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Abstract
There are multifaceted reasons for a social gradient in planned dental visiting involv-
ing various psycho-social variables that interact with each other and the environment. 
Interventions in this area are therefore inevitably complex interventions. While guid-
ance recommends undertaking theory and modelling work before experimental work 
is done, there is a shortage of descriptions of how this is done, especially in the field 
of oral health.
Objectives: To describe theory, qualitative and public engagement work, and identi-
fication of behaviour change techniques (BCTs) to define features of an opportunistic 
dental visiting intervention for adult users of urgent dental care services.
Methods: A systematic review and synthesis of theory, qualitative and quantitative 
work, along with expert input, generated a list of psycho-social determinants linked 
to planned dental visiting intentions. Modelling involved ethnographic work in urgent 
dental care settings and work with members of the community from the targeted 
demographic. This enabled verification, in the context of their idiosyncratic expres-
sion for the target population in question, of behavioural determinants (BDs) identi-
fied in the theory phase. It also facilitated generating intervention material which was 
infused with the identity of the end user. BDs identified were then mapped to BCTs 
using an accepted BCT taxonomy and an intervention prototype developed. The pro-
totype then underwent iterative testing with target users before it was ready for a 
feasibility trial.
Results: Theory and modelling identified five key intervention focuses: affordable re-
sources (time/ cost), the importance of oral health, trust in dentists, embarrassment 
of having poor oral health and dental anxiety. Short videos were developed to incor-
porate role modelling which were well received. Prototype testing resulted in shifting 
from ‘if-then’ plans to action planning.
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1  |  INTRODUC TION

Although spending on dental treatment is substantial,1 an inverse 
care law operates, where those most in need are the least likely to 
benefit.2 This offends the principle of distributive justice.3 While it is 
arguable that health care contributes less to health inequalities than 
people's lifestyle and environmental factors, a social patterning of 
dental visiting is seen which means that dental service use contrib-
utes at least in part to oral health inequalities.4 Promoting planned 
dental visiting is therefore an important strategy in reducing health 
inequalities.

McGinnis et al.5 explain that the separate domains giving rise to 
health inequalities (social circumstances, environmental exposures, 
behavioural patterns and health care) rarely act in isolation, and it is 
in the intersections where these domains meet (such as between be-
havioural patterns and health care) which are particularly impactful. 
This provides both an opportunity for targeted action and a chal-
lenge, because of the complex nature of the interventions involved. 
Numerous studies have provided descriptions of reasons for avoid-
ing dental care (barriers).6 Psycho-social factors such as anxiety, cost 
and perception of need are common themes, although it is increas-
ingly recognized that these rarely act independently of each other, 
but reciprocally interact and work in unison, like a ‘web of effects’.7–9 
Therefore, to tackle the problem, we need to think about complex 
interventions.

Medical Research Council (MRC) guidance recommends taking a 
staged approach to the design and evaluation of complex interven-
tions: starting with theory and then progressing to a modelling phase 
before experimental work is undertaken, although later versions of 
this guidance, emphasize that these phases should be seen more 
as iterative than linear (sequential) activities.10,11 Since complex in-
terventions work by introducing mechanisms that are sufficiently 
suited to their context to produce change,11 there is a growing focus 
on paying attention, not just to the design of the intervention itself, 
but to the conditions which are needed to make an impact in the 
real world.12 So, in line with understanding complex interventions 
as ‘events in systems’, user perspectives and understanding the con-
text have become essential components in the design process.12,13 
This facilitates a deep understanding of users' knowledge, skills, be-
haviour, motivations and cultural background and also the setting 
concerned in order to shape the intervention while it is still under 
development, thus maximizing its relevance to users and feasibility 
of implementation.14

Insufficient attention to early design phases is said to result in 
weaker interventions that are harder to evaluate and less likely to 
be worth implementing. This is especially so where interventions are 
complex—as in most behaviour change interventions.15 However, in-
tervention development remains at an early stage with the majority 
of intervention study reports focused on reporting trial outcomes. 
Reports of theory and modelling phases are especially lacking,15 par-
ticularly in the field of oral health interventions; so, this article aims 
to help address this gap.

