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Abstract

There is increasing interest within the mobile health (mHealth) field for technologies that encourage
users to change or avoid certain health related behaviours. Recently the area of illicit substance use
has attracted the attention of mHealth researchers, particularly as illicit substance use among students
in higher education appears to be increasing. Little analysis has been conducted on the design
strategies used to develop these interventions and the user experience they deliver. With concern
growing about the capacity of mHealth interventions to engage users in real world settings, we
undertook a systematic review of the implementation and reporting of user-centred design (UCD)
practices in the development of illicit substance use behavioural interventions in the higher education
context (n=7). Our review revealed limited consideration of end user experience and minimal
engagement with UCD practices. We argue that these studies do not give sufficient consideration to
factors that would have a significant influence their effectiveness and sustainability in normal use
conditions. We further propose a framework of guidelines for the design and reporting of mHealth
interventions (SCENE) that will underpin more robust methodologies for developing, evaluating, and
reporting intervention strategies in this context.

Keywords: mobile health (mHealth), user-centered design (UCD), intervention, higher education,
substance use.
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1. Introduction

A core goal of many mHealth technologies is to change the behaviour of users; to encourage users in
the adoption of behaviours which are beneficial to them, and to avoid behaviours which are harmful
(Orjii and Moffatt 2016). In order to design technologies which can meet these ambitious aims,
collaboration between a wide range of both academic disciplines and practitioners is required, from
public health, to psychology, to interaction design and information systems (Kelders et al. 2016). This
is because the human decisions that relate to health outcomes are multifaceted in nature, and are enacted
within complex and dynamic contexts. Successful interactive technologies and behavioural change
systems are not simply usable, rather they provide engaging experiences that are highly sensitive to the
use context, particularly the expectations, goals, motivations, and needs possessed by their users
(O’Brien and Toms 2008, Doherty et al. 2010). The need to better understand the ‘real world’ context
of interventions is increasingly recognised as critical if the vast potential of mHealth technology is to
be fulfilled (Collins 2012, Tomlinson et al 2013, Glasgow et al. 2014).

The development of engaging experiences for the users of mHealth technologies first requires an
interest in the nature of those experiences (Wright and McCarthy, 2010; Hassenzahl et al. 2010). If
users are to be engaged beyond closed research settings, then developers of mHealth technology must
employ research and design processes through which they can work productively with users in order to
understand their daily experiences, values, and habits (Wright and McCarthy 2010). A set of practices
and processes has emerged for carrying out exactly this type of work, which are collectively referred to
as user-centered design (UCD) (Norman 1986, Gulliksen et al. 2003, Schnall et al. 2016). Core
principles of the UCD approach include the adoption of a user focus (the users’ goals, tasks and needs
should guide early development), active user involvement in evaluation and design throughout the entire
development process, and the evaluation of use in the context of real user goals and environments
(Nielsen 1994, Gould 2000, Gulliksen et al. 2003). The importance of a UCD approach to health
outcomes has begun to attract attention in the mHealth domain as both researchers and practitioners
have started to grapple with the failure of many mHealth technologies to engage users, leading to the
underutilization of tools that have been developed at considerable expense (Tomlinson et al. 2013,
Kellerman and Jones 2013, de Alva et al. 2015, Schnall et al. 2016).

