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ABSTRACT
Long-term behaviour change is essential to many societal and per-
sonal challenges, ranging from maintaining sustainable lifestyles to
adherence tomedical treatment. However, prior research has gener-
ally focused on interventions dealing with bounded, present-tense,
and discretely measurable behaviour change problems, evaluated
via relatively short-term trials. This has led to a skewed prioritisation
of behaviour change techniques and left a critical gap in design guid-
ance. Hence, there is an urgent need to (i) examine how behaviour
change techniques can be abstractly prioritised and (ii) related to
contextual, embodied interventions during long-term behavioural
design. We address this need using a Delphi survey method with
12 international experts on behavioural intervention complemented
by a reanalysis of over 100 real-world cases. This provides the basis
for examining how experts prioritise the Behaviour Change Tech-
nique Taxonomy (BCTT) for the long-term, as well as how this cor-
responds to real-world long-term interventions. Based on this we
provide essential, and as a first, guidance for long-term behavioural
design as well as contributing to wider research on how to deal with
the demands of long-term behaviour change.
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Introduction

Long-termbehaviour change is essential to addressingmany societal challenges, including
sustainablewaysof living andhealthier lifestyles (GreenandVergragt 2002; Kelly andBarker
2016), as well as more personal challenges, including medical treatment or diet (Jack et al.
2010; MacPherson et al. 2021). However, to ethically deliver and then maintain such long-
term change requires behavioural designers to balance the dual demands of efficacy and
effectiveness (Lilley and Wilson 2013; Mejía 2021; Michie, Atkins, and West 2015). Specif-
ically, behavioural designers create interventions that are both contextually relevant and
impactful as well as explicable and predictable, typically via the integration of design and
behavioural science guidance (Niedderer, Clune, and Ludden 2017; Schmidt 2020). Yet,
both design and behavioural science research focused on long-term behavioural change
is limited (Kwasnicka et al. 2016; Pschetz and Bastian 2018; Schmidt and Stenger 2021).
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Behavioural design synthesises insights from design and behavioural science to deliver
interventions that shape behaviour (Bucher 2020; Wendel 2013). Here, the abductive
reasoning, creative reframing, and context sensitivity scaffolded by design (Dorst 2011;
Kouprie and Visser 2009) are critical to identifying and delivering the most relevant and
impactful interventions and thendeploying andmaintaining them in context. Complemen-
tary to this, the inductive/deductive reasoning, evidence based testing, and abstract theory
supported by behavioural science (Dolan et al. 2014; West andMichie 2016) are essential to
the detailed design, validation, and explanation of interventions with – at least somewhat
– predictable outcomes. This creates a back-and-forth between design-led exploration and
contextual embodiment and behavioural science-led explanation and validation. Hence,
behavioural design is most effective when it integrates the best of design and behavioural
science guidance (Cash et al. 2022b; Reid and Schmidt 2018).

In this context, designers repeatedly translate between abstract explanations of poten-
tial behaviour change techniques and their contextual embodiment in interventions, with
projects faltering or failing when either side of this equation is neglected (Cash, Gram
Hartlev, and Durazo 2017; Fogg 2009a). This creates a major challenge to long-term
behavioural design due to two main deficits in current guidance. First, while research on
abstract techniques is extensive their long-term validity is much less well understood.
This is due to difficulties in conducting rigorous longitudinal studies and the diminishing
impact of interventions over time (Hedin et al. 2019; Kwasnicka et al. 2016; Michie, Atkins,
and West 2015), with limited and inconsistent evidence for the long-term effectiveness of
many interventions (Gourlan et al. 2016; Williams and French 2011). Second, lists of tech-
niques are often disconnected from the contextual realities facedbybehavioural designers,
being abstracted from the context of application as well as the embodiment of the inter-
ventions themselves (Hagger and Weed 2019; Schmidt and Stenger 2021). These deficits
have the potential to derail long-term behavioural design efforts by simultaneously over-
emphasising short-term techniques and de-emphasising the complexities of contextual
intervention embodiment. Thus, there is an urgent need to (i) examine how behaviour
change techniques can be abstractly prioritised and (ii) related to contextual, embodied
interventions during long-term behavioural design.

Given this need, and limitations in current theory, we employ two complementary anal-
yses to connect abstract prioritisation with contextual, embodied interventions used in
practice. First, we examine how experts prioritise one of themost widely researched sets of
behaviour change techniques, the Behaviour Change Technique Taxonomy (BCTT) (Michie
et al. 2013). To this end we follow prior research on technique prioritisation when faced
with limited evidence and theory (Kwasnicka et al. 2016; Samdal et al. 2017) by using the
Delphi method (Vestjens et al. 2015; Willems et al. 2019). Second, we contextualise this by
examining real-world embodied interventions in long-term behavioural design, based on
the set of cases described by Cash et al. (2020). Together these explicitly connect design
and behavioural science relevant considerations in this context.

Theoretical background

Behavioural design integrates aspects of design and behavioural science to address
behavioural and social challenges (Bucher 2020; Niedderer et al. 2016; Reid and Schmidt
2018). These range in scale from the personal to the societal and from the short- to the
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very long-term (Maier and Cash 2022; Schmidt and Stenger 2021). This makes behavioural
design a key means of delivering interventions that impact everything from maintain-
ing sustainable food consumption to adherence to medical rehabilitation or increasing
socially responsible behaviour (Hedin et al. 2019; MacPherson et al. 2021; Tromp, Hekkert,
and Verbeek 2011). Thus, behavioural designers develop interventions, often compris-
ing multiple design artefacts, which ‘explicitly and ethically realise positive behaviour,
desired by both the individual and society’ based on behavioural theory (Khadilkar and
Cash 2020, 521).

The behavioural design process typically involves five main phases that both individ-
ual and as a whole can serve to scaffold a ‘best of both’ balance between design and
behavioural science guidance. For example, it is possible to see this interplay across the
five phases described by Cash et al. (2022a): (i) Identification and Framing: emphasises
framing and reframing of the problem/solution in conjunction with characterising the
problem and developing empathetic understanding; (ii) Mapping and Description: bal-
ances the development of empathy and deep contextual understanding with the detailing
of root causes and their explanation via behavioural theory; (iii) Framing and Develop-
mentof Interventions: emphasises framing and reframing of the solution space to identify
interventions that are both contextually relevant and impactful as well as valid and expli-
cable; (iv) Iterative Testing and Refinement: balances creative design and refinement
with validation focused behavioural evaluation; (v) Scaling up, Launching and Mainte-
nance: emphasises context specific delivery,monitoring, andmaintenanceof interventions
to realise the desired behaviour change.

During this process – andparticularly Phase 3 – behavioural designers translate between
abstract explanations of potential behaviour change techniques and their contextual
embodiment in tangible interventions. This iterative translation balances abduction and
reframing in search of the most contextually relevant and valuable intervention with the
need to explain and subsequently predict and test the validity of interventions that are
often deployed into critical contexts such as health or safety. However, to support this
work designers must connect abstract explanations, typically associated with isolated
behavioural change techniques, and contextual understanding of potential embodiments
that often combine techniques (Bohlenet al. 2020; Schmidt andStenger 2021). Hence, there
is a need to understand both the abstract and embodied prioritisation of techniques rele-
vant to the context of the design work. As such, the deficits highlighted in the introduction
pose a major challenge to long-term behavioural design.

