hypothesises that
both trend (current performance in relation to past performance) and benchmarking (illustrating
the performance of other teams or regions) information can aid the comprehension of feedback.
Supporting recipients to appreciate what constitutes ‘good’ performance reduces complexity, and
introducing a sense of competition (social influence) is likely to facilitate the cycle processes of
intention and behaviour.

The TARN feedback presents performance against the national median and thus follows the
recommendation to include a comparator. The question of which comparator is the most effective,
however, remains uncertain, and this was an issue raised by our interviewee with experience of using
TARN. For this user, a higher target was of more use than the national average:

You have got to understand the national average . . . and whether that national average is good or bad,
and obviously that doesn’t come across in a doughnut or in a graph, it’s just the national average. . . .
[Hospital X] is probably our lowest one in some areas and they are still above national average . . .
we obviously don’t want them to focus and think, ‘well, we’re above national average, brilliant’.
We have to repeatedly say, ‘look, you’re far worse than [Hospital Y] so you’d better be trying to get
better . . . no one should be aspiring to be average, everyone should be aspiring to upper quartile . . .
I would, if it was me, delete all average figures and only have where the upper quartile figure is.

D5, trauma network manager

Thus, although it remains unclear which specific comparator to use, feedback recipients may welcome
some flexibility in selecting their own preferred comparators.

Verification (Can recipients interrogate the data?)
TARN Analytics is designed to enhance users’ ability to interrogate their data and, hence, may strengthen
the ‘verification’ step of the feedback cycle. Indeed, our interviewees recognised the sophistication of the

A THEORY-GUIDED EVALUATION OF TWO NATIONAL CLINICAL AUDIT PROGRAMMES (OBJECTIVE 2)

NIHR Journals Library www.journalslibrary.nihr.ac.uk

100



new tool. Those familiar with other audits considered the ability to ‘drill down’ into data to be important
and a feature often requested by audit users:

I think that’s a good idea, I mean that’s almost the comment that comes back on [our] audit is that sites
want to drill down their own data, they want to understand their own practice in more detail.

D12, Hospital consultant

What people were saying was that they would like a tool that enabled them to drill down so if they saw
there was a problem or an anomaly, they could go in and see where it is.

D11, A&F researcher

TARN Analytics can be considered to be consistent with one suggestion for effective feedback:19

provide short, actionable messages followed by optional detail. Recipients who wish to do so are able
to explore the data in more detail, and explore questions of interest. This functionality was described
by one participant, who referred to ‘levels of access’ and the need to cater for different types of users:

You have a sort of vaguely interested person and then you have a person who is more interested,
and then you have an expert, and you provide sort of different levels of information.

D19, hospital consultant and national audit lead

Our participant with professional experience of trauma care suggested that the new tool would have
time-saving benefits. He described an occasion when his unit’s achievement on an indicator had
suddenly and unexpectedly declined. Staff members then spent a considerable amount of time
investigating the criteria used for the indicator, and what might explain the fall in performance.
He hoped that the new tool would simplify such processes in future:

A TARN Analytics tool I would hope could help pinpoint faster that it is two outliers that have caused it,
or it is four outliers that have caused it, or it is one month of the year that has caused it, because
otherwise you spend, you waste a lot of time analysing, reanalysing everything to find the contributing
factor that has changed the number.

D5, trauma network manager

This participant proceeded to describe a demonstration of the new tool and how it enabled the
production of individual charts and figures that would aid the resolution of such queries far more
quickly than the existing system:

That was brilliant and that was certainly a lot faster . . . it took [demonstrator] 10–15 seconds to do
that in the new tool . . . it isolated the area for checking immediately to 1 month instead of 12, and to
probably half a dozen patients instead of 200, and that took, you know, three mouse clicks.

D5, trauma network manager

The ability to access patient lists is hypothesised by CP-FIT to further strengthen feedback. Seeing
which cases have been used to calculate performance helps to enhance credibility and actionability,
and reduce complexity. This facilitates several processes within the cycle: verification, acceptance,
perception, intention and behaviour.

Acceptance (Is there acceptance of the feedback?)
Whether or not recipients accept feedback is associated with the credibility of its source and
perceptions of the accuracy of its content. Recipients who perceive feedback as trustworthy and
reliable are likely to believe and engage with it, which in turn facilitates interaction, verification,
acceptance, intention and behaviour. Acceptance is more likely when recipients believe that the
data collection and analysis process produces an accurate reflection of their clinical performance.
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Our participants described the TARN organisation in positive terms, and it was clear that the audit was
respected by both its target audience and clinicians working in different specialties.

A member of the TARN management team felt that their commitment to quality assurance processes
had produced an audit that was valued, trusted and respected. TARN maintains an annual ‘Outliers
Surveillance Programme’ that reviews hospitals and identifies outliers – both positive and negative:

We identify the outlier hospitals, we contact them and we work through the data. And I think that’s our
key responsibility, is identifying not just poor, but also good practice.

D6, national audit provider

The consensus was that users considered TARN to be credible and the data would be accepted.
Importantly, it was also noted that data were more likely to be accepted if they aligned with recipients’
expectations; users were considered less likely to interrogate feedback with which they agreed. This is
consistent with evidence from CP-FIT, which states that if accuracy is perceived to be low, recipients
are more likely to undertake verification.

Our interviewee with experience of using TARN confirmed that the data were an integral part of
trauma care at all levels of the organisation: they were used by teams to assess the impact of quality
improvement projects, featured in peer review visits within the local network and featured in meetings
of local executives and directors.

Two other CP-FIT variables are considered to facilitate acceptance of feedback: ‘timeliness’ and
‘specificity’. The timeliness of the data included in the feedback (i.e. whether or not recent data are
used to calculate achievement) is another factor found to influence acceptance. Feedback based
on more recent data is generally considered credible and actionable. TARN achieves this goal:
dashboard data are updated following validation of new patient cases, facilitating acceptance,
intention and behaviour.

Specificity refers to the level of precision within the feedback; interventions that report the performance
of individual health professionals are considered to be more effective than those reporting at the level
of teams or organisations. Increased specificity makes feedback more actionable, again facilitating
acceptance, intention and behaviour. TARN does not achieve this aspect of CP-FIT as it reports at the
team level. However, a range of staff members contribute to patient care within trauma, particularly in
complex cases, and it would therefore be inappropriate to report clinician-level performance.

Intention (Does the feedback elicit a planned response?)
Our participants identified that TARN feedback omitted specific recommendations for action. Supporting
recipients in identifying and developing solutions to suboptimal performance (problem solving), or providing
potential solutions (action planning) serves to facilitate the perception, intention and behaviour processes
within the feedback cycle. This is achieved by reducing the burden on users (reducing complexity) and
making it easier for them to act in response to the feedback (increasing actionability).

Our participants observed a lack of detail about what recipients might do in response to the feedback.
Provision of a menu of actions would be a worthwhile target for improvement, but this was not
apparent to our participants.

Behaviour (Is the behavioural response at the patient or organisation level?)
In CP-FIT’s hypothesised feedback cycle, intentions formed as a result of studying and understanding
feedback will lead to a planned behavioural response. As noted earlier, an important problem
concerning the TARN feedback is that it is not made clear to recipients what is required of them
in response. Providing specific suggestions for action can help to facilitate the behaviour process,
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thereby stimulating progress through the cycle. The trauma network manager considered that
responses were primarily required of clinicians:

For me the target audience is less people like me and more actually clinical, clinicians and surgeons
and consultants.

D5, trauma network manager

It was interesting that the above trauma network manager did not consider themself the target
audience, but more of an intermediary who could extract detail from the audit and share it with those
responsible for taking action (e.g. executives, directors and clinicians). It was not specified if or how
those individuals would take action.

Although specific recommendations may enhance the utility of feedback, they should be congruent with
the appropriate level. For example, if organisational-level actions are required, then the instructions
presented need to be for actions that suitable individuals or teams can deliver; it also needs to be
understood by recipients at those levels that action is required of them. A potential lack of clarity
regarding the target audience was outlined in relation to interaction, which is likely to affect multiple
stages of the cycle. This awareness of targeted feedback, and then tailoring guidance appropriately,
was outlined by a consultant with knowledge of another secondary care audit:

We’re trying to influence lots of different people and if we were trying to do that all with data, they might
all need to see perhaps a slightly different version or at least a version that would ideally suit them.

D9, hospital consultant and national audit lead

Clinical performance improvement (Are there positive changes to patient care as a
result of feedback?)
The trauma network manager stated that, via its original system at least, TARN had ‘transformed
care’. This was not supported with any evidence of improved outcomes. However, his description
of a local quality improvement initiative did indicate how TARN data can be used to corroborate
such activity, and prompt conversations about sharing best practice. A team had committed to
improving pain relief for rib fractures by completing an internal audit and introducing new processes
to improve care:

6 months to a year later, the TARN graph also corroborated and said that their times for pain relief
were the best in the network and they stood out as number one when we made the league table, and a
different hospital who we knew had done very little or nothing about it stood out as being last. So it was
then useful to put up the league table and go, ‘this is the league table in the network of who’s performing
around that metric’, and turned to [team] to ask them, ‘what did you do, what do you think you did or
what have you done that you think has put you first on this league table?’.

D5, trauma network manager

For others without direct involvement with TARN, it was less clear that TARN was demonstrating
genuine impact. One interviewee considered this a common weakness across all audits. They had
visited the TARN website to look for examples of performance improvement attributable to TARN,
but had been unable to find any:

Where are the tangible benefits about change in practice, about how this information has actually
benefited patients? . . . Not enough about how the database was exploited for patient benefit . . .
There is a lot about feeding back to organisations . . . but I couldn’t grasp . . . why would you want to
continue funding this database. What changes have, you know, are in evidence?

D14, PPI and former national audit developer
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Demonstration of the benefits of feedback and the impact it has on patient care is specified in CP-FIT
as something that can enhance the effectiveness of feedback. This is termed ‘observability’ and is
believed to facilitate all processes within the feedback cycle.27

Unintended consequences
Possible positive or negative unintended consequences are highlighted in CP-FIT. Improved record-
keeping would be an example of a positive consequence, whereas ‘gaming’ of data to suggest that
performance has improved is an example of a negative one. A suggested negative consequence of
TARN feedback, albeit relevant to all clinical audits, concerned how they are portrayed, particularly in
relation to the public:

I don’t think that we write these things for patients, and so I think unintended consequences are when
people pick up in data that . . . if patients don’t have a statistical knowledge of what the data means then
they miss – it’s the [British tabloid newspaper] approach isn’t it? You know, you have to have a sort of
shock headline, you know, that always has to be something that’s gone wrong, rather than something
that’s gone right . . . I think there’s a real challenge that if you’re, if you have public-facing national audit
and you don’t present it in a way that people will understand then they’ll misinterpret it, so that’s an
unintended consequence.

D19, consultant and former national audit lead

Discussion

We conducted a rapid, qualitative evaluation of two NCAs guided by a theory of feedback that
is specific to health care.27 We interviewed a range of experienced A&F researchers, health-care
professionals and patient representatives about their observations of each audit and used CP-FIT’s
detailed breakdown of causal pathways of feedback and explanatory mechanisms to assess the likely
effectiveness of both audits.27 For both NDA and TARN, we produced a detailed critique of how
their feedback compared with the processes within the audit cycle. We identified key strengths and
weaknesses of their audit cycles.

Comparison to existing literature
Brown et al.27 specifically refer to how researchers can use CP-FIT to evaluate feedback interventions
and explain their observed or predicted effects. In completing a rapid, framework-driven analysis, we
have demonstrated an approach that others may use to evaluate other feedback interventions and
identify both their strengths and weaknesses.

In our evaluation, we paid particular attention to two of the suggestions for effective feedback
identified by Brehaut et al.19 This work builds upon our online experiment (objective 1) to explore
how two of the suggestions may work in practice and has highlighted some of the complexities
involved. For example, releasing data more frequently is recommended, but our findings illustrate
that this is likely to be insufficient to prompt clinical improvement on its own. Timely feedback is
unlikely to offer any advantages if it struggles to reach its target audience and, if it does reach them,
is considered incomprehensible.

Participants, particularly those with primary care roles, identified a potential conflict between the NDA
and the performance management system for general practices, QOF. There are overlaps between
the clinical standards included, and our results indicated that QOF was prioritised. Interventions that
target processes of diabetes care must, therefore, account for QOF. We drew a similar conclusion in an
earlier trial of an intervention including A&F that failed to improve diabetes management in primary
care.106 The associated process evaluation suggested that, although the intervention was aligned with
existing priorities and initiatives, it was not sufficiently distinctive to stand out and engage clinical
teams. Work around the monitoring and achievement of the QOF is often embedded within general
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practices and is therefore likely to be resistant to change. However, it is possible that making trend or
benchmarking data more accessible within NDA outputs would offer practices valuable information
that the QOF cannot provide.

Strengths and limitations
A particular strength of the study is our use of CP-FIT, enabling a state-of-the-science analysis of two
NCAs. Furthermore, we drew upon wide-ranging participant experience of audit and research.

We acknowledge three main study limitations. First, this was a rapid study; we opted to modify our
work in response to the COVID-19 pandemic. It was not possible to complete an in-depth, qualitative
analysis of the interviews within our programme. However, rapid approaches to qualitative research
are gaining recognition as a valid and viable methodology within a limited time frame.101–103 They
have been used successfully in other contexts, most recently in completing qualitative research
into the COVID-19 pandemic.103 This rapid approach therefore allowed us to identify meaningful,
timely findings.

Second, pandemic restrictions limited our potential participant sample. In particular, we were
prevented from approaching clinical teams, as per the original design. This was perhaps of greater
significance regarding TARN: our wider network of collaborators included only one health professional
with direct knowledge and experience of TARN outputs; by contrast, for the NDA, the sample included
three GPs. Consequently, our analysis is weighted towards the perspectives of a single individual,
although we have introduced external perspectives wherever relevant. A related issue is the risk
of bias in our sample. We interviewed people with an interest in the use of A&F to improve health
care. Further research with participants who are less interested in A&F and more typical of targeted
recipients would be necessary before drawing firm conclusions from our results.

Third, several participants had no prior knowledge of both audits under consideration. To inform
discussion we provided summaries of both audits and shared links to recent outputs. Most interviewees
were experienced in A&F and familiar with the evidence around how to make it more effective, perhaps
with more critical distance than those with direct stakes in both audits.

Implications for practice
Our findings have direct implications for both of the evaluated NCAs. We identified three strong
features of their feedback likely to facilitate progress through the audit cycle, as well as three others
requiring more attention to enhance feedback effectiveness. For the NDA, three strengths were:

1. The move to quarterly data release. The NDA’s recent move to increase the frequency of feedback
was welcomed, appears to meet the needs of audit users and is in line with best evidence about
improving feedback’s effectiveness. It is likely to have facilitated the acceptance and intention
processes of the audit cycle.

2. Automated data collection. The routine extraction of data minimises the impact on primary care
teams and helps to ensure a large and accurate data set. It also reduces complexity and strengthens
the initial processes of the audit cycle.

3. Respected source and widely accepted indicators. The feedback is considered to come from a
respected, credible source and the clinical indicators reported are recognised by users as relevant
and concerning an important public health issue. There was no indication that users would question
their worth, nor the need to monitor achievement.

We suggested three areas for further attention:

1. Delivery to target recipients. There were indications that the feedback is failing to reach much of its
intended audience. The data may be publicly available, but our interviews suggested that GPs are
often unaware of the feedback. Consequently, they will not discuss the data with their practice teams,
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and it is not surprising that the audit is not a prompt for clinical improvement. There were suggestions
that the audit is overshadowed by QOF and has not done enough to define its own position and
importance. Potential solutions might be to increase efforts to ‘push’ the information to CCGs and
practices, and accompany this with messages highlighting the importance of the data (‘observability’).

2. Presentation. Following the cycle, when the feedback does reach its target audience, it is far from
certain that it will be read and understood. Several interviewees commented on the impenetrability
of the content and found the Microsoft Excel datasheet to be off-putting. Thus, consideration should
be given to how the data might be made clearer for users with limited time and resources.

3. Interpretation. Although comparators are available within the feedback, participants felt that more
could be done to make this process more straightforward and accessible. Inclusion of a meaningful
comparator is recommended for effective feedback. In the feedback provided by the NDA, it was
felt that too much was required of analysts and others skilled in manipulating data to produce the
required comparators. Wherever possible, potential barriers to understanding should be removed,
for example, providing more accessible comparator information [e.g. practice previous performance
(trend), or performance of similar practices and CCGs (benchmarking)].

Similarly, for TARN, we identified three features consistent with best practice:

1. Enhanced interactivity. The new TARN Analytics tool was considered an important and useful
addition, and aligned with recommended practice. The enhanced ability to interrogate and ‘drill
down’ into the data (in some cases to the patient level) is likely to strengthen the verification and
acceptance processes of the audit cycle.

2. Use of comparator. The presentation of comparative performance is consistent with evidence of
how to enhance feedback effectiveness. Incorporating social influence helps to facilitate perception
and can help to guide intention and behaviour.

3. Respected source. The feedback is considered to originate from a respected, credible source, and not
just by those working within trauma. Audit commissioners and clinicians from other fields recognise
TARN as an exemplar of good practice from which other audits could learn. A commitment to
ensuring data accuracy and validity has contributed to this reputation.

We suggested three areas for further attention:

1. Action planning. Providing suggestions of specific actions to undertake to improve performance can
enhance feedback effectiveness. Interviewees perceived the absence of such options in the TARN
feedback, observing that merely showing achievement is not sufficient to bring about improvement.
Recipients have the opportunity to explore a wealth of data, but action plans and guidance on what
could be done to improve would probably prompt further achievement by making the feedback
more actionable and facilitating intention and behaviour.

2. Greater flexibility around comparators. Although it remains uncertain whether or not particular types
of comparator are more effective than others, providing a higher benchmark (e.g. the top quartile)
could potentially serve as a greater spur for improvement than showing average national performance.
This hypothesis is under investigation elsewhere,107 but our own objective 1 screening experiment
failed to support it. Nevertheless, providing users with the ability to select their own comparators
and benchmarks may be beneficial.

3. Evidence of impact. Participants generally believed that engagement with TARN had resulted in
improvements to patient care. However, no specific examples of this were provided and participants
who searched for such examples on the TARN website were unable to locate them. Clearer
demonstration of the impact of TARN – including presenting this in a manner that is accessible to
patients and the public – would likely strengthen the audit cycle, as well as support continued audit
engagement and acceptance.

Clinical Performance Feedback Intervention Theory was developed with specific attention on feedback
interventions in health care. We suggest that our findings are of interest to three stakeholder groups.
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First, we have identified aspects of audit programmes that attenuate the audit cycle, or even cause
it to break down entirely. We gathered information from experts and audit recipients about how
feedback innovations are perceived and acted on (or not). Some of our findings and lessons are likely
to be applicable to other NCAs. Second, we have indicated features to consider in the external review
and commissioning of national audit programmes, together with recommendations on how they might
be made more effective. Third, patients’ groups and charities will be interested to learn how they might
support audits and encourage improvement. We found demand for audits to make greater efforts to
publicise the impact they had on health-care quality, including making this impact more accessible to
the public.

Implications for research
We have demonstrated an approach to applying CP-FIT to two national audits. Further work could
examine relationships between key features of A&F programmes, as delineated by CP-FIT, and their
effects on clinical practice and outcomes.

Summary
To our knowledge, this is the first application of CP-FIT to evaluation of feedback delivered by
individual NCAs. We considered two examples of feedback in relation to the audit cycle and associated
high-confidence hypotheses. Such an application may be of value to other national audit programmes
seeking ways to improve the impact that they have on patient care.
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Chapter 5 Perspectives on embedding
trials of audit and feedback within
national clinical audits (objective 3)

Parts of this chapter have been reproduced or adapted with permission from Alderson et al.108

This is an Open Access article distributed in accordance with the terms of the Creative Commons
Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this
work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/
licenses/by/4.0/. The text below includes minor additions and formatting changes to the original text.

Background

National clinical audit programmes, through their scale and reach, potentially offer a powerful means by
which to embed experimentation. Such work would have two objectives: directly enhancing the audit’s
impact and generating robust evidence on what works.28,109,110 Audit programmes aim to continually
enhance their impact – typically by making incremental changes over time, such as adjusting feedback
displays or using different comparators. Given that such changes usually result in small to modest
effects on patient care and outcomes, it is difficult to judge their effectiveness in the absence of
rigorous experimental or quasi-experimental evaluations.

We have proposed ‘implementation laboratories’ as a means of exploiting this opportunity: the
formation of a programme of systematic, iterative trials, embedded within national clinical audit
programmes.111 An example of an implementation laboratory, from UK secondary care, is the
AFFINITIE partnership with NCABT.24

Here, hospitals were randomised to two empirically and theoretically informed feedback interventions,
which aimed to enhance either the content of feedback reports or follow-on support to help hospitals
act on feedback. Audit data were used to assess effects on evidence-based blood transfusion practice.
Another example, from Canadian primary care, is the Ontario Healthcare Implementation Laboratory.112

This partnership with Health Quality Ontario aims to improve the impact of feedback reports delivered
to nursing homes. The project includes randomising prescribers to different performance comparators
(e.g. overall provincial average prescribing rate versus the top quartile) and using positive or negative
framing of content (e.g. informing recipients that they have prescribed potentially harmful medications
to 15% of their patients versus avoiding prescription-related harms in 85% of their patients).

These models provide the potential for significant returns on investment in their development. Incremental
improvements associated with modifications to feedback (e.g. a 1% increase in effectiveness) can have a
substantial impact at the population level. Establishing close partnerships with health-care systems delivering
implementation strategies at scale holds the potential for a more systematic approach to identifying and
addressing priorities, and the promotion of good methodological practice in both improvement methods
and evaluation.This can enhance the generalisability of the research and demonstrate the impact of
improvement programmes. However, the formation of implementation laboratories requires work in,
for example, negotiating shared understandings, expectations and ground rules.113 There is also a need
for learning from other research–practice partnerships,114,115 developing necessary infrastructure and
ways of working that will support collaborative action.113

We completed a qualitative interview study with feedback researchers, audit programme staff and
health-care professionals to explore the barriers to and enablers of embedding A&F experiments
within NCA programmes.
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Methods

Participants
We used purposive and snowball sampling to achieve a heterogeneous sample of participants
encompassing three groups: A&F researchers, members of clinical audit programme staff and
recipients of feedback (typically health professionals). We deliberately included participants with little
or no experience of embedded experiments because their expectations and concerns are important
to understand when planning new programmes. We aimed for 10 participants from each group
and identified them through a combination of our contacts in this field and existing networks.116

Participants possessed varying experience of involvement in research evaluating A&F. Participant
recruitment was not limited to the UK as we wished to generate lessons relevant to an international
audience. Several participants had contributed to an international meeting to establish a network
for A&F research (The 4th Annual International Symposium of Advancing the Science and Impact
of Audit & Feedback, 23–4 May 2019, Amsterdam, the Netherlands).117 The final sample total was
guided by evidence of data saturation.118

Development of interview schedule
We used a semistructured interview schedule (Appendix 11), informed by our previous work in this
field and existing literature on evaluations of major initiatives involving research–practice partnerships.
Our AFFINITIE programme24 identified several influences on the participation of audit programmes in
research. These included alignment of timelines and human resources, ensuring secure sharing of data
and negotiation of an understanding of equipoise in experimenting with enhanced feedback interventions.
We also considered the lessons generated from other relevant initiatives, such as UK National Institute
for Health and Care Research Collaborations for Leadership in Applied Health Research and Care and the
former Veteran’s Administration Quality Enhancement Research Initiative (VA-QUERI).119–121

Our interview schedule drew upon the theoretical domains framework (TDF).122 The TDF synthesises
33 behaviour change theories into 14 domains representing a range of individual (e.g. knowledge,
beliefs about consequences), sociocultural (e.g. social influences, role and identity) and environmental
(e.g. context and resources) barriers to and enablers of behaviour change. Use of the TDF helped to
ensure that we would comprehensively identify and explore the potentially amenable behavioural
influences on the planning and conduct of A&F research. The interview schedule was refined following
input from our programme reference group. This group included patient representation and members
with experience in behavioural science, clinical work and management of NCAs.