College is a transitional period for many young adults, and is associated with peak levels of
experimentation and risk-taking (Ford and Arrastia 2008, Sussman and Arnett 2014). University health
services, however, and in particular mental health services experience very high clinical loads which
severely limit their capacity for face-to-face interventions (Gulliver et al. 2015). mHealth technologies
have been advanced as a means of overcoming this challenge (Boumparis et al. 2017). In this paper we
conduct a systematic review of the implementation and reporting of user-centred design (UCD)
processes in the development of illicit substance use interventions in the higher education (HED)
context. Our review of seven intervention studies attempts to establish an understanding of the nature
of the user experience in this domain, and the design strategies most likely to engage users in a real
world setting. Examining five distinct elements of the design process, our review revealed limited
consideration of end user experience and at best weak engagement with UCD practices. None of the
studies in our review reported an examination of user expectations, goals, motivations, or needs in either
the literature or within their own study. Of the five full intervention reports within the review, none
reported any engagement with end users in the design process. Post-hoc user evaluation of the system
piloted was not reported in three of the seven of the studies we reviewed. Where present, it focused only
on generic measures of satisfaction or utility, with no exploration of more context specific issues nor
fundamental facets of the experience of engaging with interactive products such as stimulation,
relatedness, competence, or security-control (Hassenzahl et al. 2010). In short, the designers of the
systems we reviewed seemed largely unconcerned with the experiences of users. We suggest that the
limited consideration of user experience and weak engagement with UCD processes revealed in our
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review may help to explain the high rates of user attrition, low adherence to therapeutic programmes,
and in general low usage of mHealth technologies found in multiple previous analyses (Eysenbach
2005, Kelders et al. 2012, Murray et al. 2013, Guertler et al. 2015, Whitton et al. 2015, Ryan et al.
2017).

We further advance five UCD based intervention design and reporting guidelines, centred on Setting,
Context, Engagement, Narrative, Evaluation (SCENE) for mHealth interventions which we develop on
the basis of this review. We argue that the implementation of these practical guidelines will underpin
more robust methodologies for developing, evaluating, and reporting intervention strategies in this
context, while requiring only minimal additional resources for their inclusion. Exploring and reporting
the socio-emotional context of users, and evaluating their experiences through well-established UCD
techniques will greatly improve researchers’ understanding of why behavioural intervention strategies
did or did not work, helping to open the ‘Black Box’ (Kelders et al. 2016) which has severely hampered
the development of the field. Our proposals echo previous calls from implementation science that
researchers must go beyond summary evaluations of endpoint outcomes within intervention studies,
and more rigorously assess the extent to which an intervention is effective and sustainable in a specific
real world context (Damschroder et al. 2009). We conclude by stating that the demand for mHealth
technologies is likely to intensify in the future, and that if academic researchers fail to rise to the
challenge of designing interactive experiences that engage users beyond the research setting, less
rigorous industry led initiatives will fill the gap.

2. Theoretical Framework
2.1 mHealth interventions in the illicit substance use domain

Currently, one-quarter of European 18-21 year olds and 41% of 21-24 year olds report illicit substance
use in their lifetime, with the substances used including cannabis, amphetamines, MDMA, opiates,
cocaine, crack and mushrooms (EMCDDA 2011). The most widely used psychoactive substance is
cannabis, the use of which by young people can have both long-lasting behavioural and physical
consequences, such as brain development complications, bronchitis, attention and memory impairment,
and depression (Tonneson et al. 2013). Other widely used illicit substances such as MDMA, LSD, and
cocaine can lead to conditions such as heart rate irregularities, heart attack, abdominal pain, vomiting,
constipation, diarrhoea, kidney and liver damage, seizures, and strokes (Newcomb and Bentler 1986).
Rates of illicit drug use peak in adolescence and young adulthood, with college and university students
representing a particularly high risk group within this population (Johnston et al. 2005). Illicit substance
use is also intertwined with physical and mental health in the HED context. Individuals who report poor
physical and mental health also reporting higher levels of substance use, with the latter often
exacerbated by the former (Hser et al. 2001).