Long-term behavioural design

Two major literature streams have developed that are relevant to supporting long-term
behavioural design: processes for organisingdevelopment (Cash,GramHartlev, andDurazo
2017; Fogg 2009a; Wendel 2013), and guidelines or techniques for translating behavioural
theory into artefacts and interventions (Bhamra, Lilley, and Tang 2011; Lockton, Harrison,
and Stanton 2010; Tromp and Hekkert 2014). Critically, while numerous aspects relevant to
long-term behavioural design are highlighted across this literature (e.g. relating to habits
or personal identity (Lockton, Harrison, and Stanton 2008; Michie et al. 2013)), there is a
general focus on achieving intervention delivery andmeasurable impactwithin the context
of a project, and hence, typically in the short-term (Khadilkar and Cash 2020; Schmidt and
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Stenger 2021). Thus, processes and techniques for delivering long-termbehavioural design
are less well developed.

This creates an important gap in behavioural design knowledge, as insights from short-
termdevelopment andmeasurement can not necessarily be directly translated to the long-
term (Fogg 2009b; Schmidt and Stenger 2021). This is because long-term interventions
are impacted by dynamic changes in, for example, the physical and social environment
as well as personal behaviours and habits (Schmidt 2022; Schmidt and Stenger 2021). In
terms of processes, this has led authors such as Schmidt and Stenger (2021) to highlight the
need for the creation of more resilient solutions by embracing more diverse forms of evi-
denceandapplied foresight coupledwith the iterativedevelopmentof interventionswithin
ecosystemsover time. Similarly,Maier andCash (2022) argue for an integrative viewof inter-
ventions within a system, explicitly adopting a reflexive, agile approach able to monitor,
reflect on, and react to a changing system over time. While these works feature potential
ways forward in termsof long-termbehavioural designprocesses, it is less clear howcurrent
techniques should be contextually understood and prioritised in guidance for long-term
applications. This is despite authors such as Fogg (2009b) highlighting the need for general
differentiation between the short- and long-term. Thus, there is a specific need to examine
how techniques should be understood in the context of long-term behavioural design.

Behaviour change techniques for long-term behavioural design

Behavioural designers have access to a wide array of behaviour change techniques
described in numerous lists, taxonomies, and frameworks (for overview seeMaier and Cash
(2022)). These range in scope and abstraction i.e. the degree to which they concretise the
link between general behavioural theory and specific intervention design. For example,
works such as the Behaviour Change Technique Taxonomy (BCTT) (Michie et al. 2013) or
Mindspace (Dolan et al. 2014), are both broad and abstract, while the frameworks provided
by Cash et al. (2020), Tromp, Hekkert, and Verbeek (2011), Bhamra, Lilley, and Tang (2011),
or Lockton, Harrison, and Stanton (2010), offer various degrees of specificity in the link
between abstract theory and contextualised intervention. While these works provide over-
all guidance to designers, they provide little support for the essential translation between
abstract technique and contextually embodied intervention. In particular, fewworks explic-
itly address interactions between possible techniques and contextual factors that might
impact prioritisation when designing and typically offer only limited guidance on tech-
nique embodiment in context. Further, none of these works offer in depth guidance on
how their lists of behaviour change techniques should be prioritised for long-term inter-
ventions. Therefore, we build on the BCTT (the most widely recognised, researched, and
applied set of abstract behaviour change techniques) as a starting point for our research.
This list is also at the heart of many behavioural science-led projects, yet at the same time,
is one of the most abstract. As such, contextualisation of this list offers great potential in
developing the connection between design and behavioural science guidance.

The BCTT contains 16 clusters, with 93 individual BCTs, presenting a huge, yet abstract,
scope for intervention design (Michie et al. 2013). This breadth has supported applica-
tion across a wide range of long-term oriented settings, including rehabilitation (Meng
et al. 2014), lifestyle change (Willems et al. 2019), elderly care (Vestjens et al. 2015; Walsh
et al. 2021), and smoking cessation (O’Neill et al. 2018; Ubhi et al. 2016). However, much
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of the research on BCTT application reflects trials adopting a primarily behavioural science
approach and typically not addressing more design related contextual and embodiment
related considerations. This has led to a situation where despite strong support for the
validity and efficacy of the BCTs themselves there is still a high failure rate in real-world
interventions (Hagger and Weed 2019; Schmidt and Stenger 2021). Further, Nieuwenhui-
jsen et al. (2006) specifically highlight how personal context and environmental factors can
act as facilitators or barriers to change, and it is generally acknowledged in the design liter-
ature that embodiment considerations can make or break intervention outcomes. Thus, in
order to scaffold the translation between abstract and contextual guidance at the heart of
behavioural design – and essential to integrating the best of both design and behavioural
science – there is a need to better understand BCTT prioritisation in relation to interven-
tion embodiment and change over time (following recent work on the need to consider
temporality in design (Pschetz and Bastian 2018)), as well as interaction with changes in
the physical, social, and technological environment (following recent work highlighting
interactions between intervention and context (Cash et al. 2020; Schmidt and Stenger
2021)).

Research framework

Given the needs outlined in the previous section, our research framework starts by build-
ing on the 16 major clusters in the BCTT (Michie et al. 2013). We subsequently examine
how these BCTT clusters can be abstractly prioritised and related to contextual, embodied
interventions during long-term behavioural design. Specifically, we compare and contrast
abstract and embodied prioritisation and implementation of the BCTT clusters with respect
to long-term interventions, susceptibility to changeover time, and interactionwith changes
in the physical, social, and technological environment. Here, long-term is defined as lasting
three months or longer, following research on general habit formation (Lally et al. 2010) as
well asmore specific studies in, for example, health related contexts such as stroke rehabili-
tation (Teasell et al. 2012). This leads to twomain research questions that explicitly connect
design and behavioural science relevant considerations for long-term behavioural design:

RQ1:What are the most important BCTT clusters for long-term behavioural design?

RQ2: How susceptible are these BCTT clusters to change over time and in different contexts?

Methodology

Given the nature of the research need outlined in the previous section our methodology
builds out from a classic Delphi study, which we first elaborate by adding additional con-
text related questions, and then complement via a systematic analysis of real-world cases.
This mixed-methods methodology seeks to connect abstract and contextual insights and
thus draws together approaches found in design i.e. case-based ranking, and behavioural
science i.e. expert-based ranking.

First, themulti-roundDelphimethod has proven a reliablemeans of eliciting knowledge
froma varied group of experts (as found in behavioural design) (Okoli and Pawlowski 2004).
This has four features: (1) anonymity via using questionnaires, (2) iteration to achieve con-
sensus, (3) controlled feedback, and (4) statistical aggregation to distil the final response
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(Rowe, Wright, and Bolger 1991). The Delphi method is especially appropriate when there
are limitations in available theory or empirical data – as is the case in long-termbehavioural
design– with experts offering insights not accessible via othermeans, basedonyears of col-
lective experience. Here, experience from diverse experts is brought together to provide a
distillation of best practice that can help guide others. This approach has been widely used
in the context of BCTT ranking (Vestjens et al. 2015) and seen more limited application in
the design domain when seeking to elicit insights from across expert groups (Adams and
Meyer 2009;McMahonandBhamra 2015). Further, the typeof rankingproducedby theDel-
phi method is readily comparable to other rankings or similarly structured guidance, which
are already common in the context of behavioural design (Bhamra, Lilley, and Tang 2011;
Lockton, Harrison, and Stanton 2010; Tromp, Hekkert, and Verbeek 2011).

Second, providing a contextual, embodied counterpoint to the abstract Delphi results,
we systematically examined real-world interventions targeting long-termchange. This built
on the set of cases previously described by Cash et al. (2020). This type of approach has
been widely used in the design literature (Kelders et al. 2012; Lockton, Harrison, and Stan-
ton 2010; Tromp, Hekkert, and Verbeek 2011), and allows for the examination of how BCTT
clusters are embodied in real-world interventions. This provides critical nuance to the Del-
phi method results. For example, while BCTT clusters are typically ranked individually they
are frequently embodied in combination in actual interventions and hence understanding
their real-world implementation is key to scaffolding translation between ranking and real-
ity. This is important as it emphasises the guiding and explanatory role of such rankings as
well as that they should not form a prescriptive straitjacket. Rather there is significant scope
and need for design exploration and reframing in the translation between abstract ranking
and contextual embodiment.