Although literature describing socio-economic differences in 
dental visiting and associated barriers to care is plentiful, there is 
a dearth of intervention studies—which is surprising, given the im-
portance of the problem and the fact that this issue faced by popu-
lations across the globe. The lack of intervention work in this area is 
probably due to the complex nature of the factors and interactions 
involved, making the design process problematic and so this arti-
cle provides an example for researchers of how this can be done. It 
also provides some useful insights for policymakers and healthcare 
providers into the challenges and possible downsides of introducing 
interventions which aim to reduce health inequalities, exploring the 
‘fuzzy boundary’ between an intervention and its context and how 
this might be handled in terms of design and anticipated in imple-
mentation. This article aims to describe the process of identifying 
key messages and design features of a planned dental visiting inter-
vention. This involved integrating theoretical and systematic review 
evidence with qualitative work with problem-based dental attenders 
and the public.

2  |  METHODS

2.1  |  The role of theory

Various approaches to intervention development have been de-
scribed from public health and social science perspectives, involv-
ing a range of frameworks from intervention mapping16 to the more 
comprehensive Behaviour Change Wheel.17 They have a common 
thread though, which is the combined use of theories and evidence 
and the integration of these with stakeholder perspectives. MRC 
guidance points to social science theory being an important starting 
point in identifying causal assumptions (the underlying mechanisms 
by which the intervention influences outcomes), although causal as-
sumptions are also often informed by ‘past experience and common 

Conclusions: Complex intervention development involves an iterative rather than se-
quential process of combining theory, empirical work and user involvement, of which 
the article provides an example.
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sense’.12,13 Thus, while certain theories might be selected, these are 
open to adaptation when contextual information is taken into ac-
count. This places the approach more towards a problem-based be-
havioural science end of the spectrum which emphasizes ‘addressing 
the problem using a multi-theoretical socio-psychological approach 
as opposed to a purely theory-driven applied behavioural science 
approach which focuses on testing a particular theory in an applied 
setting’ (generating evidence on the validity of the theory in that 
setting).16 Thus, a range of social psychological theories may be con-
sidered pertinent to the intervention and its implementation, and 
stakeholder involvement is an important component in both select-
ing what is pertinent, and refining an integrated product.

2.2  |  Identifying intervention components and 
underlying mechanisms of change

The theory phase began with a systematic review which aimed to 
explain why inequalities in planned dental visiting arise and to iden-
tify appropriate intervention points.7 It used critical interpretive 
synthesis as a review method because this enables an integration 
of quantitative and qualitative work and the development of theory. 
Dental and healthcare utilization theories were combined with quali-
tative and quantitative empirical work on barriers and enablers to 
planned dental care, and a theoretical framework generated which 
was structured accordingly in three layers: (1) the micro-level or in-
dividual level, (2) the meso-level or social processes and community 
structures, for example, social engagement; and (3) the macro-level 
or population-wide structures and policies, for example, the extent 
of public finance coverage. Micro-level factors were nested within 
but hypothesized to interact in a dynamic way with meso- and macro-
level factors. However, since strategic approaches to intervention 
design recommend starting by prioritizing intervention points most 
amenable to ‘practical intervention’ and it was important to at least 
make a start somewhere—the scope for design was mainly focused 
on micro-level factors. Micro-level factors comprised a long list of 
psycho-social determinants linked to planned dental visiting inten-
tions: (i) perceived oral health need, (ii) perceived seriousness, (iii) 
care efficacy, (iv) perceived vulnerability, (v) dental anxiety, (vi) self-
efficacy, (vii) locus of control, (viii) fatalism, (ix) self-identity and (x) 
coping. Competing demands on people's lives such as time, stress, 
finance and co-morbidities, as well as service-related factors such as 
service availability and coverage were also theorized as counterbal-
ances to motivations to seek planned care.

This is a similar premise to protection motivation theory (PMT) 
which explains health seeking behaviour as a counterbalance be-
tween a person's motivations to adopt healthy behaviour and the 
degree to which they feel able to adopt the behaviour, and whether 
they view the effort as worthwhile.18 Rogers portrays this as paral-
lel appraisal processes: threat appraisal and coping appraisal, with 
the balance between the two processes determining whether the 
individual adopts either a protective, or adaptive health behaviour 
(i.e. visiting the dentist for a check-up)—or a maladaptive strategy 

(i.e. avoiding or procrastinating about dental visits), Figure 1. PMT 
theorizes that threat appraisal variables comprise perceived severity 
of the health threat (e.g. experiencing toothache), perceived suscep-
tibility (vulnerability) and fear of the health threat; whereas, coping 
appraisal variables comprise self-efficacy and response efficacy.

