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Abstract. Micro-interventions are quick focused behavioural interven-
tions aimed at matching users’ current capacity for engagement. Mobile
devices are powerful, interactive, and sensor-rich platforms for deliv-
ering micro-interventions and for determining when and where to do
so. This paper presents a novel smart-phone based approach to micro-
interventions based on established ‘Episodic Future Thinking (EFT)’
research. The paper both presents the background for EFT-based micro-
interventions and the design of an ‘EFT’ smartphone application imple-
menting this. The approach and technology were evaluated in a feasibil-
ity study including 14 participants using the system for 14 days. Results
demonstrate the feasibility of implementing EFT as micro-interventions,
with participants willing to use the application, providing positive feed-
back and constructive suggestions. The paper concludes with a thor-
ough discussion of the implications for smartphone-based EFT delivered
as micro-interventions and how these can be used as part of a larger
behaviour change and health improvement initiatives.

Keywords: Micro-interventions + mHealth - Delay Discounting -
Episodic Future Thinking

1 Introduction

Self-management of a chronic illness is for many a long, arduous journey spanning
decades of uncertain health outcomes and worries, where faraway consequences of
smaller repeated gratifying behaviours seem less relevant. However, forgoing such
seemingly minor gratifying behaviours, like being less sedentary, can have a large
impact on long term health [26]. This underlying discounting of future outcomes
has therefore been suggested as a therapeutic target for preventing transition
from pre-diabetes to type 2 diabetes [18]. Despite the transition being largely
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avoidable through lifestyle changes and weight loss, the uptake in prevention
programs remains low [27]. Similar discounting of the future has been shown to
correlate with poorer self-management outcomes in type 2 diabetes [11].

The human tendency of discounting the future can be assessed via the method
of ‘delay discounting’, a behavioural economic trans-disease process measuring
the extent to which people prefer smaller immediate rewards over larger delayed
ones [19]. One intervention shown to be effective at reducing delay discounting
is Episodic Future Thinking (EFT) [60]. In EFT a person mentally projects
him/herself into the future though a personal vivid and sufficiently detailed
episodic future event [51]. This can be facilitated by first asking the person to
imagine one or more attractive future events, for instance “I am playing football
with the grandchildren on a summer day”, and associate these with a created
audio cue, that can then afterwards be used to recall the future event.

Recent research has shown EFT to be effective in reducing delay discounting
in relation to multiple areas like the risk of type 2 diabetes [51], overeating [47]
and cigarette smoking [54]. A potential way of increasing the accessibility of EFT
is through scalable and cost effective digital means. Mobile health (mHealth)
applications present one such technology [44], and individual components of
EFT have previously been demonstrated in a digital setting.

Such components of EFT delivered as a digital intervention can be broken
into 3 primary tasks 1) a generation task [51] creating a cue representing an
episodic future 2) a projection (or review) task where a person pre-experiences
the episodic future and 3) an assessment tasks where the delay discounting
is measured. It can be argued that the first two of these tasks are micro-
interventions, given their short duration and positive impact on in-moment
behaviours [8,47] whereas the third task simply acts as an assessment compo-
nent. Micro-interventions are defined as resources that can be quickly consumed,
intended to have an immediate positive effect on targeted symptoms [24], and
can include both just-in-time (JIT) [43] and ecological momentary interventions
(EMI) [6].

However, despite the increased accessibility of self-guided real world digi-
tal health interventions, research suggests uptake in real world settings remains
low [9,23,42]: A recent meta-analysis looking at attrition and dropouts rates
across app-interventions found these to be as high as 43% across studies [42].
Another recent study related to popular mental health apps found user retention
as low as 3.9% after just 15 days [9]. This could indicate a lack of acceptance
by users or a failure to address the specific, and often evolving, user needs [21].
Alternatively, it could be that patients’ experiences and needs might not always
align with clinical judgement [59] used to create the interventions, or it could be
that users might not want to invest much effort into these, despite being inter-
ested in their effects [8]. This highlights a need to consider the larger context
for delivery of mHealth applications like EFT, taking into account intervention
timing, differences in population [22] and personal preference [50], which in turn
implies tackling personal context and larger therapeutic perspectives while meet-
ing peoples’ capacity to engage with the interventions. The idea of leveraging
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several different micro-interventions in combination through a larger narrative
that aims to achieve an overall outcome has been coined micro-intervention
care [8].

This paper presents an approach to embed EFT-based micro-interventions
into a mHealth application, aiming to support micro-interventions both stand-
alone and as part of a larger narrative. The EFT-based micro-intervention app-
roach is based on a theoretical engagement into the theory behind EFT com-
bined with a thorough design process, involving a wide range of chronic patients
engaged in focus groups, formative usability testing, and an initial feasibility
study of the mHealth application.

We therefore explore how EFT might be implemented as micro-interventions.
We further look at users’ experiences with EFT as micro-interventions i.e., the
facilitators and barriers and we discuss the potential areas and use-cases where
EFT may be used as part of micro-intervention narratives. We designed an appli-
cation to deliver EFT as a number of micro-interventions in a human-centred
design process and implemented the design in Flutter for Android and iOS using
a pre-existing mobile sensing framework for mHealth applications, and ran a
2 week single-arm feasibility study involving 14 participants. The users overall
gave positive feedback, although engagement varied with less than half complet-
ing the full 2 week period. In this paper, we include the design and the results
from the study, and discuss their implications for future design considerations.

2 Theoretical Background and Related Work

Both delay discounting and EFT are areas with significant contemporary
research, and micro-interventions are an emerging field of research with increas-
ing interest in recent years. The following sections provide background knowledge
on the core concepts of delay discounting, EFT and micro-interventions.