This combination of methods allows us to distil insights relevant to designers working
with long-term change by connecting design and behavioural science perspectives, whilst
minimising the ethical complexities associated with behavioural trials and long-term data
collection. To provide a common basis for building this connection we take the BCTT clus-
ters as a widely understood and applied starting point (Michie et al. 2013; Vestjens et al.
2015; Willems et al. 2019). The 16 BCTT clusters are: (1) goals and planning, (2) feedback
and monitoring, (3) social support, (4) shaping knowledge, (5) natural consequences, (6)
comparison of behaviour, (7) associations, (8) repetition and substitution, (9) comparison
of outcomes, (10) reward and threat, (11) regulation, (12) antecedents, (13) identity, (14)
scheduled consequences, (15) self-belief, and (16) covert learning.

Sampling

Delphi panel
Following the considerations outlined by Cash et al. (2022a) we first bounded the scope of
this work by sampling experts from across the behavioural design spectrum, from design-
led to behavioural science-led (Reid and Schmidt 2018). This provides the basis for deriving
generalised insights by seeking consensus across a diverse sample, and a specific set of
criteria for a purposive sampling schema – aligned with the Delphi method (Onwueg-
buzie and Leech 2007; Sumsion 1998). Specifically, we identified 12 international experts
on behavioural intervention, based on authors’ networks, following prior BCT focused Del-
phi studies (Garvin and Simon 2017; Vestjens et al. 2015). Here our sampling criteria was
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Table 1. Overview Delphi panel.

Sample Countries Age Highest degree Employment Current focus

Design-led Denmark (5)
Portugal (1)

Mean 32
SD 7

PhD (2)
Masters (4)

Private (5)
University (1)

Founder of behavioural design
company; project manager;
physical/digital designer; UX;
wayfinding

Behavioural
science-led

Denmark (3)
Germany (2)
Portugal (1)

Mean 40
SD 9

PhD (2)
Masters (3)
Doctor (1)

Government (2)
Private (3)
University (1)

Neuropsychological assessment;
rehabilitation; neurorehabilitation;
child psychology

expertise in long-term behavioural design, development of interventions in this context,
and familiarity with the BCTT i.e. theywere able to distinguish the BCTT clusters in principle,
distinct from embodied interventions. Experts were drawn from a range of backgrounds
including behavioural design, behavioural science, and healthcare, all working with long-
termbehaviour change. For thepurposes of this research thesewerebroadly categorised as
predominantly design- (n = 6) or behavioural science-led (n = 6) (Reid and Schmidt 2018).
Amongst the six design-led experts two had PhDs and all worked in practice ranging from
founder of an internationally recognised behavioural design consultancy known for draw-
ing on both design and behavioural science guidance to experienced UX, wayfaring, and
digital/physical product design. Amongst the six behavioural science-led experts two had
PhDs andonewas amedical doctor andallworked inpractice ranging fromheadof aneuro-
logical and research department to stroke and other rehabilitation. All experts had at least a
master’s degree aswell asmultiple years of experience in practice. The panel is summarised
in Table 1.

Based on this sampling approach, 12 experts completed the first round and 9 (75% –
meeting the 70% threshold for acceptability (Sumsion 1998)) the second round. While Del-
phi studies can vary in sample size there is a need to ensure balanced representation of
groups within the sample as well as sufficient expertise in use of the BCTT. As such, our
identified sample of 12 experts, while small, is aligned with many other recent studies
specifically dealing with BCT prioritisation (Davies, Martin, and Foxcroft 2016; McCarthy
et al. 2020; O’Neill et al. 2018; Vestjens et al. 2015; Walsh et al. 2021; Willems et al. 2019),
as well as similar Delphi type studies in the design domain. For example, McMahon and
Bhamra (2015) had a sample of 19 experts when examining competencies for social sus-
tainability and Adams and Meyer (2009) complemented a sample of eight experts with
a wider secondary sample. Across contexts, there is an acknowledgement that relevant
experts are difficult to access and that valid Delphi results can be derived from small
sample sizes. Specifically, the heterogeneous nature of the sample allows insights to be
derived from small groups and hence is in linewith guidelines in this context (Clayton 1997;
Humphrey-Murto et al. 2020).

Real-world cases
To provide a contextual, embodied counterpoint to the abstract Delphi results, and hence
scaffold designer’s translation between design and behavioural science guidance we
systematically examined real-world interventions stemming from long-term behavioural
design. To do this we re-analysed the set of 139 cases previously identified by Cash et al.
(2020).
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This set of cases was derived from across domains (including regulation, safety, and
security; health habits, activity, and food; personal routines and finances; sustainability;
and volunteering (Cash et al. 2020, fig. 2a)) and included numerous short- and long-term
interventions, drawing on reports published by specialist behavioural design companies,
internal reporting from companies, intervention databases, and interventions described in
academic literature. Key inclusion criteria for this sample were data quality (i.e. describing
both problem and solution), solution quality (i.e. inclusion of behavioural success mea-
sures), validity (i.e. the testing methodology was robust), and ethics (i.e. following ethical
best practice).

While Cash et al. identified 218 interventions based on their coding schema some of
these combinedBCTT clusters andhencewe identified 321uniqueBCT interventions across
the dataset. For example, some cases comprised multiple artefacts and/or service compo-
nents (e.g. an app, amessaging service, and a discussion group all packaged together) each
drawing on a distinct BCTT cluster in their delivery. This allowed us to contrast the rank-
ing of individual BCTT clusters in the Delphi method with both their individual application
in real-world interventions and their combination in this context. Each intervention was
coded in terms of both its focus (dealing with the short- or long-term) and the BCTT cluster
it utilised. Of the 321 interventions 123 focused on short-term change while 198 focused
on long-term. Here, short-term was defined as interventions focused on a one-time event
or rare behaviour. For example, choosing an insurance policy or deciding whether to be an
organ donor were considered rare short-term decisions. In contrast, long-termwas defined
as interventions focused on repeated or frequent behaviours (e.g. daily or weekly). For
example, rehabilitation exercises after surgery or a stroke must be done most days over an
extended period and hence, they are long-term. This also supported the generalisation of
the results by contrasting the abstract Delphi rankingwith interventions drawn from across
different long-termbehavioural design contexts. Intercoder reliabilitywas evaluated in two
rounds by the first and second author. In round one 10% of interventions were analysed
and revealed 83% agreement – primarily due to ambiguity in the coding of the Associa-
tions BCTT cluster. This ambiguity was clarified and round two evaluated a further 10% to
achieve 98% agreement. Based on the high level of agreement at this stage the rest of the
cases were coded by the second author. Ranking results were then calculated based on the
long-term uses of a BCTT cluster normalised against the total uses of that BCTT cluster to
produce a score from 1-5. This allowed for comparison with the Likert based rankings.

Overall, this comparisonwith the Likert based rankings serves to contextualise theexpert
data because while the expert questions could focus on abstract validity the case data
reflects real world usage, which can be impacted by ease of delivery or maintenance over
time, preferred deliverymodes, or other pragmatic design factors. As such, the twodatasets
complement one another by providing abstract and contextual counterpoints in validity
and usage.

