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Abstract

Background Audit and feedback (A&F) is among the most widely used implementation strategies, providing health-
care professionals with summaries of their practice performance to prompt behaviour change and optimize care.
Wide variability in effectiveness of A&F has spurred efforts to explore why some A&F interventions are more effective
than others. Unpacking the variability of the content of A&F interventions in terms of their component behaviours
change techniques (BCTs) may help advance our understanding of how A&F works best. This study aimed to system-
atically specify BCTs in A&F interventions targeting healthcare professional practice change.

Methods We conducted a directed content analysis of intervention descriptions in 287 randomized trials included

in an ongoing Cochrane systematic review update of A&F interventions (searched up to June 2020). Three trained
researchers identified and categorized BCTs in all trial arms (treatment & control/comparator) using the 93-item BCT
Taxonomy version 1. The original BCT definitions and examples in the taxonomy were adapted to include A&F-specific
decision rules and examples. Two additional BCTs (‘Education (unspecified) and ‘Feedback (unspecified)’) were added,
such that 95 BCTs were considered for coding.

Results In total, 47/95 BCTs (49%) were identified across 360 treatment arms at least once (median=5.0, (QR=2.3,
range = 1-29). The most common BCTs were ‘Feedback on behaviour' (present 89% of the time; e.g. feedback on drug
prescribing), Instruction on how to perform the behaviour' (71%; e.g. issuing a clinical guideline), Social comparison’
(52%; e.g. feedback on performance of peers), ‘Credible source’ (41%; e.g. endorsements from respected professional
body), and ‘Education (unspecified)’ (31%; e.g. giving a lecture to staff). A total of 130/287 (45%) control/comparator
arms contained at least one BCT (median=2.0, IOR=3.0, range=0-15 per arm), of which the most common were
identical to those identified in treatment arms.

Conclusions A&F interventions to improve healthcare professional practice include a moderate range of BCTs,
focusing predominantly on providing behavioural feedback, sharing guidelines, peer comparison data, education,
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and leveraging credible sources. We encourage the use of our A&F-specific list of BCTs to improve knowledge of what
is being delivered in A&F interventions. Our study provides a basis for exploring which BCTs are associated with inter-

vention effectiveness.
Trial registrations N/A.

Keywords Audit and feedback, Quality improvement, Healthcare professionals, Practice change, Behaviour change

techniques, Implementation

Contributions to the literature

This is the most comprehensive synthesis of the behav-
iour change content in randomized controlled trials
of audit and feedback interventions and implementa-
tion interventions more generally that target practice
change among healthcare professionals to date.

Our adapted taxonomy includes behaviour change
techniques operationalized for the audit and feedback
context, which will help both the reporting and design
of audit and feedback interventions moving forward.

Now that the behaviour change techniques present
in audit and feedback interventions have been speci-
fied, along with those which may be underutilized; it
is possible to begin exploring which techniques and/or
combinations of techniques are associated with inter-
vention effectiveness. This will inform the optimiza-
tion of the design and delivery of audit and feedback
for practice change.

Background

Audit and feedback (A&F) is defined as any summary
of clinical performance of healthcare over a specified
time period [1, 2]. A&F is one of the most widely used
implementation strategies to improve quality and deliv-
ery of healthcare, either on its own or as part of a mul-
ticomponent intervention [3]. Indeed, there have been
hundreds of randomized controlled trials (RCTs) evalu-
ating the effect of A&F on healthcare professional prac-
tice change [1, 4]. A Cochrane systematic review of these
trials identified that A&F typically achieves modest, yet
worthwhile, improvements in compliance with desired
clinical practice across a range of clinical areas. However,
effectiveness varies substantially across A&F interven-
tions (median 4.3% improvement, interquartile range 0.5
to 16%) [1]. A&F interventions have been designed and
delivered in many different ways, which may in part con-
tribute to observed variability in outcomes [5]. Attempts
to unpack how variation in design and delivery of A&F
might contribute to heterogeneity have identified that
A&EF is more effective when baseline performance is low,
feedback is provided more than once, is delivered by
a colleague or supervisor, and in both verbal and writ-
ten formats [1]. However, these characteristics pertain

mainly to context (e.g. low baseline performance) and
mode of intervention delivery (i.e. how, and how much),
rather than the content of the intervention (i.e. what).
Comparatively, less is known about the components
constituting the content of A&F interventions and how
differences in the content may underpin variation in
intervention effectiveness.

