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Self-monitoring of mood and lifestyle habits is the cornerstone of many therapies, but it is still hindered
by persistent issues including inaccurate records, gaps in the monitoring, patient burden, and perceived
stigma. Smartwatches have potential to deliver enhanced self-reports, but their acceptance in clinical mental
health settings is unexplored and rendered difficult by a complex theoretical landscape and need for a
longitudinal perspective. We present the Mood Monitor smartwatch application for mood and lifestyle habits
self-monitoring. We investigated patient acceptance of the app within a routine 8-week digital therapy. We
recruited 35 patients of the UK’s National Health Service and evaluated their acceptance through three
online questionnaires and a post-study interview. We assessed the clinical feasibility of the Mood Monitor by
comparing clinical, usage, and acceptance metrics obtained from the 35 patients with smartwatch with those
from an additional 34 patients without smartwatch (digital treatment as usual). Findings showed that the
smartwatch appwas highly accepted by patients, revealedwhich factors facilitated and impeded this acceptance,
and supported clinical feasibility. We provide guidelines for the design of self-monitoring on smartwatch and
reflect on the conduct of HCI research evaluating user acceptance of mental health technologies.

CCS Concepts: • Human-centered computing→ Empirical studies in HCI.

Additional KeyWords and Phrases: technology acceptance, user engagement, longitudinal study, digital mental
health, smartwatch, wearable, randomized controlled trial
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1 INTRODUCTION
Mental health interventions usually aim to help people develop self-awareness and adopt healthy
behaviors. Self-monitoring one’s mood and lifestyle habits is often recommended as a means
of identifying patterns and encouraging healthy habits. Technology opens up a multitude of
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opportunities for improving such interventions, and as a result, the area of digital mental health
is rapidly growing within the Human-Computer Interaction field. Previous works have showed
that the digital delivery of mental health interventions in routine care, such as through platforms
delivering internet-based Cognitive Behavioral Therapy (iCBT) [80, 110], can improve patient
engagement with self-monitoring. Yet, important issues persist, including inaccurate records, gaps
in the monitoring, patient burden [7, 35, 70], and perceived stigma [2, 9]. Smartwatches are wearable
devices specifically designed to enable the passive collection of lifestyle information through
embedded sensors, and provide a discreet, immediate way to interact with content. Commonly
used in the general population [28, 69], smartwatches show a high potential for being an acceptable
means to engage in self-report [26, 62].

We present the MoodMonitor, a smartwatch application for self-monitoring of mood and lifestyle
habits within a routine iCBT intervention for depression offered by the UK’s National Health Service.
The Mood Monitor enables in-the-moment mood logging, and automated recording of lifestyle
habits (including sleep and physical activity). It has the potential to help patients consistently record
accurate self-report entries, with minimal burden. However, while smartwatches are commonly
used to monitor physiological data (for instance for fitness exercises), we explore here a new clinical
context of use for these devices. Patient concerns regarding self-monitoring on smartwatch in this
sensitive context might result in a lack of acceptance of the technology, and previous research
has showed that insufficient acceptance can impede individuals’ uptake and long-term use of
technology [92]. This might risk exacerbating patients lack of adherence or drop-out from the
digital therapy. Thus, it is crucial to investigate, patient acceptance of the MoodMonitor smartwatch
app, as well as the factors which facilitate or impede it, and reflect on how they can be addressed
in design [67]. Moreover, as we are exploring a novel use for smartwatches in a sensitive mental
health context, it is important to check whether the introduction of this technology impacts on
patient engagement or clinical outcomes.
We conducted a mixed-methods study with 69 patients receiving the iCBT intervention. Our

study addressed the following questions:

• What is the level of patient acceptance of mood and lifestyle self-monitoring on smartwatch,
as part of an established iCBT intervention?

• What are the facilitators and barriers to patient acceptance of this new modality for self-
monitoring?

• What is the clinical feasibility of the smartwatch-delivered self-monitoring (i.e., does it
impact patient clinical outcomes, usage of the therapy program and acceptance of the
self-report)?

The contributions of this work are fourfold. First, we introduce the Mood Monitor smartwatch
app for self-monitoring in a routine digital therapy. Next, we evaluate patient acceptance of the
Mood Monitor in real clinical settings and identify facilitators and barriers. Then, we examine the
clinical feasibility of integrating the Mood Monitor app into the digital therapy program. Finally,
we propose guidelines for designing self-monitoring on smartwatch, and we reflect on the conduct
of HCI research to evaluate user acceptance of mental health technologies. The protocol for this
study was previously published and is available at [66].

2 RELATEDWORK
We first describe mood monitoring and existing types of delivery, before reviewing the theoretical
frameworks of user acceptance and existing evaluation approaches.
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Patient Acceptance of Self-Monitoring on Smartwatch 3

2.1 Mood Monitoring in Mental Health Interventions
Self-report (or self-monitoring) is the cornerstone of many therapies. Because it helps individuals
with mental difficulties better understand their experiences and difficulties, self-report is often
encouraged by mental health professionals. For this reason, individuals undergoing therapy may be
asked to keep track of different aspects of their life, such as their mood, sleep quality, medication
intake, etc. Sharing this information during therapy sessions enables patients to reflect on past
experiences and feelings, and informs therapists on behavioral patterns and eventual trigger-
elements for their patients [102].With a deeper insight into patients’ experience, therapists are better
equipped to set up adapted interventions (such as behavioral change interventions) and provide
personalized follow-up. Lane and Terry define mood as “a set of feelings, ephemeral in nature,
varying in intensity and duration, and usually involving more than one emotion” [53, p. 7]. While
mood tracking is a core component of evidence-based mental health therapies such as Cognitive
Behavioral Therapy [60]), it also informs symptommonitoring (e.g., in bipolar disorder [91]) and the
detection of mental health difficulties (e.g., for stress in student populations [123]). Mood self-report
is often complemented by the tracking of lifestyle events, for instance daily bedtime and amount
of exercise, in order to support the identification of patterns [60] and reflection on behaviors that
enhance mood, and those that impair it.

2.1.1 Traditional Self-Monitoring. Keeping a log on a paper diary is the traditional way patients
record moods, however this approach presents several issues. Studies have shown that patients were
likely to forget to report in the moment, and tended to complete their logs retrospectively [95, 101].
In addition, retrospective logging is dependent on one’s ability to accurately reflect on past moods,
and is subject to recall biases [37, 99]. These include mood-related bias [12], or when mood recall
is substantially influenced by the mood at the time of recall, events salience [102, 104], or the
tendency to recall (infrequent) significant events, and depressive symptoms [12, 51, 98], for instance
the tendency to recall negative information. The task of self-report itself was also experienced as
repetitive and binding because of the necessity to carry a journal throughout the day [111].

2.1.2 Mobile Self-Monitoring. The advent of smartphones has facilitated Ecological Momentary
Assessment (EMA) [103] and mood monitoring has become a frequent activity for a number of
people [29]. EMA on smartphone enables individuals to log their mood in the moment, avoiding
retrospective reflection and therefore minimizing recall biases, particularly relevant in depression
given its associated memory impairments [78]. EMA also permits the collection of contextual
information (such as the time of the day, activity level, etc.) to situate the mood in one’s daily
experiences [124]. For these reasons, EMA is becoming increasingly used for mood monitoring
in individuals with mental health difficulties [24, 112]. Research also started to move away from
fully manual EMA, which is said to be “limited by human effort” [57, p. 473], towards automated
monitoring via sensors embedded in smart technologies [41]. This was particularly motivated by
the potential for automatic data collection to improve self-report accuracy, lessen the risk of missing
records, and reduce the burden associated with manual data entry [7, 35, 70]. Finally, research has
explored semi-automated monitoring, combining manual self-report with automatic data collection
to support patient awareness, long-term engagement, and sense of agency [21, 125]. Initial findings
from this exploratory work indicate that semi-automated monitoring can be successfully used to
monitor sleep and physical activity in mental health interventions [1, 6, 123], and leveraged in
commercial apps [13, 79].

2.1.3 Self-Monitoring on Smartwatch. Wearable devices are increasingly used by the general popu-
lation, in particular smartwatches for the monitoring of health-related behaviors (such as sleep
and exercise [76]). Smartwatches have advantages over smartphones in this regard, affording
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the possibility of continuous monitoring of a wider range of physiological variables, the ability
to provide biofeedback [116], and greater convenience [73]. Particularly, most smartwatches are
specifically designed for collecting and processing physiological and contextual data, giving insight
into numerous facets of a person’s life. As a result, commercially available smartwatches have
begun to be used in healthcare research [114], for applications such as the manual self-monitoring
of symptoms (e.g., knee osteoarthritis [8]), automated self-monitoring of physiological irregular-
ities (e.g., atrial fibrillation [75, 109, 113]) and detection of unhealthy behaviors (e.g., cigarette
smoking [23, 97]). Studies have also explored the use of automated self-report on wrist-worn
devices for mental health diagnosis (for instance the detection of depression through sleep and
heart rate monitoring [122]), interventions (such as understanding outcomes of therapy for social
anxiety through heart rate and movements [11]), and symptom monitoring (e.g., physical activity
monitoring to detect depressive symptoms [17, 72], stress [32], and schizophrenia relapse [85]).
In addition, because mental health stigma has been a long standing barrier to help-seeking and
intervention compliance [2, 9], it is essential that self-report technologies maintain a high level of
privacy. Smartwatches also enable EMA through microinteractions, potentially reducing the burden
associated with self-report and supporting better user engagement [77]. Therefore, smartwatches’
proximity enabling immediate, discreet, and private interaction make them good candidates for
supporting mood self-monitoring [26, 62].

To conclude, while smartwatches are widely used by the general population, their use in clinical
contexts is still at a very early stage. Patients’ willingness to engage with self-report on smartwatch
will significantly be influenced by their acceptance of the device and its sensing capabilities [92].
Therefore, research aiming to use smartwatches with patients should investigate their acceptance
of the technology, and do so in real clinical settings [87].