Delphi procedure

Qualtrics softwarewasused for the first roundof theDelphi study,which took the formof an
online questionnaire. Following informed consent and demographic information, partici-
pants were asked to review each of the 16 BCTT clusters based on a summary overview and
image, as illustrated in Figure 1. They then answered three main questions for each cluster
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Figure 1. Example of BCTT cluster presentation for cluster: 4) shaping knowledge.

using a five-point Likert scale (rated from ‘not at all important’ to ‘extremely important’ for
Question 1 and from ‘not at all’ to ‘A great deal’ for Questions 2 and 3):

(1) In your opinion, how important is [BCTT cluster] for long-term behaviour change?
(2) In your opinion, howmuch does the effectiveness of [BCTT cluster] change over time?

(For example, would it work equally well in a course of a month, 3 months, 6 months, a
year?)

(3) In youropinion, howsusceptible is [BCTT cluster] to changes in eachof these factors? (In
other words, if person’s physical, social, or technological environment changes, would
it affect this behaviour change technique?)
(i) Physical environment (e.g. home, hospital, surroundings)
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(ii) Social environment (e.g. family, friends, social network)
(iii) Technological environment (e.g. available equipment, such as computer, tablet,

phone, or rehabilitation aids)

Based on the results from the first round, a second questionnairewas developed specific
to each participant and delivered via email. Here, each participant received a spreadsheet
overview of their own answers in comparison to the round 1median andwere then invited
to reconsider their answer andoffer comments. Following standardDelphimethodpractice
(Willems et al. 2019), this provided feedback on the responses from the first round, as a basis
for participants to reflect on and potentially alter their previous answers. Thus, participants
had the chance to either change their prior answer or to give additional explanation of their
reasoning. The same explanation of each BCTT cluster was provided as in the first round.

Data analysis

Based on the survey results the level of consensus was calculated for each question. This
first evaluated the whole sample, and then also the design and behavioural science sub-
samples. Following prior works in this context, consensus was evaluated as ≥50% agree-
ment around a median (Gracht 2012). This allowed for a more nuanced understanding of
the results in relation to RQ2 andprovided a basis for ranking the BCTT clusterswith respect
to importance for long-term behavioural design in relation to RQ1.

The percentage consensus and median are summarised for all BCTT clusters in Table 2
(as an illustration of the analysis of survey Question 1) and in Appendix Tables 7, 8, and
9 for Questions 2 and 3. For Question 1 good consensus was found across the sample for
all but three BCTT clusters. For Questions 2 and 3 consensus was found for the majority
of BCTT clusters but also showed divergence between the design and behavioural science
sub-samples (discussed in more detail in the results). Once consensus was evaluated, rank-
ingswere calculated based on themean response for each BCTT cluster, followingprior BCT
rankings (Vestjens et al. 2015).

Table 2. Overview of consensus results for ranking of importance for long-term behavioural design.

Sample

Combined Design Behavioural science

BCT Consensus Median Consensus Median Consensus Median

1. Goals and planning 67 4.0 50 4.5 83 4.0
2. Feedback and monitoring 50 4.5 50 4.5 50 4.5
3. Social support 58 4.0 83 4.0 33 4.0
4. Shaping knowledge 50 4.0 67 4.0 50 3.5
5. Natural consequences 50 3.0 50 3.0 50 3.0
6. Comparison of behaviour 42 2.5 50 3.5 50 2.0
7. Associations 50 4.0 50 3.5 50 4.0
8. Repetition and substitution 58 4.0 67 4.0 50 4.5
9. Comparison of outcomes 50 3.0 50 3.5 67 3.0
10. Reward and threat 67 3.0 67 3.0 67 3.0
11. Regulation 50 3.5 83 4.0 67 3.0
12. Antecedents 50 4.0 50 3.5 50 4.0
13. Identity 42 4.0 50 4.0 67 3.0
14. Scheduled consequences 42 3.5 50 2.5 50 4.0
15. Self-belief 58 4.0 50 4.5 67 4.0
16. Covert learning 67 3.0 83 3.0 50 3.0
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Table 3. Ranking of importance for long-term behavioural design.

Sample

Combined Design Behavioural sci. Cases

BCT Rank Rank Rank Rank

15. Self-belief 1 2 1 1
8. Repetition and substitution 2 1 7 1
2. Feedback andmonitoring 3 2 4 4
1. Goals and planning 4 5 1 5
3. Social support 5 4 4 7
4. Shaping knowledge 6 7 3 8
11. Regulation 7 11 8 1
13. Identity 8 4 10 14
7. Associations 9 14 5 11
9. Comparison of outcomes 10 9 11 9
6. Comparison of behaviour 11 16 9 6
10. Reward and threat 12 11 9 10
14. Scheduled consequences 13 9 16 12
12. Antecedents 14 7 9 15
5. Natural consequences 15 11 14 13
16. Covert learning 16 15 9 16

Results

In answer to our research questions, we first rank the importance of BCTT clusters for long-
term behavioural design, before examining the varied expert views on the susceptibility of
these clusters to change over time and in different contexts.

Ranking importance for long-term behavioural design

In answer to RQ1, consensus was reached for 13 out of 16 BCTT clusters. The importance of
all clusters for long-termbehaviour design is summarised in Table 3,with themost and least
relevant denoted in italics. Themost relevant BCTT clusters-based on the combined sample
and casemeans-were self-belief (mean = 4.61), repetition and substitution (mean = 4.50),
feedback andmonitoring (mean = 4.35), and goals and planning (mean = 4.27); while the
least relevant were scheduled consequences (mean = 3.11), antecedents (mean = 3.05),
natural consequences (mean = 2.94), and covert learning (mean = 2.33). The full details
of the mean scores and ranks for all sub-samples is provided in Appendix Table 10
(here columns are organised sub-samples associated with the six design-led experts, six
behavioural science-led experts, and the real-world cases; mean results were used for con-
sistent comparability across sub-samples), while Table 11 provides the supporting details
of the case mean calculation.

Contrasting factors influencing long-term interventions

The answer to RQ2 was less clear because, while sub-sample (design and behavioural sci-
ence) consensuswas relatively high (circa 13out of 16BCTT clusterswith ≥ 50%agreement
for all questions), agreement between the samples diverged as highlighted in comments
by the experts during the second round of the Delphi method (see Appendix Tables 7–9).
Results are summarised in Tables 4a and 4b.
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Table 4a. Ranking of susceptibility to other factors (Questions 2–3).

Time Physical environment

BCT D Rank B Rank BCT D Rank B Rank

10. Reward and threat 1 2 1. Goals and planning 1 6
1. Goals and planning 2 4 9. Comparison of outcomes 1 6
2. Feedback and monitoring 3 8 7. Associations 3 2
5. Natural consequences 4 14 11. Regulation 4 4
3. Social support 5 4 2. Feedback and monitoring 4 9
4. Shaping knowledge 5 4 3. Social support 4 10
11. Regulation 5 4 15. Self-belief 4 10
16. Covert learning 5 12 4. Shaping knowledge 8 10
8. Repetition and substitution 9 1 12. Antecedents 9 1
7. Associations 9 14 8. Repetition and substitution 9 3
13. Identity 11 8 16. Covert learning 11 8
6. Comparison of behaviour 12 8 14. Scheduled consequences 11 10
12. Antecedents 13 3 5. Natural consequences 11 15
15. Self-belief 13 8 10. Reward and threat 14 4
9. Comparison of outcomes 13 13 6. Comparison of behaviour 15 14
14. Scheduled consequences 13 14 13. Identity 15 16

Sample denoted by Design (D) and Behavioural Science (B).

Table 4b. Continued.