The application of behavioural science frameworks
can help support the specification of the content of A&F
interventions targeting healthcare professional practice.
To do this, one must begin with conceptualizing health-
care professional practice as a form of human behav-
iour [6, 7]. Healthcare professional practices commonly
targeted for A&F such as appropriate prescribing, radi-
ology or laboratory test utilization, and management of
patients with chronic conditions are all centred around
behaviour [1]. In turn, A&F can be conceptualized as a
form of behaviour change intervention, which has been
hypothesized to work by healthcare professionals being
prompted to modify their practice (i.e. change their
behaviour) when given performance feedback showing
their clinical practice is inconsistent with a desirable tar-
get (e.g. a guideline, best practice) [1].

Behaviour change interventions are typically com-
plex and often contain multiple, interacting compo-
nent behaviour change techniques (BCTs) [8]. BCTs are
defined as ‘observable, replicable and irreducible compo-
nents of an intervention that are designed to alter or redi-
rect causal processes regulating behaviour’ [9]. Over the
past decade, there has been a concerted effort to develop
taxonomies of BCTs, the most recent and comprehen-
sive of which is the BCT Taxonomy version 1 (BCTTv1).
BCTTvl includes 93 unique BCTs, each with a label,
definition, and example of how that BCT could be opera-
tionalized and delivered [9]. These BCTs are organized
into 16 clusters representing the potential mechanisms
through which the BCTs may serve to change behav-
iour (e.g. shaping knowledge, associations, feedback and
monitoring).

The BCTTv1 can be applied as a framework for iden-
tifying and classifying component BCTs in behaviour
change interventions using standardized terminology to
identify the ‘active ingredients’ of interventions. Speci-
fying component BCTs using the BCTTvl facilitates
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evidence synthesis and comparison across trials of behav-
iour change interventions and also supports replication
and scalability [8]. It also provides a basis for examin-
ing the association between the presence of component
BCTs and their associations with intervention outcomes,
using techniques such as meta-regressions [10]. Indeed,
an increasing number of systematic reviews have been
conducted using the BCTTv1 as a framework for speci-
fying BCTs in interventions targeting a wide range of
behaviours, from physical activity [11] to smoking cessa-
tion [12] to attendance for diabetic retinopathy screening
[13]. However, most BCT-informed reviews to date have
focused on patient and general population behaviours,
and comparatively, fewer reviews have been conducted to
identify the active ingredients of implementation inter-
ventions targeting healthcare professional behaviour
change. One example of the latter is a review that applied
BCTTv1 to specify the components of 23 trials of imple-
mentation interventions to improve care and manage-
ment of diabetes [14]. Commonly used BCTs targeting
healthcare professional behaviour included but were not
limited to the following: ‘Adding objects to the environ-
ment’ (e.g. introducing colourful folders with foot decals
to identify intervention patients), ‘Prompts/cues’ (e.g.
monthly telephone calls and newsletters to keep pharma-
cists engaged and motivated), ‘Instruction on how to per-
form the behaviour’ (e.g. educational booklet, lectures,
workshops on diabetes care), ‘Credible source’ (e.g. link-
ing recommended messages to supporting peer-reviewed
publications/evidence and local and national guidelines),
and ‘Goal setting (outcome)’ (e.g. setting targets such as
% of patients with HbAlc levels below a certain thresh-
old) [14].

We also sought to examine patterns in the number of
BCTs included in A&F interventions over time (both the
average number of BCTs across studies per publication
year and the maximum number reported per publica-
tion year). Recent years have seen increased emphasis
on better and more comprehensive reporting of com-
plex interventions, exemplified by checklists such as
CONSORT and the TIDIeR [15, 16]. There has also been
increased advocacy for the use of behaviour change theo-
ries and frameworks when designing interventions to
change healthcare professional practice [17]. As such,
we hypothesized that more recently conducted studies
would be more likely to incorporate and report a greater
number of BCTs in their interventions compared to older
studies, given advances in the A&F trial literature, and
calls for better reporting of behavioural trials.