We (SLA, TAW, SWo) pilot tested the interview schedule to ensure comprehensibility and answerability
of the questions. We independently coded the data from three pilot interviews, assigning initial codes
and then allocating each code to a single TDF domain. We reviewed coding for agreement to TDF
domains and resolved any differences through discussion with Robbie Foy and Fabiana Lorencatto.
No further changes were made to the interview schedule.

Data collection and analysis
We (SLA, TAW, SWo) conducted interviews face to face, by video or by telephone, according to participant
preference, from May 2019 to October 2019. All interviews were audio-recorded and transcribed verbatim.
Transcriptions were imported into NVivo 12 and de-identified.We analysed data by coding transcripts into
theoretical domains in a recursive process.123 Specifically, Sarah L Alderson, Thomas AWillis and Su Wood
independently coded data from interviews they had conducted themselves and assigned initial codes before
assigning each code to a theoretical domain. All codes within each domain were reviewed and differences
were resolved through discussion (with RF and FL). Finally, we conducted further inductive analysis of
coding to populate each theoretical domain with content that described participants’ beliefs and to check
for any further beliefs not accounted for by the framework. This generated overarching themes that
encapsulated participants’ experiences of barriers to and enablers of embedding A&F research in NCAs.
We made no changes to the interview guide after piloting three interviews and analyses.
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Results

We completed interviews with 31 participants, including nine feedback researchers, 14 staff working
on NCA programmes and eight health-care professionals. Many participants had dual roles, with both
considered during analysis (e.g. health professionals who also had a role in the management of an NCA
programme) (Table 19). Data saturation was reached after 27 interviews (Figure 30). All 14 domains
from the TDF were reported by interviewees as perceived influences on embedding research within
large-scale audits (Table 20).

Our thematic analysis indicated no evidence of a relationship between TDF domains and participant
role. The findings are presented in terms of higher-order themes, which are outlined and mapped
to theoretical domains (presented in italics), and accompanied by example quotations. Our higher-order
themes were:

l resources
l logistics
l leadership
l relationships
l perceived risks
l opportunities and benefits.

The barriers to embedding experimentation within audit programmes that were reported by participants
fell mostly within the domains Memory, attention and decision processes; Environmental context and resources;
and Emotion. Key enablers were associated with the domains Knowledge, Skills and Reinforcement. We
found a high level of agreement across roles, including participants with dual roles, for all themes.

TABLE 19 Participant characteristics

Characteristic Number (%)

Location

UK 26 (83.9)

The Netherlands 1 (3.2)

Canada 2 (6.4)

USA 1 (3.2)

Australia 1 (3.2)

Role

Feedback researcher 8 (25.8)

Feedback researcher and audit staff 1 (3.2)

Feedback researcher and health-care professional 1 (3.2)

Audit staff 13 (41.9)

Audit staff and health-care professional 4 (12.9)

Health-care professional 4 (12.9)

Experience of embedded experimentation

Yes 17 (54.8)

No 14 (45.2)
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Resources
Interviewees who had roles within NCAs typically described their teams as small and under-resourced.
This limited their ability to participate in A&F research (Environmental context and resources). Moreover,
their practical and intellectual capacity was consumed by existing priorities (Memory, attention and
decision-making processes). There was variation between different audit programmes’ funding models,
with many staffed by volunteers (Beliefs about capabilities). Changes in practice (e.g. adjusting the format
of reports) were often resource-intensive and there was a risk of overstretching the team in committing
to new projects (Environmental context and resources and Emotion). Some audit programmes worked
with clinicians and external parties for limited periods only, such as a single audit cycle, hindering
the continuity necessary for research purposes (Environmental context and resources). In some cases,
clinicians had a role in identifying audit criteria; this was often seen as an opportunity to further their
own research and leadership profiles, rather than a chance to improve health care or audit programme
effectiveness (Social and professional role and identity).

Audit staff often work to strict timelines for delivering feedback, and schedules are also informed by
funding cycles. Therefore, collaborative research must understand and align with these constraints
(Environmental context and resources). Research partners must be responsive to the needs of the
collaborating audit programme (Skills) and additional costs associated with the research would
likely need to be met by the research partner for collaboration to be possible (Environmental context
and resources).

You are having to align fairly complex research governance processes with those external deadlines and
that . . . is definitely a challenge!

P11, feedback researcher and audit staff

There’s a lot of audits that are running on a shoestring as well! So a lot of people that want to improve
what they do, you know I’m talking about in terms of delivering their audit . . . but they’re running on a
shoestring financially.

P15, audit staff
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TABLE 20 Determinants of behaviour relating to the domains within the TDF

Theoretical
domain 1. Knowledge 2. Skills

3. Social and professional role
and identity 4. Beliefs about capabilities 5. Optimism

Themes
contributed to

Resources Resources Resources Resources Leadership

Logistics Logistics Logistics Logistics Perceived risks

Leadership Leadership Leadership Leadership Opportunities and benefits

Opportunities and benefits Relationships Relationships Relationships

Opportunities and benefits Perceived risks Opportunities and benefits

Opportunities and benefits

Barrier to/
enabler of
embedded
research

Enablers > barriers Enablers > barriers Mixed Mixed Mixed

Transcripts
coded to domain

27 22 24 27 19

Quotations I kinda realised there was a
real evidence gap of like what
actually is best practice audit
reporting; and the needs of
different people are very
different . . .
P23, health-care professional

and audit staff

I like the idea of sort of em . . .
advocating for providers and
em . . . leveraging the fact that
they, their information needs
have to be met for, for a
feedback report to be useful

P10, feedback researcher

I can imagine myself being
really committed to it and
saying actually the benefits do
outweigh it. I’m prepared to
put the effort in at the start.
Or to get all the niggly
annoying things done because
I think that this, the fact that
it would be more efficient,
more nimble . . . improved
outcomes is worth it. But I
think you could just as equally
find someone who says no

P9, audit staff

I think the national clinic
audits are an under exploited
resource . . . I don’t think
they’ve ever quite got the
credit they should’ve had for
the improvements that they’ve
been doing; but it seems to me
they provide an architecture
for doing studies that um,
have experimental designs

P17, feedback researcher

So I think the benefits are
that we’ll stop commissioning
things that we think
are great, and start
commissioning more of
what we know is working

P12, audit staff
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TABLE 20 Determinants of behaviour relating to the domains within the TDF (continued )

Theoretical
domain 1. Knowledge 2. Skills

3. Social and professional role
and identity 4. Beliefs about capabilities 5. Optimism

It was a quite naive approach
from the start, 25 years ago,
just sending reports and
thinking that something
magical would happen. And
since maybe 5–10 years we
started to more thoroughly
think about what can make
it really happen that people
will start erm improvement
activities

P9, feedback researcher

I would say the, the programs
are, the strengths that they
have are: they’ve mostly got
good clinical leadership.
They’ve got excellent
understanding of their data,
and they’ve got excellent
statistical folk. They’ve often
got good IT folk who can build
a platform but they’ll build
what they’re asked to build . . .
umm . . . they have . . . they
have a good instinctive grasp
of umm, how people use data
in practice. But I don’t think,
I think the nuanced side
of things can be, can
be challenging

P12, audit staff

I like doing this type of
embedded research for a lot of
different reasons that umm,
it’s just what I’m passionate
about is doing something with
the NHS and doing something
removed from service just
wouldn’t, would not be
interesting to me at all. I’m
sort of really, I find that
motivating personally and I
can definitely see the benefits

P20, feedback researcher

I don’t think there’s anything
lacking here to my knowledge,
errm or ah in or that that
they don’t have access to
partnering with expertise
if they needed to. So I’m
imagining within the research
field of audit feedback there
are clearly experts in that
niche; erm they may not be
like permanently based at
[audit programme] but they
would need to be for
that necessarily

P1, audit staff and
health-care professional

I think to be honest based on
that experience . . . that is my
main concern that you know
we, we’ve been trying to
optimise all the feedback and
I think we now know . . . how
to do that more or less but
em . . . if people simply don’t
try sincerely to do anything
then it’ll stop there but look,
it will always look like all the
feedback is not effective . . .
That translation into action
that’s, that could be a little
challenge I find

P18, feedback researcher

Theoretical
domain 6. Beliefs about consequences 7. Reinforcement 8. Intentions 9. Goals

10. Memory, attention and
decision-making processes

Themes
contributed to

Logistics Logistics Relationships Logistics Resources

Leadership Leadership Opportunities and benefits Relationships Logistics

Relationships Relationships Opportunities and benefits Relationships

Perceived risks Perceived risks Opportunities and benefits

Opportunities and benefits Opportunities and benefits

Barrier to/
enabler of
embedded
research

Mixed Enablers > barriers Mixed Mixed Barriers > enablers

Participants
coded to domain

31 27 5 19 11
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Theoretical
domain 6. Beliefs about consequences 7. Reinforcement 8. Intentions 9. Goals

10. Memory, attention and
decision-making processes

Quotations They were very open about
being worried about what
we would find. They have
pressures of their own around
the commissioning of the
audit and the reputation of
their organisation . . . I think
they were worried about was
if we found that their audit
wasn’t making a difference or
if there was an early warning
rejection of the audits

P11, feedback researcher

I think that that’s equally
important about how we can
improve patient care through
our routinely collected data.
Erm and so I think that in
terms of overall resource
allocation you know that it
can be very cost-effective, erm
compared to say doing a big
randomised controlled trial of
a certain drug or a certain
ventilator or whatever it is.
So if you are collecting routine
data at scale across the
service overall and then erm,
feeding that back then that in
itself has a potential to have
great patient impact

P1, health-care professional
and audit staff

The way we choose a clinical
audit lead you’d expect would
be somebody with expertise,
somebody with interest,
somebody with time. No. The
way we choose a clinical lead
is: ‘Whose turn is it next?’ and
it doesn’t matter what you
know, what you do, what you
can do. That’s not important.
‘Have you had a go yet?’ ‘No.’
‘It’s your turn.’ So there’s that.
Umm, we’ve already spoken
about what is the intention,
the focus is on the eye of the
conference in Toronto. It’s not,
‘How can I make practice,
practice better’

P6, audit staff

So I would love to do more!
Absolutely love to do more.
Em and we have this em . . .
as you may know, have some
tentative discussions em with
[A&F researcher] and, and
colleagues about trying to
do something

P15, audit staff

We are spending across the
program a lot of time at the
moment developing new
visualisations without,
without to my knowledge a
very strong evidence base in
the real world. I’m sure
there’s lots of theoretical
stuff out there but . . . I, so
for example for my, from my
perspective, in my work, in
my role, I can’t commission
any sort of technical spec for
data visualisation at the
moment because I don’t have
the evidence that says what
a good example is this thing

P12, audit staff
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TABLE 20 Determinants of behaviour relating to the domains within the TDF (continued )

Theoretical
domain 6. Beliefs about consequences 7. Reinforcement 8. Intentions 9. Goals

10. Memory, attention and
decision-making processes

I look at the [audit
programme] reports and
there’s masses of data in
there. So trying to present that
in a slightly different way and
trying to present it in a more
intelligent way and perhaps
filtering out a lot of the stuff
that doesn’t necessarily need
to be presented, I can see
definitely be a benefit
for practices
P16, health-care professional

Um, you could imagine if they
establish highly effective
collaborations with
researchers and they’re
beginning to show that you’re
not only getting service
improvement but you’re
getting a contribution to
scientific history that could
help stabilise them a bit and
have them make their own
business case more effectively

P17, feedback researcher

They think that they’ve found
the . . . the, the learning
valuable and I think it will
carry on

P3, feedback researcher
and audit staff

So even an overall programme
at [audit programme] if we look
back and see a change of six or
seven per cent that’s a pretty
wildly successful programme,
and so the idea that you can
fairly simply once you’ve got it
set up, erm tweak your, erm
design to get it more and more
and more effective even if it’s in
the order of you know half a
per cent or a per cent is
actually to a programme like
[Audit programme], not only is
it successful in terms of it
equals tens of millions of
dollars over time, of impact.
But also you know it does
eventually equal health
outcomes, you know if you do
it right

P5, audit staff and
feedback researcher

Officially I am not resourced
to do the research part.
So it is kind of finding a way
to make some funding or
resources erm available for
doing the research

P9, feedback researcher

Theoretical
domain

11. Environmental context
and resources 12. Social influences 13. Emotion 14. Behavioural regulation

Themes
contributed to

Resources Logistics Resources Relationships

Logistics Leadership Logistics

Relationships Relationships Leadership

Perceived risks Perceived risks Relationships

Opportunities and benefits Opportunities and benefits Perceived risks

Barrier to/enabler
of embedded
research

Barriers > enablers Mixed Barriers > enablers Barrier

Participants
coded to domain

31 28 11 1
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Theoretical
domain

11. Environmental context
and resources 12. Social influences 13. Emotion 14. Behavioural regulation

Quotations So I would put data-sharing
agreements and data quality
near the top of the list of
challenges . . . To do a
multicentre project where you
are collecting data from many
centres and sharing it and
using that data for audit and
feedback, every single centre
requires a data-sharing
agreement with a common
repository of data and
secondly the quality of the
data may vary between
centres which makes it very
difficult for intercentre
comparisons erm so that’s a
major challenge

P30, feedback researcher
and health-care professional

. . . we need to have a
continued brand awareness
and we need to keep people
happy to a degree. So a GP
needs to go ‘oh yeah, I like
that group, they do stuff that
really resonates with me and
they do stuff that I find
acceptable and so therefore I’ll
continue to engage with them’,
so for example when I erm
started talking about playing
with the valence of the
messages people were saying
‘what do you mean you’re
gonna have a negative
message?’ If people open up a
report and they see a negative
message they’ll never open up
one of our reports again

P5, audit staff

We have feedback theories that tell us you know feed, receiving
feedback is emotional. Em there are you know harms however
mild em . . . there are unintended consequences let’s say of
feedback. And so I think it’s a new area where we have sorted
through what is em . . . what the harms and benefits are to, to an
adequate level em . . . and so maybe there’s some, just my own
anxiety around you know what are we doing?

P10, feedback researcher

And em . . . so there’s, there’s
em I think . . . partly because
I’m interested in the tailoring
and the, and you know
adapting feedback em . . .
I’m, the challenge I notice,
noticed myself focused on
is this trade-off between
you know customising,
personalising and adapting
. . . em everything versus
developing something that’s
efficient, standardised and
useful em to other people.
So that would be one,
one challenge . . .

P10, feedback researcher

So I would be strongly in
support of the idea of doing it
without em . . . signed-up
consent . . . or ethically
necessary. I mean you’re right.
It probably would be a trial
killer as well. ’Cos em . . . it’s,
it would be very difficult to
manage that

P14, audit staff and
healthcare professional

Sometimes it’s really hard to
find that person though erm
or that person is just like
really busy or they change and
somebody else comes in and
they don’t know the thing so
well and it’s erm, you know
that’s the same in, whether it
is national clinical audits or
anything else

P25, feedback researcher

I mean actually it’s fun. We have, we have a really good time; it’s
exciting, it’s . . . an environment, I think, that people can express
ideas, umm, that are seriously considered and solutions are found
to problems really

P7, audit staff

IT, information technology.
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Logistics
Participants identified several logistical barriers to embedding research within audit programmes.
Feedback researchers described how longer-term, programmatic funding was necessary to develop and
test different ways of designing and delivering A&F over multiple audit cycles (Knowledge). However,
there was a perception that this was not considered a ‘sexy’ topic, restricting the likelihood of obtaining
research funding (Knowledge). Furthermore, the necessary research costs might be high, particularly with
the involvement of a clinical trials unit (Environmental context and resources). Convincing funders of the
need for research in this area was seen as one of the biggest barriers, despite the potential benefits for
health-care quality (Goals and Environmental context and resources).

Issues around data quality were described by participants. One interviewee from a national audit
programme explained how participating in embedded research had made the programme aware of their
own data quality deficiencies (Social and professional role and identity). Some reported being aware of
weaknesses and a lack of rigour in the processes of other audit programmes (Skills and Beliefs about
capabilities). It was noted that there is variability in the credibility of the indicators used by audit
programmes, and in the extent to which they are evidence based. In some cases, required standards
had been set based on current achievement in care rather than an (non-existent) evidence base of best
care. Some audit staff felt that further research in this area should be prioritised before embedding
research within audits as any improvement shown would not necessarily equate to improved care (Goals).

Other logistical barriers included the constraints of the electronic health system used by health
care providers (Environmental context and resources) and the risk of contamination between trial arms
when participants share or compare feedback with one another (Social influences). Participants with a
background in research considered organisational restructuring of health care, particularly UK primary
care, to be a particular risk to trial feasibility (Environmental context and resources). To be successful,
embedded research required stable organisations and relationships.

Ethics barriers were not considered an issue. Indeed, not conducting research in this context might be
considered unethical, as changes were typically made to feedback methods without formal evaluation
(Environmental context and resources). Several audit programmes had data-sharing agreements that
permitted the use of data for research, although there was less certainty regarding data ownership
in countries outside the UK (Environmental context and resources):

I don’t think any funders would consider it . . . maybe sexy, for instance? And might, well if not be aware
on panels, I don’t think they often will be aware of . . . of the area . . .

P18, feedback researcher

No one knows what the, what a good induction rate is or a good elective caesarean section rate is so, . . .
that’s quite tricky to then work with. Some would say well . . . the audit could pick one. But then I would
anticipate we would have a lot of backlash from people. Some people would say you’re too high; some
people, you’re too low and everything in-between.

P21, audit staff

Leadership
Feedback researchers and audit staff felt that the leadership skills of key individuals within audit
programmes were very important to the potential success of a collaboration (Skills and Social and
professional role and identity). An enthusiasm for research was necessary, together with an understanding
of the equipoise surrounding the most effective design and methods in feeding back clinical performance
to health-care providers (Knowledge). An ability to convince others of the importance of research was
essential, particularly funders and key stakeholders (Optimism and Social and professional role and identity).
Audit staff and health-care providers wanted reassurance that (assumed) beneficial content would
not be removed, suggesting that there was a lack of equipoise in effective feedback design (Beliefs
about consequences).

PERSPECTIVES ON EMBEDDING TRIALS WITHIN NATIONAL CLINICAL AUDITS (OBJECTIVE 3)
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A personal interest in conducting embedded research was considered an important quality for
audit leaders that would boost their team’s motivation towards the work. Team learning culture and
inquisitiveness were thought to depend on their leader (Skills, Optimism and Social and professional role
and identity). Health-care professionals felt encouraged to participate in feedback research that was
led by an enthusiastic and respected audit programme team (Skills, Beliefs about capabilities and Social
influences). The potential for conflict arose when audit staff believed recipients would not want to be in a
control arm, given perceived reductions in the quality of feedback delivered (Beliefs about consequences).
All participants described how a steer from lead commissioners and key local individuals may help to
legitimise the research and increase involvement, bolstering the chances of successful collaboration
(Skills and Social and professional role and identity):

So, you might have a clinical lead for [audit programme] locally in a trust who is loving a current
data visualisation and, you know that person changes at exactly the time, you know you switch the
visualisation; and the fact, the drop off isn’t that the visualisation has gone, the drop-off is that you’ve
lost the key person locally.

P12, audit staff

They genuinely seem to have been interested and, and, and keen to learn from the findings.
P11, feedback researcher and audit staff

Relationships
Participants described how relationships and trust between audit programmes and researchers took
time to develop (Reinforcement and Social influences). In particular, audit staff expressed a preference to
begin with simple studies to establish benefits and procedures, rather than moving straight to a series
of large-scale trials and jeopardising their ability to fulfil existing demands (Environmental context and
resources, and Reinforcement).

Both feedback researchers and audit staff identified the need for diplomacy to maintain relationships
when difficulties arose (Skills and Intention). There was also nervousness regarding loss of control;
researchers wanted more control over data gathering and audit staff wanted to retain control over
audit content (Beliefs about consequences and Memory, attention and decision-making processes). Patience
was needed by all parties, particularly in the set-up phase (Skills and Social influences). Co-design and
involving audit recipients in the research were identified as means of establishing trust between
researchers, audit programmes and the health-care system (Goals and Social influences).

Participants were generally consistent in their view that audit programme involvement in embedded
research should not be onerous, and balance was required between the ambitions of researchers and
pragmatism (Beliefs about capabilities). If this was achieved, the ongoing partnership would be valuable
and worthwhile (Reinforcement). All interviewees felt that the benefits of embedding experimentation
with audit programmes outweighed the challenges (Intentions and Goals):

So the kind of skills I need are a bit of diplomacy, a bit of prompting, a bit of time management, a bit
of sort of people management in that respect, but also the ability to step back and not say ‘this is what
I think we should do’. Um, and then just tenacity er, in diplomacy again to smooth over some trouble
waters, bits and pieces, keep going.

P6, audit staff

The clinical teams you know, may be interested in improvement, but often they’re interested in doing their
clinical work and not being bothered too much. And the clinical audit leadership wants to demonstrate
that the audit is, is worth it and that it’s producing value. So I can see that that would be one of the first
tasks is umm, is reaching a shared understanding.

P17, feedback researcher
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Perceived risks
The potential for negative unintended consequences was raised by audit staff and health-care professionals
(Beliefs about consequences and Emotion). For example, failure of an experiment to show an improvement
in audit programme effectiveness might jeopardise continued funding and recommissioning, as well as
threaten job security of employed staff (Beliefs about consequences and Environmental context and resources).
Some worried that a ‘ceiling effect’ on improvement would mean that trials would fail to show benefit.

There was also concern about the potential for damaging the relationship with an audit programme’s
end-users in health-care delivery (Beliefs about consequences). It was feared that changing the format or
design of a now-familiar audit would alienate recipients and lead to disengagement that would affect
both the audit programme and experiment findings (Reinforcement and Beliefs about consequences).
Audit staff in particular emphasised the importance of maintaining the audit programme ‘brand’
(Social influences). Most participants considered this type of research to be of low risk and low cost
to health-care providers (Beliefs about consequences and Reinforcement); however, balancing the needs
of all stakeholders was seen as a significant challenge (Social influences):

They were very open about being worried about what we would find. They have pressures of their
own around . . . the commissioning of the audit and the reputation of their organisation.

P11, feedback researcher and audit staff

People get used to our reporting format. They get, they finally got, got that now! You know I understand
what that’s showing me now! We go ‘Wee! We’ve changed it!, You know like, no, so what we might
think is terribly good in their space, they might go ‘God, I don’t understand it now!’. You know back
to square one!

P15, audit staff

Opportunities and benefits
All roles provided examples of how NCA programmes might benefit from embedded experimentation
(Optimism and Beliefs about consequences). These included opportunities to gain new skills, new ideas
and visions being shared with the audit team, as well as increased financial investment and new
collaborations leading to further opportunities (Skills, Beliefs about consequences and Reinforcement).

It was considered that part of an audit programme’s role was to continually strive to increase its
effectiveness. Thus, embedding research could be considered a strategic decision that would raise
awareness of the programme, demonstrate to funders that improvement work was taking place,
provide evidence of impact and help satisfy their objective of improving patient care (Social and
professional role and identity and Goals).

All groups of participants saw a high potential for auditing to have an impact on health care and patient
benefit, and considered audit programmes to be an underused research resource (Goals, Intentions and
Beliefs about capabilities). Embedding research in existing structures was seen to be an efficient model
of quality improvement and would enhance the evidence-base for optimising A&F (Reinforcement and
Memory, attention and decision-making processes). Audit staff and health-care professionals were optimistic
about the future of embedded experimentation and all groups expressed enthusiasm about being
involved in such work (Goals, Emotion and Optimism):

When we retender for running the national clinical audits, it’s useful to have an evidence base on where
we’re going for focus. We want to do lots of things, we’re limited in terms of capacity in what we can
realistically implement. So knowing that we’re implementing something that’s going to make more of
a difference and then have a knock on impact hopefully on patients.