Social environment Technical environment

BCT D Rank B Rank BCT D Rank B Rank

3. Social support 1 1 2. Feedback and monitoring 1 1
7. Associations 2 14 1. Goals and planning 1 3
6. Comparison of behaviour 3 3 4. Shaping knowledge 3 3
4. Shaping knowledge 3 6 7. Associations 3 5
1. Goals and planning 5 2 9. Comparison of outcomes 3 14
2. Feedback and monitoring 5 8 16. Covert learning 6 7
9. Comparison of outcomes 5 8 14. Scheduled consequences 6 9
10. Reward and threat 5 10 8. Repetition and substitution 8 5
13. Identity 9 3 6. Comparison of behaviour 8 9
15. Self-belief 9 3 12. Antecedents 10 2
16. Covert learning 9 7 10. Reward and threat 10 9
8. Repetition and substitution 9 10 15. Self-belief 12 14
5. Natural consequences 9 16 13. Identity 13 8
12. Antecedents 14 12 3. Social support 13 9
14. Scheduled consequences 15 12 5. Natural consequences 13 16
11. Regulation 16 14 11. Regulation 16 9

Sample denoted by Design (D) and Behavioural Science (B).

In terms of susceptibility to change over time, there was a greater than eight rank dis-
agreement on natural consequences (rank = 4 design v. 14 behavioural science), covert
learning (rank = 5 design v. 12 behavioural science), and antecedents (rank = 13 design
v. 3 behavioural science). Similarly, in terms of susceptibility to change in physical environ-
ment there was a greater than eight rank disagreement on antecedents (rank = 9 design
v. 1 behavioural science) and reward and threat (rank = 14 design v. 4 behavioural sci-
ence), social environment on associations (rank = 2 design v. 14 behavioural science), and
technological environment on comparison of outcomes (rank = 3 design v. 14 behavioural
science) and antecedents (rank = 10 design v. 2 behavioural science). Full detail of all
means is provided in Appendix Tables 12 and 13.
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Linking abstract and contextual results

To elaborate insights relevant to designers working with long-term behavioural design we
also explored the experts’ rationale for their rankings and further connected these abstract
rankings with deeper analysis of the real-world cases. Here, justifications for differences
in these ranks focused on experience and differing foci on technologies or specific types
of people being influenced. For example, Expert 8 highlighted how in their experience:
‘Your social environment has a great deal to say about beliefs of natural consequences and
how one should interpret social rules and/or real health consequences’. Similarly, Expert 2
emphasised how ‘In my experience, associative techniques and cueing can be difficult to
transfer from one setting to another. Often, training needs to start over when transitioning
from one setting to another (e.g. rehabilitation centre to home)’ and further that ‘I believe
that planning and goal setting are social actions to an extended degree. Relatives, friends,
etc. are very important for setting goals and followingupon them’. This focus on contextual
understanding, and lack of clear guidance on the influence of context factors, thus has the
potential to explain differing opinions between sub-samples. However, all experts agreed
that BCTT clusters were significantly impacted by these factors and that theywere essential
to consider when designing long-term interventions.

Unpacking these results further revealed several contextual design considerations
around the BCTT clusters identified as most important in Table 3. Here multiple experts
highlighted how embodiment of BCTT clusters in real-world interventions needed to
change over time to maintain relevance and effect. For example, Expert 8 noted that feed-
back based interventions needed to adjust over time as behaviour become habitual: ‘after
some time, feedback stops being the initiator of newbehaviour, the pointwhere it’s a habit’
and further that as peoplemove from one context to another over time the role of an inter-
vention can change: ‘social support is often based on where you are and getting out of
a hospital after days of care will greatly change your interaction with it’. Expert 12 also
explained that in their view

the effect of planning and goal-setting can become less effective over time . . . depending on a
number of factors such as; Are the goals achievable? Are they realistic? Does the person expe-
rience some direct benefit of sticking to the plan (or some direct negative consequence if not
sticking to it)?

This need to account for development over time was also highlighted by the behavioural
science-led experts. For example, Expert 1 stated that ‘a long period of rehab goal and plan-
ning are very effective for the patients. As long as the patient evaluates and continuously
changes the goals during the rehab’. As such, there is a critical need for design exploration
in the translation from abstract BCTT cluster into interventions not only in the immediate
context but with consideration to change over time.

In addition to temporal considerations, several design-led experts highlighted embod-
iment and contextual factors that impact how BCTT clusters might be incorporated into
real-world interventions. For example, Expert 7 pointed out this contextual dependency in
embodiment: ‘goals and planning are very technology correlated, for example, by digital
calendars, reminders etc’. This was also emphasised by Expert 8: ‘setting out a plan/goals
could, for example, be based on your fridge or shoes by the door, which makes these
elements greatly influencing by the physical surroundings’ and that ‘the only thing that
allows you to compare yourself is the social environment’. These considerations were also
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mirrored by the behavioural science-led experts. For example, Expert 5 explained how
‘feedback through technological devices will have a greater impact than a therapist´s
opinion, patients believemore in objectivemeasures . . . [but] . . . if the technology changes,
patients will not be able to compare the outcomes with each other’. However, they also
highlightedhowmanyBCTT clusters canbe implemented through variedmeans. For exam-
ple, Expert 2 stated that ‘technological solutionsmay assist identity techniques, but I do not
think that the effectiveness of these techniques relies on technological solutions’. Over-
all, these results emphasise the importance of the translation from abstract BCTT cluster
to embodied interventions that are meaningful and effective in context and points to the
need for a deep understanding of both the design and behavioural science considerations
that might influence these outcomes.

Connecting these insights to more detailed analysis of the real-world cases, two addi-
tional considerations are brought to the fore. First, most cases employed multiple inter-
ventions. Here, the total number of interventions that were distinct in terms of both BCTT
cluster and their design embodiment was three across cases, while the average number
when only distinguishing by BCTTwas two. This highlights the high degree of variation and
design scope when translating from abstract cluster to embodied intervention. Second, as
evidenced by the difference in averages noted abovemany cases chose to embody a single
BCTT cluster inmultipledistinct interventions, combinedclusters viamultiple interventions,
combined clusters in a single intervention, or somecombinationof these. The complexity of
this translation from general guidance – often associated with one or two main BCTT clus-
ters – and contextual embodiment is illustrated in Figure 2, which shows how many cases
employed two or more interventions. This can be further understood by examining exam-
ples of interventions associatedwith each BCTT cluster, as summarised in Table 5. This gives
an overview of the diversity of possible embodiments as well as the potential for combina-
tions and synergies across BCTT clusters through smart design (Note: no long-term cases
used the covert learning cluster so this is not included in Table 5).

Discussion

Our research provides two main contributions addressing the need outlined in the intro-
duction to (i) examine how behaviour change techniques can be abstractly prioritised
(linked to RQ1) and (ii) related to contextual, embodied interventions during long-term
behavioural design (linked to RQ2). These are primarily built on the results distilled in Tables
5 and 6. Table 6 brings together the abstract findings while Table 5 illustrates the diversity
of contextual embodiments related to these.

The first main contribution is based on answering RQ1 (what are the most important
BCTT clusters for long-term behavioural design?) by providing an overall, abstract rank-
ing of BCTT clusters in Table 6. This addresses an important gap in research on behaviour
change techniques in general (Kwasnicka et al. 2016), aswell as highlighting how long-term
BCTT prioritisation differs from more short-term focused rankings. For example, examin-
ing the real-world case data from Cash et al. (2020) for short-term usage there was a focus
on antecedents and associations, which significantly contrasts with their low ranking in
Table 6. Similarly, Watson et al.’s (2021) work on handwashing interventions also high-
lighted antecedents as well as comparison of behaviour and natural consequences, which
are all in the lower half of the ranking in Table 6. Evaluating the credibility of our findings
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Table 5. Example interventions associated with each BCTT cluster drawn from the cases.

BCT Example 1 Example 2 Example 3

15. Self-belief Embodied in encouraging text messages
saying that ‘you can succeed’ and that ‘you
belong’ in the intervention context.

