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Abstract

Background: Theoretical frameworks and models based on behaviour change theories are increasingly used in the
development of implementation interventions. Development of an implementation intervention is often based on
the available evidence base and practical issues, i.e. feasibility and acceptability. The aim of this study was to
describe the development of an implementation intervention for the T° Trial (Triage, Treatment and Transfer of
patients with stroke in emergency departments (EDs)) using theory to recommend behaviour change techniques
(BCTs) and drawing on the research evidence base and practical issues of feasibility and acceptability.

Methods: A stepped method for developing complex interventions based on theory, evidence and practical issues
was adapted using the following steps: (1) Who needs to do what, differently? (2) Using a theoretical framework,
which barriers and enablers need to be addressed? (3) Which intervention components (behaviour change
techniques and mode(s) of delivery) could overcome the modifiable barriers and enhance the enablers? A
researcher panel was convened to review the list of BCTs recommended for use and to identify the most feasible
and acceptable techniques to adopt.

Results: Seventy-six barriers were reported by hospital staff who attended the workshops (step 1: thirteen TDF
domains likely to influence the implementation of the T° Trial clinical intervention were identified by the
researchers; step 2: the researcher panellists then selected one third of the BCTs recommended for use as
appropriate for the clinical context of the ED and, using the enabler workshop data, devised enabling strategies for
each of the selected BCTs; and step 3: the final implementation intervention consisted of 27 BCTs).
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Conclusions: The TDF was successfully applied in all steps of developing an implementation intervention for the T°
Trial clinical intervention. The use of researcher panel opinion was an essential part of the BCT selection process to
incorporate both research evidence and expert judgment. It is recommended that this stepped approach (theory,
evidence and practical issues of feasibility and acceptability) is used to develop highly reportable implementation
interventions. The classifying of BCTs using recognised implementation intervention components will facilitate
generalisability and sharing across different conditions and clinical settings.

Keywords: Implementation intervention, Theoretical Domains Framework, Behaviour change techniques

Background

Evidence-based guideline recommendations are available
for the early management of patients with acute stroke.
Early diagnosis of stroke in emergency departments
(EDs); administration of recombinant tissue plasminogen
activator (rt-PA) and endovascular clot retrieval to eli-
gible patients; and management of fever, hyperglycaemia
and swallowing difficulties before transfer to a stroke
unit are essential elements of evidence-based stroke care
and recommended in current clinical guidelines [1]. Yet,
inappropriate triage [2] and delays in diagnosis, treat-
ment and transfer of stroke patients from ED to stroke
units still occur [1]. The T® Trial is a prospective, multi-
centre, parallel group, blinded, cluster randomised trial
that aimed to evaluate the effectiveness of an implemen-
tation intervention to improve the triage, treatment and
transfer of stroke patients from ED to stroke units on
90-day outcomes and in-hospital processes of care [3].
This paper describes the development of the theory-
based implementation intervention for this Trial.

The use of theory in the intervention development
process has been identified by the UK Medical Research
Council (MRC) as crucial to increase intervention effect-
iveness by targeting causal determinants of behaviour
and facilitate an understanding of what works (i.e. the
mechanisms of change) [4, 5]. Several approaches have
been proposed that integrate the use of theory in imple-
mentation intervention development [5-7]. Although
there are studies that apply these approaches in the
process of developing an implementation intervention
[8-10], frequently, these interventions are still based on
intuitive or non-theoretical methods [11]. There is also a
lack of detailed reporting of the process of intervention
development and the content of the implementation
intervention which, if available, would assist replication
and advance the knowledge base about the optimum
approach for intervention development [12].

The Theoretical Domains Framework (TDF) is a frame-
work of 14 theoretical domains derived from 33 behaviour
change theories developed using a process of expert con-
sensus with subsequent validation work [13, 14]. The TDF
has successfully been applied in a number of healthcare
settings to (i) guide intervention development for the

implementation of guidelines or clinical interventions
[6, 9, 15], (ii) characterise, according to theory, an exist-
ing intervention to implement evidence-based care to
facilitate accurate replication [16, 17], and (iii) under-
stand factors that may inhibit uptake of an intervention
[18, 19]. The additional benefit of the TDF is that
behaviour change techniques (BCTs) have been pre-
assigned to each of the TDF domains [20]. Two matri-
ces which assign the most appropriate BCTs to each of
the TDF domains have previously been developed by
Cane et al. [20] and by Michie et al. [5].

The implementation of complex clinical interventions,
such as those that have numerous intervention compo-
nents, as is the case in the T® Trial, often involve the use
of theory but may also require incorporation of the
evidence base and consideration of practical issues such
as feasibility and acceptability [21]. Firstly, theory is im-
portant to understand the factors influencing clinician be-
haviours and to guide the use of appropriate behavioural
change techniques (BCT), the smallest components of an
implementation intervention [6]. Secondly, evidence
regarding technique effectiveness can assist the selection
of BCTs and the best mode of delivery [6]. This might be
generic behaviour change evidence but also might incorp-
orate context-specific evidence, from the stroke or ED
literature in the case of this study. Thirdly, an understand-
ing of practical issues (feasibility and acceptability) and ex-
pert clinical judgment can guide the selection of the most
relevant BCTs for a particular context [6]. Some studies
have incorporated stakeholder opinion in the design of
implementation interventions to incorporate practical
considerations and judgment [6, 9, 10, 22]. As contextual
issues have a significant influence on the delivery and im-
pact of complex clinical interventions [4], a theory-based
evidence-driven approach which takes into account con-
text should be considered in developing implementation
interventions. However, there are very few well reported
studies that use this stepped approach of intervention de-
velopment (theory, evidence and practical issues of feasi-
bility and acceptability).

The aim of this study was to describe the development
of an implementation intervention (i) using theory to
inform selection of BCTs for the T Trial, (ii) further
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guided by the evidence of effectiveness of implementa-
tion interventions (including that from a previous acute
stroke implementation trial [23]) and (iii) consideration
of researcher opinion to select appropriate BCTs. This
implementation intervention will be subsequently tested
under trial conditions [3].

Methods

The T Trial clinical intervention is an evidence-based care
bundle of clinical protocols for triage, treatment and trans-
fer of patients following acute stroke and comprised of 12
different clinical care elements (hereonin referred to as
‘target behaviours’ [Table 1]) [3]. As the T3 trial clinical
intervention consisted of ‘a number of separate ele-
ments which seem essential to the proper functioning
of the intervention although the ‘active ingredient’ of
the intervention that is effective is difficult to specify,
it meets the MRC definition of a complex interven-
tion [4]. Four of the five-stepped method proposed by
French et al. [6] for developing complex interventions
based on theory, evidence and practical issues were
undertaken as follows:

e Step 1: Who needs to do what, differently?

e Step 2: Using a theoretical framework, which
barriers and enablers need to be addressed?

e Step 3: Which intervention components
(behaviour change techniques and mode(s) of
delivery) could overcome the modifiable barriers
and enhance the enablers?

Table 1 Target clinical behaviours for T trial
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Step 4: ‘How can behaviour change be measured and
understood?” previously has been reported in our pub-
lished protocol paper (primary and secondary outcomes
with an a priori planned process evaluation) [3]. Step 5:
‘How can behaviour change be sustained’ is beyond the
scope of the T® Trial.

Step 1: Who needs to do what, differently?