P4, audit staff

PERSPECTIVES ON EMBEDDING TRIALS WITHIN NATIONAL CLINICAL AUDITS (OBJECTIVE 3)
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It’s likely that the new discoveries are likely to plateau and really now the bigger challenges putting into
effect the medicines and treatments that we know work . . . I think has gotta be the kind of highest
priority really because there’s not really any point in developing new treatments if we’re not using the
ones we’ve have currently as effectively as we could.

P23, audit staff and health-care professional

Discussion

We conducted interviews exploring the barriers to and enablers of establishing embedded experimentation
within NCA programmes with the aim of improving feedback effectiveness.We interviewed participants,
based in the UK and internationally, with experience in one or more of three roles: research on A&F, the
management and delivery of audit programmes, and health-care.We identified four optimal conditions for
sustainable collaboration between researchers and audit programmes, as well as the potential risks and
benefits of such partnerships.

First, audit programmes need the capacity to participate in research. Adequate resources and staffing are
required to enact the experimental changes to feedback, which need to occur in the context of existing
programme constraints and timelines. Second, logistical issues regarding data sharing and quality, research
funding, and protection against trial contamination must be acknowledged and resolved. We identified
no major ethics barriers to embedded experimentation, however, with some interviewees arguing that
it would be unethical not to conduct such research. Third, enthusiastic and engaged leaders of audit
programmes who understand research equipoise and are able to motivate a research-interested team
as well as engage key stakeholders are required. Last, collaborations between researchers and audit
programmes must be underpinned by a trusting and sustained relationship. This can be encouraged by
identifying shared priorities and balancing research ambitions with pragmatic imperatives.

Most of the theoretical domains identified in interviews contained both barriers to and enablers of
embedding experiments in audit programmes. The majority of barriers were classified across three
domains: Memory, attention and decision-making processes; Environmental context and resources; and
Emotion. Three domains were identified mostly in terms of enablers: Knowledge, Skills and Reinforcement.
Potential risks to audit programme participation included alienating end-users by introducing changes
to feedback that undermined the programme brand and its potential to improve health care. Audit
staff reported fears around putting future funding and recommissioning in jeopardy if ‘negative’ trial
findings are perceived as disappointing rather than as opportunities to avoid wasteful, ineffective
changes. A top-down expectation of experimentation from audit commissioners might increase
participation. Potential benefits described by interviewees from all groups included improving
population health, increased investment, and demonstrating impact to funders and commissioners.
Overall, interviewees considered the potential benefits of collaboration to outweigh the associated
risks. These findings have implications for the design and evaluation of proposed ‘implementation
laboratories’.28,111 Thus, our findings are of particular relevance to research funders, clinical
commissioners, national audit programme leads and health-care quality improvement leads.

Although our study largely focused on UK NCA programmes, it has implications for audit programmes
and health-care data benchmarking in other countries that aim to develop research–practice
partnerships to enhance audits through embedded trials.

Comparison to existing literature
There is scarce literature on embedding research in implementation laboratory settings. The concept
shares similarities with that of ‘learning health systems’, in which evidence is gathered from routine
care and deployed quickly into practice via cycles of continuous learning and improvement.124 Initial
efforts to implement learning health systems have identified requirements for success that align with
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our findings: adequate funding, robust data systems, and an organisational culture that values quality
improvement.125 We suggest ensuring that audit programme partners are fully represented and
involved from the initial stages of collaboration. This may help to increase the likelihood of success
by helping to overcome institutional pressures in the design phase where audit programmes have
considerable financial and organisational challenges.

Our research augments work on stakeholder perspectives regarding research–practice partnerships.
Such collaborations may provide both structure and opportunity for developing a shared cognitive
space around which collective action can be organised. A process of consensus building, although
time-consuming, may support the alignment of shared priorities, formation of a trusting relationship
through the relinquishing and sharing of power, and identification of the possible long-term benefits
of embedded programmes of trials in quality improvement activities.113 The barriers to achieving, and
sustaining, a partnership are similar to those found in other contexts,114 with the need for appropriate
structures (including leadership and establishing specific roles) and processes to facilitate optimal
conditions for genuine and collaborative action.113

Strengths and limitations
This is the first in-depth exploration of the feasibility issues, barriers and opportunities to embedding
research within NCA programmes. Existing research has focused on the use of audit data in clinical research
(e.g. epidemiological studies) or by clinicians to improve health care.12 The qualitative nature of our study
provides subjective evaluations of the potential impact of embedding research within audit programmes, but
further work is necessary to objectively evaluate or observe research–practice partnerships to understand
the associated challenges, risks and benefits more thoroughly. Our theory-guided approach allowed us to
identify the cognitive, affective, social and environmental influences on behaviour and potential reasons for
implementation problems in embedding research within NCA programmes.

We recognise several study limitations. The majority of health-care staff we recruited had some
current or previous involvement with NCA programmes, potentially subjecting our findings to social
desirability bias. Our links with the A&F ‘MetaLab’,110 an international collaboration, enabled us to
leverage a reasonably diverse range of perspectives to draw upon international examples of embedded
research. The health-care professionals we interviewed were mainly secondary care based. However,
inclusion of staff from primary care, where audit programmes are limited, ensured that we captured
insights from those not involved with audit programmes. All participant groups identified the same
optimal conditions, potential risks and benefits, suggesting that when developing research–practice
partnerships the majority of challenges are predictable and could be overcome through thoughtful
planning and communication.

Implications for research, practice and policy
Implementation laboratories, in the form of embedded programmes of trials in NCA programmes, have
been suggested as a means of enhancing the impact that A&F has and also producing generalisable
knowledge about how to optimise effectiveness.12,111 Sequential, head-to-head trials testing different
feedback methods in a national audit programme provide a robust empirical driver for change.
Modifications identified as more effective than the current standard become the new standard;
those that are not are discarded. The testable recommendations for feedback modifications proposed by
Brehaut et al.,19 such as using a comparator based on the average or high performers, have minimal cost
implications. However, our findings suggest that there are resource implications for audit programmes
that are not currently met. Marginal gains in the effectiveness of A&F are likely to be worthwhile at a
population level. Supported by adequate resources and funding, they would also be feasible to test
within an implementation laboratory.111

Our interviewees consistently stated that the benefits of embedding experimentation within audit
programmes would outweigh the risks and challenges. We have demonstrated the willingness of
audit staff and health-care professionals (i.e. the audit programme’s end-users) to participate in an
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implementation laboratory to enhance the effectiveness of A&F. Drawing on our findings, we have
produced 10 ‘top tips’ to develop successful collaborations between researchers and audit programmes
in a programme of trials (Table 21).

Summary
We applied the TDF to understand different perspectives of embedding experiments within national
audit programmes. Overarching themes concerned resources, logistics, leadership, relationships,
perceived risks, and opportunities and benefits. Considering these factors may help create the optimal
conditions for sustainable collaboration between feedback researchers and clinical audit programmes.

TABLE 21 The 10 top tips for the development of successful collaborations between researchers and clinical audit programmes

Tip Corresponding analysis theme

1. Consider what extra resources the audit programme(s) will need Resources

2. Agree timelines with both research and audit team

3. Review and agree processes for data extraction, sharing, checking and cleaning Logistics

4. Identify an enthusiastic leader to engage audit team and health-care providers Leadership

5. Promote an understanding of equipoise to ensure that negative trial results are not
misrepresented as research failures or lack of audit impact

6. Ensure and agree shared priorities for research and clinical audit programme Relationships

7. Start with small changes to avoid alienating end-users before tackling more
complex or larger changes

8. Choose audit standards carefully for feedback research, ensuring that they are
underpinned by a strong evidence base and that there is scope for improvement

Perceived risks

9. Balance research ambitions with pragmatic actions

10. Recognise that small improvements may have significant population benefits –
this message needs to be heard by funders, commissioners and health-care systems

Opportunities and benefits
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Chapter 6 Patient and public involvement

We benefited from the contribution of our PPI panel throughout the programme. We have an
established relationship with the PPI panel, which has worked alongside us for several years on

related research.106,126 The PPI panel met formally on five occasions during the programme to discuss
progress; contribute to decision-making; and advise on methodology, interpretation of findings, and
dissemination. Meetings originally took place in person but were conducted remotely as a result of the
COVID-19 pandemic. We aimed to ensure that all members were able to join and contribute to these
meetings. PPI was incorporated into our three objectives.

Objective 1

The consensus panel that guided our selection of feedback suggestions included two PPI representatives.
All panel members’ ratings were weighted equally, meaning that patients’ views helped to inform which
suggestions were selected for the trial. Our PPI panel members commented on draft versions of the
online experiment and had a particular role in the development of the patient statements that formed
one of the experimental conditions (‘patient voice’). The group helped to modify these statements and
select their accompanying images.

We appreciated the input of our PPI panel and the patient representatives on our Project Steering
Committee in relation to the suspected fraud incident. The PPI panel strongly endorsed our reporting
of this incident to the appropriate bodies.

Objective 2

Our PPI panel had advised on the original design of the study. In the redesigned study, we interviewed
members of our PPI panel as part of our sample. Their views were incorporated into our evaluation of
the two audits.

Objective 3

The PPI panel discussed the themes emerging from the interviews and contributed to our interpretation
and conclusions.

Beyond ENACT, our PPI panel members have expressed an interest in a sustained relationship and
have contributed to further implementation research proposals in advisory and co-applicant roles.
Thus, we expect to continue to build on and further develop our PPI partnership.
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Chapter 7 Discussion

Key findings

There are three opportunities to improve the impact of NCA programmes on patient care and, hence,
improve population outcomes. First, although feedback generally has modest, if worthwhile, effects on
patient care, optimising its content, format and delivery may enhance effectiveness. We developed
and evaluated the effects of modifications to feedback on intended enactment, user comprehension,
experience and engagement in an online experiment (objective 1). This provided an efficient way of
identifying leading candidate modifications for further ‘real-world’ application and further evaluation.
Second, NCAs may have scope to improve the impact that they have by strengthening one or more
parts of the audit cycle. We identified the strengths of the two NCA programmes, how their planned
changes would strengthen their feedback cycles, and further scope for strengthening their feedback
cycles (objective 2). Third, embedding randomised trials evaluating different ways of delivering
feedback within NCA programmes offers an efficient, evidence-based approach to achieve cumulative
improvements in impact. We explored the opportunities, costs and benefits of NCA participation in a
long-term collaborative to improve audits through a programme of trials (objective 3).

We selected and developed six online feedback modifications through three rounds of user testing:

1. recommend specific actions
2. choose comparators that reinforce desired behaviour change
3. provide feedback in more than one way
4. minimise extraneous cognitive load for feedback recipients
5. provide short, actionable messages followed by optional detail
6. incorporate the patient voice.

We encountered challenges in operationalising the modifications so that they were sufficiently faithful
to the intentions of evidence- and theory-based suggestions for effective feedback. UCD work with
participants from a range of audit programmes helped ensure credibility and acceptability for the
subsequent online experiment.

We randomised 1241 participants from five NCAs in an online fractional factorial screening
experiment. During the response period, we detected suspicious activity associated with repeated
(i.e. duplicate) participant completion during a defined ‘contamination period’. Our primary analysis
population conservatively excluded 603 (48.6%) participants during the ‘contamination period’ and
included 638 (51.4%) participants, with 566 (45.6%) having completed the outcome questionnaire.

We found that no feedback modification independently increased the primary outcome of intended
enactment to meet audit standards across clinical and non-clinical recipients of five audits. However,
all modifications contributed in some way and with different levels of magnitude, with both synergistic
and antagonistic effects observed when modifications to feedback were combined across all outcomes.
The magnitude of dependent effects of each modification on outcomes was generally small, but their
combined cumulative effect, across all possible modification combinations and versions of feedback,
showed more substantial heterogeneity and greater magnitude. In the NDA, for example, intended
enactment for clinical participants was optimised when multimodal feedback, specific actions and patient
voice were provided while also minimising extraneous cognitive load. In contrast, including multimodal
feedback, minimising cognitive load and optional detail led to the lowest intention. In addition to the
effects of modifications, we found that the national audit programme itself and whether recipients had a
clinical role had a dominant influence on recipients’ intended enactment and other measures of intention.
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Our analysis of two NCA programmes drew on interviews with 19 international co-investigators,
reference panel members, PPI panel members and Project Steering Group members. We identified
innovations likely to increase effectiveness, mainly moves towards more frequent data release and
interactivity with feedback that enabled recipients to verify and accept data. These augmented existing
strengths, such as automated data collection, the use of accepted indicators and recognised credibility
of feedback sources. However, all aspects of the audit cycle are likely to be important in ensuring
effectiveness. Suggested areas for improvement included better targeting of feedback recipients,
incorporating specific action plans to guide improvement activities, considering whether or not
comparators other than national averages might be more motivating and providing evidence that
the audit has had demonstrable impacts on patient care and outcomes. To our knowledge, this was
the first application of CP-FIT to evaluation of feedback delivered by individual NCAs.

Embedded randomised trials evaluating different ways of delivering feedback within clinical audit
programmes offer an efficient approach to achieve cumulative, evidence-based improvements in
impact.28 However, few real-life examples of such ‘implementation laboratories’ exist and there is
limited experience of how to develop and run them.111 We applied the TDF to understand different
perspectives on embedding experiments within national audit programmes. Our interviews with
31 feedback researchers, audit staff and health-care professionals identified four optimal conditions
for sustainable collaboration between clinical audit programmes and researchers:

1. audit programmes having sufficient capacity to take part in research, with adequate resources and
staffing to make changes to feedback within the constraints and timelines of both audit and research

2. understanding of logistical challenges, including data sharing and quality, sustained research funding
and how to avoid methodological pitfalls in trials, such as contamination

3. audit programme leaders who understand research equipoise and can motivate a research-interested
team, as well as engage local health-care leaders

4. underpinning trusting, sustained relationships based on identifying shared priorities and balancing
research and pragmatic imperatives.

Considering these factors may help create the optimal conditions for sustainable collaboration
between feedback researchers and clinical audit programmes. Perceived risks of embedded
experiments in clinical audits include alienating end-users and fears of jeopardising future
recommissioning with ‘negative’ experiments. Participants generally considered the benefits of
participation to outweigh any risks. We identified no major ethics barriers to embedded
experimentation, with some arguing that not embedding research may be unethical.

Comparison with existing literature

Our online experiment represents, to the best of our knowledge, the most comprehensive experiment
yet conducted to evaluate the single and combined effects of different feedback modifications on
predictors of professional behaviour. Our results need to be contextualised within the wider theoretical
and empirical literature on A&F.11,19 For example, we found that recommending specific actions along
with feedback had no independent effect on intended enactment of audit standards. Real-world trial
and observational studies indicate that feedback accompanied by patient-specific risk information or
specific action plans is more effective in improving clinical care than feedback without this information
or vaguely worded feedback.43,46,47 It is possible that our online feedback modification was not
sufficiently potent or that strategies to increase intention need to target other factors as well. There
was good evidence that combining recommending specific actions with effective comparators and
minimised cognitive load increased action planning.

We also found that a comparator aiming to reinforce desired behaviour change, by showing recipient
performance against the top quarter of performers, reduced ease of understanding and user
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overall experience. These do not necessarily translate into reduced real-world effectiveness. However,
our findings do suggest that both audit leaders and researchers need to consider how combining different
means of delivering feedback may produce either synergistic or antagonistic effects. Brehaut et al.19

cautioned that, although it may be tempting for audit programmes to provide feedback using multiple
comparators, they risk creating mixed messages for recipients who appear to perform well on one
comparator and badly on another.19 A review of feedback trials suggests that there are considerable
opportunities to improve the design of feedback comparators by providing tailored comparisons rather
than benchmarking everyone against the mean and limiting the amount of comparators displayed.53

One novel aspect of our experiment is that we evaluated a pragmatic means of incorporating the
patient voice in feedback. We included a photograph of a fictional patient and a quotation describing
their experience of care, directly related to the associated audit standard where possible. Guidance for
national audit programmes recommends including PPI throughout the audit process.68 Although we
found no independent effects of including the patient voice, there was good evidence of a synergistic
interaction with optional detail in improving recipient experience. One caution is that including the
patient voice without optional detail reduced recipient experience, perhaps reflecting the importance
of justifying the rationale and evidence underpinning feedback messages.19 The new TARN data
analytics tool we assessed offers such an enhanced ability to interrogate and ‘drill down’ into the data
to strengthen feedback verification and acceptance.27

Our exploration of different perspectives in establishing implementation laboratories drew on previous
work and earlier experiences of research–practice partnerships.24,119–121 There is little evidence on
embedding research in implementation laboratory settings, but initial experience on the similar notion of
the Learning Health System also suggests that there is a need for adequate funding, robust data systems
and an organisational culture that values quality improvement.125 Research–practice partnerships may
provide both structure and opportunity for developing a shared cognitive space around which collective
action can be organised. Although time-consuming, a process of consensus building can deliver several
benefits: aligned priorities, a trusting relationship though the relinquishing and sharing of power, and
recognition of potential long-term benefits of embedded trials within quality improvement programmes.113

The difficulties of achieving, then sustaining, a partnership are similar in other contexts,114 with the need
for appropriate structures (including leadership and establishing roles) and processes to facilitate optimal
conditions for genuine and collaborative action.

Strengths and limitations

We have conducted a major experiment in collaboration with five NCA programmes. We systematically
prioritised and developed a set of online feedback modifications. Our fractional factorial randomised
design protected internal validity and allowed evaluation of single and combined feedback modifications.
The five NCAs provided diversity in audit methods, topics and targeted audiences, thereby increasing
confidence that our findings are relevant to a wider range of clinical audits. Limitations include:

l The design and delivery of the feedback modifications were constrained by the nature of the online
experiment and information technology systems within the NHS. Our final designs may, therefore,
not represent the optimal ways of delivering feedback.

l There was a tension between producing online feedback that credibly mimicked existing audit
reports and had ecological validity and an excerpt that could be read in its entirety in a time-limited
experiment. Incorporating all randomised combinations of modifications within five full feedback
reports would have been unfeasible and diluted intervention exposure.

l Our screening experiment used proximal (‘upstream’) outcomes that may only partly predict actual
clinical behaviour. Despite our attempts to deliver feedback modifications and assess outcomes in a
way which maximised signal strength, it was challenging to ensure that the online modifications
delivered an optimal ‘dose’ and to mitigate some ceiling effects on intended enactment.
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l The audit standards we selected from five NCAs may have been of varying quality and familiarity
with audit teams. We also could not separate out the effects of feedback modifications related to
the audit standards chosen for the experiment from wider differences in the national audits and
their respective participants.

l The integrity of the whole experiment was threatened by a significant number of duplicate
responses. We minimised the impact of those duplicate responses by removing all responses from
the likely contamination period and conducting the primary analysis on those more likely to
represent genuine, independent attempts at the experiment. We discarded an unknown number of
genuine responses, which represents a waste of research resources and participant time, but did
conduct an analysis on a secondary modified sample after excluding less feasible responses.

We successfully adapted our original objective 2 to deliver the first application of an empirically informed,
health-care-specific theory of feedback, CP-FIT, within a rapid, qualitative evaluation of two NCAs.27 We
produced a detailed critique of their methods compared with an idealised audit cycle. Limitations include:

l We could not examine how changes to the audit programmes worked in practice nor explore the
experiences of clinicians and managers actually targeted by feedback.

l We conducted a rapid analysis of interview findings to ensure completion within the overall programme
timeline and our findings may, therefore, be less critical and nuanced than a more in-depth analysis.

We conducted the first in-depth exploration of issues around embedding implementation research
within large-scale audit programmes. Our theory-guided approach allowed us to identify the cognitive,
affective, social and environmental influences on the behaviour of key players. Limitations include:

l Although interview participants were drawn from diverse roles and settings, they may reflect the
perspectives of people relatively amenable to the notion of embedded research in national audits.

l Interview responses may have been susceptible to social desirability bias.

Taken together, our three studies have contributed to the optimisation of feedback by demonstrating
good practice and areas for improvement by NCAs, identifying promising combinations of feedback
modifications for implementation and further evaluation, and delineating the necessary conditions for
successful collaborations to advance the science and impact of A&F.

Implications for practice

None of the six feedback modifications evaluated in the online experiment improved intended enactment
of audit standards in isolation. However, all modifications were found to contribute with potentially
important synergistic and antagonistic effects in various combinations of feedback modifications, audit
programmes and recipients. This suggests that national audit programmes need to explicitly consider how
different features of their feedback are likely to act together.

The modifications we evaluated are likely to require relatively marginal additional resources to
implement within national audit programmes. For example, many recipients may invest a relatively
brief time in digesting feedback. Minimising cognitive load, by removing distracting detail not directly
related to the audit standard, may improve comprehension and, especially when combined with
multimodal feedback, intention to bring the audit report to the attention of colleagues.

We observed two dominant influences on intended enactment. The first was whether or not recipients
had clinical roles. Nearly half of the recipients in the primary analysis for the online experiment had
managerial, audit or administrative roles and were less likely to intend to act on feedback than clinical
recipients. This may, at first, raise a question as to whether or not our experiment reached the right
participants. However, our experiment was open to all people included in the distribution lists for the
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five national audit programmes and who would, therefore, typically be the initial recipients of feedback.
Effective organisational responses to feedback are likely to need managerial and administrative support,
but the overall impact it has may be enhanced by ensuring that feedback reaches the clinicians ultimately
responsible for and able to improve the delivery of care.

The second dominant influence on intended enactment was the national audit itself. Considering the
findings from objectives 1 and 2 together, modest changes to feedback delivery may enhance effectiveness,
but attending to and strengthening all aspects of the audit cycle is likely to make a critical difference to
impact. In objective 2, we found a number of ways by which two NCA programmes could achieve this by
addressing specific gaps in audit cycles, such as making feedback data easier to understand, incorporating
specific action plans to guide improvement activities and demonstrating programme impacts on patient
care and outcomes.We earlier piloted an ‘audit’ tool to assess the extent to which a sample of UK national
audit feedback reports met a set of good-practice criteria.127 An updated version of this tool, incorporating
key suggestions for improvement based on CP-FIT, may be of value for NCA programme self-assessment.

Box 4 offers suggestions for NCA programmes based on our research findings.

BOX 4 Suggestions for the organisation and delivery of national clinical audit programmes

The audit cycle is only as strong as its weakest link; any breakdown at one or more points in the cycle

undermines the ability of an audit programme to drive improvement. Identify and address weaknesses in

the audit cycle, including setting criteria and standards, measuring performance, designing feedback,

delivering feedback and implementing change.

Combining different ways of presenting feedback can have varying positive and negative effects on

recipient motivations to meet audit standards. Ensure a clear rationale for any changes to feedback.

Minimise mental effort for feedback recipients by prioritising key messages, reducing the number of

data presented, improving readability and reducing visual clutter. This can improve comprehension and

intentions to bring audit findings to the attention of colleagues, especially when accompanied by text and

graphs reinforcing the same message.

Pilot planned changes to feedback with recipients to look for any unintended consequences. For example,

feedback combining all of text, graphs, actionable messages and progressive disclosure of additional

information may actually reduce comprehension and motivations to act on audit findings.

Incorporate motivating comparators and targets for change rather than national averages. These should be

accompanied by short, actionable messages, with progressive disclosure of additional information to help

recipients understand feedback.

Consider combining actionable messages with incorporating the patient voice in feedback, ideally describing

experiences of care related to a specific audit standard.

Include accessible summaries of key findings and priorities for change.

Motivate feedback recipients by providing evidence that the audit programme has had demonstrable

impacts on patient care and outcomes.

