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ABSTRACT

There are increasing concerns that digital interventions in health-
care settings could be better designed for scalable and sustained
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CCS CONCEPTS

+ Human-centered computing — HCI theory, concepts and
models; - Applied computing — Life and medical sciences.

use. Implementation science is the scientific study of how to em-
bed evidence-based interventions in practice. Calls to integrate
implementation science and Human-Centred Design methods have
focused on integrating design methods within implementation sci-
ence processes. By contrast, we present a novel approach to in-
tegrating implementation science within Human-Centred Design
for digital health interventions. Our approach leverages the socio-
technical Nonadoption, abandonment, scale-up, spread, and sus-
tainability (NASSS) framework within the distinct phases of the
Double Diamond process. To illustrate our proposal we demon-
strate its application in the redesign of a brief health promotion
intervention to reduce the risk of alcohol-attributable breast cancer
in women attending routine mammography. We discuss reflections
on the approach and implications for future research that targets
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1 INTRODUCTION

Implementation Science, Digital Health Infrastructure, Intervention
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implementation within design.

Digital infrastructure is increasingly used in health and healthcare
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settings to increase access, and optimise healthcare experiences
and outcomes [43, 58, 74]. While it is clear that Human-Computer
Interaction (HCI) has a role to play, HCI has a multifaceted rela-
tionship with digital health. For example, HCI researchers are the
source of innovation in diagnosis technologies [83], understanding
of users (including patients [53], healthcare professionals [97] and
carers [50] etc.), new service models, design and evaluation methods
[46, 88]. However, as is common of research in a specific discipline,
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most health-focused HCI research is positioned (i.e, framed, exe-
cuted and reported) in terms of the contribution it makes to HCI
as a discipline. At the same time, there is both a growing need for
understandings from HCI to have a more direct impact on digital
health, increasing concerns that digital interventions are not de-
signed for real-world implementation or have not considered the
complexities of implementation during the design phase, leading
to research waste [52, 59].

In this paper we propose and explore an approach for design
practitioners in HCI to engage more directly in real-world digital
health innovation through a pragmatic approach that integrates
implementation science in the design, iteration and refinement of
digital health interventions for clinical trials and long-term adop-
tion. Implementation science is the scientific study of what works
to embed evidence-based interventions in practice [26]. However,
implementation science often focuses on the determinants of imple-
mentation of specific interventions and implementation strategies,
rather than the design of the intervention and its strategies [69].
Furthermore, implementation science faces an ongoing tension
between fidelity of evidence-based programs and the need for adap-
tation within different contexts [95]. As reported by others, HCI
methods have clear value for implementation science especially in
user-centredness and iterative approaches [25, 54]. Likewise, de-
signing with implementation science in mind has potential benefits
for the uptake, scale and sustainability of evidence-based digital
interventions.

Implementation science is gaining traction within the HCI com-
munity. CHI 2023 saw the first workshop devoted to bridging imple-
mentation science and HCI [55]. The workshop, facilitated by Lyon
et al., (2023), focused on describing the similarities and differences
between the two fields while promoting collaboration. Whilst this
forum prompted useful discussion on the subject, these remained
broadly abstract, lacking explicit worked examples as to how im-
plementation science and HCI methods may come together [55].
Research to date has provided examples of how to integrate HCI
(specifically user- and human-centred design) into implementation
science methods and tends to appear in health-specific journals
[16, 25, 25, 65]. HCI has not studied many examples of integrating
implementation science into HCI, as demonstrated by a search of
“implementation science” in the ACM Digital Library, which returns
only 61 publications. This paper aims to address the current gap
in literature by providing a practical approach for HCI designers
to use implementation science in practice. We contribute to both
HCI and implementation science by providing a novel approach,
which foregrounds essential implementation domains throughout
the design process.

We provide a description of our proposal to bridge the two fields
by integrating human-centred design (using the Double Diamond
process [20]) and Nonadoption, abandonment, scale-up, spread, and
sustainability (NASSS) implementation science framework [35]. We
provide an example use of our proposed approach and present a
provisional set of reflections on its utility, challenges and oppor-
tunity for future research through a case study. The case study
is the redesign of a digital health promotion intervention target-
ing women attending breast screening services, with the goal of
reducing alcohol-attributable breast cancer risk. Although the pri-
mary focus of the paper is not to present empirical results of the
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case study, we discuss specific findings that provide context to
underlying processes.

Our contribution to HCI is a proposal of a clear approach to inte-
grating implementation science within the human-centred design
of a specific digital health intervention that will be implemented
within a health service. Our aim is to leverage the benefits of imple-
mentation science to maximise its effectiveness, implementability,
and long-term use beyond the research phase. While others ex-
amine the application of human-centred design and user-centred
design within implementation science, this work novel in its explo-
ration of the integration of implementation science concepts within
human-centred design for health technology [16, 25, 25, 65]. Our
specific case study, that we use to illustrate the proposed approach,
will also be of relevance to researchers and practitioners as an ex-
emplar of implementation-aware design of a health intervention
aimed at changing the behaviour of a large and diverse group with
different needs.

2 BACKGROUND

2.1 Current Gaps in the Design of Digital
Health Interventions

There has been a rapid increase in the number of digital health in-
terventions in recent years [49, 90]. By digital health interventions,
we refer to those interventions that are evidence-based and aim
to be used in practice in health organisations or systems. Acceler-
ated through COVID-19, these interventions promise to increase
reach, equality, and use of evidence-based information for the pub-
lic good compared to their non-digital counterparts [51]. However,
the promises are often not delivered due to small scale projects or
pilot studies in digital health failing to achieve real-world imple-
mentation, or implementation success cases not comprehensively
reported in the literature [73].

The field of HCI has contributed significantly to the design and
development of many digital health interventions. These innova-
tions have often been developed with deep engagement of end-users
or communities - a clear strength of the field of HCI. However, HCI
has also often failed to consistently see innovations through to
implementation in the real-world [55]. In many cases, digital health
interventions are designed or created, but not actually implemented
or scaled [74]). This phenomenon has led to the development of
the term “pilotitis” as a critique of the overuse of pilot projects or
studies that never lead to larger-scale implementation [73]. This
issue extends beyond the field of HCI alone, and is a challenge faced
by many researchers using similar methods, such as human-centred
design and participatory design. A recent scoping review of the use
of human-centred design methods for health equity in digital health
found that while most studies meaningfully engaged community
participants in the design process, they did not extend beyond pilot
projects [27]. The authors concluded that human-centred design
holds promise for advancing health equity in digital health, but they
noted that this promise has not been translated into impact beyond
pilot projects. Similarly, Saad Sulonen (2020) critiques the field of
participatory design for focusing too much on academic projects
without addressing scale and replicability, or reaching mainstream
implementation [82].
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The challenges of moving beyond small-scale projects or pilot
studies in digital health is a significant issue that warrants attention,
as a huge amount of resources and time are devoted to these projects
that do not result in meaningful impact for communities. This is
especially important to address in resource-constrained settings,
such as public health systems, and in low- and middle-income coun-
tries, and when working with marginalised communities, to avoid
“extractive” design research where the community contributes to
the design process but receives no lasting positive impact in return
[39].

The issue of digital health interventions failing to reach real-
world practice is caused by many factors, one of which is that
digital health interventions often do not adequately consider con-
textual or implementation factors in the design process. Mohr (2017)
describes how technology-enabled services are often developed by
academics or developers who are not part of the settings where they
will be implemented [65]. As a result, the designs often leave out
key considerations such as requirements, processes, constraints, or
communication needs, or information technology needs. Nyatuka
et al., (2019) also found that stakeholders, beyond those who are
the immediate end-users of the digital health intervention, may not
be systematically considered or included in the design process [70].

Of course, there are some digital health interventions that have
been successful at achieving real-world implementation or scale.
For example SilverCloud, which provides evidence-based mental
health practices via a digital platform [72]. However, there is often
no clear process or documentation to help future projects learn from
these implementation successes [8]. We propose that the integration
of implementation science methods into the design process could
address this gap.

2.2 How Can Implementation Science Help
Improve Digital Health Design?

Many health interventions, beyond digital health alone, face the
same issues with research waste. Only 1 in 5 make it to routine
practice, with factors such as strict adherence to interventions
rather than ongoing adaptation, research support being withdrawn,
and lack of planning for sustainability being common barriers [15,
47, 85]. That is, health interventions are more than likely to fail, to
be used at scale, extended to other contexts, and maintained over
time.