One challenge to potentially applying the BCTTv1 to
code implementation interventions targeting healthcare
professional behaviours is that many of the examples
included in the current taxonomy focus on patient and
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general population behaviours (i.e. diet, physical activity,
smoking, alcohol consumption, medication adherence).
This in turn can make it challenging to conceptualize
how each BCT could be delivered in the different con-
text of behaviour change among healthcare profession-
als. Therefore, as part of this study, we sought to adapt
the BCTTv1 to include modified examples of how BCTs
could be operationalized in the healthcare professional
behaviour change context and A&F specifically. We
anticipate this could be useful not only for future coding
studies/reviews but also to inform the design and deliv-
ery of A&F interventions going forward by providing
examples of how BCTs could be delivered as part of an
A&F intervention. We believe there is an opportunity to
leverage such frameworks and methods to improve our
knowledge about exactly what content is being deliv-
ered in A&F interventions (albeit limited by the level of
reporting among studies) to ultimately help optimize,
reproduce, scale, and spread effective versions of A&F for
healthcare professionals and provide a basis for subse-
quent investigations of which component BCTs contrib-
ute to more effective A&F.

Aims
The aims of this study were therefore as follows:

a) Adapt the BCTTv1 definitions and examples to facili-
tate the identification of BCTs within A&F interven-
tions directed at changing the behaviour of health-
care professionals.

b) Apply the BCTTv1 to identify and specify the behav-
iour change content of A&F interventions targeting
healthcare professional practice change and assess
patterns in the number of BCTs included in A&F
interventions over time.

Methods

Present study design

Our study was conducted alongside an ongoing update
of the 2012 Cochrane systematic review investigating the
effectiveness of A&F interventions on healthcare profes-
sional practice [1, 18]. We performed a directed content
analysis of intervention descriptions from 287 RCTs
(including cluster RCTs) included in the update of the
review which searched the literature up to June 2020 (see
Appendix 1 for list of included studies). We examined the
behaviour change content of all trial arms (i.e. treatment
& control/comparator).

Overview of trials of A&F included in our study

Details of the search strategy and eligibility criteria
for the included A&F trials are reported elsewhere [1,
18]. Studies were RCTs or cluster RCTs of healthcare
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professional interventions which included A&F to tar-
get practice change (either standalone A&F and/or A&F
plus co-interventions), which will be referred to as ‘A&F
interventions’ hereafter. Table 1 provides an overview
of key study characteristics from trials included in our
study. In summary, most trials were conducted in the
USA (40%), targeted physicians (92%), adopted a two-
arm trial design (77%), and were delivered in primary
care settings (56%). The most targeted healthcare profes-
sional behaviours were prescribing (51%), testing/exams
(32%), treatment decision/action (19%), screening (17%),
and counselling (17%).

Behaviour change technique coding

Coding framework

The original published BCTTvl was used as an initial
coding framework for our directed content analysis.
Generic coding instructions, definitions, and examples
from the BCTTvl were adapted to include examples
relevant to healthcare professional behaviour change
and specifically within the A&F context. This was done
iteratively throughout the coding process, whereby we
generated A&F-specific heuristics, extracted examples
of BCTs identified within our A&F trial dataset, and
added these as examples to the original taxonomy. We
developed coding heuristics for 47 BCTs covering what
to code and what not to code, based on regular discus-
sions between our coding team and the wider research
team where necessary (see the ‘Coding procedure’ sec-
tion for further details). Our coding processes were
informed by the methods used to develop BCT cod-
ing frameworks reported in previous review studies
of healthcare professional behaviour change interven-
tions [14, 19]. The final coding framework is available
in Appendix 2.

Coding procedure
We used NVivo (version 12; QSR International Pty Ltd.,
Doncaster, Australia, 2018) to conduct BCT coding. For
each trial, we coded intervention content for all study
arms based on all relevant published source material
(i.e. manuscripts, supplementary materials, and study
protocols). As part of this process, intervention descrip-
tions were read line by line, and BCTs from the BCTTv1
were rated as ‘present’ or ‘absent! Given that A&F is often
used in conjunction with additional components or as a
co-intervention, all intervention content was coded (i.e.
not just A&F). For studies that evaluated combinations of
healthcare professional- and patient-targeted interven-
tions, we only coded the healthcare professional-targeted
interventions.

Within our A&F trial dataset, designating control/com-
parator arms could be a challenge given the variety of
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Table 1 Summary of the key study characteristics of 287 trials of
A&F interventions targeting practice change among healthcare
professionals

Study characteristics Number of trials (%)