2.2 Understanding User Acceptance of Health Technologies
Understanding the reasons behind users’ acceptance or rejection of technology is particularly
important in the context of digital mental health interventions. In the past three decades, HCI
researchers have developed various models of user acceptance, most of them relying on Davis’
Technology Acceptance Model (TAM) [30]. With systems for the workplace as a primary focus, the
TAM introduced three factors influencing technology acceptance: perceived usefulness, perceived
ease of use, and attitude. Building on the TAM, other models were developed [117–120], introducing
multiple antecedents to these factors (such as technology anxiety [52, 117, 118]). With technology
becoming increasingly pervasive, researchers started looking into the user acceptance in broader
contexts, adapting existing models [25, 121]. Particularly in the healthcare context, user acceptance
theories gave birth to more adapted models, such as the Health Information Technology Acceptance
Model (HITAM) [52], and others [20, 33, 38, 47]. These models discarded antecedent factors highly
specific to the use of technology for work (such as job relevance), and introduced antecedents more
relevant to the patient journey with technology (for instance health status and health beliefs and
concerns [52]). Despite the progress of the field, there are still no models for the acceptance of
mental health technologies [65]. Because mental health systems deal with particularly vulnerable
populations, sensitive contexts and associated issues (such as stigma), tailored acceptance models
are needed to help understand people’s uptake and use of these technologies. Moreover, due to the
large spectrum of mental health difficulties, there might be value in developing multiple models to
investigate different settings. This theoretical gap has led researchers to modify existing models to
address mental health contexts [68].
Another body of work has started to envisage user acceptance as a dynamic process instead

of a single-point, static variable, introducing the temporal dimension into the equation [34, 42,
56, 68, 86, 92, 100, 107]. In an attempt to articulate the different stages of user acceptance, and
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Patient Acceptance of Self-Monitoring on Smartwatch 5

address confusion resulting from inconsistent use of terminology, Nadal et al. [68] proposed the
Technology Acceptance Lifecycle (TAL), a time scale laying out the three stages of user acceptance:
pre-use acceptance (before the first use), initial use acceptance (first interactions with the system),
and sustained use acceptance (long-term use). Considering the long-term and progressive nature
of mental health difficulties [46], and the duration of supportive interventions such as cognitive
behavioral therapy, it is important to adopt a longitudinal approach when assessing acceptance of
mental health technologies.

2.3 Evaluating User Acceptance
A major strand of work on the measurement of user acceptance is formed by studies which validate
acceptance models. This section outlines the measurement tools and timeline these studies adopted.

2.3.1 Measurement Tools. A common approach to measure acceptance involves the evaluation of
each potential acceptance factor (for instance perceived threat [52]), against self-reported usage
behavior. The majority of studies employed questionnaires, relying on Likert scales [38, 47, 52, 117–
121]. Each factor was evaluated through a number of measurement items, ranging from a minimum
of 2 to a maximum of 11. Davis et al. described the development of these measurement items as
follows: 1) generating fourteen candidate items for each construct, based on their definition, 2)
pre-testing these items to refine the wording, 3) narrowing down the set to ten items per construct,
4) assessing the reliability and validity of this subset, 5) narrowing down to six items per construct, 6)
repeating validity assessment and narrowing down to four items per construct. Some studies piloted
the questionnaire with focus groups [33, 117, 119], or a sample of users [33]. Most studies used
Cronbach’s alpha coefficients to assess the internal consistency of the measurement questionnaire.

2.3.2 Measurement Timeline. Most validation studies evaluated technology acceptance at different
time points in the user journey. For instance, the TAM study [31] looked at the stages of pre-use,
asking participants to fill in the first acceptance survey after watching a demo of the system, and
post-use, giving the second questionnaire after 14 weeks of use. Drawing on this methodology but
going a step further, the following studies assessed user acceptance at three time points in the user
journey, including pre-use, after 1-month use, and after 3-month use [117–121]. This aligns with the
body of work (later published) theorizing acceptance as amulti-stage process [34, 42, 56, 86, 100, 107].
Surprisingly, fewer recently published validation studies have taken such a longitudinal approach,
instead assessing user acceptance at one single point, post-uptake of the technology [33, 38, 47, 52].

3 DESIGNING SELF-REPORT ON SMARTWATCHWITHIN A DIGITAL THERAPY FOR
DEPRESSION

Responding to the exposed areas of improvement for self-monitoring in mental health interventions,
we strive to lower the barrier to self-report within digital therapy. We designed the Mood Monitor
smartwatch app to empower patients to record moods and lifestyle data consistently and accurately
and reflect on the influence of their lifestyle choices on mood, and to minimize burden.

3.1 Design Context: the ‘Space from Depression’ Digital Therapy
The ‘Space fromDepression’ program is a widely used, validated iCBT intervention for depression [80,
83] offered by the U.K.’s national health service. The intervention is accessible through a website
(desktop) and mobile app, with program completion estimated to be reached around 8 weeks. The
program’s structure and content, and the support provided to patients, are outlined in the study
protocol previously published [66]. The ‘Space from Depression’ program offers access to the Mood
Monitor online tool, a core element of the therapy [81]. The tool allows patients to record their
mood (as shown in Figure 1a) by selecting from five weather icons (sun, sun-cloud, cloud, cloud-rain,
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(a) Mood logging (b) Sleep logging (c) Screen with mood and sleep data

Fig. 1. Mood Monitor tool in the usual therapy platform, [S.H. Inc].

rain) the one that best reflects their current mood, and their lifestyle choices (see Figure 1b) which
include hours of sleep, quality of exercise, diet, caffeine drinks, units of alcohol, level of medication).
Patients’ moods can be displayed alongside lifestyle factors (see Figure 1c), encouraging them to
reflect on the evolution of their mood and the influence of their lifestyle. Daily prompts can also be
scheduled to remind patients to self-report.

3.2 The Mood Monitor Smartwatch App

Fig. 2. The Mood Monitor watch app 1) prompts the patient to log their mood several times a day, 2) lets
them select influencing factors, and 3) displays a daily and weekly summary of their mood alongside bedtime
(bed icon), hours slept (moon icon) and step count (jogger icon).
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The Mood Monitor smartwatch application was collaboratively designed and implemented over
18 months by an interdisciplinary team of HCI researchers, clinical psychologists, and professional
UX designers with extensive expertise in digital mental health, and with the substantial contribution
of the first author. The Mood Monitor enables patients to manually self-report their mood, and
offers automated monitoring of sleep and physical activity. The features of the app are summarized
in Appendix A.

3.2.1 Supporting Consistent & Accurate Self-Report. The core functionality of the Mood Monitor
watch app is the mood self-report. Taking advantage of the ubiquity of the watch, this was designed
in the form of an Ecological Momentary Assessment, for the collection of mood data in daily life.
The EMAwas implemented by prompts on the watch screen, reminding the user to log their current
mood at random times of the day (see Figure 2.1), in order to account for the variance of mood
across the day [124]. Prompts are generally an effective way to get users to engage [10]. However,
receiving prompts in this context (via a wearable device and as part of a clinical mental health
intervention) might be perceived as intrusive and might be an obstacle to patient acceptance of the
smartwatch app.

After logging their mood, patients are presented with an evidence-based list of lifestyle elements
likely to influence their mood, and asked which one(s) they think might have affected it (see
Figure 2.2). Reflecting on these lifestyle factors is key in the identification of patterns in one’s
behaviors and mood. Although interaction with this screen is optional (as in the desktop and
mobile app), prompting patients with possible options is a step for encouraging introspection and
action. The Mood Monitor app also contains a menu1 enabling the independent logging of moods
(Figure 3.1).

Fig. 3. 1) Mood Monitor app menu, 2) Tips to stay well, and 3) Settings

In addition to the mood logging, the Mood Monitor smartwatch app integrates the monitoring of
daily data related to sleep (bedtime and number of hours slept) and physical activity (step count),
giving context to the patient’s moods. Previously requiring manual logging, the monitoring of
these lifestyle factors is automated on the smartwatch, therefore enabling a passive self-report, less
subject to bias, human error (for instance when typing in entries), and inconsistencies (such as
gaps in the data). This automatically captured lifestyle data is available to both the patient and their
therapist, and has therefore the potential to inform therapy sessions towards better personalisation.
To complete its integration with the digital therapy platform, the mood and lifestyle entries

recorded on the Mood Monitor smartwatch app are automatically uploaded to the online platform
and accessible in the patient’s personal space2.

1Accessible with a ‘Force Touch’, interaction since then discontinued by Apple.
2The smartwatch app exists in addition to the online Mood Monitor tool, therefore users can log self-report entries using
either smartwatch, mobile, or desktop app.
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3.2.2 Encouraging Introspection and the Identification of Mood Patterns. The Mood Monitor smart-
watch app is also designed with the aim to encourage patients’ reflection and support them in
identifying patterns. While awareness might be gained from simply recording one’s mood and
lifestyle habits, encouraging deeper reflection is essential to support behavior changes. After log-
ging their mood on the Mood Monitor app, the user is directly brought to the application’s home
screen, and is immediately presented with a visualization of their mood, bedtime, hours of sleep,
and step count throughout the past week (Figure 2.3). Providing a detailed view of how the patient
has been doing, this visualization acts as a prompt to reflection.
The app further encourages behavior change through cues materializing the user’s progress.

First, three arrows under the current’s day report compare the lifestyle variables to those of the
previous day, for instance, showing an improvement in the bedtime (up arrow for earlier bedtime), a
stable time asleep (right arrow) or a decline in the step count (down arrow). Second, this progress is
made visible in the icons, as their appearance evolves depending on how the patient has been doing:
the moon representing the hours of sleep fills up, the step count jogger either walks, runs slowly,
or runs fast. Finally, to support frequent and consistent logging of mood, encouraging prompts
(validated by a clinical psychologist) were displayed3 when users reached goals regarding usage of
the mood logging, and the maintenance of a sleep routine, acting as positive reinforcement (see
Figure 4).

Fig. 4. Encouragement prompted to the user after logging 3 moods in the Mood Monitor watch app.

Finally, we explored the addition of psycho-education snippets on the smartwatch (validated by
a clinical psychologist) in the form of ‘Tips to stay well’, accessible from the application’s menu
(Figure 3.2). Patients can go through this list of 31 brief educational pieces on lifestyle choices that
may influence depression symptoms by taping the ‘pulsing’ lotus icon.