Development of successful health interventions relies on the
appropriate use of theory and evidence to increase effectiveness.
Traditional health research follows a linear path involving strict
data collection and analysis in controlled environments (i.e. Ran-
domised Controlled Trials) [10]. This adherence to linear creation
and evaluation attempts to ensure rigorous production of evidence,
but also means protracted timeframes. On average health research
evidence takes 17 years to reach the intended population in practice
[67]. This delay is particularly concerning for digitally mediated
interventions, as technology continues to change at a rapid pace,
the intervention is likely to become obsolete faster [57, 75].

These health intervention challenges have been the exploration
and raison-d’etre of implementation science. Implementation sci-
ence is the scientific study of methods to increase the uptake, im-
plementation, and maintenance of evidence-based interventions
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(practices and policies) in real-world settings and draws on foun-
dations in psychology, public health, social science, business and
health professions [26]. Implementation science is concerned with
speeding up the research pathway and ensuring evidence-based
practices reach their target populations as intended, can be scaled to
additional contexts, and maintained over time beyond the research
phase [47].

A commonly used analogy to describe implementation science
likens an evidence-based intervention to a drug or pill, and imple-
mentation science is used to scientifically explore how the pill is
delivered. The strategies used to implement evidence-based prac-
tices are referred to as ‘implementation strategies’. Implementation
strategies are defined as “methods or techniques to enhance the
adoption, implementation, and sustainability of an (evidence-based)
clinical program or practice” [78]. Most implementation efforts will
require changes at the individual, organisational and system lev-
els [61]. The Expert Recommendations of Implementation Change
(ERIC), provides a useful taxonomy of implementation strategies
focused on organisational and system influences of implementa-
tion [76, 87]. A complementary taxonomy focused on changing
individual’s behaviour is the Behaviour Change Technique (BCT)
Taxonomy [63]. In contemporary implementation science, the iden-
tification, development and testing of implementation strategies is
a priority [76] .

Implementation science has seen an exponential increase in its
research and application over the last two decades and a substantial
increase in funding [47]. Originating in the health field, its scope
of practice has been slowly increasing and having impact on addi-
tional contexts such as education, climate change, and veterinary
science [66, 68, 79]. Implementation science helps researchers and
practitioners to understand and plan for the implementation of
evidence-based interventions through a number of theories, mod-
els, and frameworks gathered from across implementation science
and implementation science-related fields. However, with over 150
different theories, models and frameworks, it can be overwhelming
for newcomers to the field [1, 23, 69, 89]. This has motivated our
selection and use of a single implementation science framework
(described more below in 2.4) that we feel could be most beneficial
to HCI researchers and designers undertaking digital health design.

2.3 Integrating HCI and Implementation
Science

Previous research has considered how implementation science
could benefit from HCIL, but not so much the reverse. For example,
Dopp et al., (2020) have discussed how user-centred design methods
may benefit implementation science researchers and practitioners
[25]. Mohr et al., (2017) also propose an ‘Accelerated Creation-to-
Sustainment (ACTS) model’ to design and implement a mental
health technology-enabled service which calls for iterative design
and evaluation across three stages: create, trial, and sustain [65].
Lyon et. al (2020) describes how core implementation science meth-
ods can also be improved using human-centred design methods [25].
Dopp et al., (2020) explore the commonalities between implementa-
tion science and user-centred design through concept mapping with
experts from both disciplines and found a number of overlapping
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clusters - “understanding systems and contexts”, “co-designing so-
lutions” and “promoting leadership and collaboration”. The article
provides high-level guidance on how implementation science and
user-centred design researchers could work in parallel or sequen-
tially throughout projects to build on the strengths of their own
disciplines. However, echoing others, Dopp et al., (2020) call for
clear integration of frameworks to bring the two fields together and
explicitly describe how to design for implementation [25, 25, 65].

It is important to acknowledge that the integration of implemen-
tation science into design is not the only way to take contextual
factors into account. For example, the field of service design focuses
on wider contextual factors, such as the implementing organisation
and the role of stakeholders beyond the core end-users, more so
than user-centred design or participatory design. It includes tools
for mapping ecosystems, stakeholders, and systems and can expand
the scale of design to have a broader, more systemic perspective
[82]. Service design aims to completely redesign a service within
an organisation to promote better service experience and outcomes
[42]. Within healthcare specifically, iterative learning cycles are
used to explore and make changes to the service to reach the “triple
aim” - improving healthcare outcomes, reducing costs, and improv-
ing the patient experience. Service design views technology as one
part or tool to achieve these aims and suggests that technology
should be introduced iteratively through learning cycles [40, 84].
However, we argue that implementation science is the best tool
to use for digital health design specifically, as it is more theoreti-
cally driven than service design and the use of frameworks, models,
and focus on implementation strategy reporting in implementation
science has enabled the replication of methods [69].

Given these strengths of implementation science and the re-
maining gaps in design practices of digital health interventions
for real world implementation, we propose the integration of a
technology-specific implementation science framework (NASSS,
described further below) within a human-centred design process. In
the following sections, we will outline our proposed approach and
demonstrate its use through a case study focused on the design of
a digital health intervention to reduce alcohol consumption among
women at risk of breast cancer.

2.4 Nonadoption, abandonment, scale-up,
spread and sustainment (NASSS) Framework

Implementation science frameworks differ in their purpose (i.e. how
they aim to describe, inform or evaluate implementation); concep-
tual level (i.e. focusing on the individual or organisation; degree of
theory used; and the degree to which they can be operationalised
(i.e. associated tools or methods to promote application) [76]. To aid
selection of which framework to use when, Nilsen and colleagues
(2015) broadly categorised implementation science frameworks,
theories and models into five categories - process models, determi-
nant frameworks, classic theories, implementation theories, and
evaluation frameworks [69]. Process models focus on guiding re-
search evidence into practice through a stepped process (e.g. the
Knowledge-to-Action model [31]). Determinant frameworks focus
on predicting or explaining factors affecting implementation by
identifying contextual barriers and facilitators (e.g. Consolidated
Framework for Implementation Research (e.g. The Consolidated
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Framework for Implementation Research (CFIR) [24]). Classic the-
ories are those from other fields such as psychology and social
science (e.g. Theory of Diffusion [81]). Implementation theories
are those that have been developed within implementation science
to explore or understand specific aspects of implementation (e.g.
Organisational Readiness [93]). Evaluation frameworks provide
guidance for how to evaluate the implementation of an evidence-
based intervention (e.g. RE-AIM (Reach, Effectiveness, Adoption,
Implementation, Maintenance) [30]). Determinant frameworks are
the most suitable for designing interventions [9] as they seek to ex-
plore and understand multiple and multilevel contextual factors (or
domains) that are hypothesised to impact implementation outcomes
[69].

NASSS is a multi-level theoretical model, developed by Green-
halgh and colleagues in 2017 [35]. Although produced after Nilsen’s
classification article [69], NASSS would be considered a ‘determi-
nant framework’ as it allows researchers to surface and explain
the multiple influences on the adoption, scale up and sustainability
of technology in health and social care [35] . NASSS is just one of
a plethora of implementation science frameworks. However, for
our study it has a particular salience due to its specific focus on
technology implementation, multiple conceptual levels, strong theo-
retical basis, and its operationalisation. The development of NASSS
was based on a synthesis of literature on technology-enabled care
initiatives alongside six longitudinal case studies. This resulted
in technology specific considerations that aims to move beyond
pilot projects to embedding health technology in organisations
as ‘business-as-usual’ [35]. Users of NASSS are asked to consider
technology implementation factors such as material and technical
features of the technology and procurement of digital technology.
At a conceptual level, NASSS encourages users to explore the in-
dividual, organisational and system-level factors contributing to
implementation across seven domains (described below). Theoreti-
cally, NASSS is underpinned by complexity theory which highlights
potential “uncertainties, interdependencies and possible unintended
consequences” [34, 35].