Embodied in motivational text messages
containing a variety of different messages
and including e.g. public testimonials.

NA

8. Repetition and
substitution

Embodied in a videogame where the user
moves a character by moving themselves
with an accelerometer to help them practice
an activity.

Embodied in a guide helping people to select
sustainable food and hence support more
general consideration of sustainable food
products.

Embodied in a tooth brushing game where
children practice with guidance from
changing tones and visual images that
provide a sense of control.

2. Feedback and
monitoring

Embodied in a computer game where, fish size
displayed the progress toward a target while
fish facial expression showed if the goal was
reached.

Embodied in a home touch screen display,
which provides ambient feedback on
electricity usage and associated cost via
colour-coding.

Embodied in a shoe accessory with a light
that brightens the more the wearer walks
and slowly dims when the wearer remains
stationary.

1. Goals and
planning

Embodied in a saving plan consisting of (i)
an approach to increase contribution, (ii)
savings start after an increase in salary,
and (iii) saving percent increase at each
scheduled raise.

Embodied in a safe tool with suggested
activities (e.g. play football) for the weekend
for youth, requiring them engage with the
tool, and then encouraging them to contact
friends to do it with.

Embodied in a process where people write
down three plans for when, how and where
they are going to exercise and three barriers
that might challenge this and how to cope
with them.

3. Social support Embodied in a competition about energy use
across floors in a building and making one
person responsible for advocating energy
saving for a day.

Embodied in an online consultation providing
a virtual social training session that is
complemented by other activities related to
the user’s context.

Embodied in an online social ‘sharing group’
where users can comment step counts and
get support from others.

4. Shaping
knowledge

Embodied in a set guidance promoted via a
media campaign using social media, blogs,
PR, governmental webpages, and a specific
app.

Embodied inweekly facilitated groupmeetings
complemented by information leaflets on
e.g. the benefits of exercising.

Embodied in a physical visit by a student who
provided information about the current
initiative to reduce water consumption.

11. Regulation Embodied in a virtual garden representing
physical activity with flowers as a metaphor
and with a pleasing aesthetic so users won’t
change it.

NA NA

13. Identity Embodied in a personal group where users
can send their step count and comments
to any/all of their fitness buddies and see
buddies’ progress with respect to goals,
amongst other things.

Embodied in a virtual platform where users
can see a changing self-image of their
development from smoker to non-smoker.

Embodied in a virtual garden representing
physical activity with flowers as a metaphor
and opportunities for users to identify with
and share information about the garden
with others.

(continued).
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Table 5. Continued.

BCT Example 1 Example 2 Example 3

7. Associations Embodied in a game for elementary school
children were users have to make recipes
and eat more fruit, juice and vegetables to
win.

Embodied in messages tailored to user’s
personal profile and connecting desired
outcomes with specific prompts.

Embodied in a mobile app that reminds office
workers to take break from the screen via
messages linked to getting up from the
desk.

9. Comparison of
outcomes

Embodied in a programme where teenagers
mentor toddlers through a 20-week course
to see the outcome of early, unplanned
pregnancy.

Embodied in a persuasive message where
student actors and a doctor (also an actor)
talk about a procedure and misbeliefs
regarding it.

Embodied in a explanation showing users
exactly what they are donating for and
the specific difference in outcomes their
donation makes.

6. Comparison of
behaviour

Embodied in an ambient display worn on the
wrist that notifies users in near real-time
when other people in their social group are
physically active.

Embodied in a virtual competition showing
how much your colleagues has been
drinking (water), visually represented by a
growing tree.

Embodied in a Facebook application designed
to provide social and competitive context
for daily pedometer readings.

10. Reward and
threat

Embodied in receipt-based lottery for
individuals and a collective prize for the
city if the amount of money spent on card
exceeds a certain amount.

Embodied in rewarding messages highlighting
where calorie intake was lower than the
previous day.

NA

14. Scheduled
consequences

Embodied in a pre-planned congratulatory
message delivered on day 1 of quitting
smoking.

NA NA

12. Antecedents Embodied in a redesigned prescription chart,
which should be confirmed every third day
and has an integrated checklist. 2.

Embodied in a ‘smart’ shopping cart with a LED
light bar displaying various information on
usage and comparison with social norms.

Embodied in sound and tactile cues and
reminder built into a desk to trigger users to
adjust it to their hight.

5. Natural
consequences

Embodied in a displaying converting the
number of printed pages to equal number
of trees or CO2.

Embodied in a documentary with the potential
consequences of texting and driving.

NA
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Figure 2. Overview of number of interventions used in each case.

Table 6. Ranking of importance versus overall susceptibility to change over time and contextual factors.

Overall importance Overall susceptibility

BCT Rank Mean Rank Mean

15. Self-belief 1 4.61 12 2.9
8. Repetition and substitution 2 4.50 5 3.3
2. Feedback andmonitoring 3 4.35 2 3.5
1. Goals and planning 4 4.27 1 3.6
3. Social support 5 4.09 5 3.3
4. Shaping knowledge 6 4.03 3 3.3
11. Regulation 7 3.94 11 3.0
13. Identity 8 3.40 14 2.8
7. Associations 9 3.35 4 3.3
9. Comparison of outcomes 10 3.32 10 3.1
6. Comparison of behaviour 11 3.26 13 2.9
10. Reward and threat 12 3.21 7 3.2
14. Scheduled consequences 13 3.11 15 2.8
12. Antecedents 14 3.05 8 3.2
5. Natural consequences 15 2.94 16 2.7
16. Covert learning 16 2.33 9 3.1

Most important are denoted by bold text and most susceptible are denoted by italic text.

in more specific long-term relevant contexts shows that the importance ranking in Table 6
broadly aligns with prior works. For example, for physical activity and healthy eating Sam-
dal et al. (2017) highlight feedback andmonitoring, goals and planning, and social support
(respectively ranked 3, 4, and 5 in Table 6). This is mirrored for smoking cessation by O’Neill
et al. (2018) – highlighting feedback andmonitoring – and for lifestyle changes byWillems
et al. (2019) – highlighting goals and planning and repetition and substitution (ranked 2 in
Table 6). Vestjens et al. (2015) also highlight repetition and substitution as generally impor-
tant for complex interventions. Further, based on a review of electronic lifestyle activity



18 P. CASH ET AL.

monitors (comparable to a sub-set of our real-world cases (Table 3)), Lyons et al. (2014)
also identified goals and planning and feedback and monitoring as key BCTT clusters. This
also aligns with good agreement between our expert sample and real-world cases (Table
3). In addition, Samdal et al. (2017) highlight the importance of person centredness and
support for autonomy when maintaining behaviour over time, aligning with our identifi-
cation of self-belief as the most important BCTT for long-term behavioural design. Overall,
this suggests that while our results are both abstract and framed with respect to the long-
term in general the distilled ranking is credible and comparable to other research on BCTT
prioritisation in this area.

In terms of design, our results suggest that despite significant differences across
behaviour change contexts there are some generally relevant clusters, which can help
guide behavioural designers when identifying directions for exploration and development
of potential interventions. Here, the abstract and generic nature of the BCTT clustersmeans
that designers have significant scope for abduction and reframing in search of the most
contextually relevant and valuable intervention (Cash, Valles Gamundi, et al. 2022b), whilst
retaining the general explanative power offered by the BCTT. This also serves to elaborate
the more general recognition that long-term behavioural design demands specific priori-
ties as discussed by, for example, Fogg (2009b) or Tromp andHekkert (2018). This illustrates
how Table 6 can help designers to make sense of and explain their work in the face of the
complex realities of long-term behavioural design and the associated challenges linked to
designing interventions in this context (Schmidt and Stenger 2021). Thus, while such rank-
ings cannot and should not straitjacket design exploration, they can serve an important role
in guiding focus and identifying differences in short- and long-term behavioural design.