However, while most PMT interventions take the form of health 
leaflets/booklets containing messages targeting change in coping 
and threat appraisal variables, some limitations have been found, 
and this is attributed to PMT being limited to changing motivational 
variables which is merely the first phase/step in behaviour change; 
so augmentation involving a specification of goals is recommended 
(a volitional intervention).19 Volitional interventions involve forming 
a specific plan, like an implementation intention which links cues to 
action (‘If I receive a text message from a dental practice, then I will 
attend a dental appointment’); or an action plan (a plan outlining 
when, where and how to act).20

The research team also identified identity-based motivation the-
ory (IBM), a further social psychological theory of human motiva-
tion and goal pursuit as relevant. This has been previously applied 
to interventions reducing socio-economic differences in health be-
haviour with some promise.21 IBM explains when and in which situ-
ations people's identities or self-concepts will motivate them to take 
action towards their goals. It predicts that if an activity (e.g. dental 
visiting) is seen as ‘identity congruent’, difficulty is interpreted as 
meaning the behaviour is important, whereas if the behaviour feels 
‘identity incongruent’, the same difficulty is interpreted as ‘pointless’ 
and ‘not for people like me’.21 Thus ensuring that images, stories and 
language within the intervention material were culturally relevant 
was important, not just to ensure acceptability to the user group, 
but to infuse intervention references to the behaviour (dental at-
tendance) with a positive tone of identity relevant to the users' ‘in 
group’. Community engagement and user co-production were there-
fore critical in getting messaging to resonate with the target group.14

2.3  |  The modelling phase

This involved developing and testing theoretical concepts outlined 
above in the context in which they were to be applied. Key aims were 
to clarify key elements of the intervention and their interactions and 
make necessary adaptations to ensure that the intervention fully 
anticipated the priorities and needs of users. Modelling involved 
an ethnography in urgent dental care (work stream 1, WS1) as well 
as work with members of the community from the targeted demo-
graphic (work stream 2, WS2). Ethical and research governance ap-
proval were obtained for data collection during both activities (18/
NE/0061, IRAS ID 240819 [WS1] and the University of Liverpool ID 
4021 [WS2]).

Ethnographic work gave insight into the cultural background, 
health literacy, experience of dental care and the relative im-
portance of the intervention components identified in the the-
ory phase for this group of users. Ninety-seven patients were 
interviewed while attending urgent dental care services, with 
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follow-up interviews undertaken with 19 of these some weeks 
later.8 Thirty-nine (40.2%) were under 30 years of age, 45 (46.4%) 
were 30–49-years-old and 13 (13.4%) were 50 years-old+. Data 
collection also included 155 hrs+ of non-participant observation 
in urgent dental care services which was captured using field 
notes. Methods and participants' background characteristics are 
fully described elsewhere.8

While the ethnography in the intervention delivery setting pro-
vided data about the intervention setting and target users, this was 
supplemented by a wider set of qualitative work with members of 
the public of diverse age and gender and from diverse community 
settings to widen its social and cultural reach and to develop in-
tervention features which may not have been previously consid-
ered or used in this context. Our work with users and potential 
users had both breadth and depth. We set up a study Facebook 
page linking in with closed community groups inviting discussion 
with: ‘Do you just visit the dentist when you have a problem? ’ This 
prompted responses from 700 people, with 22 of these resulting 
in in-depth private chats online. Along with using local radio and 
newspapers, and other community work, for example, posters in 
local shops, Facebook helped recruit to a Community Advisory 
Group (CAG) of eight members. The CAG met as a group nine times 
over 16 months to discuss their experiences of dental visiting and 
intervention prototype material. A researcher also gathered views 
from a total of 110+ women and 225+ men by working in eight dif-
ferent settings in the local community. Community settings were 
selected to be representative of the target demographic of urgent 
dental care users. This included community settings involving 

people experiencing unemployment, housing or benefit issues and 
poverty; young people with employability support needs; older 
people in various local communities; men in low job control work, 
for example, working in the building trade; and women in local 
community settings. Written informed consent was obtained from 
all research participants. Verbal consent was taken from those in-
volved in the wider community work, and researchers were clear 
about the intentions of Facebook posts, that is, that these were 
being used for research purposes.