Twelve evidence-based targeted behaviours were identi-
fied by the trial investigators for the triage, treatment
and transfer (T®) elements of the intervention. We se-
lected the target clinical behaviours to be addressed,
based on documented evidence-practice gaps. As per
French et al.s approach we specified the target behav-
iours in detail by asking the following questions: What is
the clinical behaviour that you will try to change? Who
performs the behaviour(s)? And when and where do they
perform the behaviour(s)?

Step 2: Using a theoretical framework, which barriers and
enablers need to be addressed?

One barrier and enabler multidisciplinary workshop (1-h
duration) was conducted at each of the thirteen T> Trial
intervention hospitals across three Australian states and
the Australian Capital Territory between October 2014
and December 2014. Purposive sampling was used to
select workshop participants who could provide detailed
feedback on barriers and enablers to the T® Trial clinical
intervention, namely (i) senior healthcare professionals
working in ED (e.g. emergency physician, emergency

Target behaviour
Location: emergency department

Target clinical behaviour (includes timepoint if not immediate)

Who performs the behaviour

Triage All patients presenting to ED with signs and symptoms ED nurse
of suspected acute stroke should be triaged as Australian
Triage Scale Category 1 or 2 (seen within 10 min)
Thrombolysis All patients to be assessed for rt-PA eligibility in ED ED nurse, ED doctor, Stroke doctor, Stroke nurse
All eligible patients to receive rt-PA in ED ED doctor, Stroke doctor, Stroke nurse
Temperature All patients to have their temperature taken on admission ED nurse
management to ED and then at least 4 hourly whilst they remain in ED ED nurse

Temperature 37.5 °C or greater to be treated with paracetamol

(acetaminophen) in ED

Blood glucose
management

Venous BGL sample taken to laboratory on admission to ED
Finger prick BGL recorded on admission to ED and finger
prick BGL monitored every 6 h (or greater if elevated)

ED nurse, ED doctor
ED nurse, Stroke nurse
ED nurse, Stroke nurse, Endocrinologist

Insulin administered to all patients with BGL > 10 mMol/L

within 1 h in ED or stroke unit

Swallow management

performed in ED

Patients to remain NBM until a swallow screen by non-Speech
pathologist or swallow assessment by Speech pathologist

ED nurse, Stroke nurse, ED doctor, Speech pathologist
Speech pathologist

All patients who fail the swallow screen to remain NBM
and have a swallowing assessment by a Speech pathologist

whilst in ED

Transfer

All patients with stroke to be discharged from ED within 4 h
All patients with stroke to be admitted to the hospital’s stroke unit

ED nurse, ED doctor, Stroke nurse, Bed manager
ED nurse, Stroke nurse, Bed manager

BGL blood glucose level, ED emergency department, NBM Nil by mouth, rt-PA recombinant tissue plasminogen activator
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nurses) or in stroke units (e.g. stroke physician, stroke
nurses, endocrinologists, speech pathologists and bed
managers) and (ii) involved in routine delivery of the tar-
get behaviours. The workshops were aimed at identifying
the perceived barriers and enablers that may influence
the uptake of each of the target behaviours. The work-
shops were facilitated by SD and SM with assistance
from emergency, neurology and endocrine physician T?
Trial researchers. A standard presentation was given at
the workshops to provide consistent information about
each of the target behaviours. The workshop participants
were asked to nominate specific barriers for each of the
behaviours and specific enablers and strategies that
could be used to overcome the barriers.

The workshops were audio recorded and transcribed
verbatim. The interview transcripts were coded using
thematic analysis by a single coder (LC) according to the
TDF domains [14]. Individual barriers were classified to
the relevant domain of the TDF. The constructs, that is
the concepts provided for each of the TDF domains,
were used to assist interpretation and to ensure accurate
assignment of the TDF domains. The coding framework
was devised by the lead author (LC) and RP applied this
framework to a subset of transcripts (n=5) to test the
interpretation of the codes. A third researcher (NT),
with expertise in the application of the TDF to primary
data, independently checked the assignment of all tran-
script data to the TDF domains. It was agreed that
should a number of barriers be reflected by more than
one TDF domain, the most relevant domain should be
selected. Discrepancies in allocation were resolved by
reviewing and discussing the transcript dialogue before and
after the extract. The TDF constructs and contextual infor-
mation reported for an individual barrier/enabler were also
used to understand and resolve any discrepancies.

Step 3: Which intervention components (behaviour
change techniques and mode(s) of delivery) could
overcome the modifiable barriers and enhance the
enablers?

The Cane et al. matrix [20] which recommended the
most appropriate BCTs to each of the TDF domains was
primarily used to identify BCTs. Two domains (memory,
attention and decision processes and social/professional
role and identity) do not have any specified BCTs in the
Cane et al. matrix; therefore, a similar matrix previously
developed by Michie et al. was used to inform the BCTs
for these domains and other domains where the recom-
mended BCTs were considered more appropriate than
that recommended by the Cane et al. matrix. The BCT
taxonomy [24] was also provided to the researchers as a
resource to use where neither of the two matrices identi-
fied an appropriate BCT. Whilst these tools are useful
for assigning relevant BCTs, they do not incorporate the
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evidence regarding implementation intervention effective-
ness or issues of feasibility or acceptability. To address
this, we used a pragmatic approach to selecting BCTs
using the T? Trial investigators knowledge of the clinical
intervention and experience of the clinical context. A
panel of five T® Trial investigators and researchers (SM,
DC, RG [a stroke physician], RP and ES), all of which had
experience of applying the TDF in stroke implementation
research, independently reviewed the list of matrix-
assigned BCTs and from this identified the most feasible
and acceptable techniques for the T° Trial.

It was identified that the selection of BCTs for a
single behaviour would be time consuming likely tak-
ing up to two and half hours to complete; therefore,
due to time constraints of the researcher panellists, it
was considered unfeasible for them to complete the
selection process for all 12 behaviours. Instead, the
panel were instructed to select BCTs to address the
barriers associated with only one of the target behav-
iours Administration of insulin to all patients with
BGL > 10 mMol/L within 1 hour by insulin infusion.
This behaviour was selected as it represented nearly
every TDF domain (11 out of 13) mapped in step 1
which would allow the findings to then be applied to
the remaining behaviours. The panel were provided
with a number of resources (shown in brackets
below) and specifically asked to

1. Identify the BCTs considered appropriate (feasible
and acceptable to clinicians) e.g. techniques that are
time efficient in an ED setting; resource 1: barrier
extracts and TDF definitions [Additional file 1];
resource 2: domains with corresponding BCT and
definitions [Additional file 2]; resource 3: technique
definition and examples [Additional file 3]; resource
4: enabler data from the barrier and enabler
workshops [Additional file 4])

2. Identify the BCT's considered inappropriate (not
feasible and unacceptable to clinicians) e.g.
techniques that reduce the need for clinical
decision-making; resources 1 to 4

3. Identify any TDF domains where none of the BCT's
identified by the primary Cane et al. matrix [20]
were viewed as appropriate; resources 2 and 3

4. Identify further BCTs not selected by the primary
Cane et al. matrix [20] e.g. techniques identified
in other BCT matrices and taxonomies [5, 24]
that were considered to be more appropriate;
resources 2 and 3

5. Devise strategies to operationalise the
selected BCTSs; resource 5: table of evidence
[9] to present different modes of delivery, e.g.
face-to-face education meetings and local
opinion leaders, based on Cochrane Effective
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Practice and Organisation of Care [EPOC]
reviews (Additional file 5) [25-30]