Reducing the harms which arise from illicit substance use in this population remains a major challenge
for both public health policy and for practitioners in this domain. Only 20% of individuals with
substance use disorders utilize mental health and addiction services, with low availability of treatment
services, overcrowded programmes, time conflicts, financial barriers, and social stigma all exacerbating
the phenomenon (Boumparis et al. 2017). Reflecting the challenges recognised in the mHealth field
more broadly, little if any analysis has been conducted on the interactive design of these interventions.
In addition, the targeting of young adult populations on the basis of their familiarity with the underlying
technology seems to raise its own challenges. While receptiveness to internet applications may be much
higher, performance expectations are likely to be as well (Eysenbach et al, 2008, Thomas 2011). Given
the significant user engagement challenges observed within the mHealth domain more broadly (Schnall
et al. 2016), it is important to ask that in addition to the general public health goal of harm reduction,
what user experience elements are considered in the design of interventions in this space? With interest
growing in the potential for mHealth to impact upon what is a very significant public health question,
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such an examination may be needed. This is also important to the broader consideration of the
integration of context, content, and system within the design of behavioural change support systems,
where disciplinary fragmentation has emerged as significant obstacle to the field’s development,
prompting calls for a holistic, integrated analysis (Kelders et al. 2016).

2.2 User-centred design in mHealth

The potential for mHealth to transform modern health service provision has justifiably attracted the
attention of researchers from a broad range of disciplines, with studies of health behaviour change
support systems appearing in information systems, psychological, and public health conferences and
journals. Kelders et al. (2016) argue that while each discipline has produced crucial insights that have
contributed to the development of the field, the disparate approaches utilised seem to have fostered the
‘Black Box’ problem, with insight regarding whether or not online interventions work, but no more
than limited insight into how and why they work. In establishing this argument they point to the
difficulties encountered in attempts to systematically review specific domains within the field, where
both variation in emphasis on intervention elements and divergent application of terminology has
severely hampered the execution of coherent reviews (see Morrison et al. 2012). The importance of an
integrated approach is increasingly recognised as central within design research, wherein the necessity
of interactive products addressing the whole user experience has become a central consideration
(Forlizzi and Battarbee 2004, Wright and McCarthy 2010). While agreed definitions of user experience
are elusive, a clear transition has occurred within study of human-computer interaction (HCI) that has
shifted the focus of design from a task focus to a user focus. The result of this shift has been a recognition
that in order for engaging software systems to be developed, an understanding of what the end users of
the system actually want the system to do for them must be prioritised (Wright and McCarthy 2010). A
better understanding of the user’s interaction with the technology, the emotions produced by the
interaction, and what outcomes matter most to the users is more likely to lead to technologies that
improve the lives of those that use them and motivate continual user reengagement (Forlizzi and
Battarbee 2004, Hassenzahl et al. 2010).

There is growing support for this perspective within the mHealth literature. Geng et al. (2017) argue
that even if the findings from intervention evaluation studies have internal validity, this does not mean
that they are useful to those who have to implement them in real world settings. It is not enough to
analyse mHealth interventions only in terms of their impact on behaviours and attitudes in a closed
research setting, researchers must evaluate the sustainability of the intervention in a real world context
(Damschroder et al. 2009). The utility of UCD in this sense is supported Van Gemert-Pijnen et al.
(2011), who found that the participatory involvement of end users in the development of mHealth
applications resulted in better adherence to technologies and fewer errors and misinterpretations of
requirements. Despite this, there has been little or no systematic analysis of how UCD is used in the
development of mHealth interventions, or how researchers employ user experience insights to create
engaging experiences (Perski et al. 2016, Yardley et al. 2016, Taki et al. 2017). Given that that
interventions in this domain are typically driven by the public health goal of harm reduction, it seems
possible that satisfaction of the expectations, goals, motivations, and needs that comprise the experience
of interacting with a computer application (McCarthy and Wright 2004) are frequently given inadequate
consideration — both in the design process and in the reporting of outcomes. Failure to consider these
factors will at best confound analysis of their effectiveness, as not enough is known about the design
process to properly assess intervention strategies, and at worst undermine their effectiveness in reducing
the serious harms associated with illicit substance use.

