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Improving antibiotic use in hospitals: development of 
a digital antibiotic review tracking toolkit (DARTT) 
using the behaviour change wheel

Gosha Wojcika , N. Ringa , D. S. Willisa , B. Williamsb  and  
K. Kydonakia 
aSchool of Health and Social Care, Edinburgh Napier University, Edinburgh, UK; bSchool of Health, Social 
Care & Life Sciences, University of Highlands and Islands, Inverness, UK

ABSTRACT
Objective:  To develop a theory-informed behaviour change inter-
vention to promote appropriate hospital antibiotic use, guided by 
the Medical Research Council’s complex interventions framework.
Methods:  A phased approach was used, including triangulation 
of data from meta-ethnography and two qualitative studies. Central 
to intervention design was the generation of a robust theoretical 
basis using the Behaviour Change Wheel to identify relevant deter-
minants of behaviour change and intervention components. 
Intervention content was guided by APEASE (Acceptability, 
Practicability, Effectiveness, Affordability, Side-effects, and Equity) 
criteria and coded using a Behaviour Change Technique Taxonomy. 
Stakeholders were involved throughout.
Results: From numerous modifiable prescribing behaviours identified, 
active ‘antibiotic time-out’ was selected as the target behaviour to 
help clinicians safely initiate antibiotic reassessment. Prescribers’ capa-
bility, opportunity, and motivation were potential drivers for changing 
this behaviour. The design process resulted in the selection of 25 
behaviour change techniques subsequently translated into interven-
tion content. Integral to this work was the development and refine-
ment of a Digital Antibiotic Review Tracking Toolkit.
Conclusion: This novel work demonstrates how the Behaviour Change 
Wheel can be used with the Medical Research Council framework to 
develop a theory-based behaviour change intervention targeting bar-
riers to timely hospital antibiotic reassessment. Future research will 
evaluate the Antibiotic Toolkit’s feasibility and effectiveness.

Background

Antibiotics have revolutionised medical practice and significantly reduced illness and 
death rates from infectious diseases since their introduction in the 1940s (Gaynes, 
2017), but decades of antibiotic overuse have accelerated the evolution of bacteria 
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that are resistant to antibiotics (Barber & Swaden-Lewis, 2017). The decline in new 
drug development and the sustained misuse of existing antibiotics have led to fears 
of a ‘post-antibiotic era’, where common infections, once considered minor, could kill 
again, claiming thousands of lives (World Health Organization, 2016). Antimicrobial 
resistance (AMR) is currently one of the top ten global public health threats, with an 
increasing number of countries reporting a high prevalence of infections resistant to 
critical antibiotics, causing at least 70,000 deaths each year globally (Barber & 
Swaden-Lewis, 2017; National Institute for Health & Care Excellence, 2018). In the 
European Union alone, AMR is responsible for an estimated 33,000 deaths and €1.5bil-
lion in extra healthcare costs per year (Cassini et al., 2019).

In the United Kingdom (UK), rising resistance levels and unavailability of newer antimi-
crobials have led to coordinated efforts to optimise the use of currently available antibiotics, 
but rates of antibiotic prescribing remain high compared to some other European countries 
(National Institute for Health & Care Excellence, 2018). Despite some progress in primary 
care, a sustained reduction in total antibiotic prescribing in secondary care has not been 
observed. Hospital usage has increased by 6.3% over the last five years, highlighting the 
need for renewed efforts to improve the quality of antibiotic prescribing (Public Health 
England, 2020). The recent COVID-19 pandemic has accelerated high levels of broad-spectrum 
antibiotic prescribing despite low rates of bacterial co-infection, giving weight to the 
concerns about the increased long-term threat of AMR (Russell et  al., 2021). Although a 
wide range of interventions have been found effective in improving antibiotic use across 
hospital settings (Hulscher & Prins, 2017), their effect sizes vary considerably, with similar 
interventions reported to produce different results (Davey et  al., 2017).

Antibiotic prescribing has only recently been recognised as a complex behaviour. 
This recognition has led to more attention being paid to changing individual prescriber 
behaviour (directly or indirectly), thereby guiding the more effective use of antibiotics 
as key to tackling AMR (Krockow et  al., 2019; Teixeira Rodrigues et  al., 2013). Yet, 
reviews to date show that the contribution of behavioural science remains underutilised 
in the design of antimicrobial stewardship (AMS) initiatives (Charani et  al., 2011; 
Hulscher & Prins, 2017). For example, although behavioural change interventions—
whether restrictive, persuasive, or structural—can improve patient outcomes, microbial 
outcomes, costs or some combination of these, most studies lack details of the under-
lying theory, limiting future replication and study comparisons (Davey et  al., 2017). 
Consequently, there have been calls for the application of appropriate and more robust 
designs to developing behavioural change AMS interventions (Hulscher & Prins, 2017).

Theory-based intervention design

The UK Medical Research Council (MRC) has long advocated the importance of employ-
ing a theory-based approach for understanding the likely causal processes of change 
before undertaking the intervention effectiveness stage (Craig et al., 2008; Skivington 
et  al., 2021). Understanding the underpinning factors, including the influence of social 
norms, attitudes and beliefs that drive behaviour, can facilitate the development of 
more effective interventions that target specific behaviour deficits (Lorencatto et  al., 
2018). Many frameworks exist upon which behaviour change interventions can be based; 
however, it remains unclear which is the most comprehensive and conceptually coherent 
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(Michie et al., 2011). The Behaviour Change Wheel (BCW) aims to overcome this problem 
and synthesises 19 frameworks for classifying behaviour change interventions and allows 
direct matching of intervention targets (behaviour, population, and context) to specific 
mechanisms of action (the processes through which behaviour change occurs) (Connell 
et al., 2019). This step-by-step method for the systematic designing of behaviour change 
interventions has been successfully applied in a number of different contexts (Barker 
et  al., 2018; Johnson et  al., 2018).