In summary, each of the researchers were asked to
select the most appropriate BCT based on the following
criteria; feasibility of use in the ED context, personal
experience of use, local relevance and acceptability. An
evidence table providing effectiveness data for commonly
used modes of delivery such as face-to-face education
meetings and local opinion leaders was included to assist
the researchers in suggesting strategies to operationalize
the BCTs in an ED context. Relevant qualitative data ex-
tracts generated from the barrier and facilitator workshops
were also included to allow the researchers to assess the
feasibility of using the technique in ED (further details can
be provided on request). An overview of this process is
provided in Fig. 1. As the TDF domains mapped in step 2
were also represented in the remaining 11 behaviours, the
researchers were advised that their selections would
inform the final set of BCTs to be applied across all the
behaviours. The researcher completed the task independ-
ently with the lead author (LC) available to guide the
researchers through the process and respond to any ques-
tions to ensure adherence to the instructions provided. A
BCT was included in the final set if it was selected by at
least one of the researchers. The BCTs were tabulated and
the frequency of selection by the researchers was reported.
The selections of the researcher panel were applied by LC
to the remaining 11 behaviours to create a final set of
BCTs for the T? Trial implementation intervention. In
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order to increase the transferability of the reporting of the
implementation intervention, the final set of BCTs were
classified by LC according to general evidence-based inter-
vention components (BCTs and mode of delivery) com-
monly reported in the implementation literature [23].
These were as follows: multidisciplinary barrier and
enabler workshop [31], interactive and didactic education
programme [32, 33], use of opinion leaders [25], re-
minders [34] and site support [34]. Key relevant literature
examples which presented BCTs by intervention compo-
nents were used to classify accordingly [6, 9].

Results

Step 1: Who needs to do what, differently?

The target behaviours for the T? trial intervention arose
from an extensive literature review and the stroke guide-
lines. These targeted behaviours along with who performs
the behaviour, the timepoint and the location that the
behaviour occurs are listed in Table 1. These target behav-
iours were chosen because they had supporting evidence
and were potentially modifiable at a clinician level.

Step 2:

Thirteen workshops were conducted with 105 staff from
13 hospitals. Workshop group size ranged from mini-
mum of five participants to maximum of 11 participants.
These multidisciplinary workshops were facilitated by
the researchers and included senior nurses from ED and
stroke units, medical practitioners (ED physicians, neu-
rologists, endocrinologists and their junior doctors),
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speech pathologists, and nurse managers. Seventy-six
barriers were identified by participants (Table 2). All
barriers were mapped to at least one TDF domain. For
example, barriers relating to the knowledge domain were
associated with gaps in staff’s understanding, awareness
or content knowledge for certain target behaviours. This
resulted in clinical uncertainty and the conduct of prac-
tices not compliant with national guidelines. Barriers
relevant to the skills domain were related to the conduct
of a specific task such as a swallow screen or a lack of
skill development opportunity. Barriers assigned to the
social/professional role and identity domain were related
to professional boundaries, i.e. limited prescribing rights
for nurses and professional identity, i.e. opposition to
blurring of roles. Barriers relevant to the beliefs about
capabilities domain were related to professional confi-
dence, i.e. decision-making or low self-esteem to per-
form tasks related to the target behaviour. The main
area of disagreement between the researchers conduct-
ing the mapping related to overlap between two do-
mains, beliefs about capabilities and social/professional
role and identity. For example, one researcher under-
stood a barrier to conducting a clinical task to be related
to a clinician’s self-confidence so mapped the extract to
beliefs about capabilities domain whilst the other re-
searcher understood the barrier to be related to profes-
sional boundaries, i.e. the task was not traditionally
undertaken by that professional group so mapped the
extract to social/professional role and identity. Areas of
disagreement were resolved by discussion between the
two researchers. No barriers were assigned to the inten-
tions domain. Furthermore, the same barrier was often
reported for more than one of the behaviours, for ex-
ample, competing priorities in a busy emergency
department environment was reported for four different
behaviours. Overall, the same nine barriers were re-
ported for the different target behaviours.

Step 3: Which intervention components (behaviour
change techniques and mode(s) of delivery) could
overcome the modifiable barriers and enhance the
enablers?

The panel selected appropriate BCTs for the 11 barriers
identified for the target behaviour provided (Table 3).
There was no TDF domain where the assigned BCTs
based on the Cane et al. matrix [20] were viewed as
inappropriate by the researchers. Overall, 22 of the
selected BCTs for all 11 barriers were based on the Cane
et al. matrix [20], with the remaining five selected BCTs
based on the Michie et al. matrix [5].

Generating a final set of BCTs
The findings from the researcher panel were then ap-
plied to the remaining 11 behaviours to generate a final
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set of BCTs to apply to all the behaviours. Two TDF do-
mains (beliefs about capabilities and reinforcement) were
not represented by any of the 11 barriers used in the re-
searcher panel; therefore, selection of the most appropri-
ate BCTs was based on the triallists experience [6]. The
final set of BCTs (n = 27) are reported by general imple-
mentation intervention components in Table 4. Some
techniques, e.g. action planning and coping skills, were
classified into more than one relevant implementation
intervention component.

Discussion

The barriers that hospital staff believed to be likely to
influence the implementation of the T® Trial clinical
protocol were mapped to 13 TDF domains. These
domains were used to guide the content of an imple-
mentation intervention consisting of 27 BCTs. It is
anticipated that by using this systematic, theory-based
approach to inform the content of an implementation
intervention the potential for effectiveness in changing
behaviour will be optimised. Researcher opinion, to-
gether with the existing research evidence base, was used
to refine the theoretically driven intervention framework
by selecting appropriate BCTs and suggesting strategies
to operationalise the BCTs in an ED context. One of the
few studies that used the TDF and BCTs to define the
content of an intervention to change patient’s compli-
ance in bronchiectasis used an adapted scoring system
from Michie et al. to select BCTs from a longer list [22].
Experts classified BCTs into one of the following
categories which then generated the scores: agreed use,
agreed non-use, disagreement and uncertain. The valid-
ity of using such criteria in the BCT selection process
was not reported by the authors, indicating that further
research is required in this area. The use of stakeholder
opinion has been used in another study to define how
the proposed intervention could be delivered as opposed
to selecting the BCTs [22]. This process of incorporating
the views of researchers with experience of the clinical
context and knowledge of the clinical intervention is
likely to enhance the clinical acceptability of the imple-
mentation intervention. The BCTs selected by the
researchers aligned with the BCTs recommended by the
matrix, suggesting that this is a valuable tool to use to
highlight relevant BCTs.