Publication year

2016-2020 75 (26%)
2011-2015 52 (18%)
2006-2010 46 (16%)
2001-2005 53 (19%)
1996-2000 ( 0%)
Before 1996 2 (11%)
Country
USA 116 (40%)
UK or Ireland 35 (12%)
Canada 29 (10%)
Australia or New Zealand 8 (6%)
Other 89 (31%)
Number of trial arms
Two 222 (77%)
Three 37 (13%)
Four 25 (9%)
More than four 3 (1%)
Clinical setting
Primary care 161 (56%)
Hospital inpatient (23%
Other outpatient clinic 4 (8%)
Community care (6%)
Other/mixed 20 (7%)
Medical specialty
General practitioner/family physician 167 (58%)
Internists 59 (21%)
Other 61 (21%)
Targeted healthcare professionals (could include more than one)
Physician 263 (92%)
Nurses 51 (18%)
Pharmacists 8 (3%)
Other 43 (15%)
Targeted healthcare professional behaviour (could include more
than one)
Prescribing 139 (51%)
Testing/exams 88 (32%)
Treatment decision/action 53 (19%)
Screening 49 (18%)
Counselling 47 (17%)
Immunization 26 (9%)
Referrals 16 (6%)
Diagnosis 11 (4%)
Other 6 (2%)

trial designs used, often including active control groups
and head-to-head comparisons of A&F interventions
(e.g. A&F intervention vs. no intervention control, A&F
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intervention vs. co-intervention vs no intervention con-
trol, A&F intervention vs. A&F intervention, A&F inter-
vention & co-intervention vs. A&F intervention only).
As such, some control/comparator arms included com-
ponents of A&F. We assigned study arms to treatment
or control/comparator based primarily on how relative
intervention content was reported in each paper. For
studies without explicit control arms, we assigned the
lowest intensity treatment arm as a control/comparator
arm (e.g. education vs. education & academic detailing
vs. education & academic detailing & A&F). Only one
arm per study was assigned as a control/comparator. The
coding team was comprised of three researchers (J. C.,
C. M,, V. A.) with behavioural science expertise includ-
ing coding the behavioural content of interventions and
experience in healthcare professional behaviour change.
To establish consistency in coding, the first 48 trials were
triple coded, the next 101 trials were double coded, and
then the final 141 trials were single coded with 20% dou-
ble coded as a spot-checking process. Coding was mostly
done in blocks of 10 to 15 papers at a time. Any discrep-
ancies were discussed during regular consensus meet-
ings of the coding team; when consensus could not be
reached, the wider study team (with expertise and experi-
ence in both A&F research, behaviour change, and prior
experience with working with BCTTv1) were consulted.
The coding framework was refined accordingly as needed
following consensus and wider team discussions.

Data analysis

We used descriptive statistics to summarize the num-
ber and type of BCTs identified in A&F interventions
(median and interquartile range (IQR), mean and stand-
ard deviation (SD)). We compared the number and type
of BCTs identified in trial treatment arms versus control/
comparator arms. To explore whether BCT frequencies
changed over time, we also calculated the mean number
of BCTs by study publication year. Studies were collapsed
per year of publication and subsequently, mean BCTs
for the treatment and control/comparator groups were
calculated.

Results

Development of a BCT coding framework for A&F
interventions

The resulting coding framework, which includes exam-
ples and adapted interventions relevant to healthcare
professional behaviour change and A&F specifically, is
available in Appendix 2. Table 2 provides an example of
how an original BCT definition and example from the
taxonomy was adapted during the coding framework
development to relate to healthcare professional behav-
iour change and A&F.
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During the coding process, two key coding rules were
established which helped shape our BCT coding frame-
work. Firstly, A&F interventions are often evaluated
in routine practice/real-world settings which typically
requires concurrent implementation processes designed
to support evaluation (e.g. supporting uptake and engage-
ment, targeting intervention fidelity). Such implementa-
tion processes may include behaviour change content
which could be captured at the BCT level (e.g. telephone
calls from the research team to local coordinating team at
a participating facility to troubleshoot around any issues
with implementing the intervention during the trial or
as a reminder to collect data could be coded as the BCTs
‘Social support (practical), ‘Problem-solving, and/or
‘Prompts and cues’). Where possible, we established the
coding rule that we did not code BCTs that were explic-
itly part of an implementation process (e.g. supporting
evaluation, uptake, engagement, fidelity).