The BCW consists of three components (Figure 1). At its core is the COM-B model 
(Capability, Opportunity, and Motivation) representing the major influences on 
behaviour and requirements for it to occur. The second layer of the BCW comprises 
nine intervention functions that characterise the type of intervention that is required, 
such as education, training and incentivisation. The third and outer layer contains 
seven policy categories—high-level strategies to support the implementation of inter-
vention types. An intervention achieves its function(s) through the use of behaviour 
change techniques (BCTs), which are the ‘active ingredients’ of an intervention, as 
specified in the Behaviour Change Techniques Taxonomy v1 (BCTTv1) (Michie et  al., 
2013). The BCTTv1 classification system contains agreed definitions, which allows the 
intervention content to be clearly described using standard terminology. A published 
guide to using the BCW in intervention design provides theory-based linkages between 
COM-B influences on behaviour, intervention types and BCTs, which aids selection of 
intervention content (Michie et  al., 2014).

The BCW can also be mapped against other frameworks for understanding and chang-
ing behaviour, including the Theoretical Domains Framework (TDF). This framework builds 
on the systems identified in the COM-B to further uncover the underlying barriers and 
facilitators of evidence-based change (French et  al., 2012). Comprising 14 domains, the 
TDF provides a comprehensive grouping of the overlapping constructs within behavioural 

Figure 1. T he Behaviour Change Wheel, highlighting the COM-B model, intervention functions and 
policy categories (Michie et  al., 2014), licensed under the Creative Commons Attribution License 2.0.
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theories. Such mapping can suggest possible intervention strategies likely to be effective 
in addressing different behavioural drivers in the target group (i.e. individual, socio-cultural, 
and environmental enablers and barriers) (Cane et  al., 2015; Michie et  al., 2014). These 
methods can effectively identify why an intervention that works in a particular setting 
might fail in another or show different effects (Shallcross et al., 2020).

This research aimed to develop, ahead of a future trial, a theory-based behaviour change 
intervention to improve hospital antibiotic use—the Digital Antibiotic Review Tracking 
Toolkit (DARTT). This paper describes how each phase of the BCW was operationalised 
and integrated within the 2008 MRC framework  to guide the optimal development of 
the DARTT intervention. By reflecting on our use of the BCW in the development of a 
complex healthcare intervention, we hope to provide a detailed outline for future inter-
vention designers in the use of a similar approach.

Methods

The DARTT intervention was developed in two phases: (1) initial intervention planning 
and development guided by the three-stage, eight-step approach of the BCW (Michie 
et  al., 2014); and (2) refinement and optimisation of the intervention prototype. The 
process of intervention development involved three key stages (Figure 2). The first stage 
(Steps 1–4) is concerned with ‘understanding the behaviour’ and includes the COM-B 
model at Step 4. The second stage (Steps 5 and 6) ‘identifies the intervention options’ 
and the third stage (Steps 7 and 8) ‘identifies the content and implementation options’. 
All eight steps are outlined in detail in the Results section below, including further 
details of the method.  Ethical and management approvals were obtained from Edinburgh 
Napier University Research Integrity  (ref: SHSC/0003) and the NHS Lothian R&D 
Committees (ref: 2018/0007). Two major acute NHS hospitals in Scotland, including 
clinicians and management, participated in the intervention development. Patient and 

Figure 2. T he BCW intervention design process.
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professional involvement was at the heart of this research, with service providers and 
users being involved from project conception and throughout the study.

Results

Stage 1: understand the target behaviour

Step 1—define the problem in behavioural terms
The definition of the problem in behavioural terms was based on the clinical and research 
experience of the research team, findings from previous relevant literature and regular 
consultations with practice experts, including microbiology. The multidisciplinary research 
team (social scientist, psychologist, nurses) had considerable expertise in developing 
behaviour-change interventions, including previous involvement in projects exploring 
hospital antibiotic stewardship. After reviewing existing interventions that improve anti-
biotic prescribing in acute hospitals (Davey et  al., 2017; Ramsay et  al., 2003), major 
barriers and facilitators to improving antibiotic use (Krockow et al., 2019; Teixeira Rodrigues 
et  al., 2013), and the utility of behavioural science to support the design of AMS inter-
ventions (Charani et al., 2011; Hulscher et al., 2010; Hulscher & Prins, 2017), we identified 
the behavioural problem as reducing inappropriate antibiotic use in acute hospitals.

Step 2—select target behaviour
To select the target behaviour, the research team generated a list of behaviours 
potentially relevant to the problem behaviour identified in Step 1, including improving 
the practice of initiation, monitoring, review and discontinuation of antibiotic treat-
ment that is not concordant with guidelines (Monnier et  al., 2018). However, as 
individual behaviours do not occur in isolation and are influenced by other behaviours 
(West et  al., 2020), it was essential we understood the context relevant to the target 
behaviour first. To do this, we carried out a systematic review and qualitative evidence 
synthesis using Noblit and Hare’s meta-ethnography (1982)—a unique, rigorous and 
systematic method of synthesising multiple primary qualitative studies, which is best 
suited for developing conceptual models and theories (Noblit & Hare, 1988). This 
research has been published elsewhere (Wojcik et  al., 2021).