Clarify channels to maximise the likelihood of feedback actually reaching intended recipients. In particular,

identify and target feedback at the people who are able to act on findings, particularly key groups of

clinicians and organisational leads.
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Recommendations for research

There has been a variety of initiatives in UK and international health services to accelerate the uptake
of effective practice through closer alignment of research and practice.121,128 This may occur through,
for example, ensuring research genuinely reflects service priorities and population needs or using
research-informed implementation strategies. In such initiatives, research and implementation typically
occur closely in parallel or sequence. Implementation laboratories take this one evolutionary step
further.28 In a NCA programme, this would entail embedding sequential trials evaluating different audit
and feedback methods. Changes to feedback identified as more effective than the current standard
become the new standard; those that are ineffective are discarded.111 This offers a means of enhancing
the impact of audit and feedback and also producing generalisable knowledge about how to optimise
effectiveness.12 There is limited experience of implementation laboratory approaches, and none yet
that has embedded trials evaluating different interventions in sequence.24,111 We found that national
audit programmes and their recipients are willing to engage with further experimentation embedded
within their audit programmes as a means of achieving cumulative improvements in impact. However,
expectations about commitments, equipoise and timelines need to be managed. Successful collaborations
are likely to depend on mutual compromises between researchers and audit programmes, logistical
expertise and resources, leadership and trusting relationships.

Box 5 recommends embedded trials and includes further recommendations for research based on
our study.

Incorporate specific suggestions for action in feedback to guide improvement activities.

NCA programmes vary in their effectiveness to motivate change by feedback recipients. Encourage

opportunities for programmes to learn from one another in comparing how they design and deliver feedback.

Where possible, embed evaluation to test changes to feedback and their impact.

BOX 5 Recommendations for research

1. Embedded randomised trials evaluating different ways of delivering feedback in NCA programmes are

acceptable to both the programmes and feedback recipients.

2. Among the different ways of enhancing feedback we examined, several show promise, individually or

combined, including minimising cognitive load for feedback recipients and incorporating the patient

voice in feedback.

3. Identifying and engaging key feedback recipients, such as clinicians and managers, is likely to be a major

challenge for most NCA programmes and merits further investigation.

4. Although online screening experiments offer an appeal in their ability to test and optimise complex

interventions efficiently and identify candidates for further real world application, further work is

needed to amplify the effects of online interventions and delineate predictors of behaviour relevant

throughout the whole audit and feedback cycle.

5. Our practical suggestions for protecting the integrity of online research include considering what is

essential to meet ethics safeguards and data protection, assessing the balance between study security and

ease of participation, regularly monitor aspects of collected data, using manual rather than automated

delivery of incentives unless there is high confidence in study security, visualising problematic scenarios

and being prepared to act rapidly to protect study integrity.

BOX 4 Suggestions for the organisation and delivery of national clinical audit programmes (continued)
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Chapter 8 Ethics review

The studies reported in objectives 1, 2 and 3 were approved by the University of Leeds School
of Medicine Research Ethics Committee (reference 16–180, 18–051 and 18–047, respectively).

The online trial was registered with the ISRCTN registry (reference ISRCTN41584028). The study in
objective 2 was approved by the Health Research Authority (IRAS project ID: 258139).
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Appendix 1 Findings from user centred
design of feedback modifications selected
for online development

Recommend actions that can improve and are under the recipient’s control

Round 1
Controllable actions (M2) was not included.

Round 2 prototypes
We designed and tested two prototypes with content from a hypothetical NDA report to explore
responses to different audit criteria wording using process and outcome standards. Processes were
those standards that related to a clinical process of care likely to be within a feedback recipient’s
control. This represented the ON version of the modification. Outcomes were those standards that
were not directly within the control of the recipient (e.g. patient outcomes following a given treatment).
This represented the OFF version of the modification (Table 22).

Round 2 findings
Participants struggled to make sense of the audit criteria statements in round 2. We observed confusion
relating to the context and labelling of the criteria, and participants reported that they found both ON
and OFF statements to be ambiguous.

We further encountered two practical problems with operationalising controllable actions (M2) in the
online experiment:

l Paired process of care and outcome indicators were not available for all five NCA programmes
participating in the experiment.

l Operationalising both process of care and outcome indicators would have prohibitively increased
the complexity of content and programming for the online experiment (e.g. in requiring differently
worded feedback excerpts and outcome measures).

We therefore dropped this modification later during the UCD work and included only one audit
criterion per national audit.

TABLE 22 Participant responses to controllable actions (M2) prototypes in round 2

UCD round
Prototype version
and description

Overall sentiment, by participant

01 02 03 04 05 06 07 08 09 10 11 12 13

2 2A-off (audit criteria
with less control)

– – – – – – – M M N M – –

2 2B-on (audit criteria
with greater control)

– – – – – – – M M M M – –

This shows overall sentiment, where M =mixed or neutral, N = negative and P= positive.
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Recommend specific actions

Round 1
Specific actions (M3) was not included in round 1.

Round 2 prototypes
We designed and tested two prototypes with content from a hypothetical NDA report to explore
responses to different wording of recommendations (Table 23). We drew on the AACTT framework45

to develop specific recommendations. Below is an example recommendation developed for the NDA.

The general practitioner or nurse in the practice with a lead role in diabetes should review patients
with type 2 diabetes at least quarterly if their HbA1c level is ≥ 58 mmol/mol and they have been
treated with a single drug for ≥ 6 months. The lead general practitioner or nurse should ask reception
to invite these patients for a consultation to discuss treatment options. During the consultation,
clinicians should discuss treatment options with the patient and offer dual-therapy, if appropriate.

For further information on target levels and treatment options, see NICE guidance at URL:
https://cks.nice.org.uk/diabetes-type-2#!scenario (accessed 2 January 2022).

Round 2 findings
There was high agreement between participants relating to the OFF version, with all comments being
mixed/neutral or negative. Participants reported that the recommendation wording was too long, too
vague and predicted that it would be inaccessible to the average recipient. Participants reported that
the visual appeal and legibility of the recommendations list would be improved by bullet points.

There was low agreement overall relating to the ON version. Participants reported that although they
found the wording clearer and more specific, this may not always make it more effective. Participants
alluded to tensions between the convenience and replicability of receiving instructional recommendations
compared with the autonomy and advocacy associated with more general guidelines that ‘[get] you to
think about it’ (P09), to design well-fitting actions. It was suggested that health professionals in more
senior roles may prefer more control in this regard.

Round 3 prototypes
We decided to operationalise the ON version of specific actions (M3) as a list of recommendations
formatted in a grid layout and the OFF version as the absence of recommended actions. We designed
and tested six iterations of this design using content for the NDA, PICANet and TARN.

TABLE 23 Participant responses to specific actions (M3) prototypes in rounds 2 and 3

UCD
round

Prototype version and
description

Overall sentiment, by participant

01 02 03 04 05 06 07 08 09 10 11 12 13

2 3A-off (recommendation wording
with reduced specificity)

– – – – – – – N N M N – –

2 3B-on (recommendation wording
with improved specificity)

– – – – – – – M M M P – –

3 Modification 3: recommendations
section

– – – M – – P P N – – N M

This shows overall sentiment, where M =mixed or neutral, N = negative and P= positive.
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Round 3 findings
Participants liked that recommendations were succinct and appeared in a single screen.We identified one
notable usability issue: one participant wished to access additional detail behind the recommendations,
such as the source. However, it was not possible to implement within this section of the report given
an overlap with optional detail (M12). We responded to this suggestion by including full and adequate
references to support the recommended actions.

Final design
The final prototype of this modification provided a specific step-by-step actionable guide to achieve the
standard provided (see Figure 2). This appeared within the body of the one-page report. We enhanced
the bulleted list with positive green tick icons following participant feedback.We included a subscript to
show the source of the recommendations. Participants found the icons visually appealing and eye-catching.

Choose comparators that reinforce desired behaviour change

Round 1
Effective comparators (M7) was not included in round 1.

Round 2 prototypes
We designed four prototypes populated with content from a hypothetical NDA report. The prototypes
were bar graphs displaying different types of comparator (Table 24).

Round 2 findings
Participants reported that legends on graphs were too detailed, ran to too many lines and were too
small to read. There were low levels of agreement relating to the types of comparator displayed.
Participants were largely indifferent to the top 10% shading. We had a broader mix of responses
relating to the prototype containing a CCG comparator for general practices. Participants were generally
interested to know how they compared with their peers but for a national guideline felt that national
comparison was most appropriate. Concerns about peer comparisons ranged from demotivation
associated with poor performance when compared with peers (‘you don’t have to rub my nose in it’, P10)
to concern that this level of reporting might risk ‘naming and shaming’ if recipients can identify sites in
smaller CCGs.

TABLE 24 Participant responses to effective comparators (M7) prototypes in rounds 2 and 3

UCD
round

Prototype version and
description

Overall sentiment, by participant

01 02 03 04 05 06 07 08 09 10 11 12 13

2 7A-off (graph with no
comparator)

– – – – – – – M n/c M M – –

2 7B-on (graph showing top 10%
and national median average)

– – – – – – – M n/c P N – –

2 7C-on (graph showing top 10%) – – – – – – – M n/c M P – –

2 7D-on (graph showing top 10%,
national average and other units
in your CCG)

– – – – – – – M P N N – –

3 Modification 7: a feedback
statement that includes
comparator data

– – – N – – P M n/c – – M n/c

This shows overall sentiment, where M =mixed or neutral, N = negative, P= positive and n/c= no comment.

DOI: 10.3310/QBBZ1124 Health and Social Care Delivery Research 2022 Vol. 10 No. 15

Copyright © 2022 Willis et al. This work was produced by Willis et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social
Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

149



Round 3 prototypes
We operationalised this modification as a textual comparator of results. This would serve two
purposes: it would allow us to explore two modifications within one report section, ‘Results’, and would
ensure that salient detail was included in the body of the experiment report rather than appended as
a legend. We decided to broaden the target percentile performance to the top 25%, bringing together
guidance from specialist team members, responses from UCD and from existing reporting. We aimed
to strengthen the effect and validity of the content by using achievable comparators typical of
collaborating audits. Participants in all rounds of UCD and all modifications expected to be presented
with at least one comparator. We therefore selected to include national ‘mean average’ as a baseline
comparator when OFF.

We designed and tested six iterations of this design using content for the NDA, PICANet and TARN.
We presented effective comparators (M7) as a textual summary message above a chart for multimodal
feedback (M9) in the ‘Results’ section of the report page. We included two versions of the bar chart,
one for when M7 was OFF and one for when it was ON. This allowed us to retain the link between
the visual display and the summary message, to be consistent with recommended best practice.19

Round 3 findings
We identified one major usability issue early on in round 3 when testing the ON version of effective
comparators (M7). The participant reported that the summary legend was lost below-the-fold and it
would be more helpful to read this before viewing the graph to support comprehension when assessing
the visual display. We received positive responses to the use of national upper quartile performance
and describe this in more detail in relation to the visual display presented for multimodal feedback (M9).

Final design
The final prototype for this modification was a statement including either the ‘mean average’ or top
25% performance comparator:

l ON: ‘The top quarter of hospitals achieved this for X of patients’.
l OFF: ‘This compares to the national mean achievement of X’.

As well as changing the order of the effective comparators (M7) feedback statement and the multimodal
feedback (M9) bar chart, we increased the font weight to emphasise the quality indicator as had been
suggested in earlier UCD rounds.We subsequently presented effective comparators (M7) above the bar
chart and this issue was no longer reported. We also decided to report audit performance as a percentage
rather than a number, although for baseline feedback we included numerator and denominator data. This
was supported by UCD participants, clinical members of the team and audit collaborators (see Figure 3).

Provide feedback in more than one way

Round 1 prototypes
We designed 10 prototypes with content from hypothetical MINAP, NCABT and TARN audit reports.
The prototypes involved different combinations of textual and graphical feedback and explored
combinations of bar, line and funnel charts, textual quality indicators and graphical icons to illustrate
trend, based on designs from earlier feedback research programmes24,129 (Table 25).

Round 1 findings
Positive responses related to the use of the bar graph as a universally liked and easy-to-understand
data visualisation. Participants responded well to typographical emphasis on the textual quality
indicator. Participants preferred a combination of denominators alongside percentage quality indicators
in textual feedback, allowing users to validate the data and judge the direction and scale of change
from one year’s figures to the next. We observed that modality and variety in feedback may support
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different user needs, providing that they do not negatively affect cognitive load. Participants suggested
that we cater for the majority of users when choosing a mode of data presentation, such as delivering
feedback as a bar chart rather than a funnel plot, or incorporating features to support multimodal data
presentation to allow switching between different types of graphs. It was suggested that interactivity
might also be useful for report users such as front-line staff, to alter variables and support them ‘playing
with the data’, to make predictions or judgements about clinical interventions. Reduced scrolling was
also relatively important.

Negative responses related to the over-simplistic OFF versions and the use of funnel plots. Funnel
plots presented during round 1 were the most contentious of the data visualisations. They were
reported to be visually appealing but open to misinterpretation:

[W]e know how to read them, you know the funnel plots, but whenever we put them up in boards or
anything people really struggle to, to read them.

P07

TABLE 25 Participant responses to multimodal feedback (M9) prototypes in all rounds

Stimuli, by UCD round Overall sentiment, by participant

Round
Prototype version and
description 01 02 03 04 05 06 07 08 09 10 11 12 13

1 M9 general comments – M M – – N N – – – – – –

1 M9.0 bar graph trend and
multimedia

N – – – – – – – – – – – –

1 M9.1 bar graph or trend N – – – – – – – – – – – –

1 M9.2 textual numerator
denominator QI only

– M N M N N n/c – – – – – –

1 M9.3 textual percentage
QI only

– M P P P M N – – – – – –

1 M9.4 textual percentage and
numerator QI and table of
results

– n/c N – N – – – – – – – –

1 M9.5 percentage and
numerator QI and bar graph
of results

– P P – M – – – – – – – –

1 M9.6 bar graph and table – n/c N M N M M – – – – – –

1 M9.7 funnel plot – M M M N M M – – – – – –

1 M9.8 coloured trend arrow and
textual QI

– P – M – N M – – – – – –

1 M9.9 trends e.g. sparkline – – – N – M M – – – – – –

2 9A-off (textual and tabular
feedback)

– – – – – – – M M M N – –

2 9B-on (textual, tabular, bar
graph and audio feedback)

– – – – – – – M M M P – –

2 9C-on (textual, tabular, trend
graph and audio feedback)

– – – – – – – M P M M – –

2 M9 general comments – – – – – – – n/c N n/c M – –

3 M9 bar graph – – – N – – M n/c M – – N P

This shows overall sentiment where M =mixed or neutral, N = negative, P= positive and n/c = no comment.
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The use of the word ‘We’ in the feedback caused some confusion when users had not been offered a
means to select their unit, department or hospital.

First impressions of the use of colour were positive. Visual coding systems such as traffic light systems
(red denoting bad, amber denoting a warning and green denoting good) are a familiar and favoured
mechanism for reducing cognitive burden. Participants also reported that they were useful, to produce
summary presentations of feedback for colleagues. We observed participant confusion and mixed
sentiment relating to a visual indicator showing temporal change. Our prototype provided a prominent
green trend arrow alongside the quality indicator but lacked labelling or a clear key, creating confusion:

[T]he green arrow, I guess is telling me that I’m good and I’m on my way up. So does that mean
I don’t need to do anything; I’m not sure what that means. Umm, or does that mean I need to go up
further, more?

P06

Round 2 prototypes
We shortlisted bar graphs and line graphs, plus an audio feature, to augment textual feedback in
round 2. We designed and tested three prototypes using content from a hypothetical NDA report.
These included textual, tabular, graphical and audio feedback (see Table 25).

Round 2 findings
We evaluated with four participants. There were mixed responses to all three prototypes. Participants
were unanimously critical of the audio feature. There was minor discussion about what the audio
content might contain and who it would be for but none of the participants thought it would be a
feature they would use. Usability issues included the use of a small font for the legend and a lack of
comparator in the graph.

Round 3 prototypes
We chose to present multimodal feedback (M9) using a bar graph including effective comparators (M7)
quartile shading. Bar graphs were deemed most appropriate for implementing snapshots of aggregate
overviews that recipients would be able to understand without expecting to be provided with
additional detail.73,130 Both modifications were ON during round 3 testing.

We designed and tested six versions using content for the NDA, PICANet and TARN. We incorporated
effective comparators (M7) and multimodal feedback (M9) into the ‘Results’ section of the report.

Round 3 findings
We identified two usability issues relating to multimodal feedback (M9) display. Early testing revealed
that the graph was too small and needed to be enlarged. Participants also reported that they needed
clear legends to explain the marks on the graph. Participants responded positively to the familiarity
of the bar graph, visual appeal of quartile shading on the graph and general ease of use of the
‘Results’ section.

Final design
In the final prototype, we used a bar chart and comparator markings for the ON version of multimodal
feedback (M9) (see; Figure 4a). The quality indicator in the textual feedback was emboldened to
emphasise headline figures. Owing to the interaction with effective comparators (M7), the quartile
shading on the graph was only visible during certain combinations of randomised modifications.
The bar chart was sized to ensure that font sizes were readable, and to prevent excess scrolling.
We implemented a prominent and user-friendly key to describe the coloured marks. The bar chart was
absent when the modification was OFF (see Figure 4b).
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Minimise extraneous cognitive load for feedback recipients

Round 1 prototypes
We designed and iterated thirteen prototypes for cognitive load (M10) in round 1 populated with
content from hypothetical audit reports for MINAP, NCABT and TARN (Table 26). Each participant saw
up to a maximum of 10 prototypes. The prototypes incorporated features of reports that are known
to load and ease mental processes. We tested a large information-heavy set of feedback, with poor
formatting and no chunking compared with a range of chunking methods such as lists, tables, filterable
lists, user-targeted content and filterable tables. We also explored different graph types, signposting
elements such as a progress tracker and preferred hierarchy of the audit criterion compared to
recommendations for action.

TABLE 26 Participant responses to cognitive load (M10) prototypes in all rounds

UCD
round

Prototype version and
description

Overall sentiment, by participant

01 02 03 04 05 06 07 08 09 10 11 12 13

1 M10.0 – excess content minimal
formatting

N N N P N P M – – – – – –

1 M10.1 – excess content, graph
with no shading

P N N N M N N – – – – – –

1 M10.2 – graph only – N n/c – M – – – – – – – –

1 M10.3 – graph, quartile shading
and standard

– N N – M – – – – – – – –

1 M10.4 – recommendations list
grouped by role

n/c P P – M – – – – – – – –

1 M10.5 – ungrouped
recommendations list

N N n/c – N – – – – – – – –

1 M10.6 – recommendations
table, columns ordered by role

M M N – N – – – – – – – –

1 M10.7 – role specific
recommendation list

P N N – N – – – – – – – –

1 M10.8 – table and sparkline or
filterable results table

– M M M M M n/c – – – – – –

1 M10.9 – trends i.e. sparkline – – – M – n/c n/c – – – – – –

1 M10.10 – progress bar, headline
standard, numerator and
percentage QI and
recommendation

M M N – M – – – – – – – –

1 M10.11 – progress bar, headline
recommendation, quality
indicator (numerator and
percentage) and standard

N – – – – – – – – – – – –

1 M10.12 – progress bar, quality
indicator (%) and filterable
results table

– – – N – N P – – – – – –

2 A-off (increased cognitive load,
excessive and poorly laid out
information not formatted
to grid layout and small
inconsistent font)

– – – – – – – N N N N – –

continued
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Round 1 findings
Participants agreed that too much text was overwhelming. They were reluctant to read content in
small, dense fonts. We recorded two positive comments relating to the control/OFF versions, but
these were in response to the graphical percentage shading in early iterations of feedback features.
The shading was reported to add visual interest and helped to quickly convey context against which
participants could judge their practice’s performance. This indicated that additional visual detail
might help to reduce cognitive load. We also observed that ‘chunked’ information (in this case audit
recommendations) improved visual appeal and readability.

Round 2 prototypes
We reduced the number of prototypes to exclude content types that were selected for other
modifications. We explored different ways of presenting information from a single and comparable
data set to assess features that might variably affect cognitive load.

We designed and tested four prototypes with content from a hypothetical NDA (see Table 26).
We were at this point exploring a suitable ON and OFF version. Our prototypes presented a single
information loaded data set containing process of care data, adjusted by degrees to reduce cognitive
load. We compared the use of tables, filter features and typographical design elements from earlier
feedback research programmes.24,129

Round 2 findings
We evaluated with four participants. As in round 1, participants agreed that OFF versions containing
small fonts and lots of information were ‘not user-friendly’ and reduced motivation: ‘Horrible . . .
what is my motivation to try and go through all this?’ (P08). They suggested that headline information
should provide key results as a ‘teaser’ at the top. There was limited agreement relating to additional
controls to reduce cognitive load on tabular process of care data. These were felt to be more visually
appealing and ‘easier to look at’ (P10), but problematic when applied to the data set. Participants
reported that, for clarity, both denominator and percentage should be provided. This finding informed
the implementation of baseline content in the wider experiment.

Round 3 prototype
We used extraneous text (e.g. audit background) and two small tables (e.g. patients not meeting the
standard) as ‘background noise’, providing information that was not directly related to the audit criterion.

TABLE 26 Participant responses to cognitive load (M10) prototypes in all rounds (continued )

UCD
round

Prototype version and
description

Overall sentiment, by participant

01 02 03 04 05 06 07 08 09 10 11 12 13

2 B-on (improved cognitive load
by tabulating information,
consistent font type and
readable font size)

– – – – – – – M P P P – –

2 C-on (improving cognitive load
by providing controls to filter
information)

– – – – – – – M M N M – –

2 D-on (improving cognitive
load by presenting feedback
graphically and with headline
figures as used in AFFINITIE)

– – – – – – – M P M N – –

3 Modification 10 – about this
audit

– – – N – – n/c N – – – N P

This shows overall sentiment, where M =mixed or neutral, N = negative, P= positive and n/c= no comment.
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We followed suggestions derived from team meetings, findings from the UCD and audit collaborators
to use information that would promote intended behaviours. For the final prototype, we presented
extraneous distracting detail for the OFF version.

We designed and tested six iterations of cognitive load (M10) with content for the NDA, TARN and
PICANet. Distracting detail was presented as a section of supplementary information and data focused
on the number and percentage of patients who receive or fail to receive care processes to achieve the
standard. The modification was ON when this was not shown.We tested the OFF version, with extraneous
detail being shown, in the context of all other modifications being ON.

Round 3 findings
We evaluated with six participants. There was a high level of agreement regarding the inclusion of
extraneous content. Participants either neglected to read this content or were confused by its purpose
in relation to the criteria and the feedback. Participants also reported navigational fatigue when all
modifications were visible. The extended page length created excessive scrolling and there was a
requirement to provide a means to navigate between sections within the page.

Final design
We fine-tuned content for this modification for all audits. The section title for cognitive load (M10)
was iterated to ‘About the National Diabetes Audit’. This improved the clarity of the section, indicating
to the user that this was additional general information not directly related to the audit criterion.
We later finalised this section title as a generic ‘About this audit’ to simplify the programming
(see Figure 5).

Provide short, actionable messages followed by optional detail

Round 1 prototypes
We designed and iterated five prototypes for optional detail (M12) populated with content from
hypothetical audit reports for MINAP, NCABT and TARN (Table 27). The prototypes used features
that support progressive disclosure such as hyperlinks, tabs and mouse activated dynamic annotations
(tool tips). We iterated prototypes by modifying designs to include ideas that came out during testing,
such as including higher fidelity content to get more value from the sessions.

Round 1 findings
We tested with seven participants. Overall, participants preferred the side tabs as a way of ‘drilling
down’ into the content. Participants least liked the basic hyperlinks and launchpad with overlaid
content activated by mouse hover or mouse click interaction. Participants reported that the ‘accordion’
of expanding and collapsing sections was familiar but prone to cluttering, with too many open sections.
One participant reported that the information presented in the prototypes would not interest them, as
it was missing key information to allow direct comparisons of feedback. Participants may, therefore, be
less motivated to ‘drill down’ into supplementary content that they consider less relevant.

Round 2 prototypes
We reduced the range of prototypes. We designed and tested four prototypes during round 2
(see Table 27). We designed one interpretation of a possible control version for OFF as with other
round 2 modifications. We designed five possible versions of ON, including the popular side tabs
to switch between content, accordion, wiki-style hyperlinks and top tabs. Navigation tabs are user
interface elements based on the desktop metaphor in which physical objects are emulated in the
interface and are derived from the idea of folders in a filing cabinet.