2.1 Delay Discounting

Delay discounting is a measure of the perceived difference in value of an imme-
diate reward when postponed to the future. As humans, we often prefer grat-
ifying behaviours or rewards now rather than later, and to have more rewards
rather than less [46]. From a health perspective this might translate to prefer-
ring pleasurable behaviours here and now, rather than taking in-moment actions
for a larger reward impacting long term health. Delay discounting stems from
behavioural economics and describes the extent to which we prefer immediate
gratification against future larger gratifications or rewards [35]. Mazur suggests
delay discounting to be described by a hyperbolic mathematical model:

V =A/(1+kD)

where V represents the perceived present subjective value, A is the actual value,
D is the delay and k is the delay discounting coefficient [19,39]. Persons with
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higher values of k therefore perceive the subjective value of a reward to drop sig-
nificantly when delayed, resulting in distant outcomes being considered of lesser
value. Persons with higher values of k thus prefer smaller rewards soon, and may
e.g., be inclined to consume high caloric food rather than foregoing this with a
benefit of a better long term health [58]. High delay discounting has been associ-
ated with obesity and the inability to delay gratification [14]. This also translates
to other behavioural areas related to health, such as smoking [54], engaging in
lifestyle changes halting the transition to type 2 diabetes [51] and engagement in
diabetes self-management [11], and in other behaviours such as different forms
of addiction [2]. Epstein et al. further suggests delay discounting as a potential
target for prevention of prediabetes to type 2 [18] while showing a relationship
between high discounting and multiple health related behaviours such as lower
adherence to medication, diet quality, physical activity and HbAlc! [19].

Delay discounting can be assessed through a series of choices usually pre-
sented in the form of money, i.e., “Would you prefer $20 now or $200 in 6
months”. Depending on the exact method either the less immediate or the greater
delayed reward is adjusted according to the user’s reply. Alternatively, the delays
or both amounts are adjusted. Eventually a tipping point is reached where a sub-
ject changes opinion between rewards, also known as the indifference point [38],
which can be used to calculate the overall discounting rate, expressed through
the discounting coefficient, k.

Several methods are used in common practice, such as the adjusting amounts
task [19] or the Kirby Delay-Discounting Questionnaire [32] although several
variations of delay discounting measures exist [38]. The Kirby Delay-Discounting
Questionnaire e.g., consists of 27 questions that present immediate values, fixed
delays and uses shorter time periods (7-186 days) whereas the adjusting amounts
task deals with longer periods of time (1day - 25 years) and can be based on
either $100 or $1000. The adjusting amounts task e.g., starts with $50 now
versus $100 later for a given time period, and for each choice the subject takes,
the amount now is adjusted by 50% depending on that choice e.g., if $50 is
chosen over $100, the amount now is adjusted to $25. Similarly the amount may
be adjusted to $75 if the delayed amount is chosen, with these choices being
repeated another 4 times until indifference is reached, and it then repeated across
6 time periods.

2.2 Episodic Future Thinking

Episodic Future Thinking (EFT), which is a growing area of research in both
cognitive neuroscience and psychology [49], refers to the ability to imagine one’s
personal future.

In EFT, one projects oneself forward into the future in order to pre-experience
an event [4], e.g., “I am sitting outside enjoying the warm spring weather, in a few
moments I will be going on a walk to enjoy the park”. EFT is a type of prospec-
tive thinking and is thought to reduce impulsiveness by increasing the perceived

1 Average blood glucose over 2-3 months, also known as the Hemoglobin A1 test.
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value of delayed outcomes, thereby encouraging decisions with long-term ben-
efits [56]. A recent meta-analysis supports EFT’s effects on delay discounting
across studies, noting positive EFT events are more effective than neutral or
negatively toned future events [60]. EFT’s ability to reduce delay discounting
and impulsiveness has been shown in a number of contexts [10,14,15,47,51,54].
Dassen et al. for example showed EFT to be effective in reducing discounting rate
and snacking, suggesting it as effective also in reducing the need for immediate
gratification [15]. Similarly, O’Neill et al. found that EFT significantly reduces
energy intake when carried out in a public food court [47], indicating effective-
ness of EFT as ecological momentary interventions. This is further backed by
Hollis et al. showing EFT to impact in-moment ecological decisions made in
grocery shopping [28]. Additionally, Sze et al. shows that online-administered
EFT can reliably reduce delay discounting and demands for fast foods [56]. In
studies related to chronic disease [17] and substance abuse [3] EFT has shown
equally effective in reducing delay discounting. Stein et al. found EFT reduced
delay discounting to directly affect self-administration of cigarettes [53,54] and
reduce delay discounting in persons at risk of type 2 diabetes [51].

The use of smartphones in EFT has often been limited and mainly focused
on the delivery of audio cues. The study by Sze et al. makes use of an online
web-based system compatible with desktops, tablets and mobile devices allowing
participants to access their cues on smartphones [55]. Generation of cues was
handled with a case manager at an introductory session using separate open-
source software and a laptop to facilitate recording [55]. In a later study Sze
et al. further showed the feasibility of using an online self-guided generation
task for audio cue creation [56]. Similarly, O’Neill et al. leverages participants
own smartphones to deliver the studies audio cues, with none-compatible phones
replaced by an iPod where cue generation is handled through a moderated EFT
cue-development interview and is recorded using a recorder [47].

2.3 Micro-interventions

Fuller et al. defines micro-interventions as quick resources that can be easily con-
sumed and should have an immediate positive impact on targeted symptoms.
Micro-interventions can be both just-in-time (and just-in-time adaptive inter-
ventions) [20] or ecological momentary interventions EMI [41] by nature [24].
These micro-interventions can consist of a single event [25], repetitions [16],
variations [20] and sequences of events [24].