To refine the theory derived from the meta-ethnography, identify which problem 
behaviours are amenable to change in this context and ensure that the future intervention 
is participant-centred, we carried out three focus groups with seventeen stakeholders—14 
various healthcare professionals (HCPs) and 3 health-service users. Amongst the total group 
of participants, there were 10 females and 7 males, age range 29–68 years. Healthcare 
professionals had between 2.5–32 years of clinical experience (mean 11 years, SD 8.5), and 
the extent of their involvement in prescribing of antibiotics ranged from full clinical respon-
sibility for prescribing decisions (2 consultant physicians) to aiding result interpretation 
and selection of targeted antibiotics (2 microbiology consultants), daily review and mon-
itoring of prescriptions (2 clinical pharmacists), autonomous prescribing within the remit 
of professional competence (3 advanced nurse practitioners), regular audits and adminis-
tration of antibiotics (5 infection surveillance and staff nurses). Participant characteristics 
are presented in Box 1. Focus group data were organised according to emerging categories 
and analysed using Framework Analysis (Ritchie & Lewis, 2013).
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Using the results of our meta-ethnography supplemented with focus group data, 
we developed a conceptual model depicting the multiple determinants (at the macro 
and micro-level) that influence appropriate antibiotic use in hospital settings (Wojcik 
et  al., 2021). Based on the identified factors that could be targeted for the intervention 
and in line with the UK Start Smart –Then Focus initiative advocating an active review 
of antibiotic prescriptions within 48–72 hours (Ashiru-Oredope et  al., 2012), initiation 
of ‘antibiotic time-out’ (timely and systemic evaluation of the continuing need and 
choice of antibiotics), were deemed appropriate to address the behavioural problem. 
Data analysis generated a list of candidate target sub-behaviours to improve active 
antibiotic time-out (e.g. increasing the uptake of clinical reassessment, data review 
and modification of therapy based on the results, and improving documentation and 
communication about antibiotic decisions). Recommendations for improving practice 
were provided at this stage. From the subsequent data analysis, it became apparent 
that the intervention needed to fit the local context and target all HCPs involved in 
antibiotic decision-making but must also include patients and/or their families, in 
other words, to make active antibiotic time-out ‘everyone’s business’.

Step 3—specify the target behaviour
By answering the questions provided in BCW guidance (Michie et  al., 2014), the target 
behaviour was specified within the context of a hospital environment and summarised 
in Table 1. Being clear about this detail was crucial for fully drawing out the range 
of barriers and facilitators of behaviour change in the next step.

Box 1. Focus groups sample characteristics.
Characteristic Total number of participants (n = 17)

Healthcare professionals (HCPs) 14
Health service users 3

Gender
  Male 7
  Female 10

Age range

  21–30 1
  31–40 7
  41–50 3
  51–60 4
  >60 2

Ethnicity

  White British 14
  Mixed (white Asian) 1
  White (other) 2

Current clinical position (HCPs only n = 14)

 C onsultant physician 2
  Microbiology consultant 2
 C linical pharmacist 2
 A dvanced nurse practitioner 3
  Nurse (i.e. infection surveillance, clinical research manager) 5

Years of clinical experience

  5–10 3
  11–20 4
  21–30 4
  >30 3
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Step 4—identify what needs to change
This step involved identifying the potential drivers of the target behaviour. This required 
moving beyond the MRC sub-phase of identifying the evidence base and developing 
theory to making a behavioural diagnosis (West et al., 2020). Although critical, this step 
is often overlooked in intervention design (Michie et al., 2014). As the meta-ethnography 
(Wojcik et  al., 2021) and focus group findings overlapped, we were able to triangulate 
the data by cross-checking the themes for any refutations and new emergent knowledge 
and then mapping them onto the COM-B components and the corresponding TDF 
domains. We then determined what needed to change in the person and/or environ-
ment to achieve the desired target behaviour (initiation of antibiotic time-out) by 
selecting key items from the behavioural diagnosis considered most relevant for the 
DARTT intervention. To achieve this, we sought input from a behaviour change expert. 
For each TDF domain, we collated all the barriers and facilitators and prioritised those 
considered modifiable; exerting a strong influence on the target behaviour; likely to 
be feasible and relevant at the site; and acceptable to the prescribers (see Appendix 1).

In sum, the behavioural diagnosis revealed that changes were needed within all the 
COM-B components (across 12 TDF domains) for the problem behaviour (Table 2). We 
determined that the intervention needed to target prescribers’ Capability, both physical 
(e.g. all prescribers needed to acquire competence and further skills in reassessing 
antibiotic therapy) and psychological (e.g. all prescribers needed to possess relevant 
knowledge of how to initiate and perform antibiotic time-out); Opportunity, both social 
(a supportive organisational culture, including increased social support from peers and 
other specialities in the decision-making process during antibiotic time-out) and physical 
(e.g. increasing the use of resources to effectively document and communicate pre-
scribing decisions); and Motivation, both reflective (e.g. promoting the expectation that 
all HCPs are encouraged to ask questions related to antibiotics and initiate antibiotic 
time-out) and automatic (e.g. prescribers needed to feel more comfortable in switching/
stopping antibiotics). These drivers have been further considered in this intervention 
development described in Stage 2.

Table 1. S pecifying the target behaviour (Step 3).