Limitations

The final set of BCTs was generated using the researcher
panellists’ selections based on one target behaviour. This
assumes that the BCTs considered appropriate for one
behaviour have applicability to target similar barriers as-
sociated with the other behaviours. Potentially, appropri-
ate BCTs to target different barriers for the other
behaviours may not have been included. However, the



Page 7 of 17

Craig et al. Implementation Science (2017) 12:88

¢I9PIO UM e Inoyim
|oweladeIed [eI0-UOU J1SIUILPE O} 3|geun aie s3sINN

qUedS 1D e BuLNdas yim pajeinosse skeja

BUIUSIDS MO|[EMS JO IDNPUOD 0} MOY PaUeI] SSINU JO 3eT]
uolsnyu| Ulnsul ue BUPSIsIulWIpe Ul [fS JO 3287

eI suuaned oj |oweladeied
BULIDAI[DP JO SIPOUL DAIIBUIDYE INOGE 9BPIMOUY JO DB

syusiied axous Jo Buibel) Ul 92USLAAXS JO Ye| 3]gISsOd

NGN aJe syusned usaym unidse

[PIO-UOU JO SSSUSAIDRYS J0J SDUSPIAS 1SNGOJ JO XDB| JO 43199
AP1eIpawi]

uaAIb 3G 01 pasu 10U Aew "' ‘yo.is-1s0d sinoy gy 01 dn
PaJ21SIUILIPE 3G UeD unidse eyl 9DUSPIAS JO SSIUIIBME JO
¥2e| 01 anp WGN Siuaied dssy 01 adurIdN|I SISINN
151bojoyred ydoads e Aq passasse g pjnoys Uaaids

MOJ[EMS |1B} oym siuaned |je 1ey) abpajmouy Jo e

Dm_Eou>_@oq>£ Joysu b3 ‘01 <199 e yum suaned

10} ulnsul Bupes|uiupe Jo siyausq Inoge wispdadg
uolsnyul

ulnsul BulsiuiWpe Jo ssad0id Inoge abpajmouy JO e
SN1e3S DI3GRIP JO sSa|pIebal syusled S%041S ||e 1) ulnsul
Buuaisiuiwpe Jo aduenodwl Jo Buipuelsiapun Jo yoeT
19g Bunoyuow Jo aduepodw Jo HBulpueISISpUN JO 30T
1549 [ewioy

e Bupespun Jo sduenodull Jo BuipueIsIapUN JO %€

sapijod [eudsoy 01 buipiodde

ploysalyl ainjesadual Jaybiy e 1e 1eaiy A|puiinos sasiny
95N 01 [eSNJaJ 3SINU Ul JNsal Aew [esnjal Juaned A|gissod

1O dAISBAU] Se |[ouleladeled [B123) 95N 01 9dUrION|DI SISINN
INGN 1B oym

syuaiied 4oy jouleladeled [B1034 JO A O} SS3D2B OU IO PaUWI]
INGN 9’1 SPa9u Uleuad yim suuaned Joy joweladeled
BULISAIISP JO SIPOW 2A1BUIRYE INOge 3BP3|MOUY JO %€
syualied ax011s Ul untesadwa) bunoyuow Jo

2duenodW| pUBISISPUN JOU OP JO/PUB SS3UIBME JO YJBT

qVd-H 10§ sjuaned 153]3s 0} BL3ID JO s Inoge Ajurenadun
1USWIIRIY Y d-U 10}
Aujigibiiaul bunuswnoop Jo ssuenoduwl buisiubodal 10N

0415 Jo swoirdwAs buikinuspr ut skejsg
9)eds abell| uelsejelsny ayi buisn
syuaned a3ons buibel Jo abpajmouy JO 3e| 9|qIssOd

Juswabeuew ainjesadwa |

sisKjoquuioay |

JusWabRURW MO|[BMS

1uaWabeurw 350oNn|6 poolg

Juswisbeurw ainresadwa|

abeu|

JusWIaBRURW MO|jIEMS

Juswabeuew 350dNn|6 poojg

Juswabeuew ainlesadwa |

sisKjoquuo.y |

abey|

(r=u)
A11USp| puUe 3|0Y [BUOISSJOId/|RIDOS

[Juswiabeuew

9500N|6 poo|g] [wayl] yim a1pp o1 dn
buidaay ajqnoil aAbY am ‘sa1puR1adW02 [pDWIoU
N0 2ADY oM™ S|IIYS aYl yum a)bbn.is aj
[uawabeuew asodn|b poog] (g7 u
pasuawiwiod 3q Apui 1byi] suoisnjuy buiuuni
0] 35N JOU SPIDM JO 10| D S313y1 ‘Spibm 3yl 3]
Enlinl=Ne]

ybnoiyy pasinboe Aousipyoud 1o Ajige uy
(r=u)

SIS

uswabeuew ainjesadwa]]

Ul J)Im aouplduiod 3yl ‘uayp)

ainpiadwia) ay1 buiapy Jo aduproduwil

3Y1 UO paiponpa aIp Sasinu J 1yl YUyl |
[e6eu]] “uonpINpa aAISUSIUI paau pjnom Aay |
BUIYISWOS JO 3DUSISIXS S JO SSOUSIPME Uy
QL=

obpajmouy

payIUSPI Sideg

Inoineyaq 19bie |

[Inoineyaq 196.e1] saronb sidwexs pue ulewoq

[9€] utewop spomawel sulewod [ea1210ay] Aq sinoineyaq 19b1ey | 10} payiuspl sisliieg Z 3jqel



Page 8 of 17

Craig et al. Implementation Science (2017) 12:88

1O 1UN 240115 Y1 0} UOISSIUIpPe s1uaAald 91 S9dUaNbasuod
papU3IUIUN DARY [|IM SUOISNUl UlINSUl Buidnpoliul 1ey) Ja11og

5N 01
9OUBIDIN[3J JJR1S Ul JNsal Aew asnjal Aew syuaned A|gissod 1o
SAISBAU| SE [ouleladeled [B1D3) 95N 0} 9DURIIN|I SISINN
syuaired a3043$ Ul inieladwial

Bupioluow jo sduepodul 3y JO SSBUSIBME JO DB

SWO0dINO
sauaied ay1 uo 1dedwi 10U ||Im UOIRIO|e 9bel 1ey] o199
susned axyons

Buibely jo souenodwl buipiebas buipuelsispun Jo 3oe7

2w salinbal yuswsbeuew ainjesadwisy
1noge saonoeid Buibueyd 1eyy sasinu Aq spnimy
2o1oeid aunnos Apealje Uode Siyl 1eyl uondaniad

U33105 MoO|[ems e Bujuiopad Ul 9oUspuod ¥oeT

U305 MOJ|[eMS

e Hujwlopad Ul 9oua1dwod Jo uondadiad umo SeSINN
S9IMUILIOD 1uswWabeuew

|eudsoy Aqg swioj/s|020101d mau Jo uonesuoyine Ul sAejag
gSNIEIS NGN S3udlied e SpLISAO O}

UOISID9P §,/0100P B YIM d34DBS|P O} 9DUIPIUOD ¥2B| S3SINN

Q(&\t 104 syuaned 199|9S O} el=1D JO 9sn Inoge \QC_S\GUCD

'souldIDSIp J9YI0 WOl Jels Aq pa1oNpuod
9q 10U pINoYs sysel dypads-auldipsip [euoiipesy |
‘PaUIN|G 9 10U PINOYS SaLIBpUNO] 3]0J 18y} uopdadiad

1UN %0415 pUe (J3 Usam1aq
U92M13Q $|020104d UJ UOJIBLBA IO 3SN 1USISISUODU|

Juswabeuew 350dN|6 poojg

Juswiabeuew ainressdwa |

abel |

Juswabeuew ainjesadwa |

JusWIaBRURW MO||IBMS

sisloquuoly |

JusWabRURW MO|[BMS

1uaWabeuew as0dNn|b poog

sua1Ipd 240435 Ul Ajjp1Dadsa ‘piuapoA|bodAy

JO 1D3) D 5| 24341 1ybl a4,noA yuyl |
[ruswabeuew

9500N|6 poo|g] “buiylawos op pjnom
Alqoqoid am uayi z| /0qD [19g] S11 Ji UDaW |
‘buysnd yiom Ajpini3iod s11 1yl sjaa) a4y
SUDIINSUOD 3Y1 JO AUD YUIYl ,UOP | 240115 YUM
salpnis snoinaid aAIssaiduiiun ayl yum ing
uolens