Secondly, we expected that feedback-related BCTs
and education-related BCTs would feature promi-
nently. Due to the typically limited detail and report-
ing of behaviour change intervention content [22], it
was at times not possible to distinguish between the
type of feedback provided and to in turn select between
the BCTs ‘Feedback on behaviour’ (e.g. feedback on
antibiotic prescribing) or ‘Feedback on outcome(s) of
behaviour’ (e.g. feedback on infection rates). For exam-
ple, some studies simply reported that they conducted
an ‘A&F intervention’ with additional details absent.
Therefore, we included a new BCT in the coding frame-
work, ‘Feedback (unspecified)’ to account for this lack
of specificity in study reports. Similarly, there were
instances where intervention descriptions mentioned
providing education or training to healthcare profes-
sionals but did not specify the content further (e.g. not
clear whether the BCT ‘Instruction on how to perform
the behaviour’ was provided or not). Frequently, authors
referred to the provision of educational materials, learn-
ing modules, evidence summaries, and academic detail-
ing, without any additional information. Therefore, we
added another BCT named ‘Education (unspecified)’ to
not miss this relevant intervention content. As such, a
total of 95 BCTs were considered for coding (93 from
the published BCTTv1 & two additional BCTs).

Frequency of identified behaviour change techniques
A total of 287 studies were included, comprising of 360
treatment arms and 287 control/comparator arms.

Treatment arms (N =360)

Table 3 lists the BCTs identified within treatment arms,
their frequencies, and an example of how that BCT was
delivered in one of the included A&F trials. The most
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Behaviour change techniques (BCTs)

W Control/comparator arms

Treatment arms

Fig. 1 Frequency of the most coded BCTs (= 5 instances within treatment arms) in all study arms. Notes: Numbers above each bar represents BCT

frequency

frequently coded BCTs (>5 instances within treatment
arms) are depicted in Fig. 1. In summary, 47 out of a pos-
sible 95 BCTs (49%) were identified in the treatment arm
of at least one A&F trial. BCTs were identified in 14/16
possible clusters of BCTs, although no BCTs were identi-
fied for the following taxonomy clusters: ‘regulation’ and
‘covert learning’

The median number of BCTs per A&F treatment
arm was 5.0 (/QR=2.3), and the total number of BCTs
ranged from 1 to 29 BCTs in a single treatment arm
(Fig. 2 shows a box and whisker plot of these data). Only
4/360 treatment arms (1%) included the BCTs ‘Feedback
on behaviour’ without the presence of additional BCTs.
The ten most frequently coded BCTs in A&F interven-
tions evaluated in the trial treatment arms were as fol-
lows: (1) ‘Feedback on behaviour’ (320/360, 89%; e.g.
providing feedback on drug prescribing); (2) ‘Instruction
on how to perform the behaviour’ (255/360, 71%; e.g.
issuing a clinical guideline to staff); (3) ‘Social compari-
son’ (190/360, 52%; e.g. providing feedback on the per-
formance of peers); (4) ‘Credible source’ (149/360, 41%;
e.g. endorsements from a respected professional body);

(5) ‘Education (unspecified)’ (112/360, 31%; e.g. giving a
lecture to staff); (6) ‘Social support (practical)’ (88/360,
24%; e.g. providing support to staff to achieve the target
behaviour or outcome); (7) ‘Prompts/cues’ (83/360, 23%;
e.g. a computer prompt when ordering a routine test);
(8) ‘Problem-solving’ (76/360, 21%; e.g. identifying barri-
ers and generating solutions towards achieving an audit
standard); (9) ‘Discrepancy between current behaviour
and goal’ (74/360, 21%; e.g. contrasting healthcare per-
formance with a standard); and (10) ‘Restructuring the
social environment’ (69/360, 19%; e.g. team member tak-
ing on an additional role to support practice change).

Figure 3 shows our descriptive analysis of BCTs pre-
sent in treatment arms by study publication year. There
appears to be a trend for more BCTs to be reported in
intervention descriptions for more recently published tri-
als. Additionally, there appears to be an upwards trend in
the maximum number of BCTs used in the last 5 years.
The maximum number of BCTs used in a single study
(n=29 BCTs) was published within the last 5 years (see
Appendix 3 for descriptive statistics for BCT frequencies
by year).
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Fig. 2 Box and whisker plot showing a comparison of BCT
frequencies between treatment arms (N=360) and control/
comparator arms (N=130 with at least one BCT present)

Control/comparator arms (N = 287)
Table 3 lists the BCTs identified in control/compara-
tor arms, their frequencies, and a corresponding exam-
ple of how that BCT was operationalized in an A&F trial
context. The most frequently coded BCTs (>5 instances
within treatment arms) are depicted in Fig. 1. In sum-
mary, a total of 131/287 (45%) control/comparator arms
included at least one BCT. No BCTs were identified in
159/287 (55%) of control/comparator trial arms. Over-
all, 35 out of a possible 95 BCTs (37%) were identified in
the comparator/control arm of at least one A&F trial. At
least one BCT was identified in 14/16 possible clusters of
BCTs. No BCTs were identified for the clusters: regula-
tion and covert learning.