Steps involved in specifying the target behaviour Details

Target behaviour Active ‘antibiotic time-out’—to have a structured discussion 
after newly ordered antibiotics have been administered to 
a patient for a period of 2–3 days to determine whether 
the patient is clinically responding; whether microbiologic 
data support the continued use of the ordered 
antimicrobial(s) or de-escalation to a narrower-spectrum 
agent; and whether the dose, route and duration of 
therapy are appropriate.

Who needs to perform the behaviour? HCPs involved in prescribing or administration of antibiotics 
to inpatients, irrespective of grade and experience.

What do they need to do differently to achieve 
the desired behaviour?

Carry out a timely and comprehensive antibiotic reassessment 
and modify therapy based on the clinical status and 
culture results.

When do they need to do it? At 48–72 hours after initiation of antibiotics.
Where do they need to do it? In acute hospitals (including acute and general medical 

settings).
How Often do they need to do it? Daily after the initial reassessment.
With Whom do they need to do it? A multi-disciplinary person-centred approach in consultation 

with patients and/or guardians.
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Stage 2: identify intervention options

Steps 5–6—identify intervention functions and policy categories
Once the relevant COM-B components that can be targeted as potential levers for 
change were identified, Phase 2 involved mapping them to the nine intervention 

Table 2.  Behavioural analysis of determinants influencing active ‘antibiotic time-out’ within the 
context of hospital prescribing (Step 4).

COM-B TDF
What needs to change for the target behaviour 

to occur?

Capability—physical Physical skills Acquire competence in changing and 
discontinuing antibiotics; Improved 
communication skills; Ability to engage 
patients in shared decision-making.

Capability—
Psychological

Knowledge Increase prescriber knowledge of how to initiate 
and perform antibiotic time-out; Increase 
knowledge of current guidelines and the 
threat posed by AMR when deciding to 
continue a broad-spectrum antibiotic; Increase 
patient and family’s knowledge of the AMR 
and the risks of antibiotics.

Memory, attention and decision 
processes

Increase awareness of the importance of 
person-centred prescribing.

Behavioural regulation Ability to weigh up information from guidelines, 
patient’s pre-existing conditions and testing to 
inform prescribing decisions; Reduce cognitive 
overload on prescribers.

Opportunity—physical Environmental context and 
resources

Increase use of resources to effectively document 
and communicate prescribing decisions; 
Increase transparency of prescribing; Provide 
easy access to antimicrobial guidelines.

Reduce time pressures/streamline clinical workflow; 
Improve collaboration of care decisions; 
Consistent provision of professional development 
and training opportunities around antibiotic 
time-out for all clinical staff; Use of triggers to 
review antibiotics; Facilitate discussions with 
patients and families about antibiotics.

Provision of resources and tools to support 
patient and family member involvement in 
antibiotic decisions.

Increase access to rapid diagnostic tests—outwith 
the scope of the intervention.

Opportunity—social Social influences Increase social support from peers and other 
specialties in initiating active reassessment of 
antibiotics; Normalise questions around antibiotics.

Motivation—reflective Beliefs about capabilities Empower prescribers to make autonomous 
decisions during antibiotic time-out; Increase 
confidence in initiating antibiotic time-out and 
changing or stopping therapy. Increase 
confidence to challenge decisions of senior 
colleagues; Empower patients and families to 
ask questions about antibiotics.

Beliefs about consequences Reduce invisibility of consequences of poor practice.
Social/professional role and identity Understand personal and professional 

responsibilities of the role; Reduce responsibility 
avoidance; Harness leadership to show that 
most people perform the desired behaviour.

Goals Employ strategies to initiate a formal antibiotic 
time-out.

Motivation—automatic Reinforcement Monitor prescribing decisions and provide 
feedback on performance.

Emotion Reduce fear of de-escalating/stopping antibiotics.
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functions (broad categories that enable a change in behaviour) using the grids 
published in the BCW guide and the recommended APEASE (affordability, practi-
cability, effectiveness and cost-effectiveness, acceptability, side effects/safety, equity) 
criteria for making context-related decisions (Michie et  al., 2014). Seven out of nine 
intervention functions were considered potentially relevant for the intervention 
within a hospital context. We selected the functions of education, training, per-
suasion, modelling, restriction, environmental restructuring and enablement as 
relevant. These seven intervention functions were subsequently mapped to the 
policy categories within the BCW, with three identified as likely to support the 
intervention delivery. These included guidelines (e.g. informing clinicians of anti-
microbial guidelines); communication to influence organisational practice by com-
municating a vision for change (e.g. using verbal and electronic communication 
to generate awareness of AMR/consequences of overprescribing antibiotics or 
benefits of an active antibiotic time-out), and environmental/social planning (e.g. 
designing and utilising an automated system for reminding hospital prescribers to 
initiate antibiotic time-out). Details of the evaluation of each intervention option 
against the APEASE criteria are provided in Appendix 2.