To address this gap, our review addresses two questions: (1) How have UCD practices been employed
in the development of illicit substance use interventions in the HED context, and (2) what user insights
do previous intervention studies provide that would inform the development of technologies that will
engage users in the real world setting? The review is intended to contribute to the future development
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of illicit substance use interventions for the HED setting in particular, and more broadly to the
development of engaging and sustainable mHealth interventions through the implementation and
reporting of UCD practices.

3. Methods
3.1 Search Methods

We conducted a literature search of the following databases using the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) guidelines (Moher et al 2009): Scopus, Pyscinfo,
PubMed, Medline, Cochrane, Sage, and ERIC. Our search employed Boolean search methods using
and/or combinations for searching key words and terms. The complete list of search terms used is
provided in table 1. Full paper articles, abstracts, and study protocols were considered in our search.
The final updated search was performed on November 7th, 2017. Our eligibility criteria were as follows:
(1) that the intervention was aimed at illicit substance use, (2) that the intervention was aimed at a higher
education population, (3) that the intervention was internet-based, and (4) that the study was published
in the English language.

Concept 1 - Concept 2 - Concept 3 - Internet Concept 4 - Population
Substance Use Intervention
Substance use intervention internet college students
substance abuse treatment web based students
illicit substance therapy internet supported university students
psychoactive drugs | programme ehealth
marijuana counsellor information technology
recreational drugs therapist mhealth
illicit drugs tracker mobile application
cannabis counselling online
drug use mentor text messages
coach web application
diary mobile
behaviour change

Table 1. Key words and terms used in literature search

3.2 Search Results

Our initial literature search returned 799 results (see figure 1). After the removal of duplicate records,
a total of 377 citations remained. Two researchers screened the titles and abstracts of these records
against our study’s eligibility criteria. Of the 377 records screened, a further 359 were excluded as they
did not meet the inclusion criteria, leaving 18 records eligible for assessment of the full text. Two
researchers then independently reviewed the 18 remaining articles, with a final consensus reached on
the inclusion of 7 articles in the review. No additional articles were found through hand searches.

3.3 Data Extraction and Analysis

We included five distinct factors in our analysis. Firstly we analysed the interaction setting, or the
circumstances within which users in the studies encountered the intervention, and whether attempts
were made to understand their motivation for engagement. Secondly, we analysed the alignment of the
intervention with the socio-emotional context, and the specific user expectations, goals, motivations,
and needs found to have salience in this setting. Thirdly, we analysed engagement of users in the design
process, the techniques through which potential end users were engaged and the testing of design
concepts. Fourthly, we analysed the narrative framing of the intervention, and the manner in which the
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Figure 1. Study Search Process

purpose of their participation was framed for the students in the study. Fifthly, we analysed the post-
hoc student evaluation of the intervention, in particular how their opinions and reflections were
collected, and what the focal points of this reflection were. Our data extraction protocol defined data as
the second order constructs of researcher statements and descriptions of procedures (Toye et al. 2014).
The researchers independently coded each text for each of the five criteria, then compared the text
extracted. At this point the extracted texts were discussed and analysed by the users in the context of
each theme. The results of this analysis are presented in the following section,

4. Findings

The characteristics of the seven articles are presented in table 2. Of the articles reviewed, five were
reports on the trial of a behavioural change intervention for illicit substance use in higher education
populations, while two described protocols for studies in the same setting. In total six different
applications were described, with two using the same application for their separate studies (Palfai et al.
2014 and Elliot et al. 2014). Each paper was independently analysed by two researchers in terms of the
five UCD considerations identified in the previous section.
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4.1 Interaction Setting

All seven studies either employed or planned to employ direct invitation in their recruitment of
participants for their studies. Two studies offered financial incentives to participants in order to sustain
engagement. None of the studies considered volunteer bias, nor conducted any analysis of their
participants’ motivation to engage in the study. As such it is not possible to characterise any of the
studies in terms of the needs, motivations, expectations, or goals of their participants.