Excluding control/comparator arms with no BCTs
(157/287; 55%), the median number of BCTs in 130/287

Page 19 of 25

(45%) control/comparator arms was 2.0 (/QR=3.0; range
0-15) (Fig. 2). Across all 287 control/comparator arms,
the mean number of BCTs was 1.4 per control/compara-
tor arm (SD=2.2; median value for all 287 arms was 0.0,
IQR=2.0). The five most common BCTs reported in con-
trol/comparator arms were identical to those listed above
in the treatment arms: (1) ‘Instruction on how to perform
the behaviour’ (77/287; 27%), (2) ‘Feedback on behav-
iour’ (67/287, 23%), (3) ‘Social comparison’ (40/287; 14%),
(4) ‘Credible source’ (34/287; 12%), and (5) ‘Education
(unspecified)’ (28/287, 10%). There was a single instance
of a BCTs that was present in control/comparator arms
but not present in any of the treatment arms (‘Monitor-
ing of outcome(s) of behaviour without feedback’).

Figure 3 shows our descriptive analysis of BCTs pre-
sent in control/comparator arms by study publication
year. There appears to be minimal change in the aver-
age number of BCTs over time. However, similar to the
treatment arms, the maximum number of BCTs used in
a single study (n=15 BCTs) was published within the last
5 years (see Appendix 3 for descriptive statistics for BCT
frequencies by year).

Discussion

We sought to specify and synthesize the behaviour
change content from 287 RCTs included in the ongoing
update of a Cochrane systematic review of A&F interven-
tions targeting healthcare professional practice change.
We found that almost half of the BCTs from the 93-item
BCTTv1 (plus two additional BCTs generated during the
coding process; 95 BCTs in total) were identified at least
once within treatment arms, and approximately a third of
BCTs were present at least once within control/compara-
tor arms.

Whilst a wide range of potential BCTs from the
BCTTvl were used, there are still many that remain
unexplored (i.e. 50% from the original BCTTvl) and
therefore could be targeted for future interventions
targeting specific barriers to practice change among
healthcare professionals. Although it is unlikely that all
BCTs could be viably operationalized within A&F inter-
ventions targeting practice change (BCTs under con-
sideration should be matched to known barriers and
contextualized [92]), our analysis may help those looking
to generate hypotheses, elucidate mechanisms of action,
and identify unexplored components of A&F interven-
tions, which should at a minimum be considered for
their viability and appropriateness to the A&F context.

Multifaceted and multicomponent interventions (those
containing multiple BCTs) were standard, which follows
contemporary guidelines for delivering A&F for prac-
tice change [93]. Although the average number of BCTs
within treatment arms was moderate (5.2 BCTs per arm,
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Fig. 3 Mean BCT counts comparing treatment arms and control/comparator arms. Notes: Final search was done in June 2020, so 2020 data does

not represent a full calendar year

SD=2.8), we know from the behaviour change literature
that more active content within behavioural interven-
tions does not always necessarily equal greater effective-
ness [94, 95], and as such, further exploration of this is
needed in the context of A&F. Furthermore, we know
that the active content of interventions is often underre-
ported, especially in less recent trials, and that the type
of BCTs may be more important than the number per
se when BCTs are matched to specific barriers/gaps for
improving clinical practice [92].

The value of findings reported here is that it provides
a methodologically rigorous dataset (and corresponding
coding framework—see Appendix 2) for future analyses
to answer questions such as which theory-based combi-
nations of BCTs are used and how are BCTs or combina-
tions linked to effectiveness (e.g. theory testing). Indeed,
a number of behaviour change theories have been linked
to A&F to try and explain the mechanisms through
which A&F may bring about change in practice (e.g.
control theory) [96]. Indeed, Gardner and colleagues
proposed that three BCTs are linked to the key pro-
cesses described in control theory: ‘Feedback on behav-
iour, ‘Goal setting (behaviour), and ‘Action planning’
A&EF interventions often occur as part of a more com-
plex, multifaceted intervention and therefore may con-
tain a much broader range of BCTs beyond these three
previously linked to control theory. Future research is
needed to assess how currently used BCTs align with
mechanisms from other theories linked to A&F and
which active ingredients in which combination help to
explain effects. This in turn can lead to more focused
suggestions for BCTs to include in the design and deliv-
ery of A&F trials. For example, our dataset will allow
one to explore whether the presence of BCTs addressing

the full range of constructs in control theory have larger
treatment effects. Such questions are the focus of ongo-
ing analyses being conducted as part of the Cochrane
systematic review update and will be reported in future
papers [18]. Additionally, there is always an opportunity
to investigate the active ingredients of interventions at a
more granular level. For example, there are likely to be
BCTs embedded within actual feedback reports which
would have been missed if an example was not provided
or adequately described in published source materi-
als. Although this level of detail was beyond the scope
of our analysis, future research could examine some of
the intervention materials provided to tease out addi-
tional BCTs and further operationalize BCTs in the A&F
context. We therefore call for A&F trialists to provide
examples of their A&F materials wherever possible to
facilitate this level of synthesis.