The developers of NASSS have highlighted the importance of
understanding the interactions between different sociotechnical
domains to explain why a technology is either adopted and main-
tained or not in health and social care. The framework identifies
seven interacting domains, including:

e the condition or illness (e.g. nature or the condition, relevant
comorbidities),

o the technology (e.g. key features, knowledge needed to
use/support it, usability, dependability),

o the value proposition (e.g. business or economic case, desir-
ability, efficacy, safety),

o the adopter system (e.g. changes to staff roles and practices,
acceptability by patients),

e the organisation (e.g. organisational capacity to innovate,
readiness for change, impact on processes/routines, re-
sources),

o the wider system (e.g. policy context, regulatory context,
position of professional bodies), and

e emergence over time (e.g. scope for adapting and evolving)
[35].
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Each of the domains can be complex (several interactive com-
ponents acting in dynamic or unpredictable ways), complicated
(several components acting in more predictable ways), or simple
(few components that act in predictable ways [3]. The development
of NASSS also provides useful tools to aid operationalisation of the
approach. Building on the analytical framework, NASSS Complex-
ity Assessment Tool (NASSS CAT) was developed as a practical
instrument to help stakeholders and implementation teams plan,
monitor and guide development and deployment projects as they
unfold. It consists of a series of questions to prompt project teams
to consider how they might manage or reduce complexity across
the different domains [33]. The tool is publicly available (visit [33]).

Multiple case studies demonstrated the use of NASSS retrospec-
tively or in real time to investigate potential or emerging challenges
when implementing existing technology [3, 35, 36]. For instance,
Bright et al., (2023) used NASSS to identify the contextual factors
that contributed to the inter-district variation in the adoption of a
novel maternity care vital signs alert in Sierra Leone [11]. NASSS
domains and complexity ratings were used to deductively analyse
interviews with stakeholders involved in the technologies imple-
mentation. Variation in adoption was due to complexity in the
‘technology’ and ‘organisation’ domains including infighting across
the workforce, high staff turnover, and issues with production and
charging the technology. These results severely affected the adop-
tion of the technology across locations and are seen to be crucial
to address prior to further spread and scale [11].

We make no specific claims as to either the ease of which other
implementation science frameworks might be used in a similar
integration of human-centred design and implementation science,
nor to the uniqueness of NASSS in this respect. The framework’s
development and examples of its application, as an analytical tool
to identify and tackle barriers and complexities associated with
technology-driven changes in particular, was the basis for our se-
lection. In the paper we explore how this system perspective can
be applied alongside the processual approaches inherent within
design frameworks; specifically the Double Diamond.

2.5 The Double Diamond

The British Design Council described the Double Diamond as "a
visual representation of the design and innovation process... a sim-
ple way to describe the steps taken in any design and innovation
project, irrespective of methods and tools used” [20] . Typically
depicted as two horizontally adjacent diamonds, the representa-
tion emphasises the nature of progression in design through four
different phases of diverging and converging thought to arrive
at a design solution. The four phases in which a designer’s data,
understanding and imagined possibilities and solution iteratively
diverge and converge. Discovery which involves exploration of the
problem space (divergence) is followed by Definition sensemaking
and analysis with the goal defining the challenge and developing
the design brief (convergence), Development, which involves the
creative production and refining of possible solutions (divergence),
and Delivery in which a subset of preferred candidate solutions
are prototyped, tested, extended and refined (convergence) [20].
Within each phase, designers can pick from myriad methods and
activities, such as user journey mapping and interviews to discover
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Figure 1: Our proposed approach to integrate the Double
Diamond process and NASSS framework

and define problems, or think-aloud sessions and user testing to
develop and deliver solutions. It is also important to note that the
articulation of design as four sequential phases were developed to
help describe the nature of progression through a design process.
As such, it, would be incorrect to infer that design progresses is a
strictly linear manner through the phases, as it can, and typically
does involve iteration across and within phases [20].

3 PROPOSED APPROACH

3.1 Our proposed approach: Integrating NASSS
with the Double Diamond process

In this paper, we propose an approach to integrating an implemen-
tation science framework (in this case NASSS) with human-centred
design. Furthermore, with do this with an understanding of the
design process as is articulated by the British Design Council’s
Double Diamond process [20] (see Figure 1). As already described,
the Double Diamond process does not commit designers to par-
ticular methods within each phase, and specific design methods
are many and varied depending on a designer’s conceptualisation
of the design problem. For example, the value-centred designer
would typically initiate a design process with the mindset of uncov-
ering the core values rather that identifying unmet needs, whereas
the participatory designer would focus on how stakeholders are
best empowered in the design process. In our case, in undertaking
human-centred design, our focus is on methods that promote empa-
thetic engagement with users. Yet when one conducts value-centred,
participatory or human-centred design, in almost all cases they are
configured in accordance with the four phases of the Double Dia-
mond. This likely goes some ways toward explaining its popularity
and application in commercial product and service development[12].
Another is its flexibility to adapt to different contexts and frame-
works [14, 22, 28, 96].

Following the Double Diamond approach, we propose a way to
integrate NASSS concerns with common design methods at each
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phase. In essence, our approach is an attempt to use the concerns
highlighted by implementation science to scope design activities
and stakeholders using NASSS at different points in the design
process where they make the most sense. Meanwhile, the iterative
nature of the Double Diamond is likely to be beneficial to implemen-
tation science practitioners looking to expand their design thinking.
This is a potentially rich and mutually beneficial integration and
one that is not only accessible to designers but health researchers
and practitioners as well. It is worth noting that although our ap-
proach uses the NASSS framework, other implementation science
frameworks could also be integrated. Furthermore, prior to us-
ing this approach, the team (any combination of designers, health
researchers, and practitioners) should establish the ‘issue’ being
solved using technology; the likely end-users of the technology;
and the organisation or system in which it is to be implemented.

In the below section, we outline our proposed approach (inte-
grating NASSS within the Double Diamond) before turning to our
example case study (section 4). The case study serves as a detailed
exploration of how our approach can be pragmatically applied in a
real project. Although empirical results are not the aim of this paper,
we utilise our example case study as a reflective tool to explore our
own experience, and to discuss future directions and considerations
of the approach. A table depicting each step, detail, key considera-
tions and reference to our example application is available at table
1.

3.2 Discovery: Scaffold exploration to consider
broad factors of implementation (who
should be involved and what should be
questioned)

o Identify relevant stakeholders
o Identify relevant evidence sources to explore each NASSS
domain

The first phase, discovery, refers to the diverging exploration of
primary and secondary data sources to understand and question the
design problem and explore the needs of potential users and other
relevant stakeholders. Inevitably the scope of the discovery phase
is bounded by resources (people, time and access to stakeholders)
and is preconfigured in relation to prior knowledge, experience and
assumptions of design teams. This preconfiguration may mean key
implementation factors are excluded. By its very nature, NASSS is
a distillation of domains (domains that were systematically identi-
fied in the formulation NASSS) that are relevant to the success or
otherwise of a digital health implementation [35]. NASSS domains
therefore serve as empirically established heuristics for the scope of
the discovery phase. Scaffolding enquiry through NASSS domains
encourages diverging exploration (i.e. across individual, organisa-
tional and system level influences) while also bounding enquiry
to elements that influence successful implementation. In order to
investigate each of the domains, design teams have to systemat-
ically consider how to explore each domain (i.e. what evidence
to consider), what evidence is collected, and from whom. In the
first step, teams should use the NASSS domains to systematically
identify relevant stakeholders who have expertise pertaining to
the particular domain. For example, front line staff are likely to
have oversight over the adopter system (what changes in staff roles
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would be needed) and organisational domains (what work might be
involved in implementing change and who is likely to implement
it). Inevitably, some stakeholders may be unavailable, teams should
find representatives that can speak on their behalf (for example
speaking to a lower level government official rather than minister).
Additionally, some stakeholders will have expertise and oversight
over multiple domains or may be able to recommend colleagues.
Stakeholder mapping [13] is a useful exercise to determine who is
involved in each domain and the potential interdependencies. Prac-
tically, teams could pictorially map each domain and stakeholder
and use arrows to depict the interdependencies between each. Fol-
lowing this step, teams should look to explore each NASSS domain
by collecting relevant data. Data from different disciplines will be
relevant depending on the ‘issue’, potential technology, and context
in which it is to be implemented. Primary and/or secondary data
may be relevant. For example, previously published HCI literature
is likely useful to explore how the technology in question has been
used and evaluated in the past (i.e. for the condition and technology
domains), while the implementation science literature may point to
implementation strategies that have worked in similar contexts (i.e.
under the organisation domain). Primary data collection should be
informed by NASSS domains and can be used to inform emerging
gaps in the secondary data available.