3.2.3 Minimizing Patient Burden and Perceived Stigma. The mood logging on the smartwatch
was intended to be as effortless as possible for patients, as to support their engagement with the
self-report activity. This was implemented through the immediate interactions enabled by watchOS
notifications. Due to the proximity of the watch, time is also saved in terms of the user not having
to reach for their phone and logging into the program. In addition, with passive monitoring of
sleep and physical activity, patients are not required to type in this information at the start and
end of each day, thus eliminating a repetitive task that risked impeding patient engagement. The
proximity of the watch, along with its small screen and discreet interactions (quick vibration on
the wrist), enable the Mood Monitor app to deliver self-report more subtly and privately than via a
smartphone or computer [63].

In line with the call for personalization in mobile health interventions [4, 50, 115], we chose to let
users increase/reduce reminder frequency (from the default twice a day recommended by a clinical
psychologist) by switching On/Off time ranges, at the first launch of the app (see Figure 3.3).
3The full list of prompts is available in the study protocol [66].
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Finally, creating consistency between the Mood Monitor watch app and the default iPhone and
Apple watch apps was important to support learnability and ease of use. The design of the weekly
visualization of the moods and lifestyle habits required several iterations, in order to find the
best way to display a large amount of information in a sufficiently concise format to fit the small
smartwatch screen. After reviewing existing applications representing information over time on
watchOS, we eventually decided on a visual similar to that of the Apple watch Weather app.

4 METHODS
We recruited 69 patients signed up to receive an 8-week routine digital therapy for depression:
the ‘Space from Depression’ program. The study was conducted within Berkshire Healthcare NHS
Foundation Trust in the UK.

4.1 Ethics
The study received approval from the NHS Wales Research Ethics Committee 5, through the
Health Research Authority (ID 281255). We registered it at ClinicalTrials.gov (NCT04568317), and
conducted in compliance with the General Data Protection Regulation (EU) 2016/679 (GDPR), and
the Data Protection Act 2018 (Section 36(2)) (Health Research) Regulations.

4.2 Trial Procedure
When a patient was invited for initial assessment at the NHS site, a supporter would also assess their
eligibility for the study. This includes that they were over 18, eligible for the ‘Space from Depression’
program4, and owned an iPhone 6 or upwards. The supporter then described the research to
them. All eligible patients willing to take part in the study received an email with a link to an
online survey, presenting the participant information sheet and the informed consent form. Upon
providing consent via digital signature, participants were asked to fill in contact details and socio-
demographic information. Participants were then automatically randomized to either the group
receiving digital therapy with access to the smartwatch app (experimental group), or that receiving
digital treatment as usual. The survey then asked all participants to complete the first Acceptance
Questionnaire (T1), capturing their pre-use acceptability of the self-report, on smartwatch or on
the mobile/desktop app depending their study group. In the following days, participants in the
smartwatch group received a package containing an Apple Watch SE, instructions to get started
with the Mood Monitor watch app and return the watch, and a return envelope. Participants could
also take part with their own smartwatch; those were emailed instructions on how use it for the
study. During the intervention period, all participants used the ‘Space from Depression’ program
with support from a trained supporter, as per normal service procedures. All participants received
the second Acceptance Questionnaire through online survey at 3 weeks (T2), and the third one
at 8 weeks (T3). In order to minimize non-compliance and drop-out from the study, participants
received emails reminding them to complete each Acceptance Questionnaire. At T3, participants
also completed the Satisfaction with Treatment questionnaire (see Section 4.3.4), and those in the
smartwatch group who had indicated consent were invited for a follow-up interview on Zoom.
Participants who had been lent a smartwatch were then asked to unpair it from their mobile phone,
and return it in the envelope provided. Participants were also given instructions on how to delete
sleep and physical activity data stored on their own mobile phone, should they wish to do so5. All
returned smartwatches had a factory reset performed to erase all data. All participants received
a £20 e-voucher upon completion of the final Acceptance Questionnaire (T3), and return of the

4Patients with severe presentations of depression are not eligible for the program.
5Technical support was available through the SilverCloud platform.
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watch for the smartwatch group. Those who took part in the interview received an additional £10
e-voucher.

4.3 Evaluating Patient Acceptance of the Mood Monitor
Our longitudinal approach6 to measuring patient acceptance of the self-report on smartwatch
is highly grounded in the technology acceptance literature, and the body of work arguing for
considering user acceptance as a multi-stage process [34, 42, 56, 86, 92, 100, 107]. Because of the lack
of standardized measurement methods to evaluate acceptance of mental health care technologies,
the proposed methodology adopts a mixed-methods approach. In an attempt to build a rich picture
of user acceptance of the technology, we examine the question through different lenses supported
by the literature, namely users’ demographics, acceptance mediators, and patient satisfaction. We
complement these quantitative measures with qualitative insight into user acceptance, by means of
additional open-ended questions, and a post-study interview.

4.3.1 Measurement Timeline. Our longitudinal approach to evaluate acceptance considered the
three stages of the Technology Acceptance Lifecycle (introduced in [68]): pre-use, initial use, and
sustained use. By conducting repeated measures of acceptance following this timeline, we aimed to
identify the different facilitators and barriers to user acceptance at each stage, and use this data to
inform the design of the technology.

4.3.2 Patient Demographics. Multiple validated acceptance models examine user demographics [25,
120, 121], in order to enable detection of possible acceptability issues in specific user groups
which would impede uptake of the technology. To examine possible associations between users’
demographics and pre-use acceptability of the technology, we asked participants, upon giving
consent, to complete socio-demographic details online, including information on gender, age,
ethnicity, employment status, marital status, and their experience with the smartwatch technology.
For each question, a “Prefer not to answer” option was present.

4.3.3 Acceptance Mediators. Grounded in the research validating acceptance models previously
discussed, we examine user acceptance through the lens of acceptance mediators. This involved
selecting among the existing validated acceptance models the best fit for our population and study
context, and measuring its acceptance mediators. Because there presently exists no acceptance
model specific to the mental health care context, we decided to draw on the the Health Information
Technology Acceptance Model (HITAM) developed by Kim and Park [52]. The HITAM includes the
following acceptance mediators: perceived threat, perceived usefulness, perceived ease of use, attitude,
behavioral intention, and usage behavior. As the study validating the HITAM did not provide the
measurement questionnaire used, we re-used question wordings from other validation studies
measuring the same mediators. This resulted in the proposed Acceptance Questionnaire (AQ) which
contains 15 measurement items, answerable through a 5-point Likert scale from strongly agree to
strongly disagree. We assessed the key outcome usage behavior by collecting the amount of mood,
sleep and activity data recorded by each participant. The AQ was sent to participants at pre-use (Day
0, T1), initial use (3 weeks, T2) and sustained use (8 weeks, T3). These three versions can be found in
Appendix B. We adjusted the wording of the AQ to these measurement time points by referring to
expected, present, or past experiences. Additionally, the number of times each participant accessed
the ‘Tips to stay well’ feature was recorded.

4.3.4 Patient Satisfaction. Nadal et al.’s review [68] showed that user satisfaction was often con-
sidered a factor of acceptance of digital health [15, 40, 59, 71, 89]. In the present study, we were

6“Longitudinal data present information about what happened to a set of research units during a series of time points” [43]
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interested in possible associations between long-term technology acceptance and patient satisfac-
tion. At 8 weeks, along with the third AQ, we asked participants to complete the Satisfaction with
Treatment measure [82], a 5-item questionnaire which has been used previously to evaluate patient
satisfaction with the ‘Space from Depression’ program [82].

4.4 Identifying the Facilitators & Barriers to Patient Acceptance
To uncover the specific facilitators and barriers to patient acceptance of the Mood Monitor, we
collected qualitative data from participants in the smartwatch group.

4.4.1 Open-Ended Questions. Each time participants received the AQ, they were given the op-
portunity to write about their experience with the Mood Monitor app. At T1, an open-ended
question asking participants the reasons why they had decided to use the watch app and enroll
in the study. Similarly at T2, they were asked “How would you describe your use of the watch
app?” and “What difficulties (if any) did you experience while installing or using the Mood Monitor
app?”. Finally at T3, a series of open-ended questions (see Appendix C) explored supplementary
acceptance factors, which according to previous research, might impact patient acceptance: satis-
faction [15, 40, 59, 71, 89], engagement [84, 96], recommendation rate [16, 50, 89, 96], sharing [58],
privacy protection [20], resistance to change [38], and match with expectations [89].

4.4.2 Post-Study Interviews. Participants in the smartwatch group were offered to take part in a
post-study interview to discuss their experience with the Mood Monitor. These semi-structured
individual interviews were conducted by the first author; they informed each interviewee that
they were a researcher and not a clinician, and explained the risk management procedure in place7.
Eight of the 35 participants took part in the interview, including 5 Females and 3 Males.

4.4.3 Thematic Analysis. The data from both the open-ended questions and interviews was ana-
lyzed through a reflexive thematic analysis conducted by the first author (CN). In light of recent
calls for more detailed reporting of thematic analysis practice in healthcare HCI [14], we have
endeavored to provide a comprehensive methodological account of our analytic process. CN fol-
lowed Braun and Clarke approach [22] and adopted a realist perspective, through which she
analyzed participants’ words in a way that “treats language as though it is a direct conduit to the
participants’ experience” [108]. CN took handwritten notes during the interviews. After talking
to each participant, she would then reflect on her notes, complete them, and type them up in a
Word document. CN then transcribed the interviews and checked the transcripts against the audio
recordings. She familiarized herself with participants’ answers to the open-ended questions of the
AQ by reading through them and formatting them into a unique document. She then conducted
a first round of coding where she inductively coded patterns of meaning in the data. In a second
round of coding, she selected those codes relevant to the research questions. The flexibility of this
analysis method allowed for inductively coding the data and organizing the codes chronologically
following the Technology Acceptance Lifecycle (TAL). Finally, CN drew on the codes to generate
themes, and structured the analysis around the three stages of the TAL: pre-use acceptability, initial
use acceptance, and sustained use acceptance.