USAIB € Ul INOIABYSQ P JO SOWODINO

noge AupieA 1o Aljeas ‘yinil ayi Jo aoueldandy
6=v)

$95UaNbasuo)) Inoge syaljeg

[uswsbeuew aintessdwa]] ¥ asn sasinu

3yl J|D Jay1aym pup ‘a40i1s o yum uanpd Kiara
Joj dn bupum isnf 03 pasn buimab yuyl | ing
[Juswabeuew ainjesadwa]]

‘op pjnom [sasinu] A3yl 1oym snf 1oy |
‘AomAup ynis aupnos

/I 821 - 1pbns poojq ayl pup Y23y ainipiadwa]
D ‘buiop - 1noqp bupypl 24,N0A 1YL NS 3y |
paulene g ||Im S[eob palIsap 1eyl IO 1599
2y} 1oy uaddey |jIm sBUIYL 1eY1 SDUSPYUOD Y|
(c=v)

wsiwndo

[USWbRUR MO|[BMG] , USIIDS MOJJDMS

11241 ppy 3,uarpy Aayi Ajjpniop ou [jam, Abs

0} 22UaPIUOD 2I0W 11q b bUIADY SasINu 3yl Ing
[sisAloquiolyl] ‘saxoas

10J 1 JO 35N aY) Uj 3jqDOJUIOD I0W SUDIDIUID
pW pup A1} 01 Vgl JO UL} UJ UOIIDIND di0W
AWOS Paau aM Jay1aym buriapuom isnf wij os

35N SAIDNIISUOD 0}

nd ued uosiad e 1eyy A1ljidey 1o ‘lusey ‘Alljige ue
noge AupljeA 1o ‘Ayjeal ‘yinii ayy Jo adueidandy
(G=u)

sanljigede) inoge sja19g

[Juswabeuew Mmojlems] no [buluaaios

asinu] 11 fjos 01 Abojoyiod y233ds Lol

poddns buimab 1noqp uaaq sby 1 Inq ‘sipak
M3J 1SD| aY1 J2A0 S|yl 1NOgD Uaxods aADY
AjUID1ID M U Yum wiajqoid b 3ADbY L,Uop |
[sIsAjoquioly ]

J]om SD apIspaq 3yl 1 213yl upIsAyd

3ADY UDD NOA “J 21DI3IUI 03 35INU D 10 Paau 3y}
AJUDSSa2aU JoU 5,214} OS [2]02S 3bbLI| uplpASNY]
Z 10 | K10baip) aifays siuanpd asayl yo
Bumas yiom Io

[EIDOS B Ul [ENPIAIPUI UE JO saijenb [euosiad
paAe|dsip pue sINOIABYSQ JO 135 JUSISYOD

(panuu0)) [9€] UIRWIOP YIOMaWIRI4 SUleo( [ed112409Y | AQ SInoiAeyaq 19bie) <1 10J payiuspl sisllieg g sjqeL



Page 9 of 17

Craig et al. Implementation Science (2017) 12:88

GUSWILOIIAUD (O3 Asnq e ul sanuoud bunadwod
o9 [ewloy e Bupsanbal 3000 Hels

gsiuaned yois 1oy
sKemuyied o so|dipuud a1ed UleLSd 01 9DUSISYPR JO oeT

vd-u bunensjuiwpe
10U IO} SUOSE3J JO UOIIRIUSUWNDOP YOOISAO Je1s

gSiuaned axohs Joy skemyied
10 s9dpund 218D UleURD 01 9DUBIBYPE JO 3DeT

Sn1e1s dageIp JO ssa|piebal

syuaned 2X041S ||e 10} UlNSul BuL1SIUILIPE JO
soueuodwl ayi buipiebal buipueisispun Jo e
quswuoIIAUD 05 Asng e ul sanuoud bunadwod

JUSWUOIIAUS (03 Asng e ul sapuond bupadwod

UIDWIOP SIY3 YUM PapuodsaLiod 1oy payiiuapl sialipg oN

19PIO UaNLM B InoyIM
|oweladeled [el0-UOU JISIUILPE O} 3|geun aie sasinN

uuIdse se YdNs SUOLDIPAW [RIO-UOU JO
SSOUDAIIIRYD 10) SDUSPIAS I1SNCOI JO B S| 2JaY1 Ja119g

qRIWRDAIB0odAY Jo s B3 ‘0L < 1Dg € yum

syuaned Joj ulnsul BunelIs|uILPE JO S1aUQ Inoge wsndads
1ea11 01 42H6I B Se 0| < 19g

e A13sn( 01 9DUSPIAS YDIeasal JO XDe| e SI 2I1ayl 1.yl 91|99
uolsnjul Al Aq

P2J2ISIUILLPE S| UIINSUL JI PEOPLIOM JJe1S Ul 9SBIDUl PIAIDIID
(SUOISNJuI UINSUl Al Yum siuaiied 1dee 10U [[IM 1un 4001s
Auewl) peaisul Aouapuadap ybiy 01 pataysuely st luained ayy

Jojsuel|

1uaWabeurw 3500N|H poo|g

uswWisheurw ainiesadwa |

sisKloquuoly |

abel |

1uaWwabeuew as0oNn|b poolg

abel |

UIDWop/INoIADYaq
SIY1 10 PaYNUBPI SI3LIDG ON

1usWisbheurw ainiesadwa |

JusWIabRURW MO|jIEMS

[uswsbeuew ainjesadwa]

) Op 01 bW Jnoy Inoj Jpyl 1v 3jdoad

puiwai NoA moy 1snf s “UoISSILPD UO dUO

19D Jj1m auoKIaAa Os ‘[UOISSIWPD UO 2IN1DIadWa)
burypl] 10y1 10 poob Ajjpai aip sasinu g3 3y
SIAIEUID][E SIOW JO OM] U39M1( 95004D pue
JUSWUOIIAUS 9Y) JO 5109dSe UO A|9AI1DS[9S
SND0J ‘UOI1BULIOUI UlBIDJ 01 AYIjIge Y|

(5=

$39559201d UOISIDa pue UORUR1Y ‘AIOWS

[uawaboupwi 2503njb

pOo0Jg] “UOISjuI Ulinsul Ub Uo aIp A3y} uaym
a10d ay1 01 Aixajduiod Jo 1aAb| b ppp Sa0p

U pup s1 g3 ayl Asnq moy paquasap soy [dLUDN]
9A3IYDE 01 SIUBM [ENPIAIPUL UB 1By} $21R1S

pUS JO $S9UIODINO JO Ssuopeyuasaldal [pIUs
(€=u)

s|eoo

2/qpoyddp j0u 230nb 9)dwpXxg

AeM UIRLD B Ul 10B 0 SA|0S3) B O
JnolAeYaq e Wiopad 01 UOISIDaP SNODSUOD v/
suonuAU|