We found that similar BCTs were consistently being
included in both treatment and control/comparator
arms. The most frequently identified BCTs in both treat-
ment and control/comparator arms included providing
behavioural feedback, sharing clinical guidelines, uti-
lizing peer comparison data, providing education, and
leveraging endorsements from credible sources (e.g.
individuals, groups, organizations). Control/compara-
tor arms having a large number of component BCTs,
and thus potentially active behaviour change content,
has been recognized as an consideration in trials of
behaviour change interventions in other domains such
as smoking cessation [12]. In certain cases, active con-
trols differed from treatment arms in how the BCTs were
delivered (i.e. mode of delivery) and/or frequency of
delivery rather than the intervention content itself (often
seen in head-to-head trials), which has been previously
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advocated for (e.g. more head-to-head trials comparing
variants of A&F) [3, 97]. As it stands, the current version
of the BCTTv1 does not account from dose, intensity, or
operationalization of BCTs which may be an area to con-
sider in future iterations of the taxonomy [98] and other
behaviour change ontologies [99].

We found that education programmes were often
poorly reported to the point where we decided to create
a BCT—'Education (unspecified)’—to capture relevant
intervention content. Rather than creating new BCTs,
other review studies have circumvented this issue by cre-
ating a coding assumptions for educational components
of behaviour change interventions [94, 100] (coding the
following two BCTs as a minimum to describe educa-
tional content: ‘Instruction on how to perform the behav-
iour’ and ‘Information about health consequences’).
Providing information to increase knowledge was often
central to A&F interventions, although knowledge alone
may not be sufficient for lasting and meaningful behav-
iour change. Underreporting of the content of behaviour
change interventions is a recognized, wider systemic
challenge and limitation to these types of analyses [101,
102]. We have developed a coding framework contain-
ing BCTs operationalized in the A&F context. We believe
that this will be a useful tool for intervention develop-
ers working in the field of A&F to help identify exam-
ples from the literature and consider how BCTs could be
operationalized and incorporated into A&F intervention
packages in both research and practice.

We found an apparent trend for more BCTs captured
in intervention descriptions of more recently published
trials, in line with our hypothesis. However, our find-
ings should only be considered indicative as this may
be an artefact of better reporting than evidence of the
incorporation of more BCTs within A&F trials over
time. A more comprehensive analysis of these data is
required. Incidentally, the A&F trial that included the
most BCTs (n=29) was published in 2019 (von Leng-
erke, 2019) and was one of the few trials to use the
BCTTvl to describe the components of their A&F
intervention, which vastly facilitated BCT coding and
should be encouraged moving forward.

One of the benefits of using frameworks such as the
BCTTvl or similar taxonomies (e.g. (Effective Prac-
tice and Organisation of Care (EPOC)) [2] is that they
help provide a shared language and definitions which
should facilitate better reporting and design of behav-
iour change interventions. To date, the BCCTv1l has
been used to code intervention content in a range of
fields, predominantly focusing on patient and general
population behaviours [11-13] with comparatively few
instances of interventions targeting healthcare profes-
sional behaviour change [14, 19]. To our knowledge,
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this is the first time that the BCTTv1 has been compre-
hensively applied to the A&F literature. The application
of behavioural science frameworks such as the BCTTv1
to different contexts can be a challenging process. Even
among experienced researchers involved in this project,
contextualizing BCTs within the A&F field came with
its difficulties. As such, the coding framework we have
developed should be viewed as a first iteration which
will require further adaptation and refinement with the
end goal of informing easy-to-use tools to facilitate bet-
ter reporting and design of A&F interventions.