2.4  |  Verifying relevant behavioural 
determinants and mapping to behaviour 
change techniques

Behavioural determinants (BDs) are the factors which explain indi-
vidual and group differences in behaviour, while behaviour change 
techniques (BCT) are ‘active components of an intervention de-
signed to change behaviour’ and are postulated active ingredients 
within the intervention,14 for example, BCT goal setting (e.g. if-then 
or action planning) identified in our initial theory stage. Since dental 
visiting is a complex behaviour with many antecedents, several dif-
ferent BDs and associated BCTs are relevant. Relevant BCTs to be 
included in the intervention to address identified BDs were guided 
by the BCT v1 taxonomy which synthesizes expert opinion and evi-
dence on what techniques are thought to be effective in changing 
associated theoretical BDs.22 BCT codes used in the results sec-
tion relate to this taxonomy. Following the initial theory stage, data 

F I G U R E  1  Protection motivation theory applied to planned dental visiting.

Footnote:  

+ve: when Threat appraisal e.g. dental anxiety is high, this increases Maladaptive coping (e.g. avoidance of dental visits) 

-ve: when Coping appraisal e.g. self efficacy is high, this reduces Maladaptive coping (e.g. avoidance of dental visits) 

Protection motivation Protective health 
behaviour 

Planned  
dental visiting 

Intention to 
undertake 

planned dental 
visit

Cognitive mediation 
process 

Threat 
appraisal 

Coping 
appraisal 

Self efficacy: feeling able 
to make planned visits

Fear (dental anxiety) 

Perceived vulnerability 
(chance of developing) 
dental problems 

Perceived seriousness of 
dental problems 

Response efficacy: 
planned visits help avoid 
dental problems  

Maladaptive coping 

Denial 
Avoidance of 
visits 
Hopelessness 
Fatalism

+ve

-ve
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from WS1 and WS2 were used to refine a list of BDs and these were 
mapped to BCTs by one author (RH) to inform design of an inter-
vention prototype. Then, using the prototype intervention material, 
a second author (RC) independently coded the intervention mate-
rial using the same taxonomy to test the reliability of the mapping 
process.

The use of theory and behaviour change evidence at this stage 
allowed integration with emergent findings from WS1 and WS2, 
with iterative testing and refinement of hypothesized causal path-
ways and the identification of active ingredients of the intervention 
under development within the context concerned. Figure 2 outlines 
the cyclical and iterative processes involved with both theory and 
evidence gathered specific to the end users context, allowing de-
velopment from a ‘theory-inspired’ intervention to a ‘theory-based’ 
one, with explicit causal pathways.23 This included production of 
prototypes of elements of the intervention material and iterative 
testing and discussion with groups of target users.

2.5  |  Iterative production of intervention 
prototypes and refinement of the draft intervention

As part of WS2, we shared iterative versions of the intervention and 
emerging material with people involved in our community work. This 
especially included significant numbers of men, and younger men 
(16–24 years) because WS1 observations found this group to be an 
important subgroup of urgent care users but who were also rela-
tively difficult to engage in conventional interviewing in the urgent 
care setting (WS1). Data from these one-to-one and group discus-
sions were recorded in field notes. The CAG also provided advice 
steering the language around intervention messaging.

3  |  RESULTS

Table 1 summarizes how causal pathways of inequalities in planned 
dental visiting identified in the theory phase were translated and 
verified. This is illustrated using indicative quotes from WS1 and 
WS2. Quotes are coded to preserve anonymity using numbering of 
participants with a prefix denoting the type of site where the data 
were collected (DH = Dental hospital; FB = Facebook; DP = Dental 
practice; CAG  =  Community Advisory Group member). Combined 
theory and modelling identified five main barriers to dental attend-
ance: (1) affordable resources (time and cost), (2) the importance of 
oral health, (3) trust in dentists, (4) embarrassment of having poor 
oral health and (5) dental anxiety. The project team discussed devel-
oping intervention material containing material for all five barriers 
in one pack with separate sections, but WS2 work gave a clear steer 
towards producing easily digestible ‘chunks’ of information with a 
narrower focus, and so six separate booklets were produced (divid-
ing ‘affordable resources’ into time and cost barriers). This was nec-
essary, not only to reduce information burden for users but also to 
produce a brief intervention which could be delivered opportunisti-
cally within about 15 min.