[ruswabeuew

ainesadwia|] ‘ur Japio up ind o) fopuwpyd
JID> 01 aADY oM ‘g3 Ul Jouwpiadpipd A 01
§5220D 123JIp 2ADY 1,UOP aM JUaWow a3yl 1y
[Juswabeuew ainjesadwa]]

Jowp1ao0Ipd Y4 21011UI-5INU JoUUD NOA ‘ON
SNINWINRS USAID

e pue asuodsal 9yl usamiag ‘Aousbunuod
1o ‘diysuonejas Juspuadap e buibuelle Ag
asuodsal e Jo Alljigeqoid ayy Buiseau
(L=u)

JUSWIDI0jUIRY

[Juswabeuew

9500N|H POO|g] WIIUOD D JO 1q 3| D

0$/D 2W0o22q 0} SUDIS bulyifup bunpa Jou
alA3y1 uaym uoisnjul ulnsul uo wayl bumnd
uay2 pup [0} 40 759 D [yxm] oS o 10 buipady
Aup buimab aq jou [pub] WgN a2q Aow oym
dnoub juaiayip Apybis p Ajsnoirqo aip oym

(panuu0)) [9€] UIRWIOP YIOMaWIRI4 SUleo( [ed112409Y | AQ SInoiAeyaq 19bie) <1 10J payiuspl sisllieg g sjqeL



Page 10 of 17

Craig et al. Implementation Science (2017) 12:88

siobeuew paq

pUB JJels pIem US9MISQ UOHEDIUNWILIOD SADRYU|
1UN Y0AS Y3 01 sisKjoquuoiyy buiobispun
1uaned Jo Jaysuell ay1 apnjdaid sjodo10id |eudsoH

sisibojoyred

yooads Ag paplroid 9DIAISS Y39M ABP-USASS ON
U93.2S 9y pajiey 1uaned ayy usym Auendiued

'3UOP US3IDS MOJ|[EMS JSL1SUYM PUB UONRASIUILIPE
uidse Jo UoIPIUBLINDOP JO %2€| SB YdNS Jun

40115 9Y1 01 03 WOy Jajsuel) Jusied Uo Jano-puery
JJe1s BuLNp UOIEDIUNUIUIOD JO SWSISAS SAI1DIYU|
sanss| [euonesiuebio pue SINOY-Jo-1N0 ‘sanss| bulyels
01 anp Je1s areudoidde Buiutes yum sainoiig
quswuoliAuD g3 Asnq e ul sanuoud Bunaduio)

GHIun ayous
pue g3 U99MIaQ $|030304d Ul UOBLIA JO 3SN JUISISUODU|
syuaned

Y035 Ul SUOISNyUI UlNsul Jo asn 1oy |03010.d [eudsoy oN
JUSWIUOIIAUD

Asng e ul sanuoud Bunadwod 01 anNp awn pauwI
uolsnjul Al Aq siusned o1 uinsul

BueASIUILIPE JJe1S 10} PROJIOM Ul 95BIDUI PIAISIIR
qudwuoIIAUS O3 Asnq e u sapuond bunadwod

sdwnd uoisnjul ulnsul Jo e

SaUIYDRW 1HY 0} $59308 PaYWl]

SpPoo|q 4O Bunsa) 03 Bules BUIARS 150D "3 JUIWJD

21D Syl Jo uonejuswa|dull Juanaid saaieniul [eudsoH
sjuaned axo.1s ul 19g Joy |od010id [eudsoy ON

92110eid JUSND Ul BUANOJ 10U Bullsal 1Hg [euio

syusned a40.s

Ul JusWabeuew ainjesadual 1oy [030301d [eydsoy ON
Buiquosaud bnip 1oy 135 suonenbal [endsoH

qWaN 1usned usaym jouseladesed BuliaAiiep

JO SSPOW SARUISE INOGE SBP3MOUY JO OB

@3 Ul SJ219WOoWRY) JO e

SINIWWOD Judwabeuew [endsoy

AQ SWl0J/51020101d Mau JO UONEeSLOYINE Ul SAeja]
SINOY-JO-1N0 $||eD 230415 abeuewl 01 adejd ul SLSISAS ON|
quess |D e buundas yum pajeosse skejad

$IN0Y-JO-INO

PUE SINOY-Ul U93MISQ $955920id 21D JUS1SISUODU|
sa10bHa1ed abel

saduaNul [endsoy 1e uoneuasaid Jo Spow siusied
qudwuoIIAUS 05 Asnq e uj sapuond bupadwod
oAs Jo swordwAs buikjiuapl ul skejpg

Jajsuel]

JusWIBRURW MO|jIEMS

1usWabeuew 9s00N|6 poo|g : 5
Juswabeuew

9500n|6 pooyg] uawdinba ay1 oAby

J,UOM oM suolsnjul ujnsul uo dn buiuiod

ajdoad buinby a4,noA JI 0S ‘pibm ayl uo

SISAJOQUIOIYL JOJ ASN aM DY) BUO JaYI0uD

/DY 3/ JuaWoW 2yl 1o dwnd bupiom

1uswabeuew aintessdwa | 3UO aADY 3/ “pIPM 01 (0 0} bujLod woly
unJ 01 UoISnjul up 0J JJnoiyip 8q pjnom 1oy |
[ruswabeuew

3502N|6 po0|g] JUBWDA3P SIY 10 PDOJYIOM
PaspaIdU| INOQD PALLIOM SDM [DUIDN] YUIyl |
InoiAeysq aAndepe pue

‘9ou32dwod [0S ‘Sduspuadapul ‘sanljige
pue s|fs Jo JuawdojeAsp ay3 sabeinodus
10 526eIN0ISIP 12Y1 JUSWUOIIAUS IO
uonenyis s,uosiad e Jo dueISWNID Auy
(0e=u)

abeu| S92IN0SSY PUE 1X21U0D) [EIUSWUOIIAUT

sisloquuoly |

[uswabeuew asodn|b poojg] [2502nb [pwio)
ay] 1sanbai 0} buaquuaWal JO JaNDW D S|

(panuu0)) [9€] UIRWIOP YIOMaWIRI4 SUleo( [ed112409Y | AQ SInoiAeyaq 19bie) <1 10J payiuspl sisllieg g sjqeL



Page 11 of 17

Craig et al. Implementation Science (2017) 12:88

9onoeid aunos Apealje uonoe siyl 1eyy uondadiad yeis
ploysaiyl ainiesaduwal
JUJ3YIP B 1B 183} AJ[PDl1EWIOING, PUB A]3UNINOJ SISINN

SneIs WgN spusned e SpLISAO O} UOISDIP
$,10100p & YUM 22.168S|p 01 2DUSPLUOI YB| SISINN

s|020101d JO SauldPIND $3INLISAO UoIUIdO [eDIuUlD
peaisul piem Aouspusdsp

yb1y e 01 pasaysuel) s Jusned ayi JO JUN S0AS Y3 O}
UOISSILUPE 31 S1uaA4d "o'| s92UsNbasuod papusiulun
dARY [[IM SUOISNUl Ulnsul Buidnpoilul eyl Jaleg