3.3 Definition: Make sense of the insights
gathered and frame the design space
according to NASSS domains

e Analyse and synthesis evidence gathered
o Prioritise to reduce implementation complexity and establish
a design brief

In the definition phase, HCI researchers and design practitioners
typically engage in a series of sensemaking activities and process
of convergence to align findings to the overall goals of the project.
Using NASSS to analyse and synthesise the insights surfaces de-
sign considerations that either enable or hinder intended outcomes.
These considerations can then be addressed in the latter phases
of the design process. The goal of this process is to ensure that
the design adequately addresses implementation-specific consider-
ations, to focus the process of iteration and prevent waste (i.e. time,
money, other resources) [54]. Without considering implementation
science principles, designers could potentially design technology
that is unfeasible, for example, designing a technology that cre-
ates additional workload for clinicians, or cannot be integrated
with the service’s current technological infrastructure. In practice,
design teams can use the NASSS domains as a frame to either in-
ductively or deductively analyse the data from the discovery phase.
If deductively analysing the data using NASSS, teams could iden-
tify relevant data that pertains to each of the domains and create
insights from the analysis of the data under each domain. An induc-
tive approach might involve developing insights from the data prior
to mapping the insights to the NASSS domains. In both instances,
teams should look to identify real or potential complexities within
domains and interactions across domains. The NASSS-CAT [33]
provides structure through which to explore the complexity within
each domain.
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Table 1: Approach to conducting NASSS-based implementation research to design digital health technologies

Steps

‘ Key considerations

‘ Example application

Discovery: Scaffold exploration to consider broad factors of implementation (who should be involved and what should be questioned)

Identify relevant
stakeholders
Systematically
identify relevant
stakeholders who
hold information
on each NASSS
domain

« Stakeholders may be relevant to multiple domains or only partially relevant to certain
domains.

« Find representative stakeholders if the primary stakeholder is not accessible (e.g.
speaking with a manager instead of the CEO)

« Stakeholder mapping
(section 5.1.1)

Identify relevant
evidence sources to
explore each
NASSS domain

« Explore each NASSS domain through the collection of primary and secondary evidence
from different sources and disciplines (i.e. public health, HCI)

« Follow rigorous methods for the specific discipline

« Explore and identify potentially relevant implementation science strategies

« Existing NASSS tools are available for certain data collection methods

« Stakeholders may be able to provide direction regarding what data to collect

« Ex-post analysis of pre-
vious trial data and liter-
ature review (5.1.2)

« Co-design workshops
with women (5.1.3)

Definition: Make se

nse of the insights gathered and frame the design space according to NASSS domains

Analyse and
synthesise the
evidence collected

« Extract design considerations for each NASSS domain

« Use NASSS to analyse data inductively or deductively

« Consider complexities within different domains and interactions across domains,
there are available NASSS tools to determine complexity (e.g. NASSS CAT)

« Contextualise possible implementation strategies

« Thematic analysis
using NASSS domains
(5.2.1)

Prioritise to reduce
implementation
complexity and
establish a design
brief

« Prioritise design considerations with the aim to reduce complexity, select appropriate
implementation strategies and establish a design brief

« Select appropriate implementation strategies

+ Ensure design brief is accessible to team members and stakeholders

« Prioritisation and de-
sign brief development
(5.2.2)

Development: Explore different ways to respond to the design brief using NASSS to guide the ideation process

Ideate potential
solutions to
respond to the

« Potential solutions should aim to to reduce complexities within and across each
NASSS domain specified in the design brief

« Ideate potential design
solutions by contextualis-
ing existing evidence us-

to elicit gaps and identify unintended complexities

« Validate the design against NASSS domains to ensure all relevant complexities have
been considered

« Invite stakeholders who can speak to each NASSS domain as critical friends

design brief « Utilise established idea generation techniques and tools
« Engage NASSS-defined stakeholders to ensure all domains are covered ing How might we" ques-
tions (5.3.1)
Validate design
assumptions « Develop tangible representation of the design and share it with relevant stakeholders | . Validate design asump-

tions using mock-ups and
critical friends(5.3.2)

« Addition of a pilot arm
within the trail (5.3.3)

Delivery: Structure the testing and evaluation of prototypes based on NASSS domains and prioritise and test findings accordingly

Test and refine the
design to ensure it
reduces complexity

+ Use NASSS domains to systematically test the design and surface factors contributing
to complexity or unintended outcomes

» Make use of established user testing methods with the explicit intention of exploring
NASSS domains with stakeholders

« Consider iterative testing and refinement with the end goal of reducing complexity
within and across NASSS domains

« Prototype testing and
design iteration (5.4.1)

« Focus group discus-
sions with clinic staff
members (5.4.2)

Implement and
evaluate

« Implement and evaluate the design solution in the organisation or system for which
it is designed

« Choose appropriate study methods to measure both effectiveness and
implementation outcomes

« Use NASSS to explore stakeholders’ experience of implementation. Use findings to
inform future iterations

« Apply evaluation specific frameworks (such as RE-AIM) to quantify implementation
outcomes

» Document implementation strategies

« Trial implementation
and evaluation (5.4.3)
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Implementation strategies identified in discovery should be con-
textualised and prioritised as not all will be suitable. For instance,
previous research may show ‘create new clinical team’ [76] as a
possible strategy, but such a strategy might not be feasible in the
context in question. Whereas ‘conduct educational outreach visits’
might be more feasible.

The use of NASSS in this phase may elicit additional factors
that would not usually be explored. To ensure assumptions are
not leading design choices, there may be a need to further explore
elements of each domain. A key benefit of the Double Diamond is
that it encourages iteration across and within phases. For example,
designers could use the findings of the synthesis to further test
assumptions through sensemaking workshops or interviews.

Inevitably, there will be myriad design considerations that could
be addressed. NASSS recommends focusing on reducing complexity
as a means through which to prioritise which design considerations
to focus on. Practically, teams could map out potential design consid-
erations using the NASSS-CAT and explicitly prioritise the design
considerations that are either ’simple’ or could move 'complex’ is-
sues to ‘complicated’ or ’complicated’ to ’simple’. Once prioritised,
the design brief should reflect the prioritised design considerations
for which the intervention is to be designed. The design brief should
prioritise simplicity, be informed by the NASSS domains, and be
accessible to other members of the team who may not have been
involved in previous steps. At the end of the definition phase using
NASSS, designers should have a deeper and more nuanced under-
standing not only of the user needs, but how these relate to the
broader context in which the technology is to be designed and used.
The definition phase eventually culminates in a design brief that
prioritises simplicity and is informed by NASSS domains.

3.4 Development: Explore different ways to
respond to the design requirements using
NASSS to guide the ideation process

o Ideate potential solutions to respond to the design brief
o Validate design assumptions

The Double Diamond process encourages designers in this sec-
ond diamond to shift their focus from understanding the problem
space to finding solutions to respond to the design brief, answering
‘how might we’ to each of the design problems elicited. Ideally at
this phase, designing with implementation in mind ought to be a
straightforward process as implementation-specific considerations
should have already informed the development of the design brief
using NASSS. But in reality, as in other design endeavours, some
design considerations only surface when discussions are supported
with tangible design artefacts. At this phase, there is a tendency
among designers to focus on the intervention design and neglect or
pay less attention to other important implementation elements, par-
ticularly organisation and wider-context domains. This can lead to
assumptions that can have significant impact on real-life implemen-
tation of the design. As argued by Greenhalgh and colleagues (2017),
failure to design for these broader factors will result in technologies
that work for local demonstration projects but are not adopted for
business as usual, transferred to new services and maintained over
time [35]. It is therefore important to reinforce NASSS domains by
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intentionally embedding them within the ideation and testing activ-
ities. Any potential solutions should attempt to reduce complexities
identified in the definition phase both within and across each NASSS
domain. Designers should use established idea generation tools and
techniques (e.g. “how might we” questions) and ensure relevant
stakeholders are included. Next, designers should develop a tangi-
ble representation (e.g. mock-ups) of the design to validate design
assumptions. Validation should ideally include stakeholders with
varying degrees of expertise (e.g. as critical friends) across domains
to check that assumptions made by designers are in fact accurate
to their experience and expectations of the technology.