Phase 3: identify content and implementation options

Step 7—identify behaviour change techniques
To identify suitable BCTs for each prioritised TDF domain, we used the labels and 
detailed definitions included in the BCT Taxonomy v1 (BCTTv1), which lists 93 BCTs 
with descriptions and examples of their application (Michie et  al., 2013). The coding 
and identification of all possible BCTs aligned with the selected intervention func-
tions were informed by published guidance (Cane et  al., 2015). The list of all 
possible BCTs was then reduced to the ones most likely to alter prescribers’ 
behaviour and those that could most feasibly be applied within the hospital con-
text. This process was deductive and cyclical. We decided on the final BCT inclusion 
through team discussions. As a result, we selected 25 BCTs as the most appropriate 
for effecting behaviour change, taking barriers and facilitators identified in Step 4 
(see Appendix 1) into account. For example, one of the identified facilitators to 
the target behaviour was a robust audit trail of decisions (e.g. BCTs 12.1 restructure 
the physical environment and 12.5 add objects to the environment) linked to the 
COM-B Physical Opportunity) or the highlighted barrier was a lack of motivation 
to initiate antibiotic time-out (e.g. linked to the COM-B Psychological Capability, 
Social Opportunity, Reflective and Automatic Motivation, which may require BCT 
1.1. goal setting (behaviour), 1.2 problem solving, more social support—BCT 3.1, 6.1 
demonstration of the behaviour, 7.1 prompts and cues or restructuring of the social 
environment—BCT 12.2). These are not all the BCTs available, but the ones deemed 
most suitable for the proposed intervention based on the mapping exercises of 
the triangulated data. We then operationalised the active components of the 
intervention, which involved providing examples of how each selected BCT could 
be employed in practice, alongside the intervention functions that they serve and 
the COM-B elements that they address. See Appendix 3 for a summary of all phases 
of the BCW.
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Step 8—identify mode of delivery
Once BCTs were identified, the selection of the mode of delivery and content devel-
opment required creativity and pragmatism. To translate selected BCTs into interven-
tion components and ensure the completeness of the description of this intervention, 
we used the Form of Delivery (FoD) framework, an essential ‘active ingredient’ that 
can drive intervention effectiveness, which provides a checklist of the information to 
include when describing an intervention (Dombrowski et  al., 2016). For example, the 
selected mode of delivery had to accommodate high prescriber work demands. A 
digital intervention was chosen as the primary mode of delivery as suggested by the 
stakeholders in Step 2 of the project. This decision was further informed by a research 
team meeting focused on deliberating the intervention content using the APEASE 
criteria and published evidence of effectiveness to ensure it reflects the organisation’s 
overall commitment to streamlining clinical workflows (e.g. by utilising electronic 
clinical support tools). Then, the most appropriate mode of delivery of each technique 
was discussed and selected by the research team. Examples of modes of delivery 
include face-to-face or distance delivery at the individual or group level via phone 
(voice or text), print or digital media, broadcast media, outdoor media, or individually 
accessed computer programmes (Michie et  al., 2014). The consensus team feedback 
was then collated into a table of positive and negative comments for each proposed 
intervention component and the subsequent modifications were made based on the 
data generated in the optimisation phase (described below). The next step involved 
consulting with the technology design agency to facilitate the process of translating 
identified BCTs into the DARTT intervention using the Design Sprint methodology, a 
unique process to solve critical issues through prototyping and brainstorming (Banfield 
et  al., 2015). For example, to address the BCTs prompts/cues and habit formation, an 
integrated ‘traffic-light’ function was built into the dashboard of the antibiotic tracker, 
the core component of DARTT. This alert would prompt the responsible clinician to 
review clinical information pertinent to antimicrobial decision-making on the third 
calendar day of treatment and to document their decision regarding antibiotic con-
tinuation, discontinuation or optimisation when the relevant pathogen is identified. 
Additional elements of gamification techniques, such as logging activity minutes, were 
also included to enhance engagement and motivation.

Optimisation of the intervention

The MRC guidance emphasises the importance of early assessment of the intervention 
acceptability using prototypes (Skivington et  al., 2021). This approach can highlight 
aspects that can be adapted based on end-user feedback without a full pilot trial. 
The intervention was optimised through in-depth qualitative research using online 
semi-structured interviews. The purposive sample comprised 15 HCPs and three lay 
participants. HCPs (various disciplines and varying levels of experience) were recruited 
from four Scottish Health Boards and two English Trusts. See Box 2 for participant 
characteristics. Interviews lasted 45–60 min, were audio-recorded and transcribed 
verbatim. Data analysis was guided by a priori issues identified using the RE-AIM 
(reach, efficacy/effectiveness, adoption, implementation and maintenance) Framework 
(Glasgow et  al., 1999).
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This study’s purpose was to assess the intervention’s initial acceptability and prac-
ticability using prototypes (screenshots of the antibiotic tracker’s graphical user inter-
faces) and to subsequently refine it based on service provider/user feedback. The user 
feedback helped to determine the intervention’s strengths and areas for improvement 
and ensure that it is appropriate for the context in which it is planned to be delivered 
(Levati et  al., 2016). Overall, the findings provided clear recommendations on the 
intervention’s content, design and functionality. HCPs and service users found the 
intervention to have a clear clinical value, discussed adoption, and identified ways in 
which it could be modified to better reflect the hospital context. Particularly well 
received was the proposed functionality of the antibiotic tracker and the potential 
benefits of improving the quality of antibiotic reassessment decisions and patient 
safety. The optimisation phase also provided significant insights into the anticipated 
benefits of the intervention, including the reduction of inappropriate antibiotic pre-
scribing and improvement of patient outcomes, which are part of the UK’s national 
action plan to tackle AMR (Department of Health, 2019). Nonetheless, further research 
is needed to assess how well the intervention works in practice. DARTT’s feasibility 
and effectiveness also need to be established.