DOI: 10.3310/QBBZ1124 Health and Social Care Delivery Research 2022 Vol. 10 No. 15

Copyright © 2022 Willis et al. This work was produced by Willis et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social
Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

155



Round 2 findings
We tested with four participants. There was high negative agreement relating to the expanding
accordion and the wiki-style hyperlinks. These were felt to be overly complex and involve unnecessary
user interaction. Participants disagreed about which of the remaining prototypes, including the OFF
version and the side tabs, would be most (or least) user-friendly. We observed serious usability issues
with side tabs that were not visually distinct from page content. Participants expressed concern about
overlooking important detail if some was hidden. Participants reported that they typically search
documents to find instances of key terms in their reports and would find navigating a website with
multiple pages or hidden content more difficult. Participants who disliked the OFF version, favouring
our enhancements, gave similar reasons to those expressing dislike for prototypes exploring excess
cognitive load.

Round 3 prototype
Feedback content was further refined across all audits. We elected to operationalise this modification
using side tabs. This user interface feature was generally popular for being a familiar, user-friendly and
visually appealing design pattern. It also suited our choice of content for this modification. We were

TABLE 27 Participant responses to optional detail (M12) prototypes in all rounds

UCD
round

Prototype version and
description

Overall sentiment, by participant

01 02 03 04 05 06 07 08 09 10 11 12 13

1 M12 – general comments – M M – – – – – – – – – –

1 M12.0 – basic hyperlinked
content

N M N M P N N – – – – – –

1 M12.1 – about this audit
accordion

P – P M N N M – – – – – –

1 M12.2 – recommendations
accordion

P P – – – – – – – – – – –

1 M12.3 – launchpad-style tooltips M N M N N M N – – – – – –

1 M12.4 – side tabs P P P P N M P – – – – – –

2 12A-off – (all information
displayed at once, i.e. no
progressive disclosure)

– – – – – – – N P P N – –

2 12B-on – (vertically stacked
side tabs)

– – – – – – – P M M N – –

2 12C-on – (horizontally stacked
top tabs with audit criteria
headline)

– – – – – – – M n/c N P – –

2 12D-on – (horizontally stacked
top tabs with recommendation
headline)

– – – – – – – M n/c M M – –

2 12E-on – (expanding ‘accordion’
with recommendation headline)

– – – – – – – N M M N – –

2 12F-on – (wiki-style links in
editorial)

– – – – – – – N N N N – –

3 Modification 12 – further
information section

– – – N – – N M N – – N N

This shows overall sentiment, where M =mixed or neutral, N = negative, P= positive and n/c= no comment.
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able to display key summary messages followed by a good level of optional detail. One participant
summed up:

[R]emember I said you don’t want to go down the rabbit hole unless you know you’ll come back. So, you
know . . . by keeping those as fixed, as your secure validation blocks, you know it-it-it’s like you’re fence
posts on the side of the river bank – you don’t want to let go of them cause you might need to come back.

P07

We designed and tested six iterations of this modification populated with content from hypothetical
NDA, PICANet and TARN reports.

Round 3 findings
We tested with six participants. We continuously refined the content and the appearance of the side
tabs. Participants initially struggled to make sense of this section as we iterated on an appropriate
section title. They also became frustrated with the patient lists and drug lists explored in early round 3
iterations. Participants felt that the medicine lists did not go into sufficient detail to be useful:

[I]t relies on me remembering which drug groups the names of drugs are in; so umm, and I find that really
hard err, to remember which one’s the, the actual name and we prescribe by name so not, not drug group.
So um, Metformin’s dead easy but the others aren’t.

P15

One participant incorrectly assumed that content from patient voice (M16) was dynamically driven by
optional detail (M12). Usability and comprehension improved when we renamed the section ‘Further
information’ and removed patient-level data.

Final design
We included a section in the report called ‘Further information’ when optional detail (M12) was switched
ON (see Figure 6). This was absent when OFF.We were guided by team meetings, UCD findings and audit
collaborators in selecting the content. This included a definition of the audit criterion and additional
information to aid people in achieving the criterion. The tabs were designed to be visually clear and the
content focused to encourage further exploration. References to NICE guidance, which would normally
be hyperlinked, were static to discourage participants from exiting the experiment.

Incorporate ‘the patient voice’

Round 1 prototypes
We designed and iterated four prototypes for patient voice (M16) populated with content from
hypothetical audit reports for MINAP, NCABT and TARN (Table 28). Prototypes were combinations
of multimedia, pictorial and textual information about the patient experience.

Round 1 findings
We found low levels of agreement about the value of including the patient voice. Overall, participants
least preferred the minimally enhanced patient quote, indicating that they would find multimedia
elements such as a photograph or video more compelling than a quote alone. Participants reflected
on how the recipient’s role might affect whether or not the impact that the patient voice had was
negative or positive:

I’m thinking about how . . . senior managers work; how executive directors work and are they influenced
by patients’ statements . . . they aren’t but the CQC [Care Quality Commission] are and . . . the exec[utive]
directors are.

P03
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Participants raised concerns about privacy implications, authenticity, difficulty in finding a relevant or
representative quote and subsequent cost benefit and one cited the potential for bias when selecting a
single polarised account.

Round 2 prototypes
We designed and tested three prototypes populated with content from a hypothetical NDA report
(see Table 28). We reduced the number of prototypes to explore graduated levels of content focused
on patient experience. We decided that video could not be included owing to uncontrollable factors
such as browser settings that might affect the experience of participants in the experiment. We
also decided to include a patient story alongside the quote, rather than a quote from a patient
representative, given the concerns expressed about privacy and representativeness.

Round 2 findings
Participants preferred the patient story, quote and photograph. Participant responses were again
polarised and often mixed. Participants reported that multimedia features such as images and videos
improved visual and human interest by capturing attention, adding context and making feedback more
memorable. To do this effectively, they should be authentic and relevant to the feedback. The story
and quote were seen to complement one another. Once again, participants who responded negatively
to ‘enhanced’ versions with visual content were concerned about issues relating to perceived value
and privacy.

Around this stage, our PPI panel considered a prototype of this modification. They pointed out that it
was obvious that the language and content were inauthentic; it was as if we were imposing medical
knowledge and expertise onto the ‘patient’ in the quotation. The PPI panel suggested that this
modification would be best placed adjacent to individual audit standards, with a clear link between
them. They suggested a structure along the lines of, ‘This is how I feel, this is what happened to me,
that’s why you should do’ with the ‘you should do’ specifying the recommended clinical behaviour.
The PPI panel debated whether or not a photograph of a patient should be included, recognising a risk
that an associated fully-informed quotation was unlikely to come from one individual and thereby
could undermine credibility.

Round 3 prototypes
We improved the wording and specificity of the patient story, and sourced new images to make patient
photographs look more realistic. We designed and tested six iterations of the prototype populated with
content relevant to NDA, TARN and PICANet.

Round 3 findings
We observed consistently mixed results relating to the perceived value of incorporating the patient
voice. We identified usability issues with participants also offering insights into the design, content and
ordering of the sections.

Final design
We modified the content and the look and feel of the report (see Figure 7). We reordered the sections
to place M16: patient story above cognitive load (M10) and below optional detail (M12), increased the
size of the patient photograph to make it more prominent and renamed the section title ‘Patient Story’.
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TABLE 28 Participant responses to patient voice (M16) prototypes in all rounds

UCD
round

Prototype version and
description

Overall sentiment, by participant

01 02 03 04 05 06 07 08 09 10 11 12 13

1 M16.0 patient quote N N M N M N N – – – – – –

1 M16.1 patient quote and photo – M P M P M – – – – – – –

1 M16.2 patient quote and video – N N P N P P – – – – – –

1 M16.3 patient representative
quote

– – – P M N P – – – – – –

2 16A-off (paragraph describing
patient story)

– – – – – – – M N M N – –

2 16B-on (quote and paragraph
describing patient story)

– – – – – – – P M P P – –

2 16C-on (image, quote and
paragraph describing patient
story)

– – – – – – – M P N P – –

3 Modification 16 patient story – – – M – – M P N – – N M

This shows overall sentiment where M =mixed or neutral, N = negative and P = positive.
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Appendix 2 Screenshots of the feedback
modifications presented in the online experiment

Parallel versions of all feedback modifications were prepared for the five different NCAs. We present
screenshots to illustrate each of these different versions.

Feedback modifications: National Diabetes Audit version

National Diabetes Audit: audit standard and result

National Diabetes Audit: modification A – effective comparator
ON:

OFF:

National Diabetes Audit: modification B – provide feedback in more than one way (ON)
When modification A ON:
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When modification A OFF:

National Diabetes Audit: modification C – recommend specific actions (ON)
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National Diabetes Audit: modification D – provide short, actionable messages with
optional detail (ON)
Tab 1:

Tab 2: see the NICE Clinical Knowledge Summary131
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Tab 3:

Tab 4:
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National Diabetes Audit: modification E – incorporate patient voice (ON)

National Diabetes Audit: modification F – minimise extraneous cognitive load (OFF)
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Feedback modifications: Myocardial Ischaemia National Audit Project version

Myocardial Ischaemia National Audit Project: audit standard and results

Myocardial Ischaemia National Audit Project: modification A – effective comparator
ON:

OFF:

Myocardial Ischaemia National Audit Project: modification B – feedback in more than
one way (ON)
When modification A on:
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When modification A off:

Myocardial Ischaemia National Audit Project: modification C – recommend specific actions (ON)
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Myocardial Ischaemia National Audit Project: modification D – provide short, actionable
messages with optional detail (ON)
Tab 1: see NICE Clinical Guidance 94132

Tab 2: see NICE Clinical Guidance 94132
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Tab 3:
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Myocardial Ischaemia National Audit Project: modification E – incorporate patient voice (ON)
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Myocardial Ischaemia National Audit Project: modification F – minimise extraneous
cognitive load (OFF)
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Feedback modifications: National Comparative Audit of Blood Transfusion version

National Comparative Audit of Blood Transfusion: audit standard and results

National Comparative Audit of Blood Transfusion: modification A – effective comparator
ON:

OFF:

National Comparative Audit of Blood Transfusion: modification B – feedback in more
than one way
When modification A ON:
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When modification A OFF:

National Comparative Audit of Blood Transfusion: modification C – recommend specific
actions (ON)
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National Comparative Audit of Blood Transfusion: modification D – provide short,
actionable messages with optional detail (ON)
Tab 1:

Tab 2:

Tab 3:
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National Comparative Audit of Blood Transfusion: modification E – incorporate patient
voice (ON)
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National Comparative Audit of Blood Transfusion: modification F – minimise extraneous
cognitive load (OFF)
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Feedback modifications: Paediatric Intensive Care Network version

Paediatric Intensive Care Network: audit standard and results
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Paediatric Intensive Care Network: modification A – effective comparator
ON:

OFF:

Paediatric Intensive Care Network: modification B – feedback in more than one way
When modification A ON:

When modification A OFF:
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Paediatric Intensive Care Network: modification C – recommend specific actions (ON)

Paediatric Intensive Care Network: modification D – provide short, actionable messages
with optional detail (ON)
Tab 1:
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Tab 2:
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Paediatric Intensive Care Network: modification E – incorporate patient voice (ON)
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Paediatric Intensive Care Network: modification F – minimise extraneous cognitive load (OFF)

Feedback modifications: Trauma Audit & Research Network version

Trauma Audit & Research Network: audit standard and results
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Trauma Audit & Research Network: modification A – effective comparator
ON:

OFF:

Trauma Audit & Research Network: modification B – feedback in more than one way
When modification A on:

When modification A off:
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Trauma Audit & Research Network: modification C – recommend specific actions (ON)

Trauma Audit & Research Network: modification D – provide short, actionable messages
with optional detail (ON)
Tab 1: see NICE Quality Standard QS166.133 © NICE 2022 QS166. Available from www.nice.org.uk/
guidance/qs166 All rights reserved. Subject to Notice of rights.
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Tab 2: see NICE Guideline NG39134 and NICE Clinical Guideline CG176.135

Tab 3
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Trauma Audit & Research Network: modification E – incorporate patient voice (ON)
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Trauma Audit & Research Network: modification F – minimise extraneous cognitive load (OFF)
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Appendix 3 ENACT experiment web pages

We present screenshots illustrating progress through the website from landing to completion.
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Landing page (bottom)
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ENACT experiment consent page
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ENACT experiment information sheet pop-out
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ENACT experiment participant information
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ENACT experiment entry confirmation
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ENACT experiment audit report – National Diabetes Audit participant allocated to modification combination C19 “CF”*

*Modifications on specific actions (C) and reduced cognitive load (F). Modifications off: effective comparators (A), multimodal feedback (B), optional detail
(D), patient voice (E).
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ENACT experiment questionnaire – National Diabetes Audit (1)
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ENACT experiment questionnaire – National Diabetes Audit (2)
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ENACT experiment questionnaire – National Diabetes Audit (3)
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ENACT experiment completion page, including voucher and certificate of completion request
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Appendix 4 Detection of duplicate
participant completions

Participant violations

Duplicate participant completion
Repeated (duplicate) participant completion of the experiment was identified during the first
recruitment phase via e-mail addresses provided by participants to obtain a £25 voucher and
certificate of completion. A number of e-mail addresses relating to the same individual, were found
to have been used to complete the experiment multiple times and request a total of 268 vouchers.
Repeated participation was linked to a single general practice which had received the experiment
invitation via the NDA. Based on the timing of this invitation and cumulative voucher request listings
extracted from the experiment, we identified the individuals repeated completion to have taken place
between 2:50 p.m. on 25 April 2019 and 11:35 a.m. on 29 April 2019; defined as the contamination
period. The voucher request from the general practice in question was not met.

Security enhancements to prevent repeated participation during the second recruitment phase
required individuals to enter a unique NHS or HSCNI e-mail address to enter the experiment prior
to randomisation. This e-mail address was validated against all previous e-mail addresses supplied
(for voucher request or study entry) and the same e-mail address was required at voucher request.

By the end of the experiment there were a total 1241 randomisations and 1113 experiment
completions, of which a total 1080 voucher requests had been made. Based on the provided e-mail
address and name (where available), the 1080 voucher requests were found to originate from
767 individuals (Table 29). A total of 39 individuals were found to have completed the experiment
and requested a voucher more than once. With the exception of the participant who requested
268 vouchers during the contamination period, these largely comprised 33 individuals with two
voucher requests and a further five individuals with three to five voucher requests each.

TABLE 29 Number of individuals requesting vouchers having completed the experiment and number of vouchers
requested for each individual across recruitment periods

Number of voucher
requests per individual

First recruitment
period, n (%)

Second recruitment
period, n (%)

Across recruitment
periods, n (%) Total, n (%)

1 514 (95.9) 214 (99.5) – 728 (94.9)

2 17 (3.2) 1 (0.5) 15 (93.8) 33 (4.3)

3 2 (0.4) 0 (0.0) 1 (6.3) 3 (0.4)

4 1 (0.2) 0 (0.0) 0 (0.0) 1 (0.1)

5 1 (0.2) 0 (0.0) 0 (0.0) 1 (0.1)

268 1 (0.2) 0 (0.0) 0 (0.0) 1 (0.1)

Total 536 (100) 215 (100)a 16 (100)a 767 (100)

a Despite additional security measures, one individual completed the experiment twice using different NHS e-mail
address and 16 individuals who participated during the first recruitment phase, participated again when the
experiment re-opened using a different NHS e-mail address.
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Detecting duplicate participants in the experiment data
Individual personal data collected to facilitate voucher provision and certification of completion were
collected and held in a separate unlinked data set to retain anonymity of study data. It was therefore
not possible to identify duplicate participants directly within the experiment data, and indirect,
objective criteria were explored to define two modified ITT populations, aiming to ensure the inclusion
of independent non-duplicate participants.

Contamination period
The contamination period, during which the most serious repeated experiment completion took place,
included a total 597 randomisations, of which 268 (44.9%) related to the one individual completing the
experiment 268 times to request vouchers. Given the separation of study and personal data, we were
unable to separate the 268 duplicate entries from a possible 329 valid independent entries submitted
during the same period. Given the magnitude of repeated experiment completion during this period, to
protect the validity of the experiment we used the contamination period as a conservative criteria to
exclude all participation during this period and define the primary modified ITT population.

Time spent on questionnaire
We compared experiment data collected during and outside the contamination period.

The median time spent completing the questionnaire was 159 seconds (IQR 98–256 seconds) outside
the contamination period and 31 seconds (IQR 13–139 seconds) during the contamination period
(Table 30). The distribution of time spent on questionnaire (Figure 31) showed a clear distinction
between participants recruited in and out of the contamination period, with a peak in questionnaires
completed in < 20 seconds during the contamination period. Of those completing the questionnaire,
only 3.7% (21/566) spent < 20 seconds on the questionnaire outside of the contamination period; this
rose to 47.3% (259/547) during it.

Based on the distribution of time spent completing the questionnaire (see Figure 31 and Table 30) and
team consensus, we identified an appropriate cut-off of 20 seconds to exclude entries in which an
infeasible short period of time was spent completing the questionnaire and define the secondary
primary modified ITT population.

TABLE 30 Minutes spent on audit report and questionnaire by contamination period

Completion during the contamination period?

Yes (N= 597) No (N= 629) Total (N= 1226)

Time on audit report (seconds)

Total randomised (n) 597 629 1226

Median (range) 13.5 (0.5–14,302.5) 66.5 (0.5–70,512.0) 43.5 (0.5–70,512.0)

IQR 2.0–60.5 31.0–136.0 7.0–98.5

Time on questionnaire (seconds)

Total completing questionnaire (n) 547 566 1113

Median (range) 31.0 (3.5–19,783.0) 159.0 (2.5–16,320.0) 113.5 (2.5–19,783.0)

IQR 13.0–139.0 97.5–255.5 19.0–205.0

> 20s on questionnaire, n (%)

Yes 288 (52.7) 545 (96.3) 833 (74.8)

No 259 (47.3) 21 (3.7) 280 (25.2)
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FIGURE 31 Histogram of time spent on audit report and questionnaire. a, Time spent on audit report (first two quintiles);
b, time spent on audit report (overall – note that the largest 20 outliers have been removed); c, time spent on questionnaire
(first two quintiles); d, time spent on questionnaire (overall – note that the largest 20 outliers have been removed). (continued )
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Other indicators
Other patterns were visible when comparing the two periods.

A reduction in the time spent on the audit report was apparent (see Table 30 and Figure 31). There was
also a greater proportion of respondents selecting ‘completely agree’ to all questionnaire items, which
was suggestive of respondents clicking quickly through the questionnaire without thinking (Figure 32).
However, both the time spent on the audit report and the questionnaire response pattern could have
feasibly been associated with the version of the audit that participants were randomised to receive:
some versions included minimal content, which might therefore take less time to interpret.
Consequently, we did not use these indicators to identify or exclude suspect responses.

Tables 31 and 32 provide further information relating to the time spent on audit, number of clicks
within the audit report and time spent on questionnaire by population and audit.
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TABLE 31 Time spent on questionnaire by population

MINAP NCABT NDA PICANet TARN Total

Randomisations

Time on questionnaire (seconds)

N 243 160 507 66 137 1113

Missing (n) 24 15 77 3 9 128

Median (range) 137.0 (2.5–1053.5) 137.0 (4.0–4669.0) 95.5 (3.5–19,783.0) 17.0 (4.0–868.0) 137.0 (5.0–16,320.0) 113.5 (2.5–19,783.0)

IQR 43.0–252.5 14.8–244.0 19.0–178.0 12.5–156.0 92.0–206.5 19.0–205.0

> 20 seconds on questionnaire, n (%)

Yes 187 (77.0) 114 (71.3) 380 (75.0) 31 (47.0) 121 (88.3) 833 (74.8)

No 56 (23.0) 46 (28.8) 127 (25.0) 35 (53.0) 16 (11.7) 280 (25.2)

Primary modified ITT population

Time on questionnaire (seconds)

N 158 93 172 33 110 566

Missing (n) 20 9 32 3 8 72

Median (range) 191.8 (2.5–830.5) 207.0 (12.0–4669.0) 114.0 (5.0–1864.5) 156.0 (11.0–868.0) 147.5 (44.5–16,320.0) 159.0 (2.5–16,320.0)

IQR 120.0–281.5 136.5–302.5 70.0–192.5 105.5–233.0 102.5–232.0 97.5–255.5

> 20 seconds on questionnaire, n (%)

Yes 155 (98.1) 92 (98.9) 158 (91.9) 30 (90.9) 110 (100.0) 545 (96.3)

No 3 (1.9) 1 (1.1) 14 (8.1) 3 (9.1) 0 (0.0) 21 (3.7)

Secondary modified ITT population

Time on questionnaire (seconds)

N 187 114 380 31 121 833

Missing (n) 24 15 77 3 9 128

Median (range) 186.0 (20.5–1053.5) 199.3 (23.0–4669.0) 131.0 (22.5–19,783.0) 163.5 (24.0–868.0) 152.0 (44.5–16,320.0) 153.5 (20.5–19,783.0)

IQR 113.5–287.0 125.5–295.0 84.8–207.0 132.5–248.0 105.5–223.0 97.0–245.0

> 20 seconds on questionnaire, n (%)

Yes 187 (100.0) 114 (100.0) 380 (100.0) 31 (100.0) 121 (100.0) 833 (100.0)
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TABLE 32 Time spent and number of clicks on audit report by population

MINAP NCABT NDA PICANet TARN Total

Time spent on audit report (seconds)

Randomisations

N 266 173 575 69 143 1226

Missing (n) 1 2 9 0 3 15

Median (range) 49.5 (1.0–1180.0) 50.0 (1.0–4106.0) 38.0 (0.5–70,512.0) 7.5 (0.5–2209.5) 66.0 (1.5–6762.0) 43.5 (0.5–70,512.0)

IQR 8.5–128.0 6.0–108.5 7.0–82.0 2.0–81.5 33.0–134.5 7.0–98.5

Primary modified ITT population

N 177 100 201 36 115 629

Missing (n) 1 2 3 0 3 9

Median (range) 76.0 (1.0–1180.0) 80.5 (2.0–1914.0) 45.5 (0.5–70,512.0) 80.5 (1.5–2209.5) 79.0 (7.0–6762.0) 66.5 (0.5–70,512.0)

IQR 29.0–154.5 44.5–142.3 22.5–98.0 47.8–165.3 42.5–159.0 31.0–136.0

Secondary modified ITT population

N 210 127 448 34 127 946

Missing (n) 1 2 9 0 3 15

Median (range) 68.8 (2.0–1180.0) 77.5 (3.0–4106.0) 52.5 (2.0–70,512.0) 81.3 (2.0–2209.5) 79.0 (4.5–6762.0) 62.5 (2.0–70,512.0)

IQR 28.5–151.0 38.0–141.0 27.3–98.0 52.0–173.5 42.5–145.0 32.5–123.0
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TABLE 32 Time spent and number of clicks on audit report by population (continued )

MINAP NCABT NDA PICANet TARN Total

Number of clicks on audit report

Randomisations

N 266 173 575 69 143 1226

Missing (n) 1 2 9 0 3 15

Mean (SD) 2.5 (7.48) 1.8 (1.75) 1.7 (1.94) 1.2 (0.52) 2.2 (2.18) 1.9 (3.87)

Median (range) 1.0 (1.0–99.0) 1.0 (1.0–13.0) 1.0 (1.0–25.0) 1.0 (1.0–3.0) 1.0 (1.0–17.0) 1.0 (1.0–99.0)

IQR 1.0–2.0 1.0–2.0 1.0–1.0 1.0–1.0 1.0–3.0 1.0–2.0

Primary modified ITT population

N 177 100 201 36 115 629

Missing (n) 1 2 3 0 3 9

Mean (SD) 3.0 (9.08) 2.0 (1.78) 1.7 (1.68) 1.3 (0.62) 2.4 (2.36) 2.2 (5.09)

Median (range) 1.0 (1.0–99.0) 1.0 (1.0–10.0) 1.0 (1.0–11.0) 1.0 (1.0–3.0) 2.0 (1.0–17.0) 1.0 (1.0–99.0)

IQR 1.0–3.0 1.0–3.0 1.0–1.0 1.0–1.0 1.0–3.0 1.0–2.0

Secondary modified ITT population

N 210 127 448 34 127 946

Missing (n) 1 2 9 0 3 15

Mean (SD) 2.8 (8.38) 2.0 (1.97) 1.9 (2.16) 1.3 (0.64) 2.3 (2.28) 2.1 (4.37)

Median (range) 1.0 (1.0–99.0) 1.0 (1.0–13.0) 1.0 (1.0–25.0) 1.0 (1.0–3.0) 1.0 (1.0–17.0) 1.0 (1.0–99.0)

IQR 1.0–2.0 1.0–3.0 1.0–2.0 1.0–1.0 1.0–3.0 1.0–2.0
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Appendix 5 Participant characteristics,
randomisation and experiment completion

TABLE 33 Crossover of participants in primary and secondary modified ITT populations

Participant in secondary
m-ITT population?