4.4.4 Positionality Statement. This statement reflects on CN’s positionality with regards to the
collection and reflexive thematic analysis of participants’ qualitative data. The study presented
in this paper is part of CN’s PhD research on user acceptance of health and mental health care
technologies. CN is a white, middle-class, cisgender woman in her late twenties. CN emigrated from
France to Ireland, where she completed her PhD and now works as a postdoctoral researcher in

7The procedure involved contacting the supporters’ emergency line if the patient was suspected to be at risk of harm.
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healthcare technology. Her background includes a Master’s in Human-Computer Interaction, and a
Bachelor’s and technical degree in Computer Science. CN’s education reinforced her will to help
vulnerable populations through her work; this led her to step into the field of mental healthcare.
CN’s own mental health journey includes experiences of talking therapy and mindfulness sessions.
As a feminist, gay woman and supporter of human rights, CN has a special interest for design
justice [27]. She designed and implemented the Mood Monitor smartwatch app. Conscious of the
biases attached with being extensively involved in the development of the technology investigated,
CN sought to maintain a critical position during data collection and analysis. Being CN’s first
experience developing an app for smartwatch helped with conserving a critical view over her work.
She also encouraged interview participants to be honest in their comments, explicitly distancing
herself from the "development team", and never mentioning her role in the technology design.

4.5 Clinical Feasibility of the Smartwatch App
We are investigating a novel use for smartwatches, for patient self-monitoring in a digital mental
health intervention. In this context, it is important to assess the clinical feasibility of the Mood
Monitor smartwatch app to ensure that the introduction of this technology doesn’t result in reduced
patient engagement or clinical outcomes with the intervention. Previous work showed that digital
health researchers define and measure feasibility in various ways [54]. In their review of feasibility
studies promoting the use of mobile technologies in clinical research [5], Bakker et al. define a
feasibility study as addressing one or more of the following components:

(a) Performance of an outcome of interest against a comparator where the outcome of interest
could be related to:
(i) Measurement performance of sensor and/or;
(ii) Algorithm performance (clinical endpoints);

(b) Human factors considerations (acceptability, tolerability and usability);
(c) Participant adherence;
(d) Completeness of data.
Drawing on Bakker et al.’s definition, we used a randomized controlled setting where participants

were assigned to either receiving the digital treatment with access to the smartwatch app or
the digital treatment as usual. We evaluated clinical feasibility of the smartwatch app through
comparing metrics obtained in both groups. Specifically, still drawing on Bakker et al’s definition,
we checked for differences in patient acceptance and usage of the self-report component, and
assessed the clinical safety of the intervention (i.e., differences in patient clinical outcomes). Finding
no significant reductions in terms of acceptance, usage and clinical outcomes would indicate
the absence of negative impact by using the smartwatch app as part of standard delivery of the
intervention, which will support the clinical feasibility of the smartwatch app.

4.5.1 Patient Clinical Outcomes Before and After Therapy. Patients involved in the trial received
the usual procedures for Improving Access to Psychological Therapies (IAPT, [93]). This included
routine clinical assessments of patients with the Patient Health Questionnaire (PHQ-9), Generalized
Anxiety Disorder (GAD-7), and Work and Social Adjustment Scale (WSAS) [39, 64]. To evaluate
how the introduction of the smartwatch app impacted on patient outcomes, we compared the
clinical scores of participants in both groups, obtained pre and post the 8-week therapy.

4.5.2 Patient Usage of the Therapy Program. We compared usage metrics between groups, including
the total time spent on the platform, number of sessions, number of tools used, percentage of the
program viewed, and number of reviews (metrics detailed in the study protocol [66]). We also
looked at usage of the self-report in both groups to ensure that the addition of the smartwatch was
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not detrimental to patient self-monitoring (for instance, patients might perceive the smartwatch
prompts as a nuisance and choose not to wear the device).

4.5.3 Patient Acceptance of Self-Report. We compared patient acceptance of self-report via the
smartwatch app (experimental group) with that of self-report via the usual therapy platform.
By introducing the smartwatch app, we enable self-monitoring via an additional device and

interface, separate from the usual therapy platform. Therefore, the survey questions related to
interactions with the interface (“My interaction with the watch app is clear and understandable”,
PEOU3) or with the application as a whole (“Overall, I think that the watch app is useful in managing
my mental wellbeing”, PU3) in the experimental group do not find an exact equivalent for the
treatment as usual group. Rather than transposing these questions into approximate equivalents,
we chose to compute acceptance scores with a subset of 12 identical, equivalent questions.

Fig. 5. Participant flow diagram.

5 PARTICIPANTS
A total of 155 patients were assessed eligible and invited to participate. Among them, 70 patients
did not follow through with the invite, while 14 explicitly declined it. For those who refused,
the supporter asked the reason for declining. Eligibility assessment thus resulted in 71 patients
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recruited and randomized for the study, among which 2 withdrew, bringing the total number to 69
participants. The composition of the two groups was the following: 35 patients in the group with
smartwatch, and 34 in the treatment as usual group. Participants’ demographics are described in
Table 1. Figure 5 shows the flow of participants through each stage of the study.

Table 1. Demographic characteristics of study participants.

Characteristic Total sample
(N=69), n (%)

Smartwatch group
(N=35), n (%)

Treatment as usual group
(N=34), n (%)

Gender
Female 48 (69.6) 23 (66) 25 (74)
Male 20 (28.9) 12 (34) 8 (23)
Non-binary 1 (1.5) 0 (0) 1 (3)

Age group (years)
18-24 26 (37.6) 10 (29) 16 (47)
25-34 24 (34.8) 12 (34) 12 (35)
35-44 10 (14.5) 7 (20) 3 (9)
45-54 8 (11.6) 5 (14) 3 (9)
Over 55 1 (1.5) 1 (3) 0 (0)

Ethnicity
Asian or Asian British 10 (14.5) 7 (20) 3 (9)
Black of Black British 4 (5.8) 1 (3) 3 (9)
Mixed 3 (4.3) 1 (3) 2 (6)
White 52 (75.4) 26 (74) 26 (76)

Relationship status
Cohabitant 10 (14.5) 6 (17) 4 (12)
Divorced / civil partnership
dissolved

5 (7.3) 3 (9) 2 (6)

Married / in civil partnership 20 (28.9) 12 (34) 8 (23)
Single 32 (46.4) 12 (34) 20 (59)
Not disclosed 2 (2.9) 2 (6) 0 (0)

Level of education
A-Levels or equivalent 30 (43.5) 17 (48) 13 (38)
GCSEs or equivalent 6 (8.7) 2 (6) 4 (12)
Other 2 (2.9) 1 (3) 1 (3)
University or college degree 30 (43.5) 15 (43) 15 (44)
Not disclosed 1 (1.4) 0 (0) 1 (3)

Employment
Employed, full time 37 (53.6) 20 (58) 17 (50)
Employed, part-time 11 (16) 5 (14) 6 (17)
Not employed, looking for work 9 (13) 5 (14) 4 (12)
Not employed, not looking for work 4 (5.8) 0 (0) 4 (12)
Self-employed 6 (8.7) 5 (14) 1 (3)
Not disclosed 2 (2.9) 0 (0) 2 (6)

Smartwatch ownership 21 (30) 11 (32) 10 (29)

6 PATIENT ACCEPTANCE OF THE MOODMONITOR
This section aims to build a rich picture of patient acceptance of self-report on smartwatch. First,
we provide an insight on the evolution of patients’ overall acceptance of self-report on smartwatch,
through the acceptance scores obtained at pre-use, initial use, and sustained use. Second, we look
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into possible associations between users’ demographics and pre-use acceptability of the technology
(i.e., users’ level of acceptance before first use of the technology), which is suggested by the
literature. Next, we further examine the acceptance scores at pre-use, initial use, and sustained use,
through the lens of the set of acceptance mediators forming the theoretical basis of the acceptance
questionnaire. Lastly, we investigate possible associations between patient satisfaction with the
therapy and acceptance of the technology, as suggested by previous acceptance studies. Figure 6
details the different steps of this analysis.

Fig. 6. Steps of the analysis, each looking at an aspect of user acceptance suggested by the literature.

6.1 Overall Acceptance
Examining the evolution of patient acceptance over time, through the three AQ scores, has the
potential to inform on users’ trajectories with the technology. A significant improvement in the
acceptance score over time might, for instance, indicate appearance of an element in the user
journey facilitating acceptance (such as users developing trust in the system), or disappearance of
a barrier to acceptance (for instance users feeling less anxious toward using it), and conversely for
a significant decline in the acceptance score. We looked at participants’ scores to the Acceptance
Questionnaire given at pre-use (day 0), initial use (3 weeks), and sustained use (8 weeks), see Figure 7.

Fig. 7. Acceptance scores of the smartwatch group at pre-use, initial use, and sustained use. Mean scores are
represented by a ‘x’ and median score by a line.
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This longitudinal measure revealed that patient acceptance of self-report on smartwatch started
and remained high throughout the 8 weeks. Pre-use acceptability scores (n=35) ranged from 71 to
100% (M=89.80, SD=7.993). Initial use acceptance scores (n=30) ranged from 73 to 100% (M=88.38,
SD=7.956). Sustained use acceptance scores (n=27) ranged from 71 to 100% (M=88.10, SD=9.636).
An ANOVA test showed no evidence of a statistically significant difference between the scores
across the three time points (F(2, 48)=.611, p=.547). This result, although quite high-level, seems to
support the use of the Mood Monitor in this interventional context.

6.2 Demographics & Pre-Use Acceptability
We explored the possible impact of the smartwatch group participants’ demographics (including
gender, age, ethnicity, education level, employment status, Apple watch ownership, and relationship
status) on their pre-use acceptability scores (T1). The scores were non-normally distributed, therefore
non-parametric Kruskal-Wallis tests were used. There was no evidence of a statistically significant
association between patients’ acceptability score and their gender, age, ethnicity, level of education,
employment status, or Apple watch ownership.

However, there was evidence of a statistically significant difference in the acceptability scores of
participants who declared being single, and those married/in a civil partnership (Kruskal-Wallis
𝜒2=8.762, df=3, p=.033). A Dunn’s pairwise comparisons test confirmed this significant difference
(p=.021). Therefore, patients who declared being married or in a civil partnership were more likely
to have a higher acceptability score, compared to those single, as illustrated in Figure 8). This
result reveals the presence of facilitators of acceptance in the former group, or barriers in the latter.
Although determining these factors would require further investigation, we can hypothesize that
the antecedents social support and/or social pressure [20, 52, 117, 118, 120, 121] might facilitate
patients’ uptake of self-report on smartwatch.