One convenient way to look at micro-interventions can be found in the
conceptualization by Baumel et al. describing the core components of micro-
interventions [8]. An important distinction presented in this work is that of
the micro-interventions themselves and the micro-intervention care. Micro-
intervention care consists of individual micro-interventions as steps in a ther-
apeutic process linked together in a coherent therapeutic narrative maintained
by a “hub” [8]. A hub refers to an entity (or multiple entities including systems
in combination) that recognises an individual’s state and context, recommending
relevant interventions and creating and maintaining a therapeutic narrative [8].
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This narrative is driven by conceptual models, determining how/when a digital
micro-intervention should be used in the therapeutic process. The delivery, tim-
ing and context for events are determined by decision rules. Proximal assessments
may be carried out to determine the outcome of events, with the outcome of the
micro-intervention possibly also being a proxy for an overall clinical goal [8].

Current implementations of micro-interventions have mostly revolved around
the interventions themselves rather than micro-intervention care. Micro-
interventions have for example been used to promote physical activity [13], pos-
itive body image [25] and improve mood [16]. Meanwhile, Meinlschmidt et al.
allowed users a daily choice of one of four ecological momentary interventions
micro-interventions aiming to improve mood [40]: vicesensory attention (shifting
attention from sensations), emotional imagery (imaging emotional situations),
facial expression (simulating emotional facial expressions), and contemplative
repetition (repeating short sentences) [40]. Micro-interventions events can be
triggered in response to context and with resources adapted based on user prefer-
ence [16] with Everitt et al. using JIT micro-interventions to decrease depressive
symptoms [20].

3 System Design

The EFT mobile health application was designed to facilitate the creation and
delivery of EFT as micro-interventions on a smartphone platform. As outlined
above, the smartphone presents a good platform for understanding the context
and behaviour of a person and for delivering an intervention through e.g., the
notification system. The “EFT” application was designed for a generic audience
in order to investigate the technology and user experience of EFT implemented
on a smartphone platform. A selection of the applications screens can be found
in Fig. 1.

3.1 Design Process

We considered prior work on EFT, delay discounting, and micro-interventions
(Sect.2) to design our initial prototype, and adopted a human-centred design
process to evolve the prototype: The initial design was refined and validated
based on feedback from 3 focus groups with in total 11 participants with Type
2 Diabetes Mellitus (T2DM), and further by formative usability sessions where
6 potential users tested core elements of EFT when performing different tasks
with the prototype. The aim of the focus groups was to discuss key topics,
problems, and opportunities for the design with a target user group that may
benefit from EFT (see Sects.1 and 2.1). The formative usability tests focused
on key elements of the design, specifically the self-guided self-generation of cues
and initial perceptions of generating and listening to audio cues.
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3.2 Design Considerations

In order to deliver a minimal implementation of EFT we aimed for at least three
distinct micro-interventions (MIs) and one method for assessment (A): 1. MI1 -
A self-guided generation task for creating cues. 2. MI2 — Audio-based projection
(or review) session where audio cues are experienced. 3. MI3 — Image-based
projection micro-intervention where the image represents one of the episodic
futures. 4. A1 — An adjusting amounts task to assess delay discounting.

1626 e 15107 i 15284 i
® Sessions o < EFT Review Cue

King 2

Reflection Session:

Review this form below, and
tap AGREE if you're ready to
continue.

Overview

00:01:74
x N

Episodic Future Image Cue
—e Click here to see a bigger versior

Fig. 1. Design of the EFT mobile application. The leftmost picture shows part of
the integrated study consent form. At the centre are the main menu showing differ-
ent uncompleted sessions and a reflection session playing audio cues. Rightmost is an
example of an image based projection delivered through a notification.

Self-guided Generation Task. Generation of episodic futures was facilitated
through a series of steps presented to the participants and is based on the self-
guided generation task [51]. Positive episodic futures are emphasised as these
have been shown more effective at reducing delay discounting [60]. Once a vividly
imagined future has been created, the participants record it as an audio cue for
future review. Based on the created episodic future, the participants are asked to
give the cue a name and to add an image representing the created future event.
Each self-guided generation task consists of creating a single episodic future, as
it reduces the effort required at any one given time and meets peoples’ capacity
for smaller investments of time [8], in line with the idea of micro-interventions.

Initially, users complete the first micro-intervention creating a single episodic
future, set approximately a month into the future. Following Stein et al.’s sug-
gestion that EFT’s effects depend on the number of generated futures and the
time frames of those futures [52], we designed additional self-guided generation
tasks with different time frames. The initial period of 1 month was chosen based
on formative usability testing, as most users could easily imagine events in that
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time frame. To address any learning curve subsequent self-guided generation
tasks were set at increasing time periods i.e., 3 months, 6 months 1 year etc in
the future. As suggested in focus groups examples of cues were also added for
the different time frames. The most distant future considered for cue generation
was 10 years based on formative usability testing with participants expressing
doubts they could effectively generate cues in a 25-year time frame and suggest-
ing it might be inappropriate for older persons. As a final step of the self-guided
generation task users are asked to add an image representation of their created
episodic future, which is used for image-based projection. Users are periodically
notified to generate at least 7 cues [17]. The overall design of the cue-creation
can be seen in Fig. 2.

16:55 & QO Tt 0 1707 26 O TN 16:55 0@ - O T 0
< EFT Sound Cue = < EFT Review Cue < EFT Image Cue
Audio cue Review audio Cue Image Cue

1. Imagine a future event approximately 1
month from now that you are positively
looking forwards to and can vividly imagine.
2. Imagine experiencing this event, describe
it, who is present, what you are doing and
feeling,

3. Write a script (on paper) & Record a
short, approximately 20-30 seconds in
length) audio clip from the above.

Here you can hear and review your cues.
Ensure that the cue is clearly recorded and
as you want it to be. If you are unhappy with
it you can also return and re-record it by
clicking the back button.