4.2 Alignment of Intervention with the User Context

None of the seven studies reported any analysis of the user context of the intervention, either in terms
of the study population’s behaviour or the literature. The sole reference to user needs found across all
seven studies was the access benefits of an electronic service. No description nor review of student
motivation for engaging in substance use screening or assessment was reported by any of the seven
studies. Nor did we find any reference to more fundamental facets of the experience of engaging with
interactive products such (Hassenzahl et al. 2010). Finally, no study made reference to the intervention
qualities that users were likely to expect. Given the very limited consideration of the user context in the
studies, it was not possible for us to identify any strategies to align the intervention with it for the
purposes of enhancing the user experience.

4.3 Engagement of Users in the Design Process

Of the five intervention reports in our review, none reported any engagement of users in their design
process. We searched for references to workshops, evaluation of intervention components, or
background information gathering with a view to defining either the intervention use context or the
likely end user. Only the two study protocols made reference to any of these elements, with Pischke et
al. (2012) and Helmer et al. (2016) both indicating their intent to employ focus groups or discussion
groups in their presented protocols. Neither of these studies provides greater detail in terms of UCD
methodologies they plan to implement in these activities, however the former does refer to specific
components of the intervention that they intend to subject to user evaluation.

4.4 Narrative framing of the intervention purpose.

None of the studies report the narrative framing within which the intervention will be presented to the
users. While the majority of the studies refer to their framing of the ‘study’ or ‘research’ purpose to the
students in their sample, that framing is not reported in any case within the procedural descriptions. We
therefore cannot assess how and to what extent end user expectations were shaped by the researchers,
and how the end users subsequently understood the purpose of their engagement with the intervention.
For example, it is not clear whether the majority of the participating students in any of the studies
understood the experience as a means of fulfilling existing needs with respect to illicit substance use,
or as contributing to the development of socially beneficial service.

4.5 Evaluation of the user experience

Four of the seven studies described at least some form of post-hoc evaluation in their protocols for the
purpose of understanding the user experience. Three studies described measures for evaluating user
satisfaction with the intervention (Donovan et al., Palfai et al., & Elliot et al.), while Elliot et al. and
Helmer et al. also described protocols for the evaluation of the usability and utility of various
components of the intervention. None of the studies described evaluation of the interventions in terms
of deeper elements of the user experience, such as specific needs fulfilment, positive and negative affect,
or the meaningfulness of the interaction. Nor did any study report evaluation of the quality of
engagement (eg. interesting content or interactivity), aesthetics (eg. layout, style, visual appeal), or
information quality (eg. credibility or presentation style).
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Authors

Paper

Engagement Setting

Contextual

Analysis of Needs

User Engagement
in Design Process

Narration/Framing
of Intervention

Post-Hoc User
Evaluation

de Oliveira et al.
2015

Intervention
report

Direct invitation,
Motivation not
reported

None reported

None reported

Not reported

None reported

Donovan et al. 2012

Intervention
report

Direct invitation,
Motivation not
reported

None reported

None reported

Not reported

Satisfaction

Elliot et al. 2014

Intervention

Direct invitation,

None reported

None reported

Not reported

Satisfaction

not planned

report Motivation not Utility (some
reported elements)

Helmer et al. 2016 | Study Protocol Direct invitation, None reported Focus groups Not reported Utility (some
Motivational analysis planned elements)

Lee et al. 2010

Intervention
report

Direct invitation,
Financial incentive,
Motivation not
reported

None reported

None reported

Not reported

None reported

Palfai et al. 2014

Intervention

In-clinic screening,

None reported

None reported

Not reported

Satisfaction

Motivational analysis
not planned

planned

report Direct invitation,
Financial incentive,
Motivation not
reported
Pischke et al. 2012 | Study Protocol Direct invitation, None reported Discussion groups Not reported None planned

Table 2. Summary of Reviewed Papers
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5. Discussion and Recommendations