Fig. 8. Pre-use acceptability score (T1) by relationship status.

6.3 Acceptance Mediators Over Time
Examining the repeated score to each of the acceptance mediators assessed in the questionnaire
at T1, T2, T3 has the potential to indicate where might lie facilitators or barriers to acceptance,
and how these evolve through the use of the Mood Monitor app. A specific acceptance score for
each mediator was obtained by calculating the average of the participant’s score to the Likert scale
questions measuring that mediator. This resulted in an acceptance score, for each mediator, ranging
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from a minimum of 1 to a maximum of 5. Figure 9 gives an overview of the evolution of patients’
scores to each acceptance mediator, revealing that the average score for all mediators was high
(superior to 4/5), and quite stable across the user journey.

Fig. 9. Smartwatch group scores to the acceptance mediators, at pre-use, initial use, and sustained use.

Next, we considered the acceptance mediators individually, assessing the evolution of the mean
score over time. We checked for significant differences at pre-use (n=35), initial use (n=30), and
sustained use (n=27), by performing a repeated-measures ANCOVA (controlling for the effects of
the relationship status variable)8.

6.3.1 Perceived Threat. The perceived threat mediator reflects users’ concerns about their mental
health, and their willingness to take action to get better [52]. The repeated measures show that
the perceived threat remained high throughout the intervention. Scores ranged from 3.0 to 5.0
(M=4.600, SD=.4971) at pre-use, from 1.5 to 5.0 (M=4.200, SD=.7611) at initial use, and from 2.5 to 5.0
(M=4.370, SD=.6877) at sustained use. There was no evidence of a statistically significant difference
between the scores across the three time points (F(2, 44)=3.122, p=.054), which means that patients’
mental health concerns remained throughout therapy, and so did their will to improve. Because a
significant change in perceived threat (and therefore in overall technology acceptance) could be a
result of improved/worsened clinical outcomes, examining patients’ clinical trajectories might help
interpret this result if differences were observed.

6.3.2 Perceived Usefulness. The perceived usefulness mediator reflects the degree to which users
believe that the system will help improve their mental health [30]. Perceived usefulness of the Mood
Monitor app was overall high throughout the measurement points. Scores ranged from 3.0 to 5.0
(M=4.390, SD=.6022) at pre-use, from 3.0 to 5.0 (M=4.222, SD=.7183) at initial use, and from 2.0 to 5.0
(M=4.160, SD=.7919) at sustained use. There was no evidence of a statistically significant difference
between the scores across the three time points (F(2, 44)=1.303, p=.282). In the context of digital
mental health, an interesting issue which emerged from discussions with clinical researchers is
the potential for decreased symptoms to negatively impact perceived usefulness of the technology.
8We used a Bonferroni correction to allow for multiple comparison statements and maintain an overall confidence coefficient.
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As for the previous mediator, in cases where a significant change in these measures is noticed,
researchers interpreting this data might find value in examining patients’ clinical trajectories.

6.3.3 Perceived Ease of Use. The perceived ease of use mediator indicates the degree to which
users believe that using a system will be free of physical and mental effort [30]. Findings reveal
that participants rated self-report on smartwatch as easy to use across the measurement points.
Scores ranged from 3.0 to 5.0 (M=4.293, SD=.6227) at pre-use, from 3.3 to 5.0 (M=4.333, SD=.5545) at
initial use, and from 3.0 to 5.0 (M=4.407, SD=.6169) at sustained use. There was no evidence of a
statistically significant difference between the scores across the three time points (F(2, 44)=.240,
p=.787). Observing a significant improvement in perceived ease of use over time could be the marker
of a learning curve in the use of technology; researchers in that case might find value in examining
additional acceptance antecedents, such as computer self-efficacy [38, 52, 106, 117, 118].

6.3.4 Attitude. The attitude mediator reflects the user’s overall affective reaction to using a tech-
nology [120]. The data show that users’ attitude toward use of the self-report on smartwatch
remained high over time. Scores ranged from 3.0 to 5.0 (M=4.700, SD=.5402) at pre-use, from 3.3 to
5.0 (M=4.708, SD=.4738) at initial use, and from 3.3 to 5.0 (M=4.630, SD=.5606) at sustained use. There
was no evidence of a statistically significant difference between the scores across the three time
points (F(2, 44)=.195, p=.824). While patients’ affective reaction to technology remained positive
in our study, changes in attitude should be investigated as they can signify that users are not
comfortable with aspects of the technology (for instance sharing of personal information).

6.3.5 Behavioral Intention. The behavioral intention mediator represents the degree to which
individuals are willing to try to use a technology [3]. Despite a slight decrease in the participants’
intention to self-monitor on smartwatch, the measure remained high throughout the intervention.
The null spread at pre-use reveals patients’ strong willingness to take up the technology. Scores
ranged from 4.0 to 5.0 (M=4.829, SD=.3824) at pre-use, from 3.0 to 5.0 (M=4.633, SD=.6149) at
initial use, and from 1.5 to 5.0 (M=4.352, SD=1.0078) at sustained use. There was no evidence of a
statistically significant difference between the scores across the three time points (F(2, 44)=.633,
p=.536). Similarly as with perceived usefulness, a significant change in behavioral intention could be
the result of an improvement/worsening in clinical symptoms. Moreover, such change might also
be induced by users’ satisfaction (or lack of) with the system. Thus, examining clinical trajectories
and user satisfaction might help interpreting a change in individuals’ behavioral intention.

6.3.6 Usage Behavior. The study of acceptance aims to determine facilitators and barriers to use of
technology. Models of technology acceptance represent usage behavior as the final stage towards
which the influence of the mediators is oriented. Examining usage behavior therefore provides
direct insight into how user acceptance translates (or not) into usage.

We first consider patients’ use of mood self-monitoring; this revealed that the large majority of
patients (30 out of 35) engaged with mood recording on smartwatch (see Figure 10).
The number of moods recorded on smartwatch ranged from 0 to 167 (M=27.03, SD=38.311).

In the group of 30 participants who used the mood monitoring, we observe differences in usage
behavior, ranging from sporadic use of mood logging in half the group, to more consistent use in
the other half. In comparison, the number of moods logged on the desktop/mobile app desktop
(M=3.14, SD=10.244) ranged from 0 to 13 (see Figure 11). The data was non-normally distributed. A
Wilcoxon signed-rank test showed evidence of a statistically significant difference between the
number of moods logged on the smartwatch vs. on the desktop/mobile app (Z=-3.529, p=.000).
This indicates that participants in the smartwatch group strongly preferred recording their mood
on smartwatch. We also observed significantly more consistent use of the mood self-report in
the smartwatch group compared to the treatment as usual group, as illustrated in Figure 12, and
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Fig. 10. Distribution of the moods recorded via the smartwatch app.

confirmed by a Mann-Whitney test9 (U=336.0, p=.002). These findings indicate that the high levels
of acceptance captured by the AQ scores translated into actual use of mood logging on smartwatch
for most patients. Among the five participants that did not engage with the mood monitoring on
smartwatch, only one completed the three acceptance questionnaires, and none participated in
the post-study interview. Analysis of the non-use of the smartwatch intervention is therefore not
straightforward, and the result is open to multiple interpretations (such as a difficulty to engage
with digital therapy, technical difficulties, non-receipt of the watch, etc.).

Fig. 11. Mean number of moods recorded in the smartwatch group, by platform (with error bars).

Finally, we looked at patients’ use of the psycho-educational Tips to stay well feature, psycho-
educational material delivered through the Mood Monitor smartwatch app. Findings reveal that two
thirds of participants in the smartwatch group never accessed the feature (see Figure 13). Among
the third of participants who did access this feature, the majority (n=8) only used it once; only a
9Homogeneity of variance was not met by the data.
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Fig. 12. Use of mood self-report over the 8 weeks of therapy (smartwatch group vs. treatment as usual group).

few patients (n=3) opened it several times (ranging from 3 to 10 times) throughout the 8-week
period. While the Tips to stay well feature constitutes an add-on to the self-report intervention, the
observed differences in usage raise the question of whether and how to examine user acceptance of
auxiliary features, particularly where the feature is a small component of a larger intervention.

Fig. 13. Number of times patients accessed the Tips to stay well feature in the smartwatch app.

6.4 Satisfaction & Sustained Use Acceptance
At 8 weeks, participants in the smartwatch group answered the Satisfaction with Treatment measure
(n=27), a set of five Likert-scale questions. The calculated satisfaction scores ranged from 50 to 100%
(M=80.56, SD=15.590), and were non-normally distributed (see Figure 14). A Pearson correlation
coefficient was computed to assess the relationship between the smartwatch group participants’
acceptance score at sustained use, and their satisfaction with therapy. The positive statistically
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significant correlation (with a significance level at .01.) between the two variables showed a strong
association between long-term acceptance and patient satisfaction with therapy (r=.514, p=.006).
This result suggests that user acceptance of the specific component that is self-report is consistent
with users’ experience of the broader interventional context of the iCBT intervention.

Fig. 14. Satisfaction with Treatment questionnaire scores versus sustained use acceptance scores (T3).

7 FACILITATORS & BARRIERS TO ACCEPTANCE OF THE MOODMONITOR
Qualitative data obtained from patients’ answers to the open-ended questions in the questionnaires
and interviews enabled the identification of facilitators and barriers to their acceptance of the Mood
Monitor app across the user journey. We begin by giving an overview of the facilitators (elements
that supported use of the smartwatch app) in Table 2, and the barriers (elements that negatively
impacted use of the app) in Table 3, organized under the acceptance mediators of the HITAM [52]
they related to, and stage in the user acceptance journey they came up at.

Table 2. Facilitators of acceptance experienced by patients at the different stages of the user journey.

Overarching themes Themes Pre-use Initial use Sustained use

Perceived threat I want to get better X
Perceived usefulness It helps me check in with myself X X X

It encourages me to adopt healthier
habits

X X X

Perceived ease of use Self-monitoring is easy and convenient X X X
The smartwatch app is part of my
routine

X X

Attitude I am familiar with smartwatches X
I don’t fear the judgment of others X
The therapy is better tailored tomy needs X

This overview reveals that some factors present before use ceased to be relevant later on,
while others maintained a strong influence throughout the user journey, supporting the use of a
longitudinal exploration approach. Next, we report on each theme developed during our reflexive
thematic analysis. Quotes are presented with the participant number for patients given access to
the smartwatch app (e.g., P1) or the mention ’Anonymous’ for patients who consented to share the
reason they declined taking part in the research.
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Table 3. Barriers to acceptance experienced by patients at the different stages of the user journey.