The DARTT intervention

After completing each step of BCW, a DARTT intervention was developed to improve 
active initiation of antibiotic time-out, including clear documentation of decisions. 
DARTT is a complex multifaceted behavioural intervention targeting healthcare 

Box 2. Interviewee characteristics.
Characteristic Total number of participants (n = 18)

Healthcare professionals 15
Health service users 3
Gender

  Male 9
  Female 9
Age range

  21–30 3
  31–40 4
  41–50 5
  51–60 5
  >60 1
Ethnicity

  White British 17
  Black African 1
Current clinical position (HCPs only n = 15)

 C onsultant physician 2
  Microbiology consultant 2
  Infectious diseases consultant 1
  Medical trainees (FY1/FY2/Registrar) 3
 C linical pharmacist 3
 A dvanced nurse practitioner 3
  Nurse (infection surveillance) 1
Years of clinical experience

  <5 3
  5–10 2
  21–30 8
  >30 2
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professionals involved in antibiotic prescribing or administration in hospital inpatients. 
It can be used flexibly, either as standalone components or as part of an integrated 
toolkit, with recommendations for using all materials, if this is appropriate. DARTT 
comprises four components, including:

1.	 Antibiotic review tracker—a digital system for tracking and monitoring antibiotic 
decisions designed to encourage a structured discussion about the continued 
need and choice of therapy.

2.	 Webinar—to introduce the tracker to clinical areas and raise awareness of AMR.
3.	 E-training—to provide web-based learning on using the tracker.
4.	 Patient information materials—to increase patient/family knowledge and aware-

ness of AMR and promote shared decision-making.

Briefly, the antibiotic review tracker includes an electronic antimicrobial dashboard 
and a basic decision-support tool designed to flag up prescriptions needing a struc-
tured reassessment using the intervention functions of environmental restructuring, 
enablement and restriction. An integrated ‘traffic-light’ function prompts clinicians to 
initiate a formal antibiotic time-out on the third calendar day of treatment when the 
relevant pathogen is identified and make appropriate de-escalation decisions while 
fitting into hospital workflow. Hyperlinks to online resources, such as antibiotic guide-
lines, are embedded within the dashboard. The aim is to allow for increased autonomy 
without increasing the workload for local antimicrobial stewardship teams (Graber 
et  al., 2015). The graphical user interface can run on different internet browsers and 
allows users to generate reports for patients who are eligible for a time-out. Each 
report contains basic patient information and relevant laboratory results to provide 
clinicians with objective criteria when assessing the patient’s response to antibiotics, 
allowing more time to focus on the evaluation of therapy rather than information 
collection or interpretation. It also includes relevant antimicrobial information and 
microbiology results, if available. The tracker has an inbuilt basic logic tree for correct 
dosing regimens (i.e. frequency and duration of antibiotic), free text fields for explain-
ing the rationale for deviating from antibiotic guidelines and prompts for clear doc-
umentation of treatment plan and a discussion with the patient or their family. The 
tracker also allows overall performance reports on individual clinicians’ decisions (but 
not containing any patient data) to be generated and emailed to prescribers. There 
is evidence that integrated decision-support tools can improve specific aspects of 
patient care, including antibiotic decisions, by promoting behaviour change among 
clinicians (Rawson et  al., 2017a). A summary of the intervention content, delivery and 
mechanism of action, is provided in Appendix 4. Full details of DARTT will be pub-
lished separately.

Discussion

This paper describes the application of the Behaviour Change Wheel (BCW) to develop 
and refine a novel theory-driven DARTT intervention to improve the antibiotic reas-
sessment. To our knowledge, this is the first study to operationalise the development 
phase of the MRC framework for complex interventions using the BCW in this context. 
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This systematic approach provided insights into prescribers’ behaviours, barriers and 
facilitators to an active ‘antibiotic time-out’ and potential suggestions for addressing 
them. This study also provides a worked example of how primary and secondary data 
can be retrospectively applied to the BCW for intervention development and refine-
ment, which other researchers may find useful. This work is novel as it extends the 
use of prospective qualitative approaches in assessing theoretical acceptability issues 
during the optimisation phase of intervention development.

Findings suggest that capability, opportunity, and motivation play an important 
role in antibiotic prescribing behaviours and that these factors are not independent, 
but all contribute to improving decisions surrounding de-escalation and (dis)contin-
uation of prescriptions. Findings were incorporated into a behaviour intervention to 
optimise  antibiotic time-out and increase the transparency of prescribing decisions. 
Seven intervention functions (education, training, persuasion, modelling, restriction, 
environmental restructuring, and enablement) and three policy categories (guidelines, 
communication and environmental/social planning) were identified to address a range 
of modifiable barriers and facilitators in a practical and acceptable way. Drawing on 
the behaviour change taxonomy, 25 BCTs aligned to these functions were then selected 
to specify the intervention content, addressing barriers and facilitators as potential 
targets to encourage active antibiotic time-out and improve documentation of deci-
sions. Triangulated primary qualitative data with the secondary data derived from a 
systematic review and meta-ethnography enabled a rich exploration of identified 
barriers and facilitators, thus strengthening the design and creating more compre-
hensive research.