Theory and modelling identified social influences and self-
identity as important behavioural determinants, with role model-
ling a relevant BCT for all five barriers (Table 1). Short (2–3 min) 
videos were produced to address each barrier, spoken to camera 
by someone who was seen as being authentic and from the local 
community, ensuring that this included a range of gender, age and 
ethnicity pertinent to the demographics of urgent dental care 
users. A rounded understanding of this was developed in WS1 and 
WS2. Several of the intervention videos featured people who had 
engaged with our community-based work or were members of the 

F I G U R E  2  Overview of the intervention development process. WS, workstreams.

 

Theory stages shaded* 

Systematic review and 

critical interpretive 
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CAG. These video stories were also overlaid with an animation, 
the characters of which were then picked up in the accompanying 
written booklet material. This approach not only helped make the 
intervention engaging but also helped overcome limited literacy 
among some users. CAG members confirmed that these video 
stories were particularly meaningful, and also guided the tone as 
well as the content of material, ensuring we reflected the user ‘in 
group’ as authentically as possible (Table 2).

While goal setting and incorporating a volitional component 
into the intervention was identified as a key BCT in the theory 
phase, when we developed our prototype using an implementa-
tion intention (if…then…) approach, we found that while the target 
group were able to set a goal for a planned dental visit (e.g. I will 
make a dental appointment before my brother's wedding next month), 
they struggled to think and write about hypothetical future sce-
narios following the ‘if…then…’ format as outlined by Gollwitzer.24 
We therefore shifted our approach and substituted this with an 
action planning approach (BCT 1.4)24 which has a simpler format 
for planning.

Both theory and modelling stages identified building self-
efficacy (beliefs about capabilities) as an important BD to target, 
which was common to the majority of barriers concerned (Table 1). 
According to social cognitive theory, there are four major informa-
tion sources of one's self-efficacy: performance accomplishments, 
vicarious learning, verbal encouragement, and physiological and 
affective states.25–27 We therefore sought to incorporate en-
couragement for taking small steps towards dental visiting goals 
by sending a text message a few days after intervention delivery, 
tailored around their personal action plans set at the time the op-
portunistic intervention was delivered. The action plan setting 
process was supported by a non-judgemental conversation with a 
trained dental nurse and included helping patients identify some-
one in their social circle or family who could support their efforts. 
Messages of verbal encouragement ‘Yes, you can do this’, were 
also incorporated into the booklet material. Since research shows 
that while role models are effective in improving self-efficacy, 

they need to be credible with the viewer, garnering attention and 
demonstrating the behaviour with coping rather than mastery, our 
video stories relating to each barrier were produced with this in 
mind.26

Both theory and modelling identified that addressing some fac-
tors external to the individual might help make planned dental vis-
iting easier. In particular, we found that for some people in manual 
work, having a conversation with their boss about having time off for 
a dental appointment was difficult. During WS2, we explored this by 
visiting and talking to men working on a construction site and sub-
sequently incorporated into the intervention, an ‘employers card’ (a 
credit-sized card with a clinic/hospital stamp which could be shown 
to the boss, emphasizing the importance of the appointment, and 
facilitating the conversation). We also included material within the 
dental anxiety barrier booklet which the patient could use to express 
their fear and as a written guide expressing how they would like their 
treatment to go, to be given to their dentist when attending an ap-
pointment (although this element was substantially reduced after 
the prototype phase in response to user feedback). Figure 3 provides 
a logic model which illustrates the relationship between identified 
BDs, intervention components and expected outcomes.

4  |  DISCUSSION

Rigorous deployment of theory and modelling processes in design 
of complex interventions can give rise to a ‘bewildering’ menu of 
possible BCTs. There also often appears to be a lack of transpar-
ency explaining how certain BCT combinations are selected.14 
While qualitative research and/or or expert and user consultation 
can be deployed to help address this, Yardley et al. argue that these 
methods are often applied in an ad hoc way and/or are poorly ar-
ticulated.14 Thus, a process for exploring and analysing the attitudes, 
needs and situation of the people who will be using the interven-
tion is needed to inform the selection of intervention components 
that are the most acceptable, feasible and salient, while crucially also 
avoiding including elements that are disliked or seen as impractical 
or intrusive.14 Our article outlines how this can be done by describ-
ing how we developed an intervention for a behaviour involving 
many different and interacting antecedents.