Overarching themes Themes Pre-use Initial use Sustained use

Perceived usefulness The app doesn’t allow for enough
personalisation

X X

Perceived ease of use I don’t believe I can use the smartwatch X X
The app doesn’t behave reliably X X
It disrupts my routine X

Attitude I find it difficult to change my habits X
I am concerned about sharing my
self-report data

X

7.1 Pre-Use Acceptability Facilitators
Patients’ motivations for the uptake of the Mood Monitor included a desire to improve their mental
health, the belief that the watch app would be an efficient means to self-monitor, support the
adoption of healthier behaviors and reduce their burden, and familiarity with smartwatches.

7.1.1 I Want to Get Better. Participants shared their concerns about their mental health status,
a powerful motivation for the uptake of the technology: “I am open to all ways to help my mood
improve” (P28). Patients’ willingness to “try anything to help myself feel better” (P19) spoke of the
hopelessness experienced when seeking help for mental health difficulties. P7 comments

“I would like to give it a try as I have tried everything with my best abilities and I
am scared when it [the depression] is going to strike me again” (P7).

7.1.2 It Helps Me Check in with Myself. The perceived efficiency of self-report on smartwatch
was also a significant determinant of patient acceptability, with participants mentioning how the
smartwatch could enhance self-report activity. Firstly, self-report on the watch was perceived as a
way to support consistent monitoring of mood and lifestyle habits,

“It will enforce me to keep a record of my mood & exercise” (P1).
Secondly, patients mentioned that they felt this approach could help them “better gauge my mood”
(P5) and “keep a regular check on my moods” (P9), therefore supporting an increased self-awareness.
The duality of tracking mood and lifestyle habits was seen as particularly helpful to monitor both
“my mental and physical well being” (P7). Particularly, patients were hoping to gain insight into
sleep patterns as “this is something I am struggling with at the moment” (P26).

7.1.3 It Encourages Me to Adopt Healthier Habits. Several patients mentioned that they would use
self-report data to recognize mood patterns, and for example “know how often [I] feel low and track
what I do to stop feeling low” (P24). Specifically, they wrote about wanting to identify lifestyle habits
influencing their mood, to

“get a better understanding on situations that [are] contributing to depression with
stuff like sleep deprivation and activity levels” (P27).

The use of the wearable device itself was seen as a good way to motivate behavioral change, as
participant P4 comments, “I believe a smartwatch would encourage me to consistently exercise”.

Finally, a patient evoked that being able to share the data recorded on watch app might inform
the supporter regarding their progress, for instance “at times when I can’t see them through the app”
(P6), and potentially give them more information to provide feedback on.
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7.1.4 Self-Monitoring is Easy and Convenient. Being ‘better’ than paper-based self-report was a
motivation to take on technology for some patients, for reasons including a greater ease of use and
a higher convenience (“[the app] can be used anywhere at any time”, P6). The Ecological Momentary
Assessment was also seen as a contributor to reducing the demands placed on patients, such as
“recording things on paper or trying to remember [past events]” (P8).

7.1.5 I am Familiar with Smartwatches. Seeking a seamless integration of technology into their
daily life, patients mentioned owning a smartwatch and health monitoring apps as incentives to
use self-report on smartwatch,

“I use my Apple Watch daily . . . I don’t feel that this will be difficult to implement
into my routine.” (P23).

Familiarity with the smartwatch technology also triggered a certain enthusiasm in participants, as
P16 notes “I already own an Apple smart watch & enjoy using it for exercise”. This enthusiasm was
sometimes mixed with curiosity,

“I have found it [my Apple watch] useful before in tracking sleep and steps etc.
However, I have never used it to track mood” (P34).

Therefore, technology uptake was supported by a smooth integration of the technology within the
patient’s daily routine, but also within their technological habits.

7.2 Pre-Use Acceptability Barriers
Eligible patients who were offered the study and refused to take part were asked if they wanted to
explain their choice, in line with the approved protocol for the study. Thirteen gave their verbal
consent to the supporter, and provided a reason for declining, which allowed us to identify anxiety
towards using the smartwatch as a barrier to patient acceptability.

7.2.1 I Don’t Believe I Can Use the Smartwatch. The smartwatch technology raised concerns in
some patients, regarding their ability to use the device, “I don’t think that I am the best for something
like that as I’m not good with technology” (Anonymous). The use of the device also raised concerns
in one patient, worried about discomfort as they found wearing watches irritating to the skin.

7.3 Initial Use Acceptance Facilitators
At initial use stage, participants discussed how the efficient approach to self-report and the diminu-
tion of their burden enabled by the Mood Monitor facilitated their acceptance of the watch app.

7.3.1 It Helps Me Check in with Myself. The most discussed facilitating element at initial use
was patient perceived usefulness of self-report, as participant P9 comments, “it’s helpful to record
the moods”, and participant P31, “I have found its helped me keep track of things better”. Several
participants praised the reminders which supported consistent monitoring, explaining how they
were able to “remember to log my mood data when it [the app] notifies me” (P23) and how they saw
their engagement with self-report improved (P21). Another mentioned recurrent benefit was how
wearing the smartwatch was “very useful for monitoring exercise” (P12), and motivated behavioral
change, as participant P29 explains,

“Wearing watch itself really makes me walk more and get fresh air” (P29).
By monitoring their mood and lifestyle habits with the watch app, patients reported an increased

self-awareness, as the mood prompts were
“a good reminder to focus on myself & my feelings throughout the day” (P16).

Moreover, the automated tracking of sleep supported them in gaining insight into pre-existing
issues, as participant P31 comments,
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“its also interesting to me the data it gathers on my sleep as I know I don’t sleep
much” (P31).

7.3.2 Self-Monitoring is Easy and Convenient. Participants’ remarks at pre-use stage, highlighting
the importance of a self-report approach that diminished their burden, found an echo at initial
use. The perceived ease of use of the app was mentioned multiple times, and particularly the quick
interactions enabled by the smartwatch technology and how they supported patient engagement,

“I do think that it is quicker and easier to log my mood on the watch” (P1).
Finally, self-report via a wearable device was once again evoked as a convenient support for

ecological momentary assessment,
“It’s handy having the app on your person, so to speak, so you can log your mood
easily” (P33).

7.4 Initial Use Acceptance Barriers
At this stage, participants discussed obstacles to their acceptance, including the unreliable behavior
of the app, anxiety towards using the smartwatch, the need to change personal habits, and the
desire for more tailoring to their needs.

7.4.1 I Don’t Believe I Can Use the Smartwatch. Frustration could be felt in participant P7’s response
to the second questionnaire. However, despite their struggles with smartphones, the patient was
willing to give the smartwatch a try,

“I don’t have laptop and only using this annoying small screen iphone . . . Don’t
know how to make it [the smartwatch] work as I struggled with technology, but
willing to learn” (P7).

This statement highlights that even strong barriers to acceptance might not stop one from wanting
to use the technology, if stronger motivations exist.

7.4.2 The App Doesn’t Behave Reliably. Usability issues and configuration issues (e.g., users not
granting access to sensor data) in the Mood Monitor app causing the system to malfunction was
the most frequently mentioned obstacle to use. Patients’ responses mentioned how the inconsistent
behavior of the app did not match their expectations: “Some days it hasn’t asked me for the mood”
(P21), sometimes forcing them to take actions to solve the issue: “I have to uninstall the watch app
and reinstall it to get it working again” (P23).
Some participants were reassured seeing that, despite some inconsistencies in the behavior of

the watch app, it was “still record[ing] my sleep, activity and mood etc.” (P36). However, for others,
not knowing if the data was correctly recorded became a source of self-doubt, induced by the
impression that one is not using the system as it was intended. Participant P4 writes

“I am not sure if I am using the app correctly” (P4).

7.4.3 I Find it Difficult to Change my Habits. By the time they received the study smartwatch in
their post, some participants had already taken the habit to self-report their mood on the mobile
app. Difficulty in changing one’s habits resulted in a delay in the uptake of the smartwatch app, for
example participant P28 writes,

“Didn’t use it straight away as I was recording the mood data on my smartphone”
(P28).

Another patient’s comment reflected the impact of depression symptoms on one’s ability to
change their habits,

“some days, I just don’t put it on as I am just being lazy etc” (P30).
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The language employed by P30 (“just being lazy”) is recurrent in the responses of people experienc-
ing depression speaking of a misinterpretation of depression symptoms for laziness [61], or the
judgment of their peers/relatives [88], often leading to an attitude of self-blame [55].
Finally, physical discomfort induced by the wearable impeded the continuous monitoring of

sleep. Although wearing the watch at night was optional, some patients did so, hoping to get a
more accurate reading of sleep patterns. However, keeping the watch on overnight was sometimes
source of discomfort: “I find it quite uncomfortable always sleeping with the watch on” (P9).

7.4.4 The App Doesn’t Allow for Enough Personalisation. Several comments concerned the list of
lifestyle elements presented after a user logged a mood, as participant P1 comments,

“the options it [the screen] gives me I don’t think are the reasons affecting my mood”
(P1).

Participants mentioned ways designers could better tailor the app to their needs, for instance
through adding “more causes of moods ie stress, finances etc.” (P9) or allowing the person to enter
“your own reasons for why you feel that way sometimes other than what is on the app” (P20).

7.5 Sustained Use Acceptance Facilitators
Patients’ answers to the final questionnaire (T3) and post-study interviews revealed that, while
most of the acceptance facilitators identified at pre or initial use persisted at sustained use, a range
of additional factors came into play, including a seamless integration of the technology, no stigma
associated with use, and a therapy further tailored to patients’ needs.