Participant in primary m-ITT population? n (%)

Total, n (%)Yes No

MINAP

Yes 175 (65.5) 36 (13.5) 211 (79.0)

No 3 (1.1) 53 (19.9) 56 (21.0)

Total 178 (66.7) 89 (33.3) 267 (100.0)

NCABT

Yes 101 (57.7) 28 (16.0) 129 (73.7)

No 1 (0.6) 45 (25.7) 46 (26.3)

Total 102 (58.3) 73 (41.7) 175 (100.0)

NDA

Yes 190 (32.5) 267 (45.7) 457 (78.3)

No 14 (2.4) 113 (19.3) 127 (21.7)

Total 204 (34.9) 380 (65.1) 584 (100.0)

PICANet

Yes 33 (47.8) 1 (1.4) 34 (49.3)

No 3 (4.3) 32 (46.4) 35 (50.7)

Total 36 (52.2) 33 (47.8) 69 (100.0)

TARN

Yes 118 (80.8) 12 (8.2) 130 (89.0)

No 0 (0.0) 16 (11.0) 16 (11.0)

Total 118 (80.8) 28 (19.2) 146 (100.0)

Total

Yes 617 (49.7) 344 (27.7) 961 (77.4)

No 21 (1.7) 259 (20.9) 280 (22.6)

Total 638 (51.4) 603 (48.6) 1241 (100.0)
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TABLE 34 Participant organisation and role by audit and population

Participant organisation
and role

MINAP,
n (%)

NCABT,
n (%)

NDA,
n (%)

PICANet,
n (%)

TARN,
n (%)

Total,
n (%)

Randomisations
267
(100.0)

175
(100.0)

584
(100.0)

69
(100.0)

146
(100.0)

1241
(100.0)

Organisation

Commissioning 14 (5.2) 9 (5.1) 37 (6.3) 3 (4.3) 13 (8.9) 76 (6.1)

Community health
care trust

29 (10.9) 23 (13.1) 27 (4.6) 11 (15.9) 4 (2.7) 94 (7.6)

General practice 22 (8.2) 15 (8.6) 502 (86.0) 9 (13.0) 10 (6.8) 558 (45.0)

Hospital trust 202 (75.7) 128 (73.1) 18 (3.1) 46 (66.7) 119 (81.5) 513 (41.3)

Role

Clinical 146 (54.7) 146 (83.4) 234 (40.1) 44 (63.8) 89 (61.0) 659 (53.1)

Allied health professional 11 (4.1) 48 (27.4) 24 (4.1) 3 (4.3) 7 (4.8) 93 (7.5)

Nurse or nurse specialist 76 (28.5) 73 (41.7) 95 (16.3) 9 (13.0) 12 (8.2) 265 (21.4)

Fully trained doctor 55 (20.6) 24 (13.7) 111 (19.0) 31 (44.9) 67 (45.9) 288 (23.2)

Training doctor 4 (1.5) 1 (0.6) 4 (0.7) 1 (1.4) 3 (2.1) 13 (1.0)

Manager 43 (16.1) 27 (15.4) 316 (54.1) 14 (20.3) 31 (21.2) 431 (34.7)

Audit and admin 78 (29.2) 2 (1.1) 34 (5.8) 11 (15.9) 26 (17.8) 151 (12.2)

Responsible for clinical care

Yes 153 (63.0) 131 (81.9) 425 (83.8) 58 (87.9) 99 (72.3) 866 (77.8)

Direct clinical care 43 (17.7) 13 (8.1) 87 (17.2) 12 (18.2) 16 (11.7) 171 (15.4)

Of organisation or team 70 (28.8) 100 (62.5) 234 (46.2) 20 (30.3) 37 (27.0) 461 (41.4)

Both 40 (16.5) 18 (11.3) 104 (20.5) 26 (39.4) 46 (33.6) 234 (21.0)

No 90 (37.0) 29 (18.1) 82 (16.2) 8 (12.1) 38 (27.7) 247 (22.2)

Missinga 24 15 77 3 9 128

Secondary m-ITT population
211
(100.0)

129
(100.0)

457
(100.0)

34
(100.0)

130
(100.0)

961
(100.0)

Organisation

Commissioning 3 (1.4) 1 (0.8) 27 (5.9) 0 (0.0) 10 (7.7) 41 (4.3)

Community health care
trust

4 (1.9) 2 (1.6) 3 (0.7) 0 (0.0) 1 (0.8) 10 (1.0)

General practice 7 (3.3) 1 (0.8) 422 (92.3) 0 (0.0) 1 (0.8) 431 (44.8)

Hospital trust 197 (93.4) 125 (96.9) 5 (1.1) 34 (100.0) 118 (90.8) 479 (49.8)

Role

Clinical 102 (48.3) 113 (87.6) 154 (33.7) 19 (55.9) 74 (56.9) 462 (48.1)

Allied health professional 2 (0.9) 40 (31.0) 15 (3.3) 0 (0.0) 5 (3.8) 62 (6.5)

Nurse or nurse specialist 70 (33.2) 70 (54.3) 70 (15.3) 3 (8.8) 8 (6.2) 221 (23.0)

Fully trained doctor 26 (12.3) 3 (2.3) 68 (14.9) 16 (47.1) 61 (46.9) 174 (18.1)

Training doctor 4 (1.9) 0 (0.0) 1 (0.2) 0 (0.0) 0 (0.0) 5 (0.5)

Manager 31 (14.7) 14 (10.9) 269 (58.9) 4 (11.8) 30 (23.1) 348 (36.2)

Audit and admin 78 (37.0) 2 (1.6) 34 (7.4) 11 (32.4) 26 (20.0) 151 (15.7)
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TABLE 34 Participant organisation and role by audit and population (continued )

Participant organisation
and role

MINAP,
n (%)

NCABT,
n (%)

NDA,
n (%)

PICANet,
n (%)

TARN,
n (%)

Total,
n (%)

Responsible for clinical care

Yes 100 (53.5) 85 (74.6) 301 (79.2) 23 (74.2) 83 (68.6) 592 (71.1)

Direct clinical care 31 (16.6) 1 (0.9) 70 (18.4) 8 (25.8) 12 (9.9) 122 (14.6)

Of organisation or team 47 (25.1) 78 (68.4) 176 (46.3) 5 (16.1) 32 (26.4) 338 (40.6)

Both 22 (11.8) 6 (5.3) 55 (14.5) 10 (32.3) 39 (32.2) 132 (15.8)

No 87 (46.5) 29 (25.4) 79 (20.8) 8 (25.8) 38 (31.4) 241 (28.9)

Missinga 24 15 77 3 9 128

a Missing if experiment not completed.
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TABLE 35 Randomly allocated modifications by audit for all randomised and secondary analysis sets

Modification

All randomised, n (%)
Primary modified ITT
population, n (%)

MINAP
(N= 267)

NCABT
(N= 175)

NDA
(N= 584)

PICANet
(N= 69)

TARN
(N= 146)

Total
(N= 1241)

MINAP
(N= 178)

NCABT
(N= 102)

A: effective comparators

On 136 (50.9) 87 (49.7) 293 (50.2) 35 (50.7) 74 (50.7) 625 (50.4) 92 (51.7) 52 (51.0)

Off 131 (49.1) 88 (50.3) 291 (49.8) 34 (49.3) 72 (49.3) 616 (49.6) 86 (48.3) 50 (49.0)

B: multimodal feedback

On 134 (50.2) 88 (50.3) 292 (50.0) 35 (50.7) 74 (50.7) 623 (50.2) 88 (49.4) 51 (50.0)

Off 133 (49.8) 87 (49.7) 292 (50.0) 34 (49.3) 72 (49.3) 618 (49.8) 90 (50.6) 51 (50.0)

C: specific actions

On 134 (50.2) 88 (50.3) 291 (49.8) 35 (50.7) 72 (49.3) 620 (50.0) 88 (49.4) 50 (49.0)

Off 133 (49.8) 87 (49.7) 293 (50.2) 34 (49.3) 74 (50.7) 621 (50.0) 90 (50.6) 52 (51.0)

D: optional detail

On 132 (49.4) 88 (50.3) 291 (49.8) 34 (49.3) 73 (50.0) 618 (49.8) 86 (48.3) 49 (48.0)

Off 135 (50.6) 87 (49.7) 293 (50.2) 35 (50.7) 73 (50.0) 623 (50.2) 92 (51.7) 53 (52.0)

E: patient voice

On 133 (49.8) 87 (49.7) 292 (50.0) 34 (49.3) 73 (50.0) 619 (49.9) 91 (51.1) 49 (48.0)

Off 134 (50.2) 88 (50.3) 292 (50.0) 35 (50.7) 73 (50.0) 622 (50.1) 87 (48.9) 53 (52.0)

F: Cognitive load

On 133 (49.8) 88 (50.3) 291 (49.8) 33 (47.8) 72 (49.3) 617 (49.7) 89 (50.0) 53 (52.0)

Off 134 (50.2) 87 (49.7) 293 (50.2) 36 (52.2) 74 (50.7) 624 (50.3) 89 (50.0) 49 (48.0)

Number of modifications on

0 8 (3.0) 5 (2.9) 19 (3.3) 2 (2.9) 4 (2.7) 38 (3.1) 6 (3.4) 3 (2.9)

2 126 (47.2) 83 (47.4) 273 (46.7) 33 (47.8) 70 (47.9) 585 (47.1) 82 (46.1) 49 (48.0)

4 124 (46.4) 81 (46.3) 274 (46.9) 32 (46.4) 67 (45.9) 578 (46.6) 85 (47.8) 47 (46.1)

6 9 (3.4) 6 (3.4) 18 (3.1) 2 (2.9) 5 (3.4) 40 (3.2) 5 (2.8) 3 (2.9)

Blocking factor

a 128 (47.9) 80 (45.7) 296 (50.7) 32 (46.4) 66 (45.2) 602 (48.5) 93 (52.2) 48 (47.1)

b 139 (52.1) 95 (54.3) 288 (49.3) 37 (53.6) 80 (54.8) 639 (51.5) 85 (47.8) 54 (52.9)
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Secondary modified ITT population, n (%)

NDA
(N= 204)

PICANet
(N= 36)

TARN
(N= 118)

Total
(N= 638)

MINAP
(N= 211)

NCABT
(N= 129)

NDA
(N= 457)

PICANet
(N= 34)

TARN
(N= 130)

Total
(N= 961)

102 (50.0) 18 (50.0) 61 (51.7) 325 (50.9) 110 (52.1) 64 (49.6) 231 (50.5) 18 (52.9) 68 (52.3) 491 (51.1)

102 (50.0) 18 (50.0) 57 (48.3) 313 (49.1) 101 (47.9) 65 (50.4) 226 (49.5) 16 (47.1) 62 (47.7) 470 (48.9)

102 (50.0) 19 (52.8) 60 (50.8) 320 (50.2) 106 (50.2) 61 (47.3) 229 (50.1) 17 (50.0) 67 (51.5) 480 (49.9)

102 (50.0) 17 (47.2) 58 (49.2) 318 (49.8) 105 (49.8) 68 (52.7) 228 (49.9) 17 (50.0) 63 (48.5) 481 (50.1)

103 (50.5) 19 (52.8) 58 (49.2) 318 (49.8) 104 (49.3) 65 (50.4) 229 (50.1) 19 (55.9) 63 (48.5) 480 (49.9)

101 (49.5) 17 (47.2) 60 (50.8) 320 (50.2) 107 (50.7) 64 (49.6) 228 (49.9) 15 (44.1) 67 (51.5) 481 (50.1)

100 (49.0) 17 (47.2) 60 (50.8) 312 (48.9) 103 (48.8) 64 (49.6) 225 (49.2) 16 (47.1) 65 (50.0) 473 (49.2)

104 (51.0) 19 (52.8) 58 (49.2) 326 (51.1) 108 (51.2) 65 (50.4) 232 (50.8) 18 (52.9) 65 (50.0) 488 (50.8)

103 (50.5) 19 (52.8) 58 (49.2) 320 (50.2) 108 (51.2) 62 (48.1) 235 (51.4) 19 (55.9) 64 (49.2) 488 (50.8)

101 (49.5) 17 (47.2) 60 (50.8) 318 (49.8) 103 (48.8) 67 (51.9) 222 (48.6) 15 (44.1) 66 (50.8) 473 (49.2)

100 (49.0) 16 (44.4) 59 (50.0) 317 (49.7) 105 (49.8) 68 (52.7) 231 (50.5) 15 (44.1) 63 (48.5) 482 (50.2)

104 (51.0) 20 (55.6) 59 (50.0) 321 (50.3) 106 (50.2) 61 (47.3) 226 (49.5) 19 (55.9) 67 (51.5) 479 (49.8)

7 (3.4) 1 (2.8) 4 (3.4) 21 (3.3) 6 (2.8) 4 (3.1) 13 (2.8) 1 (2.9) 4 (3.1) 28 (2.9)

95 (46.6) 17 (47.2) 53 (44.9) 296 (46.4) 99 (46.9) 61 (47.3) 213 (46.6) 15 (44.1) 61 (46.9) 449 (46.7)

96 (47.1) 17 (47.2) 58 (49.2) 303 (47.5) 99 (46.9) 61 (47.3) 216 (47.3) 17 (50.0) 61 (46.9) 454 (47.2)

6 (2.9) 1 (2.8) 3 (2.5) 18 (2.8) 7 (3.3) 3 (2.3) 15 (3.3) 1 (2.9) 4 (3.1) 30 (3.1)

108 (52.9) 15 (41.7) 64 (54.2) 328 (51.4) 100 (47.4) 54 (41.9) 218 (47.7) 14 (41.2) 64 (49.2) 450 (46.8)

96 (47.1) 21 (58.3) 54 (45.8) 310 (48.6) 111 (52.6) 75 (58.1) 239 (52.3) 20 (58.8) 66 (50.8) 511 (53.2)
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TABLE 36 Randomly allocated modification combination audit by audit for all randomised and secondary analysis sets

Modification

All randomised, n (%)
Primary modified ITT
population, n (%)

MINAP
(N= 267)

NCABT
(N= 175)

NDA
(N= 584)

PICANet
(N= 69)

TARN
(N= 146)

Total
(N= 1241)

MINAP
(N= 178)

NCABT
(N= 102)

All off 8 (3.0) 5 (2.9) 19 (3.3) 2 (2.9) 4 (2.7) 38 (3.1) 6 (3.4) 3 (2.9)

AB 8 (3.0) 5 (2.9) 19 (3.3) 2 (2.9) 5 (3.4) 39 (3.1) 6 (3.4) 3 (2.9)

AC 9 (3.4) 6 (3.4) 18 (3.1) 3 (4.3) 5 (3.4) 41 (3.3) 5 (2.8) 4 (3.9)

AD 9 (3.4) 6 (3.4) 18 (3.1) 3 (4.3) 5 (3.4) 41 (3.3) 6 (3.4) 2 (2.0)

AE 9 (3.4) 5 (2.9) 18 (3.1) 2 (2.9) 5 (3.4) 39 (3.1) 6 (3.4) 3 (2.9)

AF 8 (3.0) 5 (2.9) 18 (3.1) 2 (2.9) 4 (2.7) 37 (3.0) 6 (3.4) 3 (2.9)

BC 9 (3.4) 6 (3.4) 18 (3.1) 3 (4.3) 5 (3.4) 41 (3.3) 5 (2.8) 3 (2.9)

BD 8 (3.0) 6 (3.4) 18 (3.1) 2 (2.9) 5 (3.4) 39 (3.1) 4 (2.2) 4 (3.9)

BE 9 (3.4) 6 (3.4) 18 (3.1) 2 (2.9) 5 (3.4) 40 (3.2) 6 (3.4) 3 (2.9)

BF 8 (3.0) 5 (2.9) 19 (3.3) 2 (2.9) 4 (2.7) 38 (3.1) 6 (3.4) 3 (2.9)

CD 8 (3.0) 5 (2.9) 18 (3.1) 2 (2.9) 4 (2.7) 37 (3.0) 5 (2.8) 3 (2.9)

CE 8 (3.0) 5 (2.9) 19 (3.3) 2 (2.9) 4 (2.7) 38 (3.1) 6 (3.4) 3 (2.9)

CF 9 (3.4) 6 (3.4) 18 (3.1) 2 (2.9) 5 (3.4) 40 (3.2) 6 (3.4) 4 (3.9)

DE 8 (3.0) 5 (2.9) 18 (3.1) 2 (2.9) 4 (2.7) 37 (3.0) 5 (2.8) 3 (2.9)

DF 8 (3.0) 6 (3.4) 18 (3.1) 2 (2.9) 5 (3.4) 39 (3.1) 5 (2.8) 4 (3.9)

EF 8 (3.0) 6 (3.4) 18 (3.1) 2 (2.9) 5 (3.4) 39 (3.1) 5 (2.8) 4 (3.9)

ABCD 8 (3.0) 5 (2.9) 19 (3.3) 2 (2.9) 4 (2.7) 38 (3.1) 6 (3.4) 3 (2.9)

ABCE 8 (3.0) 5 (2.9) 18 (3.1) 2 (2.9) 4 (2.7) 37 (3.0) 6 (3.4) 3 (2.9)

ABCF 9 (3.4) 6 (3.4) 18 (3.1) 2 (2.9) 5 (3.4) 40 (3.2) 5 (2.8) 4 (3.9)

ABDE 8 (3.0) 5 (2.9) 19 (3.3) 2 (2.9) 5 (3.4) 39 (3.1) 6 (3.4) 3 (2.9)

ABDF 9 (3.4) 6 (3.4) 18 (3.1) 2 (2.9) 5 (3.4) 40 (3.2) 5 (2.8) 4 (3.9)

ABEF 9 (3.4) 6 (3.4) 18 (3.1) 3 (4.3) 5 (3.4) 41 (3.3) 6 (3.4) 4 (3.9)

ACDE 9 (3.4) 6 (3.4) 18 (3.1) 2 (2.9) 5 (3.4) 40 (3.2) 6 (3.4) 4 (3.9)

ACDF 8 (3.0) 5 (2.9) 18 (3.1) 2 (2.9) 4 (2.7) 37 (3.0) 6 (3.4) 3 (2.9)

ACEF 8 (3.0) 5 (2.9) 19 (3.3) 2 (2.9) 4 (2.7) 38 (3.1) 6 (3.4) 3 (2.9)

ADEF 8 (3.0) 5 (2.9) 19 (3.3) 2 (2.9) 4 (2.7) 38 (3.1) 6 (3.4) 3 (2.9)

BCDE 8 (3.0) 6 (3.4) 18 (3.1) 3 (4.3) 5 (3.4) 40 (3.2) 5 (2.8) 2 (2.0)

BCDF 8 (3.0) 5 (2.9) 18 (3.1) 2 (2.9) 4 (2.7) 37 (3.0) 5 (2.8) 3 (2.9)

BCEF 8 (3.0) 5 (2.9) 18 (3.1) 2 (2.9) 4 (2.7) 37 (3.0) 6 (3.4) 3 (2.9)

BDEF 8 (3.0) 5 (2.9) 18 (3.1) 2 (2.9) 4 (2.7) 37 (3.0) 6 (3.4) 3 (2.9)

CDEF 8 (3.0) 6 (3.4) 18 (3.1) 2 (2.9) 5 (3.4) 39 (3.1) 5 (2.8) 2 (2.0)

ABCDEF 9 (3.4) 6 (3.4) 18 (3.1) 2 (2.9) 5 (3.4) 40 (3.2) 5 (2.8) 3 (2.9)
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Secondary modified ITT population, n (%)

NDA
(N= 204)

PICANet
(N= 36)

TARN
(N= 118)

Total
(N= 638)

MINAP
(N= 211)

NCABT
(N= 129)

NDA
(N= 457)

PICANet
(N= 34)

TARN
(N= 130)

Total
(N= 961)

7 (3.4) 1 (2.8) 4 (3.4) 21 (3.3) 6 (2.8) 4 (3.1) 13 (2.8) 1 (2.9) 4 (3.1) 28 (2.9)

7 (3.4) 1 (2.8) 5 (4.2) 22 (3.4) 6 (2.8) 3 (2.3) 15 (3.3) 1 (2.9) 5 (3.8) 30 (3.1)

6 (2.9) 2 (5.6) 4 (3.4) 21 (3.3) 8 (3.8) 6 (4.7) 14 (3.1) 2 (5.9) 5 (3.8) 35 (3.6)

6 (2.9) 2 (5.6) 3 (2.5) 19 (3.0) 8 (3.8) 4 (3.1) 11 (2.4) 2 (5.9) 4 (3.1) 29 (3.0)

6 (2.9) 1 (2.8) 3 (2.5) 19 (3.0) 8 (3.8) 3 (2.3) 17 (3.7) 1 (2.9) 4 (3.1) 33 (3.4)

6 (2.9) 1 (2.8) 4 (3.4) 20 (3.1) 6 (2.8) 4 (3.1) 13 (2.8) 1 (2.9) 4 (3.1) 28 (2.9)

6 (2.9) 2 (5.6) 3 (2.5) 19 (3.0) 6 (2.8) 4 (3.1) 13 (2.8) 2 (5.9) 4 (3.1) 29 (3.0)

6 (2.9) 1 (2.8) 3 (2.5) 18 (2.8) 7 (3.3) 4 (3.1) 15 (3.3) 0 (0.0) 4 (3.1) 30 (3.1)

6 (2.9) 1 (2.8) 3 (2.5) 19 (3.0) 6 (2.8) 3 (2.3) 14 (3.1) 1 (2.9) 5 (3.8) 29 (3.0)

7 (3.4) 0 (0.0) 4 (3.4) 20 (3.1) 7 (3.3) 4 (3.1) 14 (3.1) 0 (0.0) 4 (3.1) 29 (3.0)

7 (3.4) 1 (2.8) 4 (3.4) 20 (3.1) 6 (2.8) 3 (2.3) 14 (3.1) 1 (2.9) 4 (3.1) 28 (2.9)

8 (3.9) 1 (2.8) 3 (2.5) 21 (3.3) 7 (3.3) 3 (2.3) 14 (3.1) 1 (2.9) 3 (2.3) 28 (2.9)

6 (2.9) 1 (2.8) 4 (3.4) 21 (3.3) 7 (3.3) 5 (3.9) 16 (3.5) 1 (2.9) 4 (3.1) 33 (3.4)

6 (2.9) 1 (2.8) 4 (3.4) 19 (3.0) 6 (2.8) 4 (3.1) 13 (2.8) 1 (2.9) 4 (3.1) 28 (2.9)

6 (2.9) 1 (2.8) 3 (2.5) 19 (3.0) 5 (2.4) 5 (3.9) 15 (3.3) 0 (0.0) 3 (2.3) 28 (2.9)

6 (2.9) 1 (2.8) 3 (2.5) 19 (3.0) 6 (2.8) 6 (4.7) 15 (3.3) 1 (2.9) 4 (3.1) 32 (3.3)

7 (3.4) 1 (2.8) 4 (3.4) 21 (3.3) 6 (2.8) 3 (2.3) 14 (3.1) 1 (2.9) 4 (3.1) 28 (2.9)