3.5 Delivery: Structure the testing and
evaluation of prototypes based on NASSS
domains and prioritise and test findings
accordingly

o Test and refine the design using NASSS domains to ensure it
reduces complexity
o Implement and evaluate

The delivery phase explores the effectiveness of the design solution
by systematically testing with selected groups of stakeholders to
gather feedback and recommendations to further refine the design.
Designers in this phase should test and refine the design prototype
using the NASSS domains to again surface any factors contributing
to complexity or unintended consequences. Commonly employed
user testing methods are recommended to explore interactions be-
tween users and the technology. User testing and/or additional
data collection methods can also be extended to explore additional
NASSS domains. For example, user testing with frontline staff might
also include additional questions about the organisation or wider
system such as any unintended consequences of the workflow in
relation to their regulatory body, or how the technology might
be adapted and scaled to new services. We suggest design teams
engage in an iterative approach to test and adapt the technology
based on users’ feedback with the goal of developing a technology
that reduces complexity across domains and can be implemented
within the service. Finally, teams will have developed a solution
that can be implemented in the organisation or system for which it
was designed. The intervention including the design solution and
implementation strategies should be appropriately documented to
allow others to learn from, replicate and adapt the intervention.
There are a number of useful frameworks to facilitate reporting such
as the Action, Actor, Context, Target, Time (AACTT) framework
[77] and Proctor and colleagues’ guidelines for reporting imple-
mentation strategies [78]. Inevitably, resources will constrain the
extent to which the technology can be implemented and evaluated
in practice. In any case, prior to implementation we recommend
designers develop measures to collect relevant data for both the
effectiveness of the technology as well as implementation outcomes.
There are commonly used implementation evaluation frameworks
and tools to guide this approach such as RE-AIM which scaffolds
the measurement of reach, effectiveness, adoption, implementa-
tion and maintenance [29, 30]. NASSS is also useful to evaluate
the success of implementation and to explore stakeholders’ expe-
rience of implementation [35]. A useful study design to measure
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both implementation and effectiveness is a hybrid implementation-
effectiveness trial [21] which can used in both larger trials and
smaller pilot projects [56].

4 FINDINGS - EXEMPLAR CASE STUDY
4.1 Case Study Context

We demonstrate our proposed approach in redesigning a digi-
tal health intervention targeting women attending routine breast
screening services, with the goal of reducing their alcohol-
attributable breast cancer risk. This case study was selected as
exemplifies the potential for HCI research to have impact through
implementation in a health service and to address both HCI and
implementation research questions. Below, we outline the context
and impetus for design. Thereafter we provide a detailed account of
how we incorporated NASSS at each phase of the design process fol-
lowing the Double Diamond (section 5). The account is not intended
to provide a prescriptive application of the approach, rather it pro-
vides an example of how one could apply the approach in practice.
It was intentional on our part to focus on the case study’s design
activities rather than its empirical accounts (which will be reported
elsewhere) to reflect on the utility of our approach, challenges and
opportunities for future work.

4.1.1 Context. Alcohol is a major modifiable risk factor for female
breast cancer, with meta-analyses demonstrating increased breast
cancer risk at even very low levels of consumption [7, 18]. Yet,
awareness of this risk remains low [4, 37, 86], and is not systemati-
cally addressed in healthcare settings. While alcohol consumed at
any point in life is relevant to breast cancer development, recent in-
take, particularly after 40 years of age, is strongly and independently
associated with breast cancer risk [17]. In Australia, while alcohol
consumption is declining, risky drinking has increased significantly
among midlife and older-aged women [64, 71], a trend that has
also been observed in other countries [45]. However, midlife and
older-aged women’s drinking remains largely overlooked [80], and
has not been a target of large-scale breast cancer prevention ef-
forts. Population-based breast screening programs are uniquely
positioned to provide timely and targeted health information and
behaviour change strategies to improve women’s alcohol literacy
and reduce consumption, with potential for extensive reach [37].
The original design of the brief alcohol intervention Health4Her,
included four minutes of alcohol-related information (personalised
feedback on consumption level; negative-framed messaging about
the risks and harms of alcohol use with a focus on increased breast
cancer risk; positive-framed messaging about the health benefits
of reducing alcohol use; alcohol harm-reduction strategies) and
three minutes of general lifestyle health promotion, delivered in
the breast screening clinic via an iPad. The original Health4Her was
designed in collaboration with potential users of screening services
(women enrolled in the Health4Her project aged 40 years and older
and eligible for screening mammography). The initial design was
informed by a literature review of general behavioural strategies to
reduce alcohol consumption. Then, researchers developed a visual
depiction of the content and order of contents within the planned
design and collected participants’ feedback on the format and con-
tent. An external company was engaged to create the animations
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within the intervention. The study procedures were also developed
in consultation with women. For example, ensuring all women (no
matter their risk level or past history of breast cancer) were eligible,
introducing the study prior to their appointment, and hiding the
focus of the study (alcohol) to encourage all women, no matter their
consumption level, to take part.

The Health4Her intervention was tested using a hybrid type 2
effectiveness-implementation trial [21] comprising a randomised
controlled trial (RCT) alongside a mixed methods program evalu-
ation at Maroondah BreastScreen between February and August
2021. The aim of the study was to test the effectiveness of the in-
tervention in increasing women’s knowledge of alcohol as a breast
cancer risk factor (primary outcome); improve women’s alcohol
literacy; reduce consumption of alcohol; and examine the implemen-
tation of the intervention within the service (secondary outcomes).
Participants were randomised to receive the active intervention
(animation including brief alcohol intervention and general lifestyle
health promotion) or control intervention (animation including gen-
eral lifestyle health promotion only) after their screening appoint-
ment. Pre-implementation and program evaluation was conducted
with women and staff working at the clinic following the trial. For
in-depth results please see published results available elsewhere
[38].

4.1.2  The need for redesign. Although the Health4Her intervention
had positive effects on knowledge, alcohol literacy and was accept-
able to women and staff members, there were a number of areas for
improvement. Most importantly, the Health4Her intervention did
not reduce alcohol consumption. It was unclear whether the lack
of behaviour change was due to the study’s lack of power to detect
change in consumption (the power calculation was determined
based on improving knowledge, the primary outcome, rather than
consumption, a secondary outcomes), or whether the intervention
itself was not sufficient to result in behaviour change . Additionally,
personalised alcohol health advice was delivered according to a
binary classification of alcohol-related risk based on national guide-
line recommendations (i.e. exceeding/not exceeding guidelines);
such an approach may not have promoted reduced consumption
among women drinking within guideline recommendations, though
who may still be drinking at levels that increase breast cancer
risk. From an implementation perspective, many women declined
to participate due to lack of time (e.g. work commitments, going
away, metered parking, or being dropped off/picked up from their
appointment). Staff suggested that there may be challenges with
implementing future iterations of the Health4Her intervention at
other sites, depending on their staff numbers, staff workloads, staff
willingness to provide iPad troubleshooting support for women,
and available space.

These implementation challenges and lack of effectiveness in re-
ducing alcohol consumption were the impetus for the intervention’s
redesign and a further trial using a hybrid-type 2 effectiveness-
implementation approach [21]. Our research question was there-
fore, how might we re-design Health4Her (Health4Her-Automated)
with a focus on effectiveness, implementation, scale-up and spread,
while ensuring that the design is evidence-based, considers imple-
mentation and ensures end-users and stakeholder and involved
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meaningfully throughout. Below, we outline our approach to in-
tegrating NASSS within the Double Diamond, and the associated
activities within each phase. Although we describe the process in a
linear fashion, it is important to note that in line with the Double
Diamond there were a number of iterations within and between
steps.

5 APPLICATION OF APPROACH

5.1 Discovery

5.1.1 Stakeholder mapping based on NASSS domains. Prior to com-
mencing our exploratory design process, we systematically iden-
tified and mapped relevant stakeholders who have expertise in
specific NASSS domains that we could draw on at different phases
of the design process. We established working relationships with
various experts from different disciplines (i.e. public health, HCI,
implementation science, and behaviour change). We identified front-
line staff and decision-makers within the Maroondah BreastScreen
clinic who could be engaged to explore organisational and wider-
system factors that could affect Health4Her implementation. We
also recruited women from the LifePool Project to understand the
end-user’s perspective on alcohol consumption, their needs and
values, and their technological capabilities. Knowing who we could
and should involve at the start of the design process allowed us to
organise specific design activities that scaffolded our exploration
of factors that could have significant impact on implementation.
Having regular consultations with these stakeholders at different
phases of the design process also prompted us to refrain from adding
unnecessary complexities to the design. Likewise, our design activ-
ities in the discovery phase were purposefully planned to explore
concepts related to each NASSS domain. An important considera-
tion that emerged in this phase of the process was the constraints
imposed by the trial where the case study is based, we discuss this
further below.