00:00:00

Lastly, you should select a photo from your
phone or a picture from the interet
representing the desired future you just
created

For example if you wish to be more active,
this could be a photo representing you
being more active or a photo of you having
more energy to be with family/friends.

You can also click the icon n the top right S
corner for more examples or use these as T
templates. S 9

An example: In 1 month | am celebrating ®
my daughters birthday, with her children

It's a warm spring, the weather is great and

the whole family is there, We are at her

house, and | am playing football with the

grandchildren. | feel good and everyone is

happy seeing each other after a long year

of corona, im especially looking forwards to

some cold sparkling water after this

football game!

00:20:59

Lastly provide the cue with a name: o]

Cue name

Accept and Continue Finish Session

0

Save Recording

Il o < 0l o 8 Il o <

Fig. 2. Design of the app’s self-guided generation task. The leftmost picture shows
instructions and an initial example as well as the recorder. In the middle users can give
their cue a name and review the quality of the recording. The rightmost screenshot
shows the tab for creating image cues.

Audio-Based Future Projection. Projection sessions are scheduled twice a
day and timed before the first meal and the last meal of the day, respectively [55].
Should participants not complete them, reminders will be sent after a while. Each
session consists of pre-experiencing a number of self-generated episodic futures
per session by listening to the episodic futures in audio format, thus allowing
multiple events to be pre-experienced.

Image-Based Future Projection. Given that it is not always feasible to
listen to audio cues an image-only notification representing the episodic future
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may be useful to remind persons of their episodic future in those contexts. This
is reminiscent of the work by Chan & Cameron on mental imaging wherein
mental imagery was used to promote active behaviour [12]. In line with micro-
interventions these images could be delivered in contexts different to traditional
EFT aiming to affect in moment decision making.

Assessing Delay Discounting. The app measures delay discounting through
an adjusting-amount task [19]. The task itself is designed as described in Sect. 2.1
and the delay discounting coefficient is calculated based on Mazur’s hyperbolic
model [39]. The measurement was initially based on the $100 task modified to the
local currency (Danish krone) and rounded to the nearest meaningful amount in
kroner, resulting in a 1000 kr adjusting amount task. Formative usability tests
revealed users generally perceived this amount as inconsequential, requesting
higher amounts to be used to make more meaningful decisions, in line with
Epstein et al.’s suggestion, that: “Perhaps if a reward is too small, most people
discount it [...]” — Epstein [18]. As a consequence, the adjusting amount task
was updated to reflect a larger amount, 10.000kr or $1000.

3.3 Implementation

The application was implemented in Flutter and thereby available for both
Android and iOS smartphones. The software architecture is shown in Fig.3
and is based on the CACHET Research Platform (CARP), which is an open
source research platform for digital phenotyping?. The application makes use of
the CARP Mobile Sensing framework [7] for mobile data collection, the CARP
Research Package for collection of informed consent from the user and uses the
CARP Web Services infrastructure for secure data upload and management.
CARP was chosen as the basis for the application as it allows for collection of
a wide variety of data automatically and does so securely and in compliance
with the General Data Protection Regulation (GDPR). The real-time collection
of contextual and behavioural data is especially relevant for this EFT applica-
tion, as it can be used for just-in-time or ecologically relevant triggers in the
application. These automatic triggers are, however, outside the scope of this
initial feasibility study. Data collected on the participants smartphone is sent
to the CARP Web Service backend, where it is made accessible to the project
researchers.

In addition to handling data collection CARP mobile sensing also controls
the timing of new sessions, scheduling of notifications and delivery of image
reminders through the Study protocol.

4 Feasibility Study

Following the best practices in early mHealth technology research, a single-arm
feasibility study was carried out with the aim of gaining a deep understanding

2 http://carp.cachet.dk/.
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Fig. 3. Architecture of the EFT mobile health application. The application-specific
components are shown in red and resemble the Ul components such as the ones shown
in Figs. 1 and 2. Data collection is handled by the CARP Mobile Sensing framework
components (green), which include a custom sampling package for recording usage
statistics, beacons and delay discounting (yellow). (Color figure online)
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of how and why the system used or is not by its users [33]. Our aim is thus
to obtain a comprehensive understanding of use, usability, perceived usefulness
and feasibility of EFT as digital micro-interventions in the real world. Given our
aim of broadly looking at the usefulness of the micro-interventions, both as self-
contained digital micro-interventions and as part of other narratives, we did not
impose any restrictions on recruitment. Due to the study’s technical and non-
clinical objectives, the feasibility study was exempted from ethical approval by
the Danish Ethical Committee (journal no. 21066249). The Institutional Review
Board at the Department of Applied Mathematics and Computer Science at
the Technical University of Denmark (DTU) have approved the study. (DTU-
COMP-IRB-2021-02).

4.1 Recruitment

Due to the early nature of this study and the aim of making EFT as micro-
interventions generally applicable, participants were recruited more broadly
through announcements, board messages, and email lists at (DTU) and through
word of mouth externally and not specifically targeting persons with T2DM.
Interested subjects were presented with a subject information letter and a link
for a sign-up. Upon signing up, participants were invited to the study via email.
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2: Participants are invited to the $2: On the last day of the study

study and can make a study account S1: Two days after providing consent participants are sent an

for the app. Participants download participants are sent the introductory end-of-study survey about their

the app and provide consent for data survey which includes demographics, motivation, experiences with the

collection followed by a delay motivation to engage in healthy app and post study system

discounting task. behaviors and questions about the usability. In the app another delay
initial experience. discounting task appears.