Comparison with existing literature

Previous literature has indicated that behavioural and social influences are often not 
considered in the design and evaluations of interventions aiming to improve antimi-
crobial prescribing (Pinder et  al., 2015). This study extends the current evidence base 
by providing an in-depth understanding of the context-specific determinants of anti-
biotic prescribing behaviour in hospital settings, which is essential for the successful 
design, adoption, and implementation of quality stewardship interventions to improve 
practice. The behavioural theory developed as part of this work presents several 
promising targets for intervention development in this context. Mapping the salient 
TDF domains onto the COM-B model to explore factors influencing antibiotic pre-
scribing has identified at least one barrier or enabler across 12 TDF domains. This 
means that addressing a single COM-B component will not bring about the desired 
behaviour change. Prior research has shown similar results (Chaves et  al., 2014). 
However, evidence on the effectiveness of specific intervention options applied in 
the design of AMS initiatives remains scarce. Although the majority of BCTs identified 
in this study are congruent with a recent ‘review and revise’ behavioural intervention, 
which primarily focuses on communicating the degree of certainty surrounding the 
initial decision to prescribe antibiotics (Walker et  al., 2019), several techniques selected 
for inclusion in DARTT were not identified in other published works (Courtenay et  al., 
2019; Rawson et  al., 2017b). The findings provide new insights into the use of BCTs 
to target key influences on antibiotic prescribing and the application of these 
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techniques. Policymakers could use the suggested software features to enhance the 
existing e-prescribing systems and as guidance for healthcare software developers. 
The findings could also be applied by clinicians to assist them in evaluating the 
suitability and functionality of new e-prescribing systems and anticipating potential 
challenges.

Similar to other qualitative studies (Broom et  al., 2016; Charani et  al., 2013), we 
found that key barriers to appropriate prescribing in hospitals were clinical uncertainty, 
poor communication of decisions and social pressures of the hospital, including the 
influence of senior clinicians on junior prescribers’ decisions and the culture of 
‘non-interference’. However, our findings related to the loss of ownership for antibiotic 
decisions due to uncertainty about the original prescription, and the fear of conse-
quences provided new insights into individual behaviours and highlighted the need 
for organisational support to address the individual-level requirements (e.g. support 
from senior prescribers, enhancing ‘visibility’ of antibiotic decisions by harnessing the 
IT infrastructure). Despite international efforts suggesting that clear documentation 
of decisions is a key principle in advancing patient safety and improving outcomes 
(Centers for Disease Control & Prevention, 2019), the current study highlights that 
poor documentation of prescriptions remains the key driver behind the unnecessary 
continuation of antibiotics. Prior research has also identified inconsistencies in the 
provision of information between various specialities, leading to the lack of adequate 
information to make an appropriate decision on whether to stop, continue or alter 
the treatment (Charani et  al., 2019). This was also found here and resulted in the 
development of one of the core components of the DARTT intervention: the antibiotic 
tracker—a digital system for tracking and monitoring decisions.

Evidence shows that many complex intervention trials fail to show effectiveness, 
which can be due to a genuine lack of intervention effect, or sub-optimal design 
(Levati et  al., 2016). To reduce research waste, the MRC framework recommends 
addressing any uncertainties and issues concerning the acceptability, optimisation, 
and delivery of the intervention before the effectiveness study stage (Skivington et  al., 
2021). The involvement of key stakeholders aided the identification of any anticipated 
challenges to the adoption and implementation of the intervention and facilitated 
its refinement. Such an approach ensured that the content and delivery of DARTT 
were adapted during the development stage to accommodate a range of users’ needs, 
reinforcing the importance of the person-centred approach in the development and 
refinement of complex interventions (Yardley et  al., 2015).

Digitalising the entire prescription service remains one of the key areas for improv-
ing medication management in the UK (Tolley, 2012). However, implementation of 
digital interventions in healthcare settings is challenging (Michie et  al., 2017) and 
little guidance on the best method to incorporate ‘antibiotic time-out’ practice into 
clinical workflow is available (Thom et  al., 2019). Our optimisation study showed that 
the adoption and implementation of DARTT will be dependent on an organisation-wide 
approach, securing buy-in from key decision-makers (e.g. senior opinion leaders, 
management, senior clinicians) but also strong engagement with front-line staff as 
well as the involvement of the patient and/or the family. The stakeholders considered 
the webinar and e-training essential to the promotion of the adoption of the inter-
vention. The optimisation study further identified prescribing habits, resistance to 
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change, social roles, norms and rules, as well as time constraints as potential barriers 
to the effective uptake of DARTT. Evidence shows that all of these interrelated factors, 
including the relationship with the environment, directly or indirectly influence indi-
vidual behaviours (Thom et  al., 2019). Therefore, when developing and evaluating 
digital interventions, consideration needs to be given to the relationship between 
the ‘micro’ level of immediate engagement with the intervention and the ‘macro’ level 
of engagement with long-term behaviour change (Bronfenbrenner, 1979). These influ-
ences could be a target for a separate intervention.

In the next phases of our research, the proposed features of the antibiotic tracker 
will be assessed for transferability and feasibility based on the local needs of one 
hospital to examine whether it results in the desired behaviour change. In addition 
to aiding intervention design, the BCW can be used in the intervention evaluation as 
it enables intervention outcomes to be linked to specific mechanisms of action and 
thus help diagnose where an intervention has succeeded/failed to achieve its desired 
goal (Michie et  al., 2014). With the current roll-out of the hospital e-prescribing system 
across Scotland, DARTT is in an ideal position to help improve antibiotic reassessment 
behaviours at a larger scale by reaching a large number of individual prescribers. To 
achieve sustained behavioural change within the digital intervention context, an imple-
mentation strategy, project management team, education and promotion, effective 
engagement and an iterative cycle of usability testing (e.g. using in-depth iterative 
qualitative development with users) are recommended (Mohr et  al., 2014).

Implications for future research
Incorporating an understanding of the socio-cultural influences on prescribing derived 
from this research into local policy and practice has the potential to support inter-
ventions which target individual practice, such as an active antibiotic time-out. The 
implications are that antibiotic prescribing is a complex behavioural problem, likely 
to be influenced by a range of factors at the individual (personal to prescribers), 
social (or cultural, determined by colleagues) and organisational level (determined 
by the environment). To trigger a change, a complex behavioural intervention that 
considers the COM-B elements, fosters collaborative culture and breaks up pre-existing 
prescribing habits using focused behavioural planning, is required.