5.1.2  Ex-post analysis of previous trial and literature review. Our
discovery phase included an ex-post analysis (reanalysis after the
fact) of the previous trial and program evaluation using NASSS.
This process allowed us to elicit key implementation barriers, espe-
cially around the use of technology, and prioritise specific issues
that needed to be changed to increase the effectiveness of the in-
tervention while ensuring implementability. For example, under
the organisation domain, staff reported they would have preferred
the intervention to be delivered on personal devices as this would
reduce the need for staff troubleshooting women’s issues with
the iPads (organisation domain). Under the technology domain, it
emerged that the tone of the original intervention was perceived
as condescending to some women. While under the condition do-
main, it was evident that wider social-cultural factors were a key
factor, especially the use of alcohol to relax or celebrate. These
and other insights guided the development of specific questions
to explore with women to guide the design process. Although not
specifically guided by NASSS, extensive literature reveals health
interventions using evidence-based Behaviour Change Techniques
are more successful than those that use generic approaches [62].
Behaviour Change Techniques tend to focus on individual level fac-
tors and are often used in tandem with implementation strategies
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that focus on organisational or system level factors. The previ-
ous design of Health4Her did not utilise the Behavioural Change
Technique approach or specify implementation strategies suing
the ERIC framework [62, 63]. In order to address this shortcom-
ing and design for increased effectiveness our behavioural experts
conducted a literature review of high quality review level evidence
on effective Behaviour Change Techniques for reducing alcohol
consumption via digitally mediated brief alcohol interventions. Key
Behaviour Change Techniques elicited were Problem Solving, Be-
haviour Substitution, Credible Source, Goal Setting and Information
about Antecedents [44, 62]. We also looked to the implementation
literature to explore potential implementation strategies using the
ERIC taxonomy [76] that could address some of the implemen-
tation related issues identified in the ex-post analysis. Potential
strategies included changing how the intervention was delivered
(“change physical structure and equipment”) and allowing partici-
pants to share what they learned with friends and family (“increase
demand”).

5.1.3 Co-design workshops with women. We conducted two sets
of co-design workshops with women, one for those who drink be-
low the Australian alcohol consumption guidelines (i.e. no more
than 10 standard drinks per week and no more than four on any
one day) (n=8) and those who drink above (n=6) to explore NASSS
domains requiring end-users involvement and expertise. Work-
shops involved contextual understanding of the technology’s ease
of use (technology), values around alcohol consumption (condition,
adopter system), their sense of broader needs of their peers (adopter
system), and their perceived needs in relation to health promotion
and the screening service generally (value proposition, organisa-
tion). We also took this opportunity to explore how the Behaviour
Change Techniques could be contextualised and incorporated into
the design. We did this by sensitising the women to different health
promotion interventions, including the previous Health4Her, and
then asking them to rank and discuss information and scenarios re-
lated to different Behaviour Change Techniques (condition, adopter
system, wider context). In these workshops, we paid particular at-
tention to women’s socio-cultural values (i.e. the importance of
celebration with alcohol) and context-related considerations (i.e.
exploring how best to include evidence-based guidelines) in or-
der to ensure the redesigned intervention was relatable and had
perceivable value among users.

5.2 Definition

5.2.1 Thematic analysis using NASSS domains. We used NASSS
in the definition phase primarily as a lens to develop and refine
themes and insights that inform Health4Her-Automated design
considerations. In practice this meant using an inductive approach
to analyse primary and secondary evidence gathered during the
discovery phase to establish key themes, then using a deductive ap-
proach to select the best NASSS domain for each theme [41]. These
themes were refined iteratively across meetings and stakeholder
consultations to interpret the data and extract design considera-
tions. We also contextualised potential implementation strategies
by discussing how these strategies may be embedded into the de-
sign while considering other domains. For example, we explored
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changing how the intervention was delivered for example on a tele-
vision screen in the reception waiting area, or on women’s personal
devices in addition to or instead of via the iPad (“change physical
structure and equipment”) and allowing participants to share what
they learned with friends and family using social media (“increase
demand”).

5.2.2  Prioritisation and design brief development. Following anal-
ysis, we were left with a large number of design considerations
within and across domains with potentially conflicting elements.
We used the NASSS CAT complexity rating system to prioritise
our design considerations from being simple, to complicated or
complex. This allowed us to prioritise design considerations that
would increase the effectiveness of the intervention while ensuring
the intervention’s implementability. We were able to identify the
key problem areas that we need to address in the latter phases of
the design process as well as design considerations associated with
different NASSS domains. We documented our findings in a design
brief which outlines the intervention’s overall value proposition,
technology requirements and constraints, a detailed description of
the user, and relevant organisational considerations.

5.3 Development

Redesigning Health4Her-Automated included multiple consulta-
tions with different stakeholders to get feedback and insights for
specific NASSS domains. This helped our team ground our ideation
process to take into account all implementation-specific considera-
tions and avoid adding unnecessary complexities to the design.

We took a conventional approach to our development phase
activities. We utilised established design methods such as brain-
storming and creating design mock-ups (using narrated drafts of
the revised script and animations from the previous trial) to ex-
plore potential solutions, verify assumptions, and gather immediate
feedback from relevant stakeholders.

5.3.1 ldeate potential solutions by contextualising existing evidence
using “How might we” questions. Using “How might we” questions,
we explored potential ways of responding to the design brief. In
particular, how relevant behaviour change techniques could be
contextualised to tackle the identified barriers and opportunities
associated with reducing alcohol consumption among women. This
step involved multiple ideation sessions, during which we consulted
various stakeholders and continuously refined our ideas through
iteration.

5.3.2 Validate design assumptions using mock-ups and critical
friends. Typically, designers use mock-ups to gather general feed-
back from users, usually by asking them about what they liked or
did not like about the design and how it might be improved [91]. In
our case, we utilised this design method to explore topics related
to Health4Her-Automated implementation by asking questions re-
lated to NASSS domains. We asked the women who participated
in our early co-design workshops to review mock-ups, listen to
the narrated drafts of the revised animation script, and evaluate
the content based on value proposition, and adopter system do-
mains. We asked them specific questions such as “How relatable
is this content to you?”, “Does it motivate you to make lifestyle
changes (why, why not)?”. We also shared these mock-ups with
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experts from different fields (i.e. communications design, clinical
psychology, epidemiology) to ensure that the relevant evidence,
data and strategies we incorporated in the design were accurate
and in line with the intervention’s overall value proposition.

5.3.3 Addition of a pilot arm within the trial. As we continued to
refine the intervention design, we also continued to refine the RCT
protocol, including the study’s implementation, outcome measures,
and user journey. Similar to the content design, these protocols were
shared with different stakeholders and iteratively refined based on
their feedback. In order to explore some of the implementation-
specific considerations and the most pertinent implementation strat-
egy “change physical structure and equipment”, it was necessary
to add a pilot arm to the trial. The other potential implementa-
tion strategy "increase demand" by encouraging women to share
the intervention with friends and family was untenable due to the
trial environment. Working within trial environments necessitates
adherence to strict standards to ensure primary and secondary out-
comes can be directly measured by comparing intervention and
control groups. If we were to share information with women out-
side of the intervention group, there was a chance those in the
control could have seen it as well. However, we were able to design
a solution to address the previous trial’s implementation barriers by
including an additional pilot arm in which to test implementation
strategy design solutions (i.e. allowing women to use their own
personal device to access the intervention following their appoint-
ment).

5.4 Delivery

5.4.1 Prototype testing and design iteration. Continuing our de-
sign iteration process from the development phase, we developed
a high-fidelity prototype, a tangible artefact through which differ-
ent stakeholders could test and base their design reflections on
according to NASSS domains. Stakeholders may have failed to see
potential implications of the design in our low-fidelity prototype.
As such, we intended to foreground the underlying and potentially
conflicting design considerations through a concrete and full repre-
sentation of our design ideas.