7 (3.4) 1 (2.8) 4 (3.4) 21 (3.3) 7 (3.3) 3 (2.3) 15 (3.3) 1 (2.9) 4 (3.1) 30 (3.1)

6 (2.9) 1 (2.8) 3 (2.5) 19 (3.0) 7 (3.3) 5 (3.9) 15 (3.3) 1 (2.9) 4 (3.1) 32 (3.3)

7 (3.4) 1 (2.8) 5 (4.2) 22 (3.4) 6 (2.8) 3 (2.3) 13 (2.8) 1 (2.9) 5 (3.8) 28 (2.9)

6 (2.9) 1 (2.8) 4 (3.4) 20 (3.1) 7 (3.3) 6 (4.7) 16 (3.5) 1 (2.9) 5 (3.8) 35 (3.6)

6 (2.9) 2 (5.6) 4 (3.4) 22 (3.4) 9 (4.3) 5 (3.9) 16 (3.5) 2 (5.9) 4 (3.1) 36 (3.7)

6 (2.9) 1 (2.8) 3 (2.5) 20 (3.1) 6 (2.8) 5 (3.9) 15 (3.3) 1 (2.9) 4 (3.1) 31 (3.2)

6 (2.9) 0 (0.0) 4 (3.4) 19 (3.0) 6 (2.8) 4 (3.1) 13 (2.8) 0 (0.0) 4 (3.1) 27 (2.8)

7 (3.4) 1 (2.8) 4 (3.4) 21 (3.3) 6 (2.8) 4 (3.1) 14 (3.1) 1 (2.9) 4 (3.1) 29 (3.0)

7 (3.4) 1 (2.8) 4 (3.4) 21 (3.3) 7 (3.3) 3 (2.3) 15 (3.3) 1 (2.9) 4 (3.1) 30 (3.1)

6 (2.9) 2 (5.6) 4 (3.4) 19 (3.0) 7 (3.3) 6 (4.7) 16 (3.5) 2 (5.9) 4 (3.1) 35 (3.6)

6 (2.9) 1 (2.8) 4 (3.4) 19 (3.0) 5 (2.4) 3 (2.3) 11 (2.4) 1 (2.9) 4 (3.1) 24 (2.5)

7 (3.4) 2 (5.6) 3 (2.5) 21 (3.3) 6 (2.8) 3 (2.3) 14 (3.1) 1 (2.9) 3 (2.3) 27 (2.8)

6 (2.9) 1 (2.8) 4 (3.4) 20 (3.1) 7 (3.3) 3 (2.3) 13 (2.8) 1 (2.9) 4 (3.1) 28 (2.9)

6 (2.9) 1 (2.8) 4 (3.4) 18 (2.8) 7 (3.3) 5 (3.9) 16 (3.5) 2 (5.9) 4 (3.1) 34 (3.5)

6 (2.9) 1 (2.8) 3 (2.5) 18 (2.8) 7 (3.3) 3 (2.3) 15 (3.3) 1 (2.9) 4 (3.1) 30 (3.1)
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TABLE 37 Participant characteristics by experiment completion for all randomised and secondary modified ITT population

Characteristic

All randomised Secondary m-ITT population

Participant completed experiment

Total (N= 1241)

Participant completed experiment

Total (N= 961)Yes (N= 1113) No (N= 128) Yes (N= 833) No (N= 128)

Audit, n (%)

MINAP 243 (21.8) 24 (18.8) 267 (21.5) 187 (22.4) 24 (18.8) 211 (22.0)

NCABT 160 (14.4) 15 (11.7) 175 (14.1) 114 (13.7) 15 (11.7) 129 (13.4)

NDA 507 (45.6) 77 (60.2) 584 (47.1) 380 (45.6) 77 (60.2) 457 (47.6)

PICANet 66 (5.9) 3 (2.3) 69 (5.6) 31 (3.7) 3 (2.3) 34 (3.5)

TARN 137 (12.3) 9 (7.0) 146 (11.8) 121 (14.5) 9 (7.0) 130 (13.5)

Role, n (%)

Allied health professional 81 (7.3) 12 (9.4) 93 (7.5) 50 (6.0) 12 (9.4) 62 (6.5)

Nurse or nurse specialist 246 (22.1) 19 (14.8) 265 (21.4) 202 (24.2) 19 (14.8) 221 (23.0)

Fully trained doctor 278 (25.0) 10 (7.8) 288 (23.2) 164 (19.7) 10 (7.8) 174 (18.1)

Training doctor 12 (1.1) 1 (0.8) 13 (1.0) 4 (0.5) 1 (0.8) 5 (0.5)

Manager 365 (32.8) 66 (51.6) 431 (34.7) 282 (33.9) 66 (51.6) 348 (36.2)

Audit and admin 131 (11.8) 20 (15.6) 151 (12.2) 131 (15.7) 20 (15.6) 151 (15.7)

Organisation, n (%)

Commissioning 70 (6.3) 6 (4.7) 76 (6.1) 35 (4.2) 6 (4.7) 41 (4.3)

Community health care trust 90 (8.1) 4 (3.1) 94 (7.6) 6 (0.7) 4 (3.1) 10 (1.0)

General practice 487 (43.8) 71 (55.5) 558 (45.0) 360 (43.2) 71 (55.5) 431 (44.8)

Hospital trust 466 (41.9) 47 (36.7) 513 (41.3) 432 (51.9) 47 (36.7) 479 (49.8)
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Characteristic

All randomised Secondary m-ITT population

Participant completed experiment

Total (N= 1241)

Participant completed experiment

Total (N= 961)Yes (N= 1113) No (N= 128) Yes (N= 833) No (N= 128)

Time spent on audit report (seconds)

n 1113 113 1226 833 113 946

Missing (n) 0 15 15 0 15 15

Median (range) 43.0 (0.5–14,302.5) 45.0 (2.5–70,512.0) 43.5 (0.5–70,512.0) 66.0 (2.0–14,302.5) 45.0 (2.5–70,512.0) 62.5 (2.0–70,512.0)

IQR 5.0–99.0 23.5–82.5 7.0–98.5 33.5–127.5 23.5–82.5 32.5–123.0

Number of clicks on audit report

n 1113 113 1226 833 113 946

Missing (n) 0 15 15 0 15 15

Mean (SD) 1.9 (4.04) 1.6 (1.23) 1.9 (3.87) 2.2 (4.63) 1.6 (1.23) 2.1 (4.37)

Median (range) 1.0 (1.0–99.0) 1.0 (1.0–8.0) 1.0 (1.0–99.0) 1.0 (1.0–99.0) 1.0 (1.0–8.0) 1.0 (1.0–99.0)

IQR 1.0–2.0 1.0–2.0 1.0–2.0 1.0–2.0 1.0–2.0 1.0–2.0
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TABLE 38 Experiment non-completion by audit and randomisation characteristicsa

Modification

All randomisations, n (%) Primary modified ITT population, n (%) Secondary modified ITT population, n (%)

MINAP NCABT NDA PICANet TARN Total MINAP NCABT NDA PICANet TARN Total MINAP NCABT NDA PICANet TARN Total

A: effective comparator

On 10 (7.4) 6 (6.9) 43 (14.7) 2 (5.7) 2 (2.7) 63 (10.1) 9 (9.8) 3 (5.8) 17 (16.7) 2 (11.1) 2 (3.3) 33 (10.2) 10 (9.1) 6 (9.4) 43 (18.6) 2 (11.1) 2 (2.9) 63 (12.8)

Off 14 (10.7) 9 (10.2) 34 (11.7) 1 (2.9) 7 (9.7) 65 (10.6) 11 (12.8) 6 (12.0) 15 (14.7) 1 (5.6) 6 (10.5) 39 (12.5) 14 (13.9) 9 (13.8) 34 (15.0) 1 (6.3) 7 (11.3) 65 (13.8)

B: multimodal feedback

On 8 (6.0) 7 (8.0) 33 (11.3) 2 (5.7) 7 (9.5) 57 (9.1) 5 (5.7) 6 (11.8) 12 (11.8) 2 (10.5) 6 (10.0) 31 (9.7) 8 (7.5) 7 (11.5) 33 (14.4) 2 (11.8) 7 (10.4) 57 (11.9)

Off 16 (12.0) 8 (9.2) 44 (15.1) 1 (2.9) 2 (2.8) 71 (11.5) 15 (16.7) 3 (5.9) 20 (19.6) 1 (5.9) 2 (3.4) 41 (12.9) 16 (15.2) 8 (11.8) 44 (19.3) 1 (5.9) 2 (3.2) 71 (14.8)

C: specific actions

On 9 (6.7) 4 (4.5) 44 (15.1) 2 (5.7) 5 (6.9) 64 (10.3) 8 (9.1) 2 (4.0) 17 (16.5) 2 (10.5) 5 (8.6) 34 (10.7) 9 (8.7) 4 (6.2) 44 (19.2) 2 (10.5) 5 (7.9) 64 (13.3)

Off 15 (11.3) 11 (12.6) 33 (11.3) 1 (2.9) 4 (5.4) 64 (10.3) 12 (13.3) 7 (13.5) 15 (14.9) 1 (5.9) 3 (5.0) 38 (11.9) 15 (14.0) 11 (17.2) 33 (14.5) 1 (6.7) 4 (6.0) 64 (13.3)

D: optional detail

On 14 (10.6) 8 (9.1) 39 (13.4) 2 (5.9) 7 (9.6) 70 (11.3) 11 (12.8) 5 (10.2) 14 (14.0) 2 (11.8) 7 (11.7) 39 (12.5) 14 (13.6) 8 (12.5) 39 (17.3) 2 (12.5) 7 (10.8) 70 (14.8)

Off 10 (7.4) 7 (8.0) 38 (13.0) 1 (2.9) 2 (2.7) 58 (9.3) 9 (9.8) 4 (7.5) 18 (17.3) 1 (5.3) 1 (1.7) 33 (10.1) 10 (9.3) 7 (10.8) 38 (16.4) 1 (5.6) 2 (3.1) 58 (11.9)

E: patient voice

On 17 (12.8) 7 (8.0) 43 (14.7) 2 (5.9) 5 (6.8) 74 (12.0) 14 (15.4) 5 (10.2) 15 (14.6) 2 (10.5) 4 (6.9) 40 (12.5) 17 (15.7) 7 (11.3) 43 (18.3) 2 (10.5) 5 (7.8) 74 (15.2)

Off 7 (5.2) 8 (9.1) 34 (11.6) 1 (2.9) 4 (5.5) 54 (8.7) 6 (6.9) 4 (7.5) 17 (16.8) 1 (5.9) 4 (6.7) 32 (10.1) 7 (6.8) 8 (11.9) 34 (15.3) 1 (6.7) 4 (6.1) 54 (11.4)

F: cognitive load

On 14 (10.5) 6 (6.8) 50 (17.2) 2 (6.1) 2 (2.8) 74 (12.0) 13 (14.6) 3 (5.7) 19 (19.0) 2 (12.5) 2 (3.4) 39 (12.3) 14 (13.3) 6 (8.8) 50 (21.6) 2 (13.3) 2 (3.2) 74 (15.4)

Off 10 (7.5) 9 (10.3) 27 (9.2) 1 (2.8) 7 (9.5) 54 (8.7) 7 (7.9) 6 (12.2) 13 (12.5) 1 (5.0) 6 (10.2) 33 (10.3) 10 (9.4) 9 (14.8) 27 (11.9) 1 (5.3) 7 (10.4) 54 (11.3)

a The numerator is the number of participants not completing the experiment; the denominator is the total number of participants with each modification on or off from each audit.
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Appendix 6 Model selection

Parameters included in the final ‘parsimonious’ models were consistent across populations for the
primary outcome intended enactment, secondary proximal intention outcomes for intention to set

goals and an action plan, and secondary outcomes easy to understand and user experience. Additional
parameters were included in the final ‘parsimonious’ models for the secondary proximal intention
outcome bring to attention of colleagues (modification C, p = 0.4; B*C, p = 0.138), having met the
threshold for inclusion using the primary modified ITT population but not available complete data; and
for the outcomes review performance, having met the threshold for inclusion using available complete
data (A*E, p = 0.153), but not the primary modified ITT population (see Table 10).

Primary outcome: intended enactment

Using available complete data, our ‘initial’ model, including main effects and two-way modification
interactions explained a significant portion of variation in outcome (p < 0.001); however, significant lack
of fit (p = 0.003) remained, suggesting that the model was missing important interactions (Table 39).

TABLE 39 Primary outcome: model selection (available complete data)

Available complete data

Initial model Full model Parsimonious model

ANOVA: model

df 27 34 25

Mean square 4.98 4.99 6.32

p-value < 0.0001 < 0.0001 < 0.0001

ANOVA: lack of fit

df 223 216 225

Mean square 2.22 2.12 2.09

p-value 0.0028 0.0081 0.0108

Adjusted r2 0.075 0.096 0.1

AIC 373.7 367.2 356

BIC 378.6 373.8 360.5

Model parameters

Randomised design block ✓ ✓ ✓

Audit ✓ ✓ ✓

Role ✓ ✓ ✓

Modification main effects ✓ ✓ ✓

Two-way modification
interactions

✓ ✓ A*B, A*E, B*D, B*E, C*F, D*F

Additional interactions ✗ Role*Audit, A*B*E, Role*B,
Role*D

Role*Audit, A*B*E, Role*B,
Role*D
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Stepwise selection led to the inclusion of two-way interactions between Role and Audit, Role and
modification B, and Role and modification D, and the three-way interaction between modifications A, B
and E. Lack of fit remained (p = 0.008); however, no further interactions were valid for inclusion in the
model (F-statistic p > 0.15) to further improve model fit.

The relative magnitude and direction of effects in the ‘Full’ model (Figure 37) showed the model to
be dominated by the effect of audit and role. Further effects, identified at the 5% significance level
include modification D and two-way interaction B*D, and at the 10% significant level, modifications B
and D by Role, three-way interaction A*B*E and two-way interaction D*F. Consistent findings were
observed in the full model using primary modified ITT population (with multiply imputed missing data;
see Figure 11).

Backwards selection led to the removal of negligible interactions resulting in the ‘parsimonious model’
including all main effects, six of the two-way modification interactions from the ‘initial’ model, and
additional interactions identified as important from the ‘Full model’. Significant lack of fit remains
(p = 0.0108), albeit to a lesser degree than in the initial and full model.

The parsimonious models derived from available complete data and the primary modified ITT
population provided consistent effects and parameter estimates (Table 40).
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TABLE 40 Primary outcome: parameter estimates (parsimonious models – available complete data and the primary
modified intention-to-treat population)

Parameter

Available complete data Primary modified ITT population

Estimate Standard error p-value Estimate Standard error p-value

Intercept 1.843 0.150 < 0.001 1.829 0.147 < 0.001

Block 0.088 0.057 0.121 0.090 0.056 0.107

MINAP –0.220 0.218 0.315 –0.211 0.211 0.317

NCABT –0.922 0.210 < 0.001 –0.893 0.206 < 0.001

PICANet 0.345 0.330 0.296 0.361 0.327 0.270

TARN –0.025 0.225 0.912 –0.003 0.220 0.989

Role: non-clinical –0.904 0.207 < 0.001 –0.867 0.200 < 0.001

A: effective comparators –0.039 0.057 0.496 –0.038 0.056 0.498

B: multimodal feedback 0.009 0.075 0.907 0.018 0.073 0.807

C: specific actions 0.070 0.057 0.216 0.082 0.056 0.141

D: optional detail 0.011 0.075 0.879 0.017 0.074 0.816

E: patient voice 0.069 0.057 0.224 0.078 0.055 0.161

F: cognitive load 0.004 0.057 0.939 0.008 0.055 0.890

A*B –0.001 0.057 0.982 –0.011 0.055 0.844

A*E –0.016 0.057 0.781 –0.014 0.056 0.798

B*D –0.119 0.057 0.036 –0.112 0.056 0.047

B*E 0.036 0.057 0.524 0.035 0.057 0.537

C*F 0.084 0.057 0.138 0.093 0.055 0.090

D*F –0.095 0.057 0.094 –0.093 0.055 0.089

Role*MINAP 0.474 0.299 0.114 0.453 0.290 0.117

Role*NCABT 1.182 0.543 0.030 1.312 0.518 0.011

Role*PICA –0.791 0.531 0.137 –0.783 0.532 0.141

Role*TARN 0.043 0.338 0.898 –0.017 0.331 0.959

B*non-clinical –0.186 0.115 0.108 –0.196 0.113 0.083

D*non-clinical 0.219 0.116 0.059 0.195 0.114 0.087

A*B*E –0.099 0.057 0.085 –0.101 0.056 0.072
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FIGURE 38 Predicted intended enactment for modification combinations ordered by: (a) non-clinical recipients and
(b) clinical recipients.
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Secondary outcome: bring the audit report to the attention of colleagues
Most parameters removed from the full model, based on analysis of available complete data to form
the parsimonious model, were appropriate when applied to the primary modified ITT population with
multiply imputed missing data. However, the interaction B*C (and main effect of C) was retained in the
parsimonious model for the primary modified ITT population.

TABLE 41 Secondary outcome: attention – model selection (available complete data)

Initial model Parsimonious model

ANOVA: model

df 27 10

Mean square 2.56 5.42

p-value 0.016 < 0.001

ANOVA: lack of fit

df 223 29

Mean square 1.53 1.87

p-value 0.419 0.156

Adjusted r2 0.032 0.045

AIC 260.7 237.1

BIC 265.7 239.5

Model parameters

Randomised design block ✓ ✓

Audit ✓ ✓

Role ✓ ✗

Modification main effects ✓ A, B, F

2-way modification interactions ✓ A*B, B*F

Additional Interactions ✗ ✗
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Secondary outcome: set goals

TABLE 42 Secondary outcome: attention – parameter estimates (parsimonious models – available complete data and the
primary modified ITT population)

Parameter

Available complete data Primary modified ITT population

Estimate Standard error p-value Estimate Standard error p-value

Intercept 1.811 0.093 < 0.001 1.812 0.097 < 0.001

Block –0.082 0.052 0.111 –0.082 0.053 0.120

NCABT 0.250 0.158 0.114 0.253 0.161 0.115

MINAP 0.540 0.135 < 0.001 0.521 0.133 < 0.001

PICANet 0.831 0.233 < 0.001 0.755 0.243 0.002

TARN 0.346 0.149 0.021 0.304 0.155 0.050

A: effective comparators 0.012 0.051 0.814 0.015 0.052 0.778

B: multimodal feedback 0.019 0.051 0.716 0.016 0.052 0.766

C: specific actions – – – –0.044 0.052 0.400

F: cognitive load 0.123 0.052 0.018 0.126 0.052 0.016

A*B 0.086 0.051 0.096 0.083 0.052 0.111

B*C – – – –0.078 0.052 0.138

B*F 0.090 0.051 0.081 0.087 0.051 0.089

TABLE 43 Secondary outcome: goals – model selection (available complete data)

Initial model Full model Parsimonious model

ANOVA: model

df 27 47 43

Mean square 2.59 4.15 4.4

p-value 0.359 < 0.001 < 0.001

ANOVA: lack of fit

df 223 203 207

Mean square 2.73 2.38 2.36

p-value 0.03 0.223 0.241

Adjusted r2

AIC 0.004 0.066 0.068

BIC 522.9 505.2 499.9

Model parameters

Randomised design block ✓ ✓ ✓

Audit ✓ ✓ ✓

Role ✓ ✓ ✓

Modification main effects ✓ ✓ ✓

Two-way modification
interactions

✓ ✓ A*B, A*C, A*D, A*E, A*F, B*D,
B*E, B*F, C*F, D*E, E*F

Additional interactions ✗ Audit*Role, A*B*E, A*C*F,
A*D*E, A*E*F, B*Audit, F*Audit,
B*F*Audit

Audit*Role, A*B*E, A*C*F,
A*D*E, A*E*F, B*Audit, F*Audit,
B*F*Audit
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TABLE 44 Secondary outcome: goals – parameter estimates (parsimonious models: available complete data and the
primary modified ITT population)

Parameter

Available complete data Primary modified ITT population

Estimate Standard error p-value Estimate Standard error p-value

Intercept 1.767 0.169 < 0.001 1.738 0.168 < 0.001

Block 0.018 0.064 0.781 0.026 0.062 0.681

NCABT –0.683 0.236 0.004 –0.638 0.234 0.006

MINAP –0.483 0.246 0.050 –0.445 0.245 0.069

PICANet 0.150 0.372 0.687 0.164 0.370 0.657

TARN –0.010 0.253 0.968 0.005 0.252 0.984

Role –0.548 0.234 0.020 –0.489 0.226 0.030

A: effective comparators 0.076 0.064 0.236 0.082 0.062 0.190

B: multimodal feedback –0.038 0.115 0.739 –0.061 0.109 0.575

C: specific actions 0.060 0.063 0.341 0.065 0.061 0.285

D: optional detail 0.039 0.064 0.545 0.050 0.062 0.415

E: patient voice 0.048 0.064 0.456 0.059 0.062 0.343

F: cognitive load 0.054 0.115 0.640 0.049 0.111 0.656

A*B 0.089 0.064 0.161 0.081 0.062 0.190

A*C –0.043 0.064 0.499 –0.041 0.061 0.500

A*D 0.070 0.063 0.267 0.069 0.062 0.266

A*E –0.047 0.064 0.463 –0.046 0.063 0.458

A*F –0.026 0.064 0.681 –0.025 0.063 0.696

B*D –0.116 0.064 0.069 –0.114 0.062 0.067

B*E 0.009 0.064 0.884 0.013 0.062 0.832

B*F 0.085 0.115 0.459 0.057 0.110 0.607

C*F 0.055 0.064 0.387 0.059 0.062 0.338

D*E 0.044 0.064 0.490 0.045 0.062 0.469

E*F –0.003 0.063 0.966 –0.008 0.062 0.894

NCABT*Role 0.793 0.614 0.197 0.817 0.562 0.146

MINAP*Role 0.767 0.339 0.024 0.721 0.332 0.030

PICANet*Role –1.294 0.600 0.032 –1.360 0.590 0.021

TARN*Role –0.293 0.383 0.445 –0.310 0.373 0.406

A*B*E –0.129 0.064 0.045 –0.121 0.063 0.053

A*C*F 0.098 0.064 0.124 0.099 0.062 0.109

A*D*E 0.111 0.064 0.083 0.096 0.065 0.136

A*E*F –0.098 0.063 0.125 –0.092 0.061 0.132

NCABT*B 0.209 0.195 0.286 0.218 0.189 0.247

MINAP*B –0.163 0.166 0.326 –0.101 0.158 0.526
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Secondary outcome: action plan
Most parameters removed from the full model based on analysis of available complete data to form
the parsimonious model were appropriate when applied to the primary modified ITT population with
multiply imputed missing data. However, the interaction A*D was retained in the parsimonious model
for the primary modified ITT population.