Our review of illicit substance use interventions in the HED context reveal limited consideration of end
user experience across five distinct elements of the intervention design process. The weak engagement
with best practice in mHealth design principles highlighted in the review has a number of significant
implications both for the development of interventions in this space, and for the generalizability of
previous findings in this context. We will summarise these and provide recommendations for future
work in this section. We also foreground these recommendations with two general comments on the
state of the art within this specific domain. Firstly, it is our view that the broad claims about the efficacy
of online interventions made in a number of the papers reviewed are not appropriate as the interventions
described do not and cannot reflect the broad scope of mHealth systems’ capabilities, and should
therefore bound their conclusions within the scope of the specific strategies they employed. Secondly,
if mHealth intervention studies are to influence subsequent initiatives within their field of interest, then
important changes to both the reporting of such studies and the outcomes for which they are intended
seem necessary. When designing and evaluating systems with a public health focus, we need to
understand how they are encountered naturally and in context (Gulliksen et al. 2003, Glasgow et al
2014) — recruiting people intentionally to a study undermines the ‘public’ nature of the intervention and
is a limitation that requires careful consideration.

The study design for the reviewed papers represents a broader trend within mHealth of the elimination
of contextual confounders, when that context represents the normal conditions within which the
intervention must work (May et al 2016). mHealth interventions must attract and engage users on their
own merits, beyond the research setting (Rogers 2011). If the studies in our review gained insights into
how such engagement could be generated, they largely fail to report it. User expectations, goals,
motivations, and needs were neither explored nor documented. This is not superfluous information, but
in fact integral to robust design processes that will produce interventions which deliver engaging
experiences through the satisfaction of fundamental user needs (Hassenzahl et al. 2010, Wright and
McCarthy 2010). We acknowledge the complexity of context, and that user experience is
multidimensional, with aesthetic, cognitive, emotional, physical, and sensual components (Forlizzi and
Battarbee 2004). Our criticism is not that researchers have failed to encompass all of these elements in
each of their studies, rather it is that even if one adopts a simple task-centred perspective of the design
approaches we reviewed, even those have not been informed by a user-centred analysis. Failure to
consider and report this dimension of the study, and of the use context, will only compound the broader
mHealth challenge of weak user engagement, poor adherence, and low retention (Eysenbach 2005,
Kelders et al. 2012, Guertler et al. 2015, Whitton et al. 2015). On the basis of our review, we advance
the SCENE guidelines for the design and reporting of online interventions in the illicit substance
domain. We elaborate on these guidelines in our recommendations section.

5.1 Recommendations
Setting: Report and consider the impact of interaction setting on the study’s results.

Our first recommendation is that researchers give greater consideration to the context of interaction
within which the intervention is tested. A key point to consider is that the research setting removes
many of the most fundamental challenges to user engagement, i.e. the distracting stimuli of the natural
setting and the apathy, disinterest, and avoidance that have proven so challenging for the
implementation of mHealth technology (Guertler et al. 2015, Taki et al 2017). There are considerable
differences between the experience of encountering an application in day to day life on one’s own
volition, and engaging with an intervention that has been presented in a study to which you have been
recruited (Rogers 2011). On this point, it should also be acknowledged that an individual’s motivation
to participate in a research study is likely quite different from their motivation to engage with a harm
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reduction application related to drug use (Kelders et al. 2012). We propose that as a simple corrective
measure researchers explore respondents’ motivation for participating in their study through survey
methods. The starting point for researchers should be to describe the specific goals and motivations of
a typical real world user, or preferably multiple types of users. The goals and motivations of study
participants can be compared with these types, providing a much greater sense of how relevant their
outcomes are beyond the closed research setting. Furthermore the validity of these user types can be
greatly strengthened by the generation of personas and user stories through deeper exploration of the
user context, the absence of which creates considerable uncertainty about how to interpret intervention
outcomes.

Context: Investigate the socio-emotional context of user engagement with the intervention.