7.5.1 It Helps Me Check in with Myself. At sustained use again, the most mentioned benefit of
the smartwatch app was that it encouraged consistent mood monitoring, particularly through the
mood reminders. Participant P5 comments “every time I was prompted, I would log my mood” and
participant P36 “the reminders really helped otherwise I would have definitely forgot”. Delivering
self-report on smartwatch also supported patient compliance: “I stopped logging my mood since I
haven’t had the watch” (P33). In addition, participants highlighted how the reminders also helped
“create a routine” (P28) and supported them “to stop and check in with how you feel” (P9). These
new opportunities for reflection helped patients gain self-awareness and becoming “more aware
of yourself, how you are physically and emotionally” (P5). Identifying one’s current mood can be
challenging, as “we don’t always pay attention to our mood so closely” (P36). Participant P14 describes

“When I got the reminder in the morning, I wasn’t sure how I was feeling. So when it
asked me to record mymood, I actually took 2 min to understand how I’m feeling. . . I
would carry one problem or another. . . But now, if I know that I’m in a bad mood, I
know that I have to lay low, just let it pass and it’s going to be okay.” (P14).

With a similar experience, other participants mentioned how receiving the mood reminders on
the watch itself “broke the cycle . . . especially when I’m feeling anxious” (P5) and helped train their
self-awareness, or as participant P29 explains “train myself to stop and think about my mood” (P29).

Finally, some patients pointed out the difficulty to “stop, take time, log the information and do it
there and then” (P17) and the need for retrospective reflection,

“[the app] allowed me to make a note of effectively how I was feeling at that point
in time, and then go back and retrospectively look at it” (P17).

7.5.2 It Encourages Me to Adopt Healthier Habits. Regarding the pre-use motivation for the uptake
of the app, participants commented on how the Mood Monitor supported behavioral change. First,
the identification of patterns between mood and lifestyle habits was made easier (P26), helping
patients understand “why I was feeling that way, what had changed for me to be like this” (P5).
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Reflection was further encouraged by the app asking patients which elements might have affected
their mood: “you have to give a reason [for your mood], it does make you more self-aware of the likely
reason you are feeling good or bad” (P34). Particularly, the impact of sleep and physical activity was
rendered more explicit, as participant P36 explains,

“When I wasn’t getting enough sleep or if I was having too much sleep, I did actually
notice that it was making me feel a bit grouchy or irritable the next day, and that’s
something I never kind of linked together” (P36).

The increased self-awareness of patterns supported behavioral change in participants, enabling
them to adopt healthier habits. Participant 36 comments

“being more active or getting out and doing more things, then it actually made my
mood a bit better sometimes I think. And before I’d be like ‘oh I don’t want to go do
that, what’s the point’ but actually doing it did make a difference” (P36).

Finding the motivation to engage in physical activity is often challenging for individuals experi-
encing depression [18], participants described how seeing their step count in the app gave them
a ‘boost’ to get active, as participant P5 describes “It motivated me to go for walks more . . . I don’t
think I would have really been motivated to do that if I hadn’t had the smartwatch”. The Apple Watch
daily prompts to stand up and encouragements to set and reach fitness goals acted as an additional
motivation, as participant P11 notes “[the watch] encouraged me to get out of bed and try and get
active”. Similarly, the Apple Watch bedtime reminder and wake alarm (which participants were
instructed to set up to enable sleep tracking) helped them maintain a sleep routine, particularly the
bedtime reminders which acted as

“a cutoff point . . . otherwise you can blink and it will be 10:30. So yeah, I did find it
helpful in keeping a routine” (P34).

7.5.3 Self-Monitoring is Easy and Convenient. The use of smartwatch was praised by participants as
a convenient delivery means for the mood self-report, making it “easier to record them [moods] there
and then” (P1). Participant P5 comments doing “all my mood logging on the watch”, and participant
P28 describes

“It’s more convenient than remembering to write it down or having to go online to
do it” (P28).

The convenience of the mood self-report on the watch supported patient engagement with
self-report, logging their mood “more frequently than I necessarily would have on the computer”
(P33). Particularly, mood logging on the smartwatch was described as quick and effortless, compared
to via the mobile and desktop app for the intervention which required an ‘extra effort’ (P34, P17).
Participant P36 comments,

“it was a lot easier to do it on a smartwatch app because it’s not like everyday I’m
going to want to log into SilverCloud [platform]” (P36).

The location and proximity of the smartwatch, allowing immediate interaction, further facilitated
self-report, as participant P34 explains, “it’s there, and you’re not having to pick up your phone from
somewhere else”. Finally, participants mentioned a lessened burden associated with the tracking of
sleep, for instance participant P26 explains that “trouble sleeping was much easier to track”.

7.5.4 I Don’t Fear the Judgment of Others. Stigma associated with mental health difficulties was a
source of worry for most participants, with some hiding their ongoing therapy: “it’s not something
that I’d like to advertise to everybody” (P17). Engaging with the Mood Monitor watch app felt safe
for participants, as it did not make their difficulties visible to others. Through their ‘subtle’ interface,
the reminders enabled a discreet logging of the mood, as participant P17 explains, “if somebody
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saw it on my watch, they wouldn’t realize I was involved in some something like this program”. The
smartwatch itself was described as a more private means to self-report,

“almost under the radar. . . . sometimes if you’re on a big phone, you know, people
can see more. If it’s just on your watch, nobody’s really interested.” (P34).

Most patients also declared feeling comfortable when logging their mood in a social context, as
participant P5 describes,

“We were out with friends this past weekend, and I got some reminders, and I felt
very comfortable just kind of quietly logging it, and just taking a second to check in
with myself.” (P5).

For participants who were open to their relatives about undergoing therapy, the Apple Watch
acted as a conversation starter (P33). The interest sparked by the smartwatch created opportunities
to speak about the program, which felt empowering for some patients, for example P29 who was

“trying to make it quite casual, and I’d say ‘oh I’m just enjoying this program, it’s
really good and then it actually allowed me to use Apple Watch for 6 weeks’. So,
I’m sort of telling people in a way that if you ever need help, there’s a way for you”
(P29).

7.5.5 The Therapy is Better Tailored to my Needs. Participants reported feeling comfortable sharing
the data collected through the Mood Monitor watch app with their supporter: “it was just the Mood
Monitor, I did not mind sharing that” (P14). Trust in how their personal data was handled reinforced
that feeling, as participant P29 comments,

“I am very confident because obviously I know they [the supporter] won’t be dis-
cussing any of my personal information, unless they think I have a life threatening
moment. . . I do trust them” (P29).

This attitude was primarily motivated by the desire to get better. Participant P36 notes “at the end
of the day it’s in my best interest”.

First, participants believed that the more information the supporter has, the better they can help.
Providing information about their daily mood and lifestyle habits appeared particularly helpful
to “give them [the supporter] an idea of what I’ve been doing and how I’ve been feeling day to day”
(P31), so that they could “understand how I exactly feel” (P29). With regard to lifestyle information,
participants evoked how it could “give a lot deeper insight for the supporter. . . rather than just asking
me ‘how have you been sleeping?’” (P28). Furthermore, self-report data might provide complementary
information to the clinical questionnaires, affected by recall bias. Participant P36 explains filling in
clinical surveys is

“very subjective, you might think you’ve been feeling a different way to how you
actually have been feeling. . . it would be quite a good comparison for them to see
actually how you felt every day for 2 weeks against the questionnaires” (P36).

Secondly, participants trusted the supporter’s expertise to identify pertinent elements in the data
and tailor conversations (P29), detect warning signs (P23), and assess clinical outcomes (P10, P18).

7.5.6 It is Part of my Routine. Lastly, participants described how self-report “quickly became into a
habit” (P29), or in the words of participant P26, “a part of normal life”. Wearing the watch both
integrated into their routine: “I got into the habit of just putting it on every morning pretty much
straight away” (P5), and with the technologies they used. Participant P33 describes

“I’ve found it quite great that it sort of seamlessly worked, it integrated with every-
thing that you already have” (P33).
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7.6 Sustained Use Acceptance Barriers
Answers to the final questionnaire and post-study interviews revealed that factors such as a lack of
tailoring in the content of the app, unreliable or disruptive behavior, usability issues, and a lack of
trust with regard to the handling of personal data, were obstacles to patient acceptance.

7.6.1 The App Doesn’t Allow for Enough Personalisation. Most patients reported that the list of
options from which they could select which factor(s) influenced their mood was not relevant to
their situation, as participant P33 comments

“I didn’t really find them [options] particularly relevant, so I got into a habit of just
overlooking it. . . That definitely was something that kind of put me off using it”
(P33).

Some participants suggested adding more reasons to explain the mood such as family, friends,
work, and other lifestyle factors which might also impact one’s mood (P34). Enabling customization
of the list was also evoked, as participant P34 suggests “hav[ing] the opportunity to constantly edit it
and put in your own [factors] I think would be fantastic”.
Patients also missed being able to apply a valence to each factor, to record “if it affected in a

positive or negative way” (P12). Participant P34 describes

“I feel down because I haven’t done exercise, therefore, exercise is a reason. But
equally, when I was logging me having a great mood after I’d gone for a nice run,
then exercise was also a factor” (P34).

Participant P34 suggested adding an extra step to self-report, “where you’re like [selecting] ‘too
much caffeine’ [or] ‘too little caffeine’”. Participants also discussed how the smartwatch app could go
a step further in terms of customization, to support their engagement with self-report. The use of
generic encouraging prompts (for instance ‘Well done’) was strongly contested: “I think the generic
messages just wash over people because we get so many of them” (P17). Similarly, while the Tips to
stay well helped some patients adjust their habits (such as gradually reducing their caffeine intake,
P34), the recommendations they provided were perceived as too generic. Participant P36 notes

“I felt like for me personally a lot of them were kind of like common sense or self-
explanatory. It’s kind of like I know I need to do those things, sometimes it’s a little
bit harder for me to do them but it was kind of like I was aware of those kind of
things so throughout the time I think I looked at it once when I set it up and that
was it.” (P36).

This comment also reflects the difficulty of engaging in behavioral change despite being conscious
of the importance of adopting healthy lifestyle habits (“I know I need to do those things”).

To further support behavioral change, participants suggested sending prompts “relevant to what
you’ve done” (P17, P36). Such custom messages based on the self-monitoring data collected might
also support introspection and action, as participant P33 explains,

“If there was poor sleep going on, asking the questions ‘Is everything OK? Is there
something that you need to talk somebody about?’. . . The more personalized, the
better” (P33).