° Sign-up itation & setup 3

1: Subjects sign up online
and are subsequently sent Task/Day
an invitation for the study via

email,
Delay discounting measure

Surveys (S1/2) ‘ ‘ ‘ ‘ ‘ ‘

3.1 Cue generation task 1/day
3.2 Reflection session 2/day
3.3 Image cue notification 2/day

3.1) Participants begin daily use of the app, initially by completing a self-guided generation task creating one episodic future. The aim
being to create a total of 7 episodic futures over the first 7 days (with reminders for creating more appearing after ~24 hours).

3.2) Participants are suggested to do 2 or more projection sessions per day and are reminded should they not complete them.

3.3) Image cues or representations of the episodic futures appear roughly twice per day.

D1/2) Delay discounting measures

Participants can also choose to complete more self-generation, projection tasks or increase the frequency of image cues on any
given day should they wish to do so.

Fig. 4. Overall study structure, showing the major phases of the study from sign-up
till completion.

4.2 Procedure

The study timeline can be seen in Fig.4. Upon signing up for the study, par-
ticipants were invited to the study through the CARP platform via an email
invitation, prompting them to create a study account for the app. When partic-
ipants had created this account they could download the app and sign-in. Once
signed-in participants were presented with the full subject information letter
again and asked to provide signed consent for participation via the app.

Once signed consent was obtained, participants were asked to do an ini-
tial delay discounting assessment, and once finished the participants can use
the app. Initially the main menu presents participants with an introduction
to the app and its different features and urge the participant to complete the
first self-guided generation task which can be found in a card view of available
sessions. A day after setting up the app, participants receive an introductory
questionnaire via email exploring the initial experience with cue creation and
an assessment of motivation to engage in healthy behaviours through the Treat-
ment Self-Regulation Questionnaire (TSRQ) [36] and some exploratory questions
about the initial experience of cue generation/projection. The TSRQ question-
naire specifically assesses the degree of which one’s motivation is self-determined
or autonomous. In the present case, as the focus revolves around delay discount-
ing in regard to lifestyle changes, we use the versions of TSRQ that focuses on
diet and exercise motivation.

Participants were urged to engage with the application two or more times
daily in the form of review sessions where they pre-experience their recorded
episodic futures. These sessions automatically pop up in the app in the early
morning and afternoon, with notification reminders some hours afterwards. Par-
ticipants may additionally receive notifications containing their image represen-
tations of the futures at some points throughout the day. After 2 weeks, the
participants were presented with another delay discounting adjusting amount
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task and an end-of-study questionnaire. This end of study questionnaire consists
of the same TSRQ questionnaire on motivation, a Post-Study System Usability
Questionnaire (PSSUQ) [37], and additional specific and more general questions
about the overall experience.

The specific exploratory questions were inspired by experience sampling and
included participants approach, difficulties and experiences with completing the
cue generation and reflection sessions. The end of study questionnaire addition-
ally sought to explore perceptions of the interventions focused more broadly on
the accumulated experiences with the micro-interventions. The general questions
allowed the participants to tell if they liked, disliked or were indifferent towards
aspects of the system or micro-intervention events and an opportunity to suggest
improvements.

5 Results

In total 24 participants signed up for the study, with 14 accepting the study invi-
tation and downloading the app. Twelve participants answered the introductory
questionnaire and 9 the end-of-study questionnaire. 83% of the participants were
between 20 and 30 years of age; half were female. 3 participants (25%) were from
a minority group.

The CARP Mobile Sensing framework collected a total of 262,223 data points,
including location, activity, pedometer, battery, and device information. A total
of 1,632 app interactions were recorded. These include opening the app, inter-
acting with the app, and completing sessions, with 2 participants sporadically
continuing to use the app after the 14-day study period. Participant engagement
over all sessions can be seen in Fig. 5. We were not able to detect any meaningful
difference in the measured delay discounting comparing the beginning and end
of the study due to the small sample size and low completion rate of the final
delay discounting assessment task. Accumulated attrition was 21.4% (day 3),
43% (day 7) and 78.6% (day 14).

We carried out a within-subjects statistical analysis (using python 3.7.0, scipy
1.7.3) of TSRQ score between the study start and end surveys for both diet and
physical activity. We did not observe any statistically meaningful differences
in TSRQ score for participants between the beginning and end of the study.
However, we did observe a noticeable positive mean difference in score of 1.65
(likert scale, p = 0.31 relative to baseline) for question 14: “Because I want
others to see I can do it” (Physical Activity).

The usability of the application was assessed using PSSUQ and supporting
questions, gauging the experience of completing key tasks. The PSSUQ results
can be seen in Fig. 6, showing that a majority of the participants were satisfied
with the usability of the system, with some adding suggestions for improvements
to the UL. However, two exceptions can be found in relation to question 6 and
8 namely “I felt comfortable using this system” and “I believe I could become
productive quickly using this system”, where participants seem to rate the solu-
tion less favourable. The exploratory experience questions added some nuance
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Fig. 5. Number of engagements with self-guided generation tasks, audio or image-based
projections, for each user over the 14 day study period.

to these ratings: In terms of feeling comfortable, roughly half the participants
commented on the experience of listening to their own voice, to varying degrees
describing it as uncomfortable or annoying. Regarding the productivity of using
the system, some participants felt that it was unclear how exactly EFT would
help them e.g., become healthier, perceiving a disconnect between futures and
specific outcomes.

5.1 Qualitative Results

A total of 5 recurring themes were identified through a thematic analysis of
participants experiences. These were related to 1) Listening to one’s own voice,
2) contextual appropriateness, 3) imagining the future, 4) perceived value, and
5) the facilitating system. In the following paragraphs we have these synthesised
insights, highlighting both barriers, facilitators and participants own suggestions
for improvement.