J¥d-1 1o}
sjusied 199[95 01 BUSILD JO 3SN INOCe AIUIPLIUN

qSN1eIS NGN Suslied e 9pLISAC O} UOISIDIp

5,10100p B Y1im 9316eSIp 03 92USPYUOD JO 32B| S3SINN
1UN 3043 01 03 WO Jajsuesy

1uaiied BuLINP UOIIEDIUNWIWOD JO SWSISAS SAIDRY |
qHun ajons pue

a3 usamiag s|02010Jd Ul UONIBLBA 1O 35N 1UISISUODU|

304 Jje1s
12Y10 Jo Bujueaw pue anjea ayy jo uondadiad aanebap
5j020304d JO SaulPPING s3NUSAC UoluIdo [ea1ulD
92110e1d JUS4IND Ul SUIINOJ 10U S| Busal 1Og [PwioS

awin salinbal Juswabeuew
ainjeladwial Inoge sad1deld Buibueyd 1eyl apnimy

Q(&-C 10} syuaned 159|9s O} el=1ID JO 9sn Inoge \GC_MEWUCD

1un ax01s
ay1 01 Aemuaed suaned adusnjyul Aew axoins Jo adAL

1uN 3x0As a3y Jo Audeded pag uo HBunoedull sabenoys Jeis
g3 wouj paudjsuen bueq

woly syuaned 1uaAaid Jun 40S Ul Spaq Jo Aljige|ieny

Juswabeuew 350dN|6 poojg

Juswabeuew ainlesadwa |

JusWabeuew MO|lems

1uaWabeuew 3s00Nn|b poog

sisKjoquuoly |

JusWabeuew Mojlems

Juswabeuew 350dNn|6 poojg

JusWisbheurw ainiesadwa |

sisloquuoly |

SUOJIDB PaINSeaW IO PaAISSO A|9AIdS(GO
Buibueyd 1o buibeuew e paulie bulyiAuy
(e=U)

uone|nbay [einolreyag

[;uswabeuew 35006 poojg]

‘ybiy aunb s1 10113 10j Sl aY1 IDY) 9352104 UDD |
‘paiv2ydwod KiaA 3y “ujinsur ay1 isnfpp o3 bujki;
alam [woym Joy] ajdoad ayl ul piuapIKIbodAy
aonpui Ajjpniop Aow A3y pauiaauod Aybis wif
[Juswabeuew as0oNn|b poojg]

“uolsnjul ulynsul ub aApby A3y asnp2aq g3 ul
3on3s suaibd ayl ‘[yun axo4ls ul] spaq ou
5,2134] JI 212YM UONDNYS 3] JUDM LUOP 3/
JUDAD 10

Janew Juedyiubis Ajleuosiad e yim [esp oy
sydwiane [enpIAIpul 93U YdIym A ‘S)usuSe
|ea1bojoIsAyd pue ‘|einoineyaq ‘|enusuadxe
Buiajoaul ‘uisned uondeas xo|dwod v

r=u

uonowy

[ruswiabeuew

MO|[BMS] "S¥20ID a3 Ybnoays sjoj u -
AUNunuod ou S24ay1 YUYl | TSI UBYO U YIIYM
WaJaIp S uaym 1nq Aspa axnb sa1 jodojoid
2WIDS 3yl S} pub 102030.id D 524241 UBYA/
SINOIARYSQ IO ‘SBUI|23)

‘s;ybnoyy J1isyl abueyd 01 S|enplAIpuUl 9sned
ued 1ey1 sassadoud [euosiadiaiul asoy |
8=u)

SdUSNYU| [e120S

(panuu0)) [9€] UIRWIOP YIOMaWIRI4 SUleo( [ed112409Y | AQ SInoiAeyaq 19bie) <1 10J payiuspl sisllieg g sjqeL



Page 12 of 17

Craig et al. Implementation Science (2017) 12:88

INOIABYR( [Bl} (| UO UBY) I0W JOj paLIodal Sem Jey) Jaliieq e sajedlpul,
UIRWOP DD 10) PANIIUSPI SIBLUE] JO JdqUINU Y} 0} SIddI U
Joyeande uaboujwse|d anssi} JURUIGUIODAI Yd-1 ‘Yinow Aq |IN WEN ‘Shouaaenul A/ qusawiedap Aouabiswa g3 ‘Aydesbowoy paindwod ;) ‘|9Ad] 3s0dn|b poojq 109

[Juswabeuew as0dn|6 poojg] **puLIouU 10)
3211504d IO 3pIsINo Abm SIDY| “Op PiNOM am
buiyiawos jou si 0] 1o uynsul buinib asnpdaq

buibuajipyd 150w aya aq 1M Syl yuIyL | 05

[Juswiabeurw ainjesadwa]]

s 8€ [RUN [Jowniadpipd ou] buiyiou 9, g€

3uIYl sSAomjp yois buisinu asnpa3q [, /€

199 104 p|oysaiyl 1D jowp3ao0Iod buRISIUIWPD] 1Y) pUNOID

JUSJDHIP e 1B 1e3J} AJ[BD[IRWOINE, PUR A[SUINOI SISINN papinoid aq 01 spaau uoiDPINP3 JO 10] D JUIY} |

(panuu0)) [9€] UlRWIOP YIOMaWIRI4 SUleOo( [ed11a109Y | AQ SInoiAeyaq 19biey <1 10} payiuspl sisllieg g sjqeL



Craig et al. Implementation Science (2017) 12:88

Page 13 of 17

Table 3 Behaviour change techniques mapped to the Theoretical Domain Framework identified for intravenous insulin infusion

barriers
Domain Corresponding techniques® Definition of technique
Knowledge Health consequences Provide information (e.g. written, verbal, visual) about health

Social/professional role
and identity

Memory, Attention and Decision
Processes

Environmental context and
resources

Social Influences

Feedback on behaviour

Behavioural rehearsal/practice

Goal/target specified: behaviour or outcome

Self-monitoring

Social support or encouragement

Salience of consequences

Anticipated regret

Social and environmental consequences
Comparative imagining of future outcome
Pros and cons

Persuasive communication

Feedback on behaviour

Goal setting (behaviour)

Action planning (including
implementation intentions)

Planning, implementation

Prompts, triggers, cues

Restructuring the social environment

Prompts/cues

Avoidance/changing exposure to cues for
the behaviour

Environmental changes (e.g. objects to
facilitate behaviour)

Social comparison

consequences of performing the behaviour

Monitor and provide informative or evaluative feedback
on performance of the behaviour (e.g. form, frequency,
duration, intensity)

Prompt practice or rehearsal of the performance of the behaviour
one or more times in a context or at a time when the performance
may not be necessary, in order to increase habit and skill

Set a goal defined in terms of the behaviour to be achieved

Establish method for the person to monitor and record their
behaviour(s) as part of behaviour change strategy

Advise on, arrange or provide social support (e.g. from friends,
relatives, colleagues, ‘buddies’ or staff) or non-contingent praise
or reward for performance of the behaviour. It includes
encouragement and counselling, but only when it is directed at
the behaviour

Use methods specifically designed to emphasise the consequences
of performing the behaviour with the aim of making them more
memorable (goes beyond informing about consequences)

Induce or raise awareness of expectations of future regret about
performance of the unwanted behaviour

Provide information (e.g. written, verbal, visual) about social and
environmental consequences of performing the behaviour

Prompt or advise the imagining and comparing of future outcomes
of changed versus unchanged behaviour

Advise person to identify and compare reasons for wanting
(pros) and not wanting (cons) to change behaviour

Credible source presents arguments in favour of the behaviour

Monitor and provide informative or evaluative feedback on
performance of the behaviour (e.g. form, frequency,
duration, intensity)