The second main contribution is based on taking a first step towards answering RQ2
(how susceptible are these BCTT clusters to change over time and in different contexts?)
by highlighting those BCTT clusters most and least susceptible to change over time (based
on averaged susceptibility results for each of the four factors; see Table 6) and qualitatively
examining considerations relevant to long-termbehavioural design (see Figure 2 and Table
5). Here, while there was general agreement on the need to consider change in context
when applying BCTT clusters, therewas less agreement on specific susceptibility and a high
degree of variation in contextual embodiment. This is again alignedwith expectations from
prior research in design, which have highlighted how embodiment can vary significantly
with respect to commonunderlyingbehaviour change techniques (Cash et al. 2020; Kelders
et al. 2012). Overall, this suggests that despite diversity in responses our results are credi-
ble in comparison to prior research in this area (Bhamra, Lilley, and Tang 2011; Lockton,
Harrison, and Stanton 2010; Tromp, Hekkert, and Verbeek 2011).

In terms of design, our results highlight how much of the variation in BCTT cluster pri-
oritisation can be connected to the critical and substantial translation between abstract
clusters and embodied interventions (Bhamra, Lilley, and Tang 2011; Tromp and Hekkert
2014). Notably, we describe how contextual embodied interventions vary substantially in
form, often combine BCTT clusters, and even express the same cluster via multiple com-
plementary aspects of the embodiment. This provides further evidence for the need to
better understand how design and behavioural science guidance can be brought together
to deliver impactful interventions that are also robust and explicable (Cash et al. 2022b;
Mejía 2021; Schmidt 2020). Further, it highlights amajor deficit in many of the behavioural-
science led models of behavioural design where issues of contextual embodiment and



JOURNAL OF ENGINEERING DESIGN 19

wider integration of design practices and insights are often minimised (Reid and Schmidt
2018; Schmidt and Stenger 2021). This is, for example, notable in the main process with
which theBCTT clusters are associated – thebehaviour changewheel – where embodiment
issues are comparatively neglected (Michie, Atkins, and West 2015). More generally, while
there are numerous social and behavioural theories dealing with aspects of behaviour in
the long-term (such as self-determination) (Samdal et al. 2017), these are little connected to
the design frameworks used to understand contextual, temporally dynamic, and embodied
interventions (Pschetz and Bastian 2018). As such, our findings highlight that while impor-
tant information is held in behavioural-science guidance – and this cannot be neglected
– there is also a critical need to integrate design approaches, especially in the translation
betweenabstract BCTT clusters andembodied interventions. Thus,while thisworkprovides
important insights linking temporal and context change to the robustness of behavioural
design interventions – extending current work in design (Bay Brix Nielsen, Daalhuizen, and
Cash 2021; Pschetz and Bastian 2018) – it also highlights the need for further research and
theory development in this area.

Limitations and further work

Before discussing implications, it is important to consider the main limitations of this work.
First, while 12 experts is an acceptable sample for the Delphi method (and comparable
to prior studies in both the BCTT and design contexts (McMahon and Bhamra 2015; Vest-
jens et al. 2015)), it places a focus on reaching consensus between diverse experts (Clayton
1997;Garvin andSimon2017;Humphrey-Murto et al. 2020). Thus,weboth recruitedexperts
from across the spectrum of behavioural design and drew on real-world cases to support
our conclusions. As such, our results provide a reasonable basis for prioritising the impor-
tance of BCTT clusters for long-term behavioural design but also highlight the need to
better understand their contextualised embodiment in real-world interventions and the
interaction between design and behavioural science guidance.

Second, while there is debate as to the required level of consensus for Delphi results,
we followed prior guidance in considering BCT clusters to have reached consensus when
percentage agreement was ≥50% (Gracht 2012). This highlighted a lack of consensus
with respect to the susceptibility of BCTTs, despite the overall importance of this aspect
being highlighted by all experts. Thus, while we provide several design relevant qualita-
tive insights that help to elaborate this issue there is a critical need for further theory and
empirical study linkingbehavioural science explanations of susceptibility to relevant design
frameworks.

Implications

Our findings hold two major implications for long-term behavioural design. First, design-
ers in this area should be aware of the general differences evident when dealing with
long- versus short-term behaviour change. For example, we highlight the prioritisation of
self-belief, repetition and substitution, feedback and monitoring, and goals and planning,
and deprioritise scheduled consequences, antecedents, natural consequences, and covert
learning (see the importance ranking in Table 6). This helps designers in navigating the
complexity of the BCTT clusters to identify potentially fruitful directions for exploration
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but, critically, should not be considered a prescriptive straitjacket due to our second
implication.

Second, designers should pay particular attention to the translation from abstract guid-
ance to contextual, embodied intervention and be aware that this has the potential to sig-
nificantly impact outcomes. Here,wehighlight hownumerous BCTT clusters are generically
vulnerable to changing contextual factors (e.g. feedback and monitoring are considered
particularly vulnerable to time and technological environment) as well as how successful
interventions display a high degree of variety in BCTT embodiment, often combine BCTT
clusters, or leveragingmultiple embodiments of a single cluster in order to reinforce effects
in context. In particular, the results in Table 5 provide an indicator of the design scopewhen
developing interventions. However, care should be taken to ensure that the link between
abstract explanation and embodied design are not lost. Our results empower designers in
making the most of design guidance when developing interventions and also help in con-
necting these back to abstract techniques in order to balance the dual demands of efficacy
and effectiveness characteristic of behavioural design.

Conclusions

Long-term behaviour change is essential to addressing many societal and personal chal-
lenges, yet there is a critical gap in guidance for designers who must deliver long-term
behavioural design. Hence, in this work we have sought to answer both: what are the
most important Behaviour Change Technique Taxonomy (BCTT) clusters for long-term
behavioural design (RQ1) and how susceptible are these BCTT clusters to change over
time and in different contexts (RQ2)? We addressed these questions using a Delphi sur-
veymethodwith 12 international experts on behavioural intervention complemented by a
reanalysis of over 100 real-world cases.

Based on our results, we provide a first general ranking of behaviour change techniques
for long-term behavioural design and highlight how these are susceptible to change over
time, as well as changes in the physical, social, and technological environment. Further, we
elaborate the considerations associated with the translation from abstract BCTT clusters to
embodied interventions and explore the scope of this design work. This provides essential
and novel guidance for behavioural designers working in domains such as health, wellbe-
ing, and sustainability, as well as contributing to wider research on how to deal with the
demands of long-term behaviour change.
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Appendix

Table 7. Detail of consensus results for time (Question 2).

Sample

Design Behavioural Science

BCT Consensus Median Consensus Median

1. Goals and planning 67 3.0 50 3.5
2. Feedback and monitoring 33 3.5 33 3.0
3. Social support 33 3.0 50 3.0
4. Shaping knowledge 50 3.0 50 3.5
5. Natural consequences 33 3.5 50 3.0
6. Comparison of behaviour 50 2.0 50 3.0
7. Associations 50 2.5 50 3.0
8. Repetition and substitution 67 2.0 50 4.0
9. Comparison of outcomes 67 2.0 50 2.5
10. Reward and threat 50 4.5 67 4.0
11. Regulation 33 3.0 33 3.0
12. Antecedents 50 2.0 50 3.0
13. Identity 67 2.0 50 3.5
14.Scheduled consequences 83 2.0 33 2.5
15. Self-belief 50 2.0 50 3.5
16. Covert learning 50 2.5 67 3.0

Table 8. Detail of design consensus results for Question 3.