The intervention was designed to reduce inequalities in planned 
dental visiting. This means that a key purpose was to promote eq-
uity. Equity acknowledges that different individuals need different 
supports to attain similar results—as opposed to providing the same 
supports for everyone, which would only achieve equality (where 
sections of the population might remain worse-off). Therefore, rec-
ognizing that people from deprived communities are disproportion-
ately poorer users of dental services, in both theory and modelling 
phases we sought to identify behavioural determinants which were 
important determinants of visiting behaviour especially in these 
populations. Subsequent refinement and work to incorporate the 
self-identity of users from more disadvantaged communities, meant 
that the intervention ‘product’ entering a feasibility trial, was as 

TA B L E  2  Example of Community Advisory Group (CAG) 
feedback guiding the content and tone of the intervention to 
reflect the user ‘in group’.

CAG member 
code Indicative quote

CAG06 ‘And it makes it real as well. You've got someone 
talking about their personal experiences haven't 
you? And it's not a set-up….he's not reading 
from a thing is he. It felt real and genuine and 
important to him’. [Comment on video content]

CAG05 ‘Sometimes I find that the accent's very irritating 
when you hear it back to you’.

CAG04 ‘You know, somebody you can tell is from the 
area but doesn't necessarily go… at the end of 
everything they say. But you can still tell that 
they're from the area. They're still one of your 
people sort of thing’.
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tailored to differentially supporting this demographic, as could be. 
Whether the intervention does indeed, not only promote planned 
dental visiting, but also reduces inequalities in this, will only be ap-
parent when trial outcomes are evaluated, and this will be an import-
ant component of the final analysis.

It is possible that contextual factors may overwhelm the de-
gree to which a mainly micro-level intervention can achieve equity. 
While the focus of our intervention was targeting individual-level 
BDs, we know that meso- and macro-level factors also shape peo-
ple's behaviour and contribute to socio-economic differences in the 
use of dental services.7 We found in our qualitative and public en-
gagement work, expressions of collective patterns of attitudes and 
lifestyle shaped by structural factors such as class and gender. For 
example, we experienced perceptions of little agency over goals, 
reminiscent of ‘short-time horizons’ and limited personal autonomy 
in their lives typical of low socio-economic groups as described by 
Franklin et al.,28 which meant that completion of a planning scenario 
such as ‘if…then’ was challenging. We adapted the planning approach 
accordingly and looked for ways to support the environmental con-
text where possible. The card developed for participants to show 
employers to legitimize taking time off work for dental appoint-
ments is an example of where the intervention, although delivered 
to individuals, also addressed environmental macro-level factors 
such as employment policies which disadvantage those at the lower 
end of the social gradient. A key challenge for interventions aiming 
to address inequalities, is the extent which they can be practically 

targeted and delivered while also acknowledging the reasons that 
socio-economic differences in health behaviours exist is rarely just 
down to the health behaviour knowledge, beliefs and motivation of 
the individuals concerned.

The intervention development work described represents the 
first stages of the design process. What is implemented and how, 
can impact outcomes further, and so the next phase of developing 
the intervention involves looking at how the intervention operates 
in the context in which it is delivered, which then allows further in-
tervention refinements to be made before a clinical trial is under-
taken.11,12 Feasibility testing, with further qualitative work with 
healthcare providers and policymakers as well as with users, is an 
important next stage of the process. Although feasibility studies are 
set up with aims to address key areas of uncertainty before a clinical 
trial is undertaken, such as whether sufficient participants can be 
recruited to a trial in that setting within a reasonable time frame and 
come with a priori trial progression criteria; when the intervention 
starts to be applied in feasibility studies, this enables an investiga-
tion of what happens when the intervention is implemented in the 
setting and with the target group concerned. Aspects of the inter-
vention and its delivery can be explored such as identifying optimal 
intervention content and delivery, acceptability, adherence and ca-
pacity of providers to deliver the intervention.12 Wider stakehold-
ers, including managers and policymakers also provide important 
perspectives at this time, especially regarding its implementation, 
likely cost-effectiveness and addressing issues which may hinder 