Set a goal defined in terms of the behaviour to be achieved

Prompt detailed planning of performance of behaviour

(must include = one of context, frequency, duration and intensity).
Context may be environmental (physical or social) or internal
(physical, emotional or cognitive)

Prompt detailed planning of the behaviour goal (including at least
one of context, frequency, intensity and duration of performance)

Use environmental, social or internal stimuli to prompt or cue
performance of wanted behaviour or non-performance of
unwanted behaviour

Change, or advise to change the social environment in order to
facilitate performance of the wanted behaviour or create barriers
to the unwanted behaviour (other than prompts/cues, rewards
and punishments)

Introduce or define environmental or social stimulus with the
purpose of prompting or cueing the behaviour. The prompt
or cue would normally occur at the time or place of performance

Advise on how to avoid exposure to specific social and contextual/
physical cues for the behaviour, including changing daily or weekly
routines

Change the environment in order to facilitate the target behaviour
(other than prompts, rewards and punishments, e.g. choice of
food provided)
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Table 3 Behaviour change techniques mapped to the Theoretical Domain Framework identified for intravenous insulin infusion

barriers (Continued)

Social support or encouragement (general)

Information about others approval

Social support (emotional)

Social support (practical)

Modelling or demonstrating the behaviour

Emotion Reduce negative emotions
Coping skills

Behavioural Regulation Self-monitoring of behaviour

Explicitly draw attention to others’ performance to elicit
comparisons

Advise on, facilitate or provide development of general social
support for the behaviour (e.g. friends, relatives, colleagues,
‘buddies’ or staff)

Provide information about what other people think about the
behaviour.

Clarifies whether others will like, approve or disapprove of what
the person is doing or will do

Advise on or facilitate development of emotional social support
for performing the behaviour

Advise on or facilitate development of practical help for
achieving the behaviour

Provide an example for people to aspire to or imitate

Advise on ways of reducing negative emotions to facilitate
performance of the behaviour

Analyse problem and generate or select solutions that include
overcoming barriers and increasing facilitators

Establish method for person to monitor and record their
behaviour(s) as part of a behaviour change strategy

Label as per matrix by Cane et al. [20]

purpose of the researcher panel was to develop a final
set of BCTs that could be used for each of the behaviours.
It was considered resource-intensive to apply this selec-
tion process for all 12 behaviours in this complex inter-
vention. Acknowledging this limitation, this approach
should be considered valid and reliable as a theoretical
framework was used to develop the implementation inter-
vention and nearly all the relevant TDF domains (11 out
of 13) common to the 12 behaviours were represented by
the behaviour used as an example in the researcher panel.
The considerable time and resources required in the inter-
vention development process have been raised elsewhere
[6] and have implications for applying for research fund-
ing, whereby funding bodies often expect the intervention
to be fully developed on application, which is usually
not possible without separate pre-trial funding, usually
difficult to secure.

Strengths

The barrier and enabler workshops allowed comprehen-
sive identification of relevant barriers and enablers by
hospital staff, providing data for each of the T® Trial
behaviours. This ensured that all the individual elements
of the T® Trial clinical intervention were addressed, a
necessity for complex interventions. Using the TDF
framework enabled the classification of barriers to BCTs
required for each T Trial behaviour. The TDF is readily
being used by researchers to explore behaviour change
but few describe the process of how to use theoretical
frameworks when developing implementation interven-
tions. Describing the process in steps ensured

transparency and replicability of the method that could
be used to develop similar implementation interventions
for stroke treatments or guideline implementations
across different conditions. The use of researchers incor-
porated well-informed judgment, acknowledged to be an
important part of the process, especially for complex in-
terventions [35]. The enabler data provided the re-
searchers with valuable context-specific information to
assist in the decision-making process. Reporting the
BCT’s using a standard taxonomy for by each T? Trial
behaviour has produced a well-described, reproducible
and testable implementation intervention.

Further research

This study used a pragmatic approach to selecting BCTs
that involved the T® investigators who were familiar with
the clinical protocols and clinical context. However,
there is little evidence on who is best placed to make
these judgments and what methods should be used.
Michie et al. has developed the ‘APEASE’ criteria (A:
Affordability; P: Practicability; E: Effectiveness/cost-ef-
fectiveness; A: Acceptability; S: Side-effects/Safety; E:
Equality). However, it is unlikely that this information
will be available for all the BCTs [7]. The T? Trial is one
of the few studies that have reported BCTs that were
considered inappropriate for use (Table 3). Knowing
more about the BCTs that are inappropriate for certain
clinical contexts or even healthcare settings generally
would be useful to make the overall pool of BCTs to
choose from more relevant and straightforward. The
Cane et al. matrix [20] is limited in suggesting BCTs for
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Table 4 Theory-informed implementation intervention:
components by selected behavioural change techniques

Implementation
intervention component

Selection of behavioural
change techniques

Multidisciplinary barrier and
enabler workshops for ED, stroke
unit and endocrine clinicians

Interactive and didactic
education programme for
ED and stroke unit clinicians

Use of local clinical opinion leaders

Reminders

Site support

Goal/target specified:
behaviour or outcome

Social and environmental
consequences

Restructuring the social
environment

Environmental changes (e.g.

objects to facilitate behaviour)

Social support (practical)
Social support (emotional)
Planning, implementation
Action planning

Goal setting (behaviour)

Health consequences

Behavioural rehearsal/practice

Social and environmental
consequences

Salience of consequences
Feedback on behaviour
Focus on past success
Social comparison

Reduce negative emotions
Anticipated regret

Coping skills

Comparative imaging of
future outcomes

Verbal persuasion to boost
self-efficacy

Persuasive communication
Pros and cons

Modelling/demonstration
of the behaviour

Anticipated regret
Social comparison

Information about others’
approval

Prompts/cues

Avoidance/changing exposure

to cues for the behaviour
Self-monitoring
Self-reward

Social support or
encouragement

Coping skills
Action planning

Goal setting

Technique may be classified to more than one implementation
intervention component, e.g. action planning
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two of the TDF domains (social/professional role and
identity; memory, attention and decision process).
Therefore, further work should be conducted to assign
more BCTs to these two domains. We acknowledge that
research is currently underway which aims to link BCTs
with theoretical mechanisms to better understand how
interventions exert their effect and how to apply theory
in implementation intervention development [36]. It is
anticipated the approach used in this paper to develop
and report an implementation intervention may contrib-
ute to the advancement of use of theory to guide inter-
vention development. The TDF was a useful tool to map
barriers to theoretical domains; however, as highlighted
in this paper, inconsistencies between researchers can
arise. Therefore, further work to clarify TDF domain
definitions and to provide example barriers for each
domain would complement this mapping process and
minimise disagreements.

Conclusion

The TDF was successfully applied in all steps of develop-
ing an implementation intervention for the T® Trial
clinical protocols. The use of researcher opinion was
valuable for the BCT selection process in terms of
incorporating research evidence and well-informed judg-
ment and incorporating the important practical issues of
feasibility and acceptability. However, further recommen-
dations are needed to advance understanding of who is
best placed to inform implementation intervention devel-
opment, and how best to incorporate this well-informed
judgment. There is also a need to devise criteria for use in
this BCT selection process. It is recommended that BCTs
are classified by recognised implementation intervention
components to facilitate generalisability and sharing
across different conditions and settings.
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