Listening to One’s Own Voice. Generally, participants reported very dif-
ferent experiences when it came to listening to their voice. Some participants
were mostly indifferent or positive towards the experience: “I'm not a fan of
my voice so, it was a little odd hearing myself speak”, “It was strange hearing
my voice” and “I think hearing what I had to say was kinda nice — it was like
getting a mail from future me”. However, others reported more mild or severe
unease/discomfort from listening to their own voice: “I have slight difficulties lis-
tening to the recordings of my voice” and “I don’t like the sound of my voice so it
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1 Strongly disagree 2 3 4 Neutral 5 6 mmm 4Strongly Agree

1. Overall, | am satisfied with how easy it is to use this system -

2. It was simple to use this system -

3.1 could effectively complete the tasks and scenarios using this system - —

4.1 was able to complete the tasks and scenarios quickly using this system -

5. I was able to efficiently complete the tasks and scenarios using this system -
6. I felt comfortable using this system -

7. It was easy to leamn to use this system -

8.1 believe | could become productive quickly using this system -
9. The system gave error messages that clearly told me how to fix problem - —
10. Whenever i made a mistake using the system, | could recover easily and quickly -
11. The information (...) provided with this system was clear -
12. It was easy to find the information i needed -
13. The information provided for the system was easy to understand -
14. The information was effective in helping me complete the tasks and scenarios - —
15. The organization of information on the system was clear -
16. The interface of this system was pleasent -
17. 1 liked using the interface of this system -
18. This system has all the functions and capabilities i expect it to have -
19. Overall, | am satisfied with this system -

1.0 09 08 07 06 05 04 03 02 01 00 01 02 03 04 05 06 07 08 09 10

Fig. 6. Results from Post-Study System Usability Questionnaire (PSSUQ).

was very hard for me to be focused on the content of the audio”. Approximately
half the participants mentioned some degree of initial apprehension towards their
own voice suggesting it is a significant barrier to use.

Participants themselves suggested various ways to mitigate this issue; one
suggestion was to keep a textual representation of the episodic future used in
the self-generation task simply reading it themselves during projection rather
than listening to a recording. Another participant suggested that another person
could record the audio cue. However, given the personal nature of some futures
this may not always be appropriate.

Contextual Appropriateness. Participants commented on the ability to com-
plete projection sessions, stating that it could be difficult to find a quiet place
to concentrate in between everyday activities. Some participants also found it
was difficult to find time for engaging in the planned projection sessions due to
other events or sudden occurrences, suggesting an option to have more sessions
on certain days and less at other times.

Comparing audio and image cues, some participants had a preference for
image cues, citing the aforementioned issue with one’s own voice adding that
the image cues suited them better in-moment while others citing a personal
preference for image-based intervention formats. One participant commented
“I prefer the photo part”, with yet another participant adding that the image
cue was often enough to remember the episodic future. Participants suggested
using different types of media, including text, to deliver the episodic futures: “I
would prefer writing something instead of talking to my phone”. Participants
also touched upon the situational appropriateness of different resources noting;:
“[It is] a bit annoying that I have to find a place without people to do this. I
would prefer text”.

Imagining Futures. Some participants noted it could be difficult to imagine
events in certain time frames due to uncertainty and that the time period was
outside of what they usually think about. Moreover, initial experiences with
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the projection task indicate that while the examples provided were useful, their
limited numbers and variation were not necessarily enough for all participants.

Imagining distant futures was more difficult than those more present, with
comments that not everyone considers long-term future events (~5-10 years).
One participant comment from the first survey in particular seems to support the
idea of a learning curve effect in cue generation: “Perhaps in the next sessions
[cue generation] I would have liked to imagine something bigger like a fitness
goal”.

Perceived Value. Participants generally found the experience of thinking
about the future pleasant in itself, describing it as encouraging to remind one-self
about things to look forward to. Some participants found that it provided hope
for a bright future: “It gave me a sense of hope, and it felt like something to
look forward to” and others commented “It [reflecting on the future] was encour-
aging”, “It is nice to be reminded that there is something to look forward to”.
However, not all were equally positive and found it difficult to see how EFT or
rather future thinking in general would actively help them achieve more tangible
health related goals: “It did not particularly motivate me but it did remind of
where I want to be” and “I don’t think I understand the actual purpose of the
task [reflection]”.

The System. The system facilitating EFT through micro-interventions was
also mentioned as both a facilitator and occasional barrier.

In terms of positive perceptions participants found the system easy to learn
and to use, and found information such as task descriptions sufficient to quickly
complete micro-interventions. Several participants especially liked the image cues
delivered as notifications with their association to the future.

On the contrary, barriers included the design of certain interactions such as
manually having to click “next recording” in projection sessions as participants
seemingly preferred audio cues automatically playing one after the other. Other
negative technical aspects included battery drain (from mobile sensing), some
general technical issues, and the stability of certain background processes.

6 Discussion

6.1 Design of the Micro-intervention Events

In this study we designed 3 micro-intervention events and adapted one type
of assessment that can also be used as part of a larger therapeutic narrative
addressing delay discounting. Results from our feasibility study including sug-
gestions from the participants highlight multiple opportunities for improvements
and variations to these micro-interventions. These ranges from the content, i.e.,
micro-intervention resource, to their timing and intensity based on context. We
note, however, that more work is necessary to explore appropriate decision rules
for triggering these in relation to context, and whether these end-user developed
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variations are effective. Formative usability tests indicates that self-guided gener-
ation tasks and review sessions can be directly translated to unmoderated micro-
interventions. However, the tasks must be performed chronologically in sequence,
as a self-guided generation task is needed before a projection of episodic futures
can take place.