Our second recommendation is that greater efforts are made to identify the socio-emotional user context
in advance of their participation in intervention trials (Doherty et al. 2010). None of the papers in our
review reported any analysis of, for example, help or information seeking behaviour with respect to
illicit substance use on the part of the population targeted in their studies. Nor was there any
consideration of more fundamental facets of user experience that would better document the users’
sense of what needs the intervention would satisfy. This left the underlying emotional dynamics of user
interaction with the intervention unexplored and unconsidered. This is especially problematic as it is
difficult to contextualise the user’s interaction with the intervention in the absence of some sense of
their motivations, needs, goals, or expectations (Hassenzahl et al. 2010, Wright and McCarthy 2010).
We propose that future studies could make an important contribution to the literature by offering a
considered analysis of at least one of these four variables, and by describing the manner in which their
intervention aligns itself with the specified context. This will improve understanding of the results of
individual studies and trials, and contribute to a wider understanding of what underpins user adherence
and satisfaction in the domain more generally (May et al. 2016, Taki et al. 2017).

Engagement: Engage users in the design process through participatory design methods

Our third and overarching recommendation is that engagement with potential end users of the
intervention (in this case higher education students) is initiated during the design of the intervention
itself. Extensive analysis of participatory methodologies has been conducted over the past two decades
with a great number of techniques now available to developers of mHealth technologies (Muller 2003,
Doherty et al. 2010, Wright and McCarthy 2010). We would encourage researchers to apply these
techniques to assist in the initial definition of the problem that is being solved and in the development
of the earliest outlines of a proposed solution. In particular we recommend that the distinction between
the intervention objectives and the end user needs that motivate their engagement are understood.
Whereas the intervention objective may seem abstract and distant, the personal need is immediate,
relevant, and motivating.

The distinction between the objective and the need is critical as the gap between the two criteria is likely
to influence both the decision to engage with the intervention in a real world setting as well as the extent
to which the user will feel their particular need was addressed. Key frameworks at this stage include
personas and user stories or journeys. Personas are fictional but representative archetypes of target users
that describe who the user is, incorporating their goals, needs and concerns. A user story or story
describes the process through which a particular need arises and the experience of the persona as they
attempt to resolve this problem. It captures the goals, actions, thoughts, and emotions of the persona as
they engage with the planned intervention. Both these tools should be based on both interviews and
workshops with potential users where they themselves describe and sketch both the personas and their
stories. Based on such engagement researchers can create empathy maps which describe the problem
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from the user’s point of view, task flows which describe the process through which they will reach their
goal for the interaction, or role-plays which simulate the initial design of the interactive experience.

These are just a few of approaches which can be used to uncover core user needs in the design of
interventions (Gulliksen et al. 2003). User involvement in this process will greatly increase the
likelihood of correctly anticipating user needs and expectations (Doherty et al 2010, Wright and
McCarthy 2010), leading to stronger engagement and higher levels of adherence in the normal
conditions of use (Van Gemert-Pijnen et al. 2011, May et al. 2016).

Narrative framing: Report the narrative framing of the intervention to the participants.

Our fourth recommendation is that researchers make greater efforts to report the narrative framing of
the intervention purpose in the first instance, and secondly to explore the impact of different frames on
the user experience. At the most basic level, it matters greatly to our interpretations of the results of
these studies whether participants feel that they are contributing to a personal or scientific goal. If
students feel that the purpose of their engagement is that they are assisting in the development of socially
beneficial service, then their evaluation of that experience is likely to differ from their evaluation of an
experience where personally defined needs and goals are the primary focus. Individual expectations of
what an interaction will deliver are fundamental to our understanding of how they evaluated it and,
therefore, the narrative which is built in anticipation of the experience informs the experience itself.
(Wright et al. 2003, Hassenzahl et al. 2010).

Evaluation of user experience: Conduct and report user evaluation of the intervention on multiple
levels.