The prototype we developed consisted of the technology (a sin-
gle page responsive web application) and the updated version of the
intervention content, including the narration from a professional
voiceover artist and animations developed by a professional motion
designer. Multiple stakeholders viewed the prototype, including
women, domain experts, and clinic staff. Through testing, we asked
a series of questions pertaining to the accessibility of the content
and the technology, and the delivery of the intervention within
breast screening clinics (technology, value proposition, adopter
system and organisation). We asked women how likely they were
to participate in the trial (value proposition and adopter system),
whether on-site or on their own personal devices, and whether
they would require additional support to go through the interven-
tion (technology). Methods also included think aloud, to explore
women’s interaction with the technology and how they perceived,
interpreted and responded to each element.

As we discovered, most women preferred receiving the interven-
tion on their own personal devices, rather than on the iPad in the
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clinic. Many also indicated their preference to receive the interven-
tion prior to their appointment so they could participate during
their waiting time. However, feedback from staff in the ex-post
analysis revealed that delivering the intervention prior to women’s
appointments would interfere with current workflows consisting
of quick turnaround times, which may influence overall screening
rates. This concern was shared by other manager-level stakeholders
involved in the project. Other insights involved the design of the
trial questions, for example, some women were confused by certain
questions or were preoccupied with certain elements (i.e. a question
regarding processed meat intended to conceal the alcohol primary
outcome). Restraints of designing for the trial meant not all insights
could be embedded (e.g. changing when women received the in-
tervention). However, many changes could and were made (e.g.
refining or eliminating questions) or noted for future iterations out-
side trial conditions. Multiple rounds of iterative refinement were
undertaken with the multidisciplinary team and domain experts
prior to the trial commencement.

5.4.2  Focus group discussions with clinic staff members. Prior to
the start of the trial, we conducted small focus groups with staff
who would be present and involved in the trial. These discussions
with the clinic staff mostly revolved around organisation and wider-
system domains of NASSS, including topics such as leadership,
people, culture, knowledge, resources, and technical infrastructure.
Although reflections on these domains do not have a direct and
immediate impact on the current intervention’s redesign, they do
provide insights as to how the intervention could be supported
outside a RCT and increase the rate of success of deploying it at
scale.

5.4.3 Trial implementation and evaluation. The last activity of our
delivery phase will be the execution of the trial. Similar to the initial
hybrid-II trial used to evaluate the first iteration, the trial will focus
on both the effectiveness of the intervention and the implementabil-
ity of the intervention. The addition of NASSS-specific measures
will ensure technology-specific domains are explored. The trial
has been prospectively registered with Clinicaltrials.gov (identifier:
NCT06019442).

6 DISCUSSION

In this paper we illustrate a practical approach for integrating im-
plementation science and human-centred design to ameliorate the
high failure rate in technology implementation projects using the
Double Diamond and NASSS frameworks [32, 89, 92]. Implementa-
tion science — the study of how to embed evidence-based practice
into real-world contexts using evidence-based strategies presents
a valuable contribution to HCI researchers looking to address the
large number of digital interventions that do not move beyond pilot
phase [73]. HCI researchers’ interest in implementation science
is clear from the addition of a HCI and implementation science
specific workshop at CHI 2023 [55]. The integration of the two
fields has been studied in the context of mental health by exploring
how user- [54, 65] and human-centred design [54] methods might
be embedded in implementation science methods.

This research has offered helpful recommendations focusing
predominantly on higher order considerations. Specific processes
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that operationalise these considerations, specifically within the de-
sign phase, are underdeveloped. Furthermore, given the expansive
number of frameworks within implementation science, it can be
overwhelming and confusing for HCI researchers to select appropri-
ate frameworks to apply in their practice. Our proposed approach of
integrating an implementation science framework (NASSS) within
a well-known design process (the Double Diamond) provides clear
guidance for designers, researchers and practitioners to integrate
the two fields. Our proposed approach has been applied in redesign-
ing a brief alcohol intervention that aims to decrease alcohol con-
sumption in women attending routine mammogram screening and
provides an additional context for exploration - primary public
health messaging delivered in screening clinics. Below we reflect
on our approach redesigning this evidence-based intervention with
implementation, scale-up, spread and sustainment in mind.

6.1 Using an interdisciplinary approach

We brought together a team from multiple disciplines to re-design
Health4Her-Automated, integrating diverse expertise and broad
methodological toolkits that are key to complex problem solving
in digital health [60]. Members included subject matter experts,
implementation science experts, behaviour change experts, design-
ers and engineers. While an interdisciplinary team elicits diverse
opportunities and research enquiries, there are challenges in con-
ducting research that integrate HCI and health to build technology
[5]. Major challenges are common across collaborations includ-
ing conceptualising research (i.e. wrangling differences in research
paradigms from different disciplines), implementing research (i.e.
misalignment in what is considered data), and translating research
(i.e. practical nature of technology vs. technical innovation and nov-
elty) [5]. Our redesign of Health4Her-Automated encountered these
challenges and was further exacerbated with the added element of
implementation science alongside HCI and health.

Our approach of combining NASSS and the Double Diamond
highlighted the necessity for an interdisciplinary team that ensures
research alignment. This combination was useful to ground our
research activities to meet the requirements of all disciplines. For
example, a common issue in interdisciplinary teams is the mis-
alignment of research questions. This issue is exacerbated by the
tendency to include HCI researchers as ‘consultants’ rather than
in the design of the research project [5]; this is also a common
issue for implementation science researchers [94]. To address this,
our team was established at the beginning of the project and met
over a number of weeks to form the research plan to ensure align-
ment of research across disciplines. The combination of NASSS
and the Double Diamond was also useful as it allowed the team to
ground our work in designing for implementation while ensuring
the intervention was evidence-based and true to the needs of the
users.

Our interdisciplinary approach was helpful in understanding
the unique complexities and challenges at different levels involving
multiple groups of stakeholders, especially when encountering
tension between the needs of the users and health researchers
[5]. For example, the previous iteration of Health4Her contained a
large amount of statistics and guidelines. Although important from
a health research perspective to provide accurate and up-to-date
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statistics, it was considered off-putting for some women who felt the
overt use of statistics lost the overall message of the intervention,
while others felt it was important to provide at least some statistics
to add to the credibility of the message. Combining the Double
Diamond’s approach to discovery (ex-post analysis alongside the
literature review and design workshops) was useful to combine both
the needs of the women alongside the trial’s evidence base, which
tend to be focused on as separate priorities for discipline-based
enquiries.

6.2 Embedding Implementation Throughout
the Design Process

Our approach involved embedding implementation principles
within the design process and is specific to designing technology
that aspires to be implemented in practice. This approach is in
direct contrast to absolute ‘blue-sky’ thinking or designing con-
figured primarily for novelty. In our approach, we contend with
others in the field that HCI has a clear role in the design of digital
technologies for use in practice [25, 54, 65, 65]. This approach is
in opposition to HCI’s technology-centric bias that rewards tech-
nological novelty over the pragmatic integration of technology in
the real world [19, 59]. Our approach is focused on designing for
health outcomes and real-world applicability. That is not to say that
different approaches (i.e. rewarding novelty) are not worthwhile,
HCI has a multifaceted relationship with digital health and makes
important novel contributions. This work attempts to fill key gaps
in the HCI and implementation science literature [2, 25, 54, 55].
In order to meet the lofty goal of real-world implementation it is
crucial that the design respects the micro, meso and macro level
contextual factors it will be implemented in, rather than designing
without this scope in mind (‘blue-sky’ design).

Researchers have proposed utilising an implementation science
phase following the design of the intervention, thereby follow-
ing the traditional linear knowledge generation pathway [16, 65].
However in reflecting on our case study, we contend that imple-
mentation should not be a secondary consideration or distal phase.
Rather it should be included throughout the design process itself,
to scope, prioritise and develop solutions. Without NASSS we may
have designed solutions that resulted in research waste (including
time and resources), lack of organisational goodwill, unnecessarily
wasting research participants’ time and input, and the potential to
mislead future research in the field. Furthermore, the solutions were
established with a need to reduce complexity. Greenhalgh and col-
leagues (2017) call on technology developers to reduce complexity
within and across domains to increase the success of interventions
[35]. Designers can use the complexity heuristic to select which de-
sign consideration to focus on, for example designing a technology
that easily integrates within other systems of the organisation vs. a
more complex design that requires the organisation’s systems to
change to fit the new technology.