TABLE 44 Secondary outcome: goals – parameter estimates (parsimonious models: available complete data and the
primary modified ITT population) (continued )

Parameter

Available complete data Primary modified ITT population

Estimate Standard error p-value Estimate Standard error p-value

PICANet*B 0.670 0.291 0.022 0.607 0.288 0.035

TARN*B –0.051 0.185 0.782 –0.052 0.180 0.775

NCABT*F –0.156 0.196 0.427 –0.135 0.190 0.477

MINAP*F –0.118 0.166 0.479 –0.094 0.162 0.561

PICANet*F –0.004 0.289 0.989 –0.080 0.288 0.782

TARN*F 0.343 0.184 0.063 0.357 0.182 0.049

NCABT*B*F –0.179 0.196 0.360 –0.170 0.191 0.372

MINAP*B*F –0.465 0.166 0.005 –0.400 0.162 0.013

PICANet*B*F 0.558 0.289 0.054 0.569 0.285 0.046

TARN*B*F –0.075 0.184 0.683 –0.036 0.180 0.840

TABLE 45 Secondary outcome: action plan – model selection (available complete data)

Initial model Full model Parsimonious model

ANOVA: model

df 27 38 30

Mean square 2.81 4.07 4.72

p-value 0.307 0.007 0.002

ANOVA: lack of fit

df 223 212 220

Mean square 3 2.78 2.74

p-value 0.004 0.02 0.026

Adjusted r2

AIC 0.006 0.044 0.049

BIC 547.6 535.5 525.4

Model parameters

Randomised design block ✓ ✓ ✓

Audit ✓ ✓ ✓

Role ✓ ✓ ✓

Modification main effects ✓ ✓ ✓

Two-way modification
interactions

✓ ✓ A*B, A*C, A*E, A*F, B*E, C*D,
C*F

Additional interactions ✗ Audit*Role, A*B*E, A*C*F,
F*Audit, A*Role

Audit*Role, A*B*E, A*C*F,
F*Audit, A*Role
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TABLE 46 Secondary outcome: action plan – parameter estimates (parsimonious models: available complete data and the
primary modified ITT population)

Parameter

Available complete data Primary modified ITT population

Estimate Standard error p-value Estimate Standard error p-value

Intercept 1.627 0.174 < 0.001 1.608 0.171 < 0.001

Block –0.036 0.066 0.581 –0.017 0.065 0.799

NCABT –0.621 0.243 0.011 –0.603 0.238 0.011

MINAP –0.510 0.253 0.044 –0.482 0.245 0.049

PICANet –0.294 0.384 0.444 –0.263 0.382 0.491

TARN –0.257 0.260 0.324 –0.275 0.260 0.291

Role –0.591 0.241 0.014 –0.571 0.235 0.015

A: effective comparators –0.028 0.087 0.749 –0.018 0.086 0.837

B: multimodal feedback –0.052 0.066 0.425 –0.064 0.064 0.313

C: specific actions 0.059 0.066 0.368 0.075 0.064 0.240

D: optional detail 0.047 0.066 0.477 0.051 0.065 0.434

E: patient voice 0.046 0.066 0.482 0.064 0.065 0.327

F: cognitive load 0.070 0.119 0.559 0.044 0.117 0.708

A*B 0.083 0.066 0.206 0.073 0.065 0.256

A*C –0.072 0.066 0.271 –0.080 0.064 0.210

A*D – – – 0.095 0.063 0.132

A*E –0.053 0.066 0.426 –0.044 0.064 0.496

A*F –0.022 0.066 0.737 –0.032 0.065 0.616

B*E 0.031 0.066 0.635 0.026 0.065 0.690

C*D –0.118 0.066 0.073 –0.107 0.065 0.099

C*F 0.043 0.066 0.513 0.050 0.064 0.438

NCABT*Role 0.675 0.632 0.286 0.829 0.590 0.160

MINAP*Role 0.733 0.347 0.035 0.695 0.339 0.040

PICANet*Role –0.726 0.615 0.239 –0.708 0.613 0.248

TARN*Role –0.188 0.392 0.631 –0.135 0.388 0.728

A*B*E –0.149 0.066 0.025 –0.137 0.064 0.033

A*C*F 0.161 0.066 0.015 0.159 0.066 0.015

NCABT*F 0.037 0.201 0.854 0.038 0.195 0.846

MINAP*F –0.093 0.172 0.588 –0.022 0.166 0.894

PICANet*F –0.482 0.299 0.108 –0.461 0.305 0.132

TARN*F 0.355 0.190 0.062 0.407 0.191 0.033

Role*A 0.206 0.135 0.128 0.185 0.132 0.160
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Secondary outcome: review performance
Parameters removed from the full model based on analysis of available complete data to form the
parsimonious model were appropriate when applied to the primary modified ITT population with multiply
imputed missing data. The interaction A*E was retained in the parsimonious model for the primary modified
ITT population because of inclusion in the parsimonious model for available complete data.

TABLE 47 Secondary outcome: review performance – model selection (available complete data)

Initial model Parsimonious model

ANOVA: model

df 27 17

Mean square 4.75 7.07

p-value 0.013 < 0.001

ANOVA: lack of fit

df 223 233

Mean square 2.96 2.87

p-value 0.13 0.19

Adjusted r2

AIC 0.034 0.046

BIC 597.5 580.6

Model parameters

Randomised design block ✓ ✓

Audit ✓ ✓

Role ✓ ✓

Modification main effects ✓ ✓

Two-way modification interactions ✓ A*B, A*E, B*F, C*D, D*F

Additional interactions ✗ ✗
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TABLE 48 Secondary outcome: review performance – parameter estimates (parsimonious models: available complete
data and the primary modified ITT population)

Parameter

Available complete data Primary modified ITT population

Estimate Standard error p-value Estimate Standard error p-value

Intercept 1.365 0.149 < 0.001 1.335 0.143 < 0.001

Block –0.095 0.070 0.173 –0.093 0.069 0.176

NCABT –0.680 0.223 0.002 –0.565 0.213 0.008

MINAP 0.082 0.181 0.650 0.089 0.173 0.607

PICANet 0.164 0.314 0.602 0.186 0.309 0.548

TARN 0.238 0.202 0.240 0.246 0.195 0.208

Role –0.350 0.150 0.020 –0.290 0.143 0.043

A: effective comparators –0.018 0.069 0.793 –0.019 0.068 0.784

B: multimodal feedback –0.048 0.069 0.486 –0.052 0.067 0.436

C: specific actions 0.123 0.069 0.075 0.118 0.067 0.075

D: optional detail 0.093 0.069 0.178 0.093 0.069 0.174

E: patient voice 0.085 0.069 0.223 0.088 0.069 0.201

F: cognitive load 0.050 0.069 0.471 0.042 0.067 0.533

A*B 0.127 0.069 0.068 0.115 0.068 0.089

A*E –0.107 0.069 0.123 –0.096 0.067 0.153

B*F –0.103 0.069 0.139 –0.119 0.069 0.085

C*D –0.124 0.070 0.075 –0.119 0.067 0.078

D*F –0.122 0.069 0.080 –0.123 0.066 0.065
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Secondary outcome: comprehension – easy to understand
Parameters removed from the full model based on analysis of available complete data to form the
parsimonious model were appropriate when applied to the primary modified ITT population with multiply
imputed missing data. The main effect of B was retained in the parsimonious model for the primary modified
ITT population because of inclusion in the parsimonious model for available complete data.

TABLE 49 Secondary outcome: comprehension – model selection (available complete data)

Initial model Parsimonious model

ANOVA: model

df 27 12

Mean square 1.58 2.87

p-value 0.034 < 0.001

ANOVA: lack of fit

df 223 67

Mean square 1.03 1.07

p-value 0.384 0.297

Adjusted r2

AIC 0.027 0.039

BIC 29.9 8.5

Model parameters

Randomised design block ✓ ✓

Audit ✓ ✓

Role ✓ ✗

Modification main effects ✓ A, B, D, F

Two-way modification interactions ✓ A*D, B*D, D*F

Additional interactions ✗ ✗
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Secondary outcome: user experience

TABLE 50 Secondary outcome: comprehension – parameter estimates (parsimonious models: available complete data
and the primary modified ITT population)

Parameter

Available complete data Primary modified ITT population

Estimate Standard error p-value Estimate Standard error p-value

Intercept 2.004 0.076 < 0.001 2.011 0.076 < 0.001

Block –0.044 0.042 0.302 –0.036 0.042 0.390

NCABT 0.134 0.129 0.297 0.135 0.128 0.292

MINAP 0.141 0.110 0.201 0.140 0.110 0.203

PICANet 0.392 0.190 0.040 0.312 0.195 0.110

TARN 0.072 0.122 0.556 0.022 0.126 0.858

A: effective comparators –0.091 0.042 0.030 –0.091 0.041 0.029

B: multimodal feedback 0.069 0.042 0.099 0.054 0.042 0.198

D: optional detail 0.027 0.042 0.520 0.022 0.042 0.603

F: cognitive load 0.107 0.042 0.011 0.103 0.042 0.014

A*D 0.076 0.042 0.072 0.078 0.043 0.068

B*D –0.105 0.042 0.013 –0.114 0.043 0.008

D*F –0.084 0.042 0.045 –0.073 0.042 0.079

TABLE 51 Secondary outcome: user experience – model selection (available complete data)

Initial model Parsimonious model

ANOVA: model

df 27 14

Mean square 1.6 2.38

p-value 0.057 0.007

ANOVA: lack of fit

df 223 142

Mean square 1.1 1.12

p-value 0.409 0.322

Adjusted r2

AIC 0.023 0.029

BIC 71.7 55.4

Model parameters

Randomised design block ✓ ✓

Audit ✓ ✓

Role ✓ ✗

Modification main effects ✓ A, B, C, D, E

Two-way modification interactions ✓ A*D, B*D, C*E, D*E

Additional interactions ✗ ✗
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TABLE 52 Secondary outcome: user experience – parameter estimates (parsimonious models: available complete data
and the primary modified ITT population)

Parameter

Available complete data Primary modified ITT population

Estimate Standard error p-value Estimate Standard error p-value

Intercept 1.859 0.079 < 0.001 1.870 0.076 < 0.001

Block –0.045 0.044 0.308 –0.042 0.042 0.310

NCABT 0.135 0.134 0.313 0.118 0.128 0.356

MINAP 0.102 0.114 0.374 0.090 0.109 0.407

PICANet 0.322 0.198 0.103 0.247 0.195 0.206

TARN 0.055 0.127 0.663 0.014 0.122 0.908

A: effective comparators –0.097 0.044 0.027 –0.087 0.041 0.036

B: multimodal feedback 0.055 0.044 0.211 0.048 0.042 0.251

C: specific actions 0.012 0.044 0.788 0.017 0.042 0.679

D: optional detail 0.069 0.044 0.113 0.056 0.042 0.176

E: patient voice –0.063 0.044 0.150 –0.057 0.042 0.172

A*D 0.083 0.044 0.058 0.085 0.042 0.043

B*D –0.107 0.044 0.015 –0.115 0.042 0.006

C*E 0.068 0.044 0.119 0.066 0.042 0.116

D*E 0.085 0.044 0.051 0.085 0.041 0.039
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APPENDIX 6

NIHR Journals Library www.journalslibrary.nihr.ac.uk

260



–5.1–3.3–1.5 0.3 2.1 3.9

0

5

10

15

Residual

P
er

ce
n

t

–2

–4

–2

0

2

4

0

Quantile

2

R
es

id
u

al

0 1 2–1

–4

–2

0

2

Predicted value

R
es

id
u

al
(d)

–5.1
0

5

10

15

–2.7 –0.3 2.1

Residual

4.5

P
er

ce
n

t

–2

–4

–2

0

2

4

0

Quantile

2

R
es

id
u

al

0.0 0.5–0.5

–4

–2

0

2

1.0 1.5

Predicted value

2.0

R
es

id
u

al

(e)

–4
0

10

20

30

–3 –2 –1 0

Residual

1 2 3

P
er

ce
n

t

–2

–4

–2

0

2

0

Quantile

2

R
es

id
u

al

2.01.5

–4

–2

0

2

2.5

Predicted value

3.0

R
es

id
u

al

(f)

FIGURE 46 Parsimonious model diagnostics (available complete data): (a) primary outcome, (b) attention, (c) goals,
(d) action plan, (e) review performance, (f) comprehension and (g) user experience. (continued )

DOI: 10.3310/QBBZ1124 Health and Social Care Delivery Research 2022 Vol. 10 No. 15

Copyright © 2022 Willis et al. This work was produced by Willis et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social
Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

261



–4.75

0

5

10

15

20

–2.75 0.75 1.25

Residual

3.25

P
er

ce
n

t

–2

–4

–2

0

2

0

Quantile

2

R
es

id
u

al

–4

–2

0

2

1.5 2.0

Predicted value

2.5

R
es

id
u

al

(g)

FIGURE 46 Parsimonious model diagnostics (available complete data): (a) primary outcome, (b) attention, (c) goals,
(d) action plan, (e) review performance, (f) comprehension and (g) user experience.

APPENDIX 6

NIHR Journals Library www.journalslibrary.nihr.ac.uk

262



Appendix 7 Sensitivity analyses

Primary outcome by audit, role and modifications across populations
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FIGURE 47 Primary outcome by audit across populations: (a) MINAP, (b) blood, (c) diabetes, (d) PICANet and (e) TARN.
(continued )
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Secondary modified intention-to-treat population: predicted primary outcome
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Appendix 8 Screenshots of the online
experiment admin dashboard

This appendix contains material reproduced with permission from City, University of London ©
2018–2019.

Trial runs

Trial responses
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Combinations
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Study limits 1

Study limits 2

DOI: 10.3310/QBBZ1124 Health and Social Care Delivery Research 2022 Vol. 10 No. 15

Copyright © 2022 Willis et al. This work was produced by Willis et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social
Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

271
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Appendix 9 Table of CP-FIT processes
shared with participants prior to interview
(objective 2)

Feedback cycle process Example question to ask of the audit Comments

Goal setting Are the standards of clinical performance clear?

Data collection Who does the data collection?

Feedback What feedback is communicated?

Interaction How is the feedback received?

Perception How is the feedback understood?

Verification Can the recipients interrogate the data?

Acceptance Is there acceptance of the feedback?

Intention Does the feedback elicit a planned response?

Behaviour Is the behavioural response at patient or organisation level?

Clinical performance
improvement

Are there positive changes to patient care as a result of feedback?

Unintended consequences Are there any unintended consequences as a result of the
feedback?
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Appendix 10 Summaries of NDA and
TARN provided to participants ahead of
interview (objective 2)

The National Diabetes Audit (NDA) Summary

https://digital.nhs.uk/data-and-information/clinical-audits-and-registries/national-diabetes-audit 
https://www.diabetes.org.uk/professionals/resources/national-diabetes-audit 

The National Diabetes Audit (NDA) is part of the National Clinical Audit and Patient Outcomes
Programme (NCAPOP) which is commissioned by the Healthcare Quality Improvement Partnership 
(HQIP) and funded by NHS England. The NDA is managed by NHS Digital in partnership with
Diabetes UK. 

The NDA measures the effectiveness of diabetes healthcare against NICE Clinical Guidelines and 
NICE Quality Standards, in England and Wales. 

Aims of the core NDA: to answers five questions:
Is everyone with diabetes diagnosed and recorded on a practice diabetes register? 

 What percentage of people registered with diabetes received the nine National Institute of
Health and Care Excellence (NICE) key processes of diabetes care? 

 What percentage of people registered with diabetes achieved NICE defined treatment targets 
for glucose control, blood pressure and blood cholesterol?

 What percentage of people registered with diabetes are offered and attend a structured 
education course? 
For people with registered diabetes what are the rates of acute and long-term complications
(disease outcomes)? 

Also included within the Core NDA are three other components, the:
Diabetes Prevention Programme
Insulin Pump report
Diabetes Care for people with Learning Disabilities and Severe Mental Illness 

Use of data: the NDA website sates that the data is used for: 
clinical commissioning group (CCG) diabetes profiles
Improvement and Assessment Framework (IAF) metrics 
cardiovascular disease commissioning for value focus packs
Diabetes Outcomes Versus Expenditure (DOVE) tool – cost effective prescribing 
Care Quality Commission (CQC) and Getting It Right First Time (GIRFT) metrics 

Participation in the audit 
General practices and specialist services are required to participate in the audit using the General
Practice Extraction Service (GPES). Secondary care providers submit data manually via the Clinical
Audit Platform. If individual patients have opted out of sharing their data for research and planning
purposes, or “type 2 opt-out”, their data will not be used within the NDA.

Core NDA data collection 
There is an annual audit collection for the annual report. Recently an additional quarterly data 
collection has been added for primary care. 

Feedback
The core NDA audit is a data release as an Excel workbook. From that there are specialist audits 
which produce audit reports e.g. footcare, pregnancy in diabetes. 

Recent change to the audit 
In primary care there is now a quarterly data collection and audit release, to add to the annual report. 
The aim is to provide more timely data. There have been difficulties with getting this to work with the
different IT systems, but a changing legal status for quarterly data means the input should get better. 
GP practices have to opt-in for each audit round.
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Feedback cycle 
Are the standards of clinical performance clear? Yes, clear, evidence-based criteria: NICE nine
processes of care. 

Who does the data collection? Collected automatically for primary care - NHS England - mandate to
collect the data. Secondary care - audit data is submitted from units - numbers are increasing as they
bring in/find more units not previously included.

What feedback is communicated? A notification is sent to all on mailing lists - have to request to be
on the mailing list. The core audit is purely a data release on an Excel workbook. Analysis is done by
the specialist audit workstreams e.g. footcare. 

How is the feedback received? Is there interaction? For primary care the target audience is “GPs/
practice business manager to manage change”. Interaction with users: the NDA deals with direct
queries; Diabetes UK is subcontracted to do user contact, feedback, QI projects, summary
information, clinical lead engagement. It seems that some practices do not receive any NDA
feedback; some CCGs collate the data, some have dashboards that use the NDA data; highly
variable

How is the feedback understood? “responsibility – NDA have advisory groups of e.g. specialists 
who steer the reports from specialist audits - analysis of interesting data found etc.” [what are the 
expectations to act?] 

Can the recipients interrogate the data? Need to be able to work with Excel to look at the core
data; it can take time to find your own practice code. If want to compare with previous reports, need to
have kept past reports and do the comparison for your own practice data, and to compare with other
practices (it is possible to make a data access request to the NDA). 

Is there acceptance of the feedback? There is no tailoring or segmentation for the core audit (there 
is for the specialist audit reports). 

Does the feedback elicit a planned response? ? 

Is the behavioural response at patient or organisation level? Long term condition so behaviour is 
for ongoing care. NDA says reports and recommendations are aimed at different levels: CCG, 
practice, patient: Diabetes UK involved.

Are there positive changes to patient care as a result of feedback? There is a lag time in DM to 
see tangible changes. 

Are there any unintended consequences as a result of the feedback?
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Example core NDA service level report: screen shot
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NDA national report – example slide 
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The Trauma Audit & Research Network (TARN) Summary
https://www.tarn.ac.uk/Home.aspx 

TARN is a national organisation, based at Manchester University, that collects and processes data on
moderately and severely injured patients from hospitals. It allows networks, major trauma centres,
trauma units, ambulance services and individual clinicians to benchmark their trauma service with
other providers across the country. 

TARN was established in 1990, and the committee and network was set up in 2000. The dashboard
has been running since 2012 with quarterly reporting on data quality (case accreditation) and key 
performance measures (standards of care performance), with trends and benchmarking. 

The TARN board is chaired by professor of emergency medicine, and includes people with relevant
clinical skills, and PPI representatives. There are then subcommittees e.g. the audit committee of
25ish people, including clinicians, co-ordinators, managers, PPI.

Research is an established part of TARN with 100+ research projects - good cycle of research
feeding back into the standards and audit e.g. head injury study led to changes in NICE and to 
change in standards in TARN. 

Participation in the audit 
Since 2012 all trauma units have had to submit data to TARN; they were reconfigured into trauma
networks at that time. Major trauma networks comprise of a collection of service-providers and 
personnel, who serve a defined population and aim to reduce death and disability following injury. 
Each network is served by one or more Major Trauma Centres, along with a number of smaller 
hospitals called trauma units, and several prehospital care providers.

There is an annual subscription fee to TARN based on annual attendance, which goes to running the 
audit. 

All Major Trauma Centres can get a ‘Best Practice Tariff’ if required elements of care are delivered –
these need to be captured in the TARN data set in order for payment to be received. 

Data collection
Individual patient data is inputted manually at the trauma unit, aiming to be within 25 days of
discharge/death. TARN provides training for coders.

Feedback
Feedback is reported in different ways: the dashboard is updated quarterly, childrens dashboard twice 
a year, PROMs quarterly, clinical feedback reports three times a year with comparative data, national
reports every 2 years (incl for children, older people), and ad hoc reporting on request.

Recent change to the audit 
TARN has recently introduced the ‘TARN Analytics’ tool as an enhanced method of information 
access with data in ‘useful and effective visualisations’. They state that they wanted to give greater
access to the front line - "it is their data". They were getting a lot of ad hoc analysis requests
suggesting wanting to be able to understand the data more and dig down further. Reports are sent to
clinical leads, but they are wanting to get more engagement from consultants etc.

Feedback cycle 
Are the standards of clinical performance clear? Yes.  Continually working on ensuring standards 
current; research to inform; input from consultants and networks.

Who does the data collection? Trauma units input individual patient data manually. Mandatory for 
trauma units to take part since 2012.
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What feedback is communicated? Email notification to login holders when new data released. 
Dashboards; clinical feedback reports with comparative data; PROM quarterly; national reports every 
2 yrs; ad hoc analysis when requested. Reports are on data quality (case accreditation) and key 
performance measures (standards of care performance), with trends and benchmarking. 

How is the feedback received? Is there interaction? There is positive reaction to the feedback,
and regular interaction with TARN. “TARN do listen to users, I feel involved in development.” [network
manager] An example from TARN: when outliers are identified (+ve and -ve) they work with hospitals
to identify why, starting with looking at data quality – “it is always a positive process with positive 
engagement” [TARN].

How is the feedback understood? Up to now has gone to network managers etc to analyse and 
present to the teams – an aim of the new Analytics Tool is to make it more understandable,
accessible and useable to more on the ground - consultants etc. There is now use of
Red/Amber/Green to give an immediate visual of where work is needed. 

Can the recipients interrogate the data? Yes, and will be easier with the new Analytics Tool. 

Is there acceptance of the feedback? Yes, “unless we don't think the data fits what we think is 
happening in the unit” [network manager]; data is inputted by the unit. The Analytics Tool is aimed to
help users drill down to understand the data. 

Does the feedback elicit a planned response? Yes “where low in the figures, and where there is 
leadership for change”.

Is the behavioural response at patient or organisation level? One off acute patient episodes, so
each entry is different (not ongoing care). The feedback is aimed at organisation level.

Are there positive changes to patient care as a result of feedback? “TARN has transformed 
patient care.” [network manager] The TARN website has examples of the improvement in patient care
over time, including patient survival. 

Are there any unintended consequences as a result of the feedback? TARN say they try to be
very careful about how the audit is implemented and be aware of the consequences. A network
manager suggests if not experienced with the statistics (public/ new staff etc) then can interpret 
wrongly so can lead to wrong reaction to the figures e.g. when patient numbers are small; or problem
of using a national average if it is low. 
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TARN Dashboard example 
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TARN Analytics tool example screens 
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Appendix 11 Interview topic guide
(objective 3)

Exploring the opportunities, costs and benefits of embedding implementation 
research within national audit programmes

Before the interview starts: 

Brief overview and introduction to aim of study 
 Checking of consent
 Checking for permission to record, including explanation that participant can stop at any time 

About the participant:

 Job title and affiliation(s)
Role(s) 
Experience & knowledge of audits, including national audits
Experience & knowledge of research, including audit and feedback research

What are your experiences or knowledge of conducting or taking part in audit and 
feedback research allied to an audit programme? (if relevant) 

o Perceived need
o Previous work
o What it would involve
o What drove them to take part
o Interpersonal skills needed
o Did they evaluate the success?
o Dissemination
o How easy / difficult  (what was easy / difficult)

What do you think the benefits are (or have been) of embedding audit and feedback
research in national audits? 

o Priorities? (Goals)
o Priorities of colleagues
o What are they trying to achieve (Reinforcers) 

What do you think the costs and resource implications are (or were) of embedding 
research in national audits? 

o Time
o Financial resources
o Staffing
o Knowledge / skill mix for success

What are the challenges to embedding research (in national audits)?
o logistical issues, 
o alignment of timelines and human resources, 
o data sharing arrangements & data quality; 
o level and type of support needed to build sustainable enhancements
o stability in healthcare partner systems 
o team composition & dynamics 
o clarifying roles & responsibilities
o identifying shared priorities
o optimising design
o ethical considerations
o funding
o Competing priorities / importance in relation to other roles 
o Tension / pressures 
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Do the benefits (pros) outweigh the challenges (cons)? 
o Would they do it again?
o Would they consider doing it?

Is there anything else you feel it is important for us to know about embedding research in
national audits? 

Thank participant for their time

Provide voucher and certificate, as appropriate 
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