Based on our qualitative usability data we believe perceived usefulness to be
the primary contributor to the observed low usage and thus also the lack of mean-
ingful differences in delay discounting. This is in line with previous research show-
ing that perceived usefulness of a micro-interventions can be linked to usage [24],
similar to results from traditional mHealth interventions [57]. This indicates the
paramount importance of ensuring perceived value is clear for users in unmod-
erated micro-interventions if these are to be effective in the real world. Partic-
ipants’ own ideas to solve this perceived gap suggests goal-oriented EFT [45]
may be better suited for micro-intervention use as it bridges the perceived gap
between purpose and intervention, which could increase perceived value. Goal-
oriented EFT was originally created to explicitly leverage an observed tendency
for future thinking to lean towards future goals [45]. In this variation goals are
directly and explicitly tied into the future events e.g., “In 2 weeks I am pur-
chasing a new computer” - O’Donnell et al. [45]. Focus group participants even
discussed (unprompted) the idea of cues to being tied to specific health goals
in diabetes, without prior introduction to goal-oriented EFT by researchers. A
recent study similarly expanded on this concept by modifying the financial incen-
tive to health goals i.e., health goal-oriented EFT [5]. While this form of health
goal-oriented EFT was not found to be more effective than traditional EFT it
was found to have additional behavioural benefits [5]. Prior research therefore
indicates that goal-oriented EFT may be more effective compared to traditional
EFT [5,45]. Our findings add to this by suggesting goal-oriented EFT has the
additional benefit of increasing perceived usefulness.

While it could be argued that the self-guided generation task should not be
considered a micro-intervention but rather as required setup for EFT as it is not
designed to have a positive effect on target symptoms itself. Our findings indicate
that the task of creating a cue in itself can provide a positive outlook on the
future, and therefore has an immediate positive effect in line with the definition of
micro-interventions. Coupled with goal-oriented EFT, this could indeed provide
a good starting point for the micro-interventions, highlighting their value and
promoting engagement. We therefore argue that the self-generation task is to be
seen as a micro-intervention providing a direct impact, in line with Fuller et al’s
definition of micro-interventions [24]. While the projection task, i.e., listening to
audio cues and seeing image representations of future events, attempt an in-the-
moment change, our study did not implement a proximal assessment for judging
the effect of isolated events. We further note that using a standard adjusting
amounts task to judge the effect of individual events may not be feasible for use
in the“wild”, as this would effectively double task duration. Therefore, further
work is required to explore the impact of each events’ effect, possibly through
micro-randomized trials [34].
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Research in EFT has previously shown the ability to reframe temporal
decision-making during discrete moments of time [47]. Data collection from the
feasibility study indicates that we may be able to expand the system to include
simple just-in-time delivery of EFT, thereby adjusting or entirely avoiding deliv-
ery of components when they are not necessary or not preferred by users [43]. Uti-
lizing the mobile sensing platform, the application successfully collected several
kinds of contextual data in near real-time that could allow for delivering EFT
micro-interventions in response to the user’s context and situation. Examples
from our data collection include activity, sedentary behaviour, location based
events and beacon proximity, which individually or in combination could be used
to identify opportune moments to trigger EFT events. E.g., Alexander et al. has
already demonstrated the feasibility of leveraging sensor data from smartphones,
smartwatches and Bluetooth beacon proximity to identify contexts where users
are having meals [1].

6.2 User Experience

While participants reported some bugs, as well as usability issues specifically
related to background processes on i0S, the overall feedback was positive; the
participants appreciated the simple design, ease of interaction and the task
instructions. We note however, that more work is needed to fully communicate
the value of the system, especially if EFT micro-interventions are to be part of
a larger narrative. Participants’ own suggestion for goal-oriented EFT indicates
it may be preferential and a facilitator for value perception. Comments from
the formative usability testing implicitly supports this may be accomplished by
more directly coupling health goals to episodic futures and the overall condition.

Conteztualization: Looking at users’ experience we see several potential facil-
itators and barriers to EFT as micro-interventions. While participants could
simply engage with the micro-interventions daily, such as before the first meal
and the last, real-world usage may vary depending on the context. Contextual
image based futures may be more appropriate than audio cues situationally. Par-
ticipant comments specifically highlight this is the case for both projection tasks
and self-guided generation tasks, suggesting engagement is subject to contextual
task acceptance. Especially the self-guided generation task was difficult to com-
plete in part due as it was inherently more difficult, requiring relatively quiet
and sometimes private spaces for recording of audio cues; it is necessary both to
concentrate on cue generation and to ensure recording quality while not inad-
vertently sharing cues when recording in public, as also noted by some users.

One’s Own Voice: Another significant barrier was plainly listening to one’s own
voice which several participants described as “cringe” inducing, with participants
comments indicating this feeling gradually lessened over time. However, even at
the 14-day mark, some participants still commented that listening to one’s own
voice was distracting, which could indicate it is a significant barrier to a large
group of users and may hinder uptake of the micro-interventions. Given micro-
interventions relatively short duration compared to traditional care [24], being
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unable to overcome barriers related to listening to one’s own voice may limit the
micro-intervention’s effectiveness and perceived usefulness outside traditional
psychological uses. Another alternative is to consider an Al voice system to play
back cues so they are not in the user’s own voice.

Audio vs Visual Cues: The perceived in-moment acceptance of the resource, i.e.,
the audio, image or text, may impact effectiveness of the intervention in the wild.
Users may simply not be able to engage with the resource or may perceive the
resource as inappropriate given the surrounding context. Accordingly, comments
by participants indicate that this is further complicated by resource preference,
where some users preferred the image based resources whereas others instead
suggested textual representations of their episodic futures that they can read in
the moment.