Our fifth recommendation is that post-hoc evaluation of the user experience is recognised as a central
element of the process of piloting interventions in this context, and this evaluation is carried out at a
deeper level than simple usability or task utility. There are many directions for such evaluation to take.
At the level of user needs, Hassenzahl et al. (2010) point to stimulation, relatedness, competence and
popularity having salience and contributing to the overall positive affect experienced by the user. This
builds on earlier work by Sheldon et al. (2001) on the psychological determinants of satisfying
experiences. The importance of such evaluation is that it takes us beyond knowing if the user found the
experience satisfying or not, and allows to examine why the experience was satisfying and what
underlying needs are driving the behaviour that is in focus. At the surface level of design, Stoyanov et
al.’s (2015) mobile health application rating scale (MARS) allows for evaluation of the application’s
engagement value, functionality, aesthetics, and information quality. At a minimum, such data would
provide much a more comprehensive account of the technical quality of the intervention implemented.
It also has the potential for to build a more precise understanding of how much each element contributes
to the effectiveness of digitised behavioural change techniques. This has important implications for
resource allocation in what are experimental projects.

Without more sophisticated post-hoc evaluation, it is not possible to fully understand the reasons for
post-intervention behaviour (Doherty et al. 2010, Morris et al. 2010, Whitton et al. 2015). This is
particularly problematic in studies that do not report user involvement in the design process either. To
omit both elements provides an intervention project team with no insight into how the intervention is
received by users and their willingness to use it. This severely limits both the ability of future
researchers to build on previous studies within the field, while also confounding our interpretation of
the results generated by the studies themselves. We argue that implementation of the SCENE guidelines
we advance here will address the emerging ‘Black Box’ challenge within HBCSS literature described
by Kelders et al. (2016), providing at a minimum a considerably improved understanding of why
specific intervention strategies did or did not work.
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Conclusion

This paper has systematically reviewed the implementation and reporting of user-centred design (UCD)
processes in the development of illicit substance use interventions in the HED context in order to better
understand the nature of the user experience in this domain. This research pays particular attention to
the design strategies most likely to engage users in a real world setting. As is the case with any study,
this paper is not without its limitations. We conducted our search across a wide range of databases, but
nevertheless there may be intervention studies that are not indexed by these databases. Although we
clearly specified our inclusion criteria and had two researchers independently screen the search results,
we cannot completely remove reviewer bias from this process. Additionally the data extraction protocol
we developed, being qualitative in nature, carries a risk of contamination by researcher interpretation.
While we hope that providing our analytical criteria will enable other researchers to reproduce our
review, we acknowledge that there are limits to the transparency of this procedure. In principle,
systematic reviews should also be supported by correspondence with the authors of the included studies
and subsequent replication and/or reproduction of their results. However, this is not always possible
due to resource constraints (Mallet et al. 2012), as was the case in our study. Additionally, previous
research highlights the difficulty of such correspondence in studies such as hours, where authors may
not be enthusiastic about engaging in detailed questioning of their work (Duvendack and Palmer-Jones
2011).

We find support for broader concerns about the design strategies adopted for mHealth interventions, in
particular the lack of attention paid to the design of engaging user experiences and to failure to more
rigorously assess the extent to which an intervention would be effective and sustainable in a real world
context. We propose that the implementation of the SCENE guidelines would underpin more robust
methodologies for developing, evaluating, and reporting intervention strategies in this context. At a
minimum this would provide researchers with an enhanced understanding of why specific intervention
strategies did nor did not work, while in a broader sense they can guide the development of interventions
which deliver interactive experiences more likely to engage users under normal, real world conditions.
While the adoption of a UCD approach is sometime characterised as a major shift in the design
philosophy of researchers, the SCENE framework we advance would place a minimal additional burden
on the authors of intervention studies. By engaging with this framework, these authors would develop
mHealth technologies that are more engaging, would evaluate them in a manner that better indicates
their sustainability in a real world setting, and would report them in a way that enables future researchers
to better understand why they did or did not work, while providing valuable information about the user
context.
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