F I G U R E  3  Logic model describing the relationship between behavioural determinants, intervention components and expected outcomes.
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future wider adoption. The product of this next phase is a refined, 
‘final version’ intervention before its clinical effectiveness is tested 
in a clinical trial—although the effects of the implementation context 
will continue to be examined in this phase too, so technically this 
could be classified as a type 1 effectiveness-implementation hybrid 
trial design.29

Addressing implementation hand in hand with design work, is a 
key principle when trying to work with complex systems, because 
while the intervention design process informs what is implemented, 
what happens on implementation can change outcomes achieved by 
the intervention and thus what needs to be incorporated into the 
intervention and its delivery in order for it to be effective.30 May 
et al. emphasize that when complex interventions are implemented 
in different contexts, the interaction between the intervention and 
the environment in which they are implemented can be dynamic and 
variable (depending on the context and the timing of when the inter-
vention is implemented).31 An example of this is the occurrence of 
the COVID pandemic just as the developed intervention progressed 
to the feasibility study stage (Figure 2). This brought a global disrup-
tion of routine dental services because of the risk of viral transmis-
sion which substantially altered local service capacity and access to 
NHS dental services, and which could not have been anticipated.32 
This meant that while at the outset of the process, there was rela-
tively good coverage of available NHS dental services, this became 
more limited as time went by, and the relative importance of service-
level factors grew—thus changing the context in which the interven-
tion was applied. This illustrates one of the challenges of following a 
rigorous intervention design process, especially where it involves se-
quential stages of developing an intervention—the context in which 
it is placed is continually evolving—and potentially rapidly so.

While at the outset of the process, a logic model was con-
structed to map likely outcomes and the mechanisms involved, a 
dark logic model was not constructed because it seemed unlikely 
that there would be any significant adverse effects. Dark logic mod-
els theorize possible ways harmful consequences of the intervention 
can arise.33 Public health interventions, especially those disrupting 
complex social systems are vulnerable to unintended consequences, 
and so dark logic models can be helpful in evaluating potential harms 
and the underlying mechanisms associated with their occurrence. 
In hindsight, given the change in context, a dark logic model would 
have been useful since, with a shift in context, ‘paradoxical effects’ 
now seem more possible. For example, the intervention incorporat-
ing a planning element which was designed to help facilitate planned 
dental visiting for people with low socio-economic backgrounds not 
used to structuring their time and priorities in that way, might ex-
pand health inequalities because people with more disposable time 
and energy may be more able to harness these resources to help 
avail themselves of the more limited services available in the area. 
Moreover, elements of the intervention designed to build motivation 
and self-efficacy might end up reducing these in the longer term, if 
after being heightened by the intervention, the system proves to be 
unavailable to them. Since evaluation of potential harms may require 
a longer follow-up period and larger samples, these are often beyond 

the scope of the original design and research commission, although 
dark logic models can still be applied retrospectively to evaluate in-
tervention effects.33 Meta-analysis across several studies and con-
texts would also be useful as the research field unfolds, although 
unintended harms may not be apparent in primary studies, a synthe-
sis across the different contexts in which the intervention has been 
applied can be informative.

Finally, while it is difficult, but not impossible to disentangle the 
process of designing complex interventions in order to provide some 
transparency and rigour to the process, the very nature of complex 
interventions, means that it is hard to fully reduce its components 
to individual parts. Rather, when the intervention is applied in dif-
ferent contexts, active ingredients/key functions start to be able to 
be identified after observing how the intervention functions across 
different contexts—and so perhaps it would be best to talk about 
identifying ‘emergent properties’ over a longer time frame.34 This 
is an ongoing process where both the intervention and what hap-
pens when it is applied in a context, are under examination, since 
‘intervention effects can be modulated (attenuated or amplified) by 
the characteristics and dynamic evolution of the system (context) 
in which it is implemented’.34 The context is not just the backdrop 
against which the intervention takes place, but a ‘fuzzy boundary’ 
between the context and the intervention exists.34 While this is 
recognized right from outset of the design process by incorporating 
user perspectives and developing an understanding of the context, 
as illustrated in the process described in this article—this emphasis 
should continue to feature as the research progresses towards trial 
and implementation phases too.
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