Long vs Short Term: Meeting users capacity for engagement, context and pref-
erence may be key to implement EFT in different narratives. In line with obser-
vations by Howe et al. we see some indications that suggest users perceive low
effort interventions as more helpful despite results indicating higher effectiveness
from high effort ones [29]. User comments for example suggest the shorter mental
imagery delivered was enough to make them think about the future, with some
participants preferring this type of projection. Adapting intervention resources
to better suit users’ preferences may therefore facilitate improved engagement
but possibly at the cost of effectiveness requiring further research. Focus group
discussions with persons with diabetes further suggests that “it may be beneficial
to provide direct links to the disease or health picture over time”. These discus-
sions also highlight that while people are interested in the longer-term goal of
the micro-interventions i.e., increased engagement in diabetes self-management
behaviours through a reduction in delay discounting they may not necessarily
be that interested in the in-moment effects. However, this could be due to the
in-moment effects of EFT not being clearly perceived by users. This observation
may be especially important given previous micro-intervention research couples
perceived usefulness micro-intervention with user retention [24].

Despite the positive usability feedback received we nevertheless note the
resulting engagement was lower than expected. Indications from participants
are that the primary contributors were: i) the perceived gap between micro-
intervention aims and health outcomes (the perceived value), ii) lack of contex-
tualisation and adaptation to individual preferences, in line with Eyles et al. [21]
reporting a potential relation between high attrition and a lack of acceptance
and iii) failure to address users’ specific needs. As our aim was not to adapt to
individual user needs, we note that our participants may not have had a spe-
cific need or preference for EFT micro-interventions; i.e., we did not specifically
recruit from groups with risk of high delay discounting or groups with a particu-
lar interest in health goals. Decreased engagement generally occurred within the
first few days or after the first week of use. Our attrition rate resembles Baumel
et al., looking at app uptake in the wild with the majority of retention loss
occurring in the first week [9]. Perceived usefulness and acceptance is apparently
judged either immediately or within a relatively short period of time and may
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determine continued use before any longer term benefits may have reached the
user [31]. This time frame may thus be indicative of the window of opportunity
where suggesting other micro-interventions could retain longer term engagement.

6.3 Potential Use Cases

Interviews with participants with T2DM indicates they themselves perceive EF'T
as an interesting intervention shortly after diagnosis representing one concrete nar-
rative use. This is further supported by a recent project [48], where in an open co-
creation process participants identified discounting of the future in diabetes as an
issue. While the participants themselves did not refer to this as delay discounting,
they found the inactivity problematic in avoiding future comorbidities.

Looking at other possible narrative use cases for smartphone delivered EFT
as micro-interventions we may get inspiration from previous suggested targets
for EFT which has shown effects in a multitude of contexts [10,14,15,47,51,
54]. EFT as micro-interventions may thus be relevant to systems working with
changing behaviours related to: prediabetes, overeating, cigarette smoking, or
more generally where discount of the future may have an adverse effect on future
outcomes.

Based on the usage-data made available by the CARP platform, we stipulate
that it would be possible to leverage mobile sensing to identify poor adherence,
such as not listening to cues, and in turn as an opportunity to suggest other
interventions to enrich the narrative [8].

We found the implemented EFT micro-interventions to be subject to user
preference, with certain individual barriers to the use of EFT, negatively affect-
ing adherence. This suggests the need for conceptual models of use for determin-
ing which users are susceptible to EFT, alternative EFT micro-interventions or
if users should be provided other micro-interventions.

6.4 Overall Feasibility

The design of our application and the resulting feasibility study hint that it may
be feasible to implement EFT as digital micro-interventions, potentially opening
the doors for EFT to become part of a larger micro-intervention care narrative
that could provide value in different clinical and therapeutic processes involving
behaviour change. Furthermore, the implementation of simple just-in-time and
ecological momentary interventions using CARP mobile sensing seems feasible
and potentially enable targeting specific in-moment behaviours with EFT, which
has previously been shown as effective in both laboratory and simulated real
world settings [47]. However, future work is needed to determine the acceptability
of receiving EFT in different contextual real world settings and what format of
resource can best engage users in these different contexts.
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7 Limitations

Although our study shows promising initial results, supporting the application of
EFT as part of micro-intervention care narratives and the potential feasibility of
delivering simple just-in-time events aiming to affect in-moment decision making,
our study did not explore the effectiveness of these. Furthermore, while our study
included testing in-the-wild, our relatively small sample size and limited time
frame for use limit the generalizability of our results. In the presented exploratory
study, our focus has been on discussing findings in-depth with perspectives from
existing literature. Future research is required to explore the effectiveness of
micro-intervention based EFT delivered with simple just-in-time events, both in
order to explore the effect of the different types of events and the overall effect
as part of a larger micro-intervention care narrative. Given the technical and
usability focus of the study, diversity in recruitment was also limited and does
not necessarily include a high delay discounting group, nor were persons with
T2DM or other chronic diseases targeted.

8 Conclusion

In this paper we presented the design of an mHealth application for delivering
EFT as a series of three micro-interventions and we explore the users’ experience
of these interventions, their facilitators and barriers. The technological design of
the mHealth application was based on a general-purpose mobile sensing frame-
work, which in future applications will allow for flexible collection of contextual
data and enable the use hereof to trigger just-in-time events. The system was
subject to a single-arm feasibility study involving 14 participants to explore the
experience of EFT as micro-interventions, their design, and the implications for
use as part of larger micro-intervention narratives.

User’s themselves rated usability positively, however engagement was rela-
tively low with identified causes including intervention context, user traits, and
perceived value. Based on their experiences, participants themselves suggested
various new micro-interventions for different contexts, situations, and prefer-
ences. Participant feedback indicates goal-oriented EFT may be preferably com-
pared to traditional EFT due to the direct relation between health and episodic
futures. Initial analysis of collected data further suggests the feasibility of lever-
aging mobile sensing to target simple contexts where EFT may positively affect
in-moment decision making.
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