Previous work by Colquhoun and colleagues involved
a prioritization exercise with A&F experts to gener-
ate hypotheses most likely to advance the field [103].
Seven hypotheses were chosen by>50% of respondents
and included the statements ‘A&F interventions would
be more effective if feedback was provided by a trusted
source’ and ‘if it suggests clear action plans. Both these
hypotheses map directly onto two BCTs listed in the
BCTTvl, ‘Credible source’ and ‘Action planning, respec-
tively. ‘Credible source’ was a frequently coded BCT
(present in 41% of treatment arms); however, ‘Action
planning’ was not (present in 8% of treatment arms).
The recommendation for specific corrective actions (e.g.
recipient-generated if-then plans) alongside the feed-
back has been suggested previously [93], yet this remains
absent in>90% of trials of A&F interventions. As such,
further exploration about how to best optimize A&F
interventions is warranted and should be supported
using rigorous evidence synthesis methods coupled with
consensus building exercises among A&F experts.

A&F is often deployed as part of multi-level, organi-
zational-level, and quality improvement interventions
which may address barriers at the healthcare professional,
healthcare team, or health system level. There is an argu-
ment whether the BCTTv1 is sensitive enough to capture
key content at these various levels of change. In particular,
system-level strategies (e.g. changes to care pathways) do
not always include the necessary depth of detail needed
to be captured by the BCTTvl but may be more easily
accounted for in other taxonomies such as EPOC [2] (for
which A&F is incidentally listed as intervention subcat-
egory within EPOC). However, some system-level strate-
gies such as ‘Restructuring the social environment” were
frequently coded meaning that the BCTTv1 was sensitive
enough to pick up some broader-level BCTs.

Limitations

First, our findings are limited by underreporting of inter-
vention content in A&F trials (i.e. we suspect more BCTs
were present in interventions than the number found
in our results); however, the increased use of reporting
checklists such as TIDIeR should help with transparency
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in more recently published trials [16]. Second, our BCT
analysis related to whether each BCT was ‘present’ or
‘absent’ and did not account for BCT dose, frequency,
or operationalization (e.g. different forms of providing
A&F graphs or charts to providers) which could mod-
erate the effectiveness of A&F interventions. Moreover,
we did not distinguish whether BCTs were attributed to
A&F components specifically or whether they were part
of co-intervention components which limit the extent to
which we can link specific BCTs directly to specific A&F
components. Our current analysis also did not account
for the extent to which BCTs were implemented with
consideration to the context in which they were deliv-
ered and the theory underpinning their mechanisms of
action. Whilst this was outside of the scope of this paper,
identifying which studies incorporated logic models into
their design to inform the selection of intervention com-
ponents would be an important consideration to help
understand why some BCTs are effective or not in dif-
ferent contexts [3]. Third, the BCTs ‘Education (unspeci-
fied)’ and ‘Feedback (unspecified)’ are broad, nonspecific
codes which helped capture studies with limited descrip-
tions of the intervention components. Whilst we believe
this was warranted for the purposes of our analyses,
the addition of broad, nonspecific BCTs provides little
understanding about the context of their use and thus
should be limited for future use. Fourth, it was some-
times difficult to tease apart what constituted the active
ingredients of the A&F intervention itself (within the
scope of our analysis) and the implementation strate-
gies delivered alongside the intervention (outside of the
scope of our analysis) which may have resulted in some
inconsistent coding. Better reporting in this area would
improve this issue moving forward. An interesting line
for further investigation would be to explore the range
and types of implementation processes used in conjunc-
tion with A&F interventions. Fifth, the term benchmark-
ing has been defined as a social comparison derived
from the performance of a population, to draw attention
to the performance of others [104]. For our analysis, we
chose to capture ‘benchmarking’ (when a healthcare pro-
vider behaviour was contrasted with a ‘standard’) as the
BCT ‘Discrepancy between current behaviour and goal;
rather than as a social comparison. If targets/feedback
incorporated peer-driven data as opposed to a ‘standard,
we captured as the BCT ‘Social comparison. A national
benchmark may serve as a standard or be adopted as a
goal depending on the context in which it is delivered,
and as such, greater clarity on definitions for the content
of performance information is likely needed. Sixth, our
current analysis of BCTs over time was descriptive and
thus limited. More formal analysis such as an explora-
tory time series analysis was outside the scope of the
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paper; however, further inquiry into this relationship is
warranted.

Conclusions

We have identified the number and type of BCTs used
within 287 RCTs of A&F interventions, one of the larg-
est analyses of its kind. We have developed a coding
framework to help operationalize BCTs in the A&F
context and believe this to be an important step for
higher-quality reporting and to facilitate subsequent
optimization, reproduction, scaling, and spread of
effective versions of A&F.
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