Environment

3a physical 3b social 3c technological

BCT Consensus Median Consensus Median Consensus Median

1. Goals and planning 33 4.0 67 4.0 83 4.0
2. Feedback and monitoring 50 4.0 33 3.5 50 3.5
3. Social support 50 4.0 67 4.0 67 2.0
4. Shaping knowledge 67 4.0 50 3.5 50 3.5
5. Natural consequences 33 3.0 33 3.5 50 2.0
6. Comparison of behaviour 50 2.5 33 3.5 50 2.5
7. Associations 50 4.0 50 3.5 50 3.5
8. Repetition and substitution 50 3.0 67 4.0 50 3.0
9. Comparison of outcomes 67 4.0 67 3.0 50 4.0
10. Reward and threat 50 3.0 50 3.5 50 3.0
11. Regulation 50 4.0 50 2.5 67 2.0
12. Antecedents 33 3.0 67 3.0 50 2.5
13. Identity 33 2.5 50 3.5 50 2.5
14.Scheduled consequences 67 3.0 50 2.5 50 3.0
15. Self-belief 50 4.0 67 4.0 50 2.5
16. Covert learning 67 3.0 50 3.0 50 3.0
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Table 9. Detail of behavioural science consensus results for Question 3.

Environment

3a physical 3b social 3c technological

BCT Consensus Median Consensus Median Consensus Median

1. Goals and planning 50 3.0 50 4.0 50 3.0
2. Feedback and monitoring 67 3.0 67 4.0 50 4.0
3. Social support 50 2.5 67 5.0 67 2.0
4. Shaping knowledge 50 2.5 83 4.0 50 3.5
5. Natural consequences 67 3.0 50 3.0 50 1.5
6. Comparison of behaviour 50 2.5 67 4.0 50 2.0
7. Associations 33 4.0 50 2.5 33 3.0
8. Repetition and substitution 50 4.0 50 3.5 50 3.5
9. Comparison of outcomes 50 3.5 67 4.0 67 2.0
10. Reward and threat 50 4.0 50 3.5 33 2.5
11. Regulation 50 3.5 67 3.0 50 2.5
12. Antecedents 67 4.0 50 3.5 50 3.5
13. Identity 50 2.0 67 4.0 50 3.0
14.Scheduled consequences 50 3.0 50 3.5 50 2.0
15. Self-belief 50 3.0 67 4.0 67 2.0
16. Covert learning 50 3.5 50 4.0 83 3.0

Table 10. Detail of ranking of importance for long-term behaviour change.

Sub-sample

Design Behavioural Science Cases

BCT Rank Mean Rank Mean Rank Mean

1. Goals and planning 5 3.8 1 4.5 5 4.5
2. Feedback and monitoring 2 4.3 4 4.2 4 4.5
3. Social support 4 4.0 4 4.2 7 4.1
4. Shaping knowledge 7 3.7 3 4.3 8 4.1
5. Natural consequences 11 3.0 14 3.0 13 2.8
6. Comparison of behaviour 16 2.5 9 3.2 6 4.1
7. Associations 5 3.8 14 3.0 11 3.2
8. Repetition and substitution 1 4.5 7 4.0 1 5.0
9. Comparison of outcomes 11 3.0 9 3.2 9 3.8
10. Reward and threat 11 3.0 9 3.2 10 3.5
11. Regulation 11 3.0 8 3.8 1 5.0
12. Antecedents 7 3.7 9 3.2 15 2.3
13. Identity 10 3.3 4 4.2 14 2.7
14.Scheduled consequences 9 3.5 16 2.8 12 3.0
15. Self-belief 2 4.3 1 4.5 1 5.0
16. Covert learning 15 2.8 9 3.2 16 1.0
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Table 11. Detail of cases mean calculation.

Interventions Normalised

BCT Total Long-term Score 1–5 Mean

1. Goals and planning 23 20 0.9 4.5
2. Feedback and monitoring 44 39 0.9 4.5
3. Social support 9 7 0.8 4.1
4. Shaping knowledge 22 17 0.8 4.1
5. Natural consequences 11 5 0.5 2.8
6. Comparison of behaviour 32 25 0.8 4.1
7. Associations 56 31 0.6 3.2
8. Repetition and substitution 5 5 1.0 5.0
9. Comparison of outcomes 10 7 0.7 3.8
10. Reward and threat 13 8 0.6 3.5
11. Regulation 1 1 1.0 5.0
12. Antecedents 82 27 0.3 2.3
13. Identity 7 3 0.4 2.7
14.Scheduled consequences 2 1 0.5 3.0
15. Self-belief 2 2 1.0 5.0
16. Covert learning 2 0 0.0 1.0

Table 12. Means for susceptibility to other factors (Questions 2–3). Sample denoted by Design (D) and
Behavioural Science (B).

Time Physical environment

BCT D Mean B Mean BCT D Mean B Mean

1. Goals and planning 3.5 3.2 1. Goals and planning 4.0 3.3
2. Feedback and monitoring 3.3 3.0 2. Feedback and monitoring 3.7 3.0
3. Social support 2.8 3.2 3. Social support 3.7 2.8
4. Shaping knowledge 2.8 3.2 4. Shaping knowledge 3.5 2.8
5. Natural consequences 3.0 2.5 5. Natural consequences 3.0 2.5
6. Comparison of behaviour 2.3 3.0 6. Comparison of behaviour 2.5 2.7
7. Associations 2.7 2.5 7. Associations 3.8 4.0
8. Repetition and substitution 2.7 3.8 8. Repetition and substitution 3.2 3.8
9. Comparison of outcomes 2.2 2.7 9. Comparison of outcomes 4.0 3.3
10. Reward and threat 4.0 3.5 10. Reward and threat 2.8 3.7
11. Regulation 2.8 3.2 11. Regulation 3.7 3.7
12. Antecedents 2.2 3.3 12. Antecedents 3.2 4.3
13. Identity 2.5 3.0 13. Identity 2.5 2.3
14.Scheduled consequences 2.2 2.5 14.Scheduled consequences 3.0 2.8
15. Self-belief 2.2 3.0 15. Self-belief 3.7 2.8
16. Covert learning 2.8 2.8 16. Covert learning 3.0 3.2
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Table 13. Means for susceptibility to other factors (Questions 2–3).

Social environment Technical environment

BCT D Mean B Mean BCT D Mean B Mean

1. Goals and planning 3.5 4.2 1. Goals and planning 3.8 3.2
2. Feedback and monitoring 3.5 3.5 2. Feedback and monitoring 3.8 4.2
3. Social support 4.3 4.5 3. Social support 2.3 2.3
4. Shaping knowledge 3.7 3.8 4. Shaping knowledge 3.3 3.2
5. Natural consequences 3.3 2.8 5. Natural consequences 2.3 1.8
6. Comparison of behaviour 3.7 4.0 6. Comparison of behaviour 2.8 2.3
7. Associations 3.8 3.0 7. Associations 3.3 3.0
8. Repetition and substitution 3.3 3.3 8. Repetition and substitution 2.8 3.0
9. Comparison of outcomes 3.5 3.5 9. Comparison of outcomes 3.3 2.0
10. Reward and threat 3.5 3.3 10. Reward and threat 2.7 2.3
11. Regulation 2.8 3.0 11. Regulation 2.2 2.3
12. Antecedents 3.2 3.2 12. Antecedents 2.7 3.3
13. Identity 3.3 4.0 13. Identity 2.3 2.5
14.Scheduled consequences 3.0 3.2 14.Scheduled consequences 3.0 2.3
15. Self-belief 3.3 4.0 15. Self-belief 2.5 2.0
16. Covert learning 3.3 3.7 16. Covert learning 3.0 2.8
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