By integrating published and empirical evidence, this work has demonstrated a 
rigorous method of developing a solid theoretical foundation for health interventions. 
The exploratory sequential method applied, which incorporated the views of key 
stakeholders, allowed effective intervention operationalisation and development. Guided 
by the 2008 MRC framework,  the systematic approach taken—starting from problem 
identification to designing the intervention content—presents an appealing case for 
applying to research funding bodies. Drawing on the findings, future research can use 
the described modelling process and the generated insights to assess the effectiveness 
of a behaviour change intervention.

Strengths and limitations
This study used a systematic and structured approach  to integrate a body of evidence 
from a systematic review and meta-ethnography, two qualitative studies, and end-users’ 
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expert knowledge to co-design and develop a novel theory-informed complex health 
intervention. The uniqueness of this work lies in adhering to the MRC guidance by using 
a theoretical approach, which lent direction, structure, and transparency to this process. 
Hospital-based AMS interventions and digital interventions supporting AMS have been 
the focus of previous research (Van Dort et  al., 2022). However, no digital health inter-
vention to date has specifically focused on initiating timely antibiotic time-out and 
improving documentation of decisions using behavioural science. Another strength of 
this study was the inductive qualitative research conducted with the key stakeholders 
(HCPs and patient and public representatives) throughout the planning, development 
and optimisation of DARTT, which previously has been lacking in this area of research 
(Rawson et  al., 2017a). The use of the Design Sprint methodology (Banfield et  al., 2015) 
during the optimisation phase enabled the research team to understand and address 
users’ concerns about the intervention, ensuring that it is useful and relevant for clinical 
practice. Implementing the advice can also help to earn users’ trust by showing them 
that they are understood and listened to (Yardley et  al., 2015). This worked example of 
how to apply pragmatic research methods to integrate the evidence with stakeholders’ 
engagement can be modified and adapted to suit different contexts and populations.

Following the BCW steps allowed us to identify the behaviour that needed changing 
and select preferred intervention solutions. However, despite the highly structured 
and logical approach of the BCW, there are challenges associated with its use. For 
example, understanding the complex terminology was challenging, and the research 
team had to make a series of subjective and pragmatic decisions throughout the 
process of applying the labels to component techniques. While the use of the APEASE 
criteria was helpful in reducing some subjectivity, the process involved forecasting 
by the research team and stakeholders and this forecasting may not always be accu-
rate (Ekberg et  al., 2021). Similar to others, we found that the use of TDF and BCTTv1 
requires skill and training and the process of translating BCTs into intervention content 
can be open to interpretation (Ojo et  al., 2019). Due to a degree of overlap across 
some BCT labels and ambiguity of definitions, the process of coding and achieving 
good levels of reliability in BCT selection raised some issues. For example, finding a 
‘perfect fit’ for some BCTs with varying complexity (e.g. instruction on how to perform 
behaviour and behavioural practice/rehearsal) and operationalising the less frequently 
used techniques within a digital behaviour change intervention was not straightfor-
ward. The absence of formulated techniques to guide the development of digital 
health interventions highlights current gaps in the field of behaviour change.

Furthermore, although the BCW describes very carefully the environmental issues  
in the middle and outside circles, the BCTs are all focused on the individual. However, 
according to Bandura’s social learning theory (Bandura & Schrenk, 1981), individual 
behaviour is dependent on interaction with the surroundings. To overcome this chal-
lenge, we drew on the social determinants and dynamic relationships of the hospital 
environment identified in our meta-ethnography (Wojcik et  al., 2021). To modify the 
environment, we thus included BCTs, such as restructure the physical environment and 
add objects to the environment. The BCT instruction on how to perform behaviour was 
specifically selected to influence cognitive factors to predispose prescribers to be able 
to perform the desired behaviour, whilst the techniques demonstration of the behaviour, 
habit reversal, and behavioural practice/rehearsal were chosen to help prescribers weaken 
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the negative knowledge acquired previously (i.e. prescribing habits) and increase their 
motivation and self-efficacy to perform the desired behaviour.

In addition, the multiple steps of our intervention development was a lengthy 
process—from initial systematic review and meta-ethnography to the final refinements 
of the intervention took over three years. Although the iterative process increased 
research rigour, it slowed down the intervention development at points. The COVID-19 
pandemic also impacted progress when research activities were temporarily suspended. 
Although the steps taken ensured that the intervention is theoretically based, such 
a lengthy process must be taken into account by those considering undertaking and 
funding such evidence-based intervention development in future.

Conclusions

This paper describes how the MRC guidance and the BCW were systematically applied 
to develop a theory-informed, complex behaviour change intervention that is innovative 
and practical. The COM-B and TDF were used to map important barriers and facilitators 
relating to timely antibiotic review in acute hospitals and generated the theoretical 
basis for refining the intervention. By working closely with a range of HCPs and health 
service users, an inductive sequential research approach was used to gather and validate 
evidence, generate new ideas, and develop the DARTT intervention to improve antibiotic 
review practice. Initial exploration of DARTT using cost-effective and efficient methods 
has indicated that the proposed intervention is acceptable to the target audience, 
suitable for clinical practice, and potentially effective in improving the quality of the 
antibiotic review. Applying transparent and systematic methods in the development 
process ensured that the findings are replicable and could be modified in the imple-
mentation stages without losing methodological rigour.
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