6.3 Extending who is considered a ‘user’

Nyatuka et al., (2019) found that stakeholders beyond immediate
end-users are rarely systematically included in the design of digital
health technologies [70]. Failure to include stakeholders beyond
immediate end-users risks unintended consequences by failing to
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explore factors only apparent to those with oversight of organisa-
tion and system-level influences. Our integrative approach allowed
us to extend the concept of ‘user’ by recognising that multiple
stakeholder groups (e.g. the women, staff at the clinic, the clinical
organisations and the health system) can become users or adopters
at different levels of the technology implementation. It was neces-
sary to purposefully include stakeholders who could speak to each
domain and to consider the input from multiple stakeholder groups
holistically rather than separately. This exploration was applicable
to the discovery phase of the Double Diamond as we considered
multiple sources of research (ex-post analysis, literature review,
design workshops) and synthesised the insights from these sources
to reduce our assumptions. NASSS domains served as a tool to com-
municate implementation considerations between groups. More
specifically, the domains were used to accurately communicate the
needs of others within and across domains in order to facilitate
design considerations.

6.4 Limitations of design depending on its place
in the process (RCT)

There is increased interest in designing health technologies for
scaled and ongoing use across contexts. Given the higher stakes of
evidence creation and implementation in health, researchers and
practitioners from both disciplines are often faced with designing
interventions without ‘design freedom’. Much of digital design prac-
tice for healthcare has restrictions depending on where designers
are brought into projects (i.e. at the outset of evidence generation or
to ‘digitise” evidence-based practice). RCTs have strict constraints
that may severely limit the scope of design work and implementa-
tion planning [10]. For example, standardising and controlling-out
contextual factors is an inherent aspect of the trial setting, in order
to directly measure and compare outcomes for the ‘intervention’
and ‘control’ groups (i.e. it cannot be shared on social media). These
restrictions were a key consideration in the redesign of Health4Her-
Automated and influenced many of the design decisions made,
sometimes overriding what was found through the application of
NASSS. For example, through our exploration of organisational pro-
cesses we found from women and staff alike that the intervention
could be provided to women on their own device following their
appointment, thereby solving the issue of staffing (organisation)
and women wanting to use their own device (technology). However,
due to the nature of the trial changing the modality was unfeasible
as it would introduce a significant confounding effect for this partic-
ular phase of the research. Utilising NASSS in this way was helpful
as we were able to explore other solutions, eventually landing on
the addition of a pilot arm in the trial. In the pilot arm, women are
provided with a paper card and a URL link to the intervention; they
are then able to do the intervention on their personal device. Other
elements elicited through NASSS, such as women wanting to share
the link to the intervention with their friends, was not possible in
the confines of the RCT, but is planned for future iterations.
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6.5 NASSS is one of many relevant
implementation science frameworks for
design

NASSS is one of many implementation science frameworks, theo-
ries and methods. At face value, it is ideal as it is specific to digital
health technologies and the specific contextual requirements faced,
that are rarely integrated in other implementation science frame-
works (e.g. market supply and demand considerations, procurement
of digital technology) [35]. Although NASSS provides a structure
through which to scope, explore and design digital technologies, it
may not be the most suitable implementation science framework
for all design work. For example, when exploring and designing
for a specific behaviour, a behaviourally focused framework may
be more applicable such as the Theoretical Domains Framework
alongside the COM-B and related implementation processes [6, 63].
Researchers too, may have their own preferences and expertise in
applying specific frameworks and it is likely the use of these would
provide similar results. Furthermore, it can be difficult to hold all
NASSS domains as equal throughout the design process, and in-
evitably designers may find themselves prioritising one domain
over others. For example, in the development phase we found our
team prioritising the condition, technology and value domains over
the more distal wider system domains. The reason for this is that
we had very little influence or say over the wider system factors
influencing the project and as such we focused on and prioritised
what we could change within the system. However, NASSS was
useful in this process to ground our thinking in domains beyond
the technology and to ensure we continuously incorporated future
implementation thinking within the development process.

7 LIMITATIONS AND FUTURE WORK

Our study presents a new approach and considerations for how
the HCI community and Implementation Scientists can practically
integrate the two fields in a public health intervention context.
It is important to understand the strengths of the two fields and
how researchers can work in collaboration across entire projects
by integrating methods to ensure neither is acting as a consul-
tant [5] rather than a true collaborator [25]. Our study provides
a worked example of true collaboration and an interdisciplinary
team working towards a common goal while pursuing multiple
research enquiries. However, more work is needed to expand this
way of working across multiple health domains and discipline areas.
Previous research by Klasnja et al.,(2011) highlights the tension
faced by HCI researchers evaluating digital health technologies
when the goal of the technology is to bring about health behaviour
change [48]. The authors contend that evaluating a digital health
technology based only on the effectiveness of that technology to
bring about behaviour change is too narrow and potentially not of
interest to HCI if the reasons why the technology worked or did not
are not evaluated. They argue for the use of alternative evaluation
metrics such as more focused measures of efficacy of the technol-
ogy to specific behaviour-change techniques and users experiences
of these. Likewise, implementation science calls for researchers
to look beyond effectiveness alone and to explore the context in
which an evidence-based intervention is to be implemented, and
the extent to which different strategies help or hinder. In this way
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the two fields complement each other in that effectiveness is not
the only worthwhile measure of a technology’s success. Although
the overall aim of Health4Her-Automated is to reduce intended
alcohol consumption in women attending breast screening services,
it is not the only measure of interest. We contend that the use of
our approach allowed us to explore both HCI and implementation
science research questions in the redesign process prior to the RCT
in which effectiveness would be further evaluated. In this way we
believe our approach promotes Klasnja et al.’s calls for HCI research
of digital health technology for behaviour change [48]. The exam-
ple case study used to illustrate our approach describes a specific
health promotion concern (reduction of alcohol consumption to re-
duce breast cancer risk) in a specific population (women attending
breast screening services) and is not representative of either alcohol
consumption generally or breast cancer risk. Additionally, as we
recruited our participants through LifePool it does not represent all
clients of screening services and favours women who have an inter-
est in breast cancer research or who may be more receptive to this
form of health information. The technical system designed in our
example (a single page responsive web application) is a relatively
simple technical infrastructure with a narrow scope and limited
user journey, in line with the scope of the trial. As such, a larger and
multiple-user infrastructure will encounter additional complexity
in its design. Future work is needed to evaluate our approach in
a more complex system, however, the heuristics provided by the
domains and complexity scale should work across contexts and
capabilities. In fact, the more complex a technology is, the more
time should be spent on design to minimise waste [65].

We demonstrate our proposed approach using NASSS and the
Double Diamond process. Although the principles behind our ap-
proach are flexible and inclusive, specific ways of embedding imple-
mentation science principles in the design process may differ with
the use of other frameworks. NASSS was chosen as it is specific
to the implementation of technology in health services. Compared
to other implementation science frameworks this focus on tech-
nology is unique to NASSS and a clear strength for those in HCL
However, there are some weaknesses. For instance although NASSS
has been widely used since its publication in 2017, there has been a
lack of studies synthesising its use compared to other more well
known frameworks. Furthermore, NASSS is most commonly used to
retrospectively evaluate implementation and is rarely used prospec-
tively or concurrently. Greenhalgh et al. (2017) recommend NASSS
to inform the design of technology, however given its lack of use
informing design, it may be that as it stands the framework and tool
alone are not sufficient to design with or the concepts are not easily
accessible to those that design technology [35]. As such we hope
our approach can provide additional scaffolding for those looking
to use NASSS to inform design of digital health technologies. In
particular, it would be interesting to explore how other implemen-
tation science frameworks could be used in conjunction with the
Double Diamond, we recommend future work be done to explore
potential differences in methods or outcomes.

8 CONCLUSION

Researchers and practitioners alike see the potential benefits of
combining the fields of HCI and implementation science to design
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pragmatic digital interventions for use in the real world. How-
ever, there is little practical guidance on how to systematically
combine the two fields within a research project. Our goal was to
provide a clear process for the integration of the two fields using
a well-known design process, the Double Diamond, alongside a
technology-specific implementation framework (NASSS). In this
study, we explore our approach through a case study aimed at
reducing alcohol consumption of women attending routine mam-
mography screening. We hope this adds to the limited, but growing
research literature spanning HCI and implementation science by
providing a practical worked example of how interdisciplinary
teams can collaborate to design for ongoing, real-world impact.
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