Such messages could be further enhanced through making explicit mention to self-report data:

“Something that was relevant to you personally, [e.g.] ‘So we’ve noticed that the last
3 days you’ve had less sleep and your mood is declining’. . . you could then take an
action.” (P17).
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However, through incorporating longer prompts, the smartwatch app would no longer rely on
microinteractions which might impact user engagement with self-report [77]. Such design change
therefore requires careful consideration and further investigation.

7.6.2 The App Doesn’t Behave Reliably. Some participants managed to solve technical issues by
reinstalling the app: “that was just an initial hiccup, but I got over that” (P5). However for others, the
issues persisted, for instance participant P17 comments “I don’t think the reminders came through
consistently”. This negatively impacted acceptance of the technology, as participant P33 notes “I
would have used it more regularly if the reminders worked”.

7.6.3 I am Concerned about Sharing my Self-Report Data. Sharing lifestyle data collected through
the Mood Monitor with their supporter sometimes induced worries in participants: “it just puts a
little more pressure on you (P14). When asked how their supporter should use the data collected
through self-report on the watch, participant P35 simply replied “With care”, reflecting the caution
needed when dealing with sensitive data. Particularly, patients expressed that they did not want to
‘feel trapped’ and under surveillance, as participant P5 explains,

“I’m not sure that I would necessarily want my clinician to be kind of Big Brother-ing
on my sleeping trends” (P5).

Particularly, as much as they would like sharing data reflecting improvements, giving access to
unsatisfactory data would be a cause of additional stress:

“It would have been nice if she [the supporter] had said ‘I see that you’ve been
moving more, that’s really good!’. . . but I wouldn’t want them to hold that against
me if I haven’t been sleeping well or if I haven’t been exercising” (P5).

Participant P14 highlights that sharing ‘unsatisfactory’ data risks leading to feelings of self-blame:
“What happens if I am not able to work out for 2 days?. . . they would think that I’m not working out, or
I’m not doing good enough”. Pointing out the difficulty to maintain a sleep and exercise routine when
experiencing depression symptoms, the participant further argued that self-report data shouldn’t
be used to make them answerable for something they had little control over:

“I would want to work out some days, but my body has no energy. I can’t go and
explain it to someone why I feel that way because that is how I feel. . . It’s okay if
they have it [the data], right, but I don’t want any questions asked as to why.” (P14)

Finally, lack of trust in the secure handling of data was an obstacle to self-monitor sleep on the
watch. Participant P17, who owned a smart sleep mat, explains: “I chose not to share that information
[sleep]. . . I was very concerned about having another source, another outlet which I wasn’t overly
comfortable had been fully secured”.

7.6.4 It Disrupts my Routine. For some participants, wearing the smartwatch disrupted their
routine. Responses revealed that the smartwatch made switching off from technology difficult, as
participant P36 describes,

“I couldn’t really switch off. . . having it on my arm and seeing it all the time, some-
times I felt a bit drained and like I wasn’t actually connected to the real world”
(P36).

The automatic delivery of notifications and the frequent ‘Stand up’ and ‘Breathe’ prompts of the
Apple Watch was described as ‘annoying’ (P6), particularly when interrupting participants in the
middle of work (P29, P34). Once again, the importance of personalisation came up in the responses,
with the suggestion of adjusting the sending of prompts (including the mood reminders, P36) to
one’s calendar: “[the app] would see that I’ve got a free spot in my calendar. . . It gives the watch a slot
and it is more likely to get my attention when I’m not already busy” (P17).
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8 CLINICAL FEASIBILITY OF THE MOODMONITOR SMARTWATCH APP
8.1 No Negative Impact on Patient Clinical Outcomes
We compared, across groups, patient clinical scores for depression (PHQ-9), generalized anxiety
(GAD-7) and functional impairment (WSAS) obtained at the start and end of the 8-week therapy
period. Higher scores to the questionnaires represent greater depressive symptoms. We observe a
strong decreasing trend for the three scores over the course of therapy (see Table 4) signifying an
improvement of depressive symptoms, with no significant difference between the smartwatch and
treatment as usual groups. This finding supports that the introduction of the smartwatch did not
have a negative impact on patients’ clinical outcomes from the digital therapy.

Table 4. Descriptive statistics on clinical scores in the smartwatch (SW) and treatment as usual (TAU) groups.

Clinical measure Measurement point Group N Mean SD

Depression (PHQ-9) Pre-therapy SW 34 16.24 5.721
TAU 32 15.94 5.199

Post-therapy SW 31 11.58 7.270
TAU 29 11.76 6.289

Generalized anxiety (GAD-7) Pre-therapy SW 35 11.83 5.762
TAU 32 12.41 3.958

Post-therapy SW 32 9.72 6.779
TAU 29 9.34 4.561

Functional impairment (WSAS) Pre-therapy SW 34 21.12 9.810
TAU 32 22.63 8.583

Post-therapy SW 31 17.16 11.716
TAU 29 18.52 9.767

8.2 No Negative Impact on Patient Usage of the Therapy Program
We compared usage of the digital therapy platform in both groups, through the metrics presented in
Table 5. We found no significant differences, which suggests that the introduction of the smartwatch
app had no impact on patient usage of the platform.
We also checked for differences10 in use of mood self-report in both groups. We observed that

the smartwatch group reported a significantly higher number of moods (U=245.0, p=.000) than the
treatment as usual group, as illustrated in Appendix D. This shows that introducing the smartwatch
did not impede patient self-monitoring and that patients deliberately used the device to self-monitor
their mood.

8.3 No Negative Impact on Patient Acceptance of Self-Report
The evolution over time of the acceptance scores for each group can be seen in Figure 15. While
the smartwatch group’s scores remained stable throughout therapy, we observe that the treatment
as usual group’s scores gained in spread over time, and the mean score slightly decreased from
pre-use (n=34, M=86.36, SD=8.001), through initial use (n=28, M=83.64, SD=9.924), to sustained
use (n=32, M=78.75, SD=14.300). To understand the factor(s) responsible for this discrepancy,
we compared the evolution of the scores for each acceptance mediator, in both groups, with a
10The data was non-normally distributed, therefore Mann-Whitney tests were used.
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Table 5. Descriptive statistics on usage of the digital therapy program in the smartwatch (SW) and treatment
as usual (TAU) groups.

Metrics Group Mean SD

Total time on platform (s) TAU 11637.63 9452.991
SW 9663.09 7046.912

Number of sessions TAU 15.50 11.769
SW 18.54 10.279

Number of tools used TAU 6.25 3.592
SW 6.20 3.612

Percentage of the program viewed TAU 48.24 29.9229
SW 52.94 31.0091

Number of reviews TAU 3.66 1.842
SW 3.46 1.559

repeated-measures ANCOVA11 which controlled for the effects of the relationship status variable.
No significant difference was found for the mediators perceived threat, usefulness, ease of use and
behavioral intention. However, results showed evidence of a statistically significant difference for
the mediator attitude (F(2, 98)=5.176, p=.007). Figure 16 shows that indeed, the evolution trends
in the overall scores in both groups are opposite: in the smartwatch group, patients’ attitude
scores increased over time and the spread diminished; in the treatment as usual group, the scores
decreased over time while the spread increased. This suggests that, while the introduction of the
Mood Monitor smartwatch app didn’t seem to impact patients’ overall acceptance of the self-
monitoring, it did impact the evolution of patients’ acceptance, and specifically their attitudes
toward the self-monitoring technology.

11Weused a Bonferroni correction to allow formultiple comparison statements andmaintain an overall confidence coefficient.

Fig. 15. Acceptance scores per group, at pre-use, initial use, and sustained use. Mean scores are represented by
a ‘x’ and median score by a line.
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To conclude, this analysis revealed that the introduction of the MoodMonitor smartwatch app did
not compromise patients’ clinical outcomes, usage of the digital therapy program and acceptance
of the self-report, which supports the clinical feasibility of the intervention.

9 DISCUSSION
The findings revealed that patients’ strongly accepted the Mood Monitor smartwatch app as means
to monitor moods, sleep and exercise, during the iCBT program for depression. We were also
able to identify which elements facilitated and impeded patient acceptance. Lastly, our findings
support the clinical feasibility of the Mood Monitor smartwatch app. Drawing on these results,
we 1) propose guidelines for designing self-monitoring on smartwatch, 2) discuss perspectives for
studying acceptance of mental health technologies, and 3) reflect on the conduct of user acceptance
research in clinical settings.

9.1 Designing Self-Monitoring on Smartwatch
Drawing on the identified facilitators and barriers to patient acceptance of the Mood Monitor, we
formulate guidelines to design self-monitoring interventions on smartwatch which are accepted by
patients. We therefore extend previous research proposing design recommendations for mental
health self-report interventions on smartphone [36, 57]. In light of the existing, validated models
of technology acceptance, we reflect on the uncovered facilitators and barriers. We present the
guidelines in Table 6 and map each one to the corresponding acceptance factor pertaining to the
validated acceptance models.

9.2 Perspectives for Studying Acceptance of Mental Health Technologies
Findings indicate the potential impact of user demographics on pre-use acceptability, and therefore
on technology uptake — in our case, participants’ relationship status, relating to the acceptance
factor of social influence. In light with the recently developed acceptance models for the context
of digital health technologies, an interesting theoretical contribution would be to examine the
relationships that might exist between users’ demographic characteristics and newly introduced

Fig. 16. Acceptance scores for the attitude mediator, per group, at pre-use, initial use, and sustained use. Mean
scores are represented by a ‘x’ and median score by a line.
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acceptance factors. This opens perspectives for future work, for instance exploring the impact
users’ education level might have on their health beliefs and concerns.

Although some of factors influencing acceptance were deemed pertinent by patients throughout
the three stages of the user journey (e.g., “it helps me check in with myself”), others were only
brought up before first use, after first use, or after long-term use. For instance, conversations around
patients’ desire to “get better” were situated at pre-use, while those around their concerns about
data sharing took place after sustained use of the smartwatch app. This finding aligns with the TAL
continuum [68], reinforcing the importance of 1) viewing user acceptance as evolving through use
of the technology, and 2) adopting a longitudinal measurement approach to capture the facilitators
and barriers to acceptance present at the different stages of the user journey.

We also observed that, while many of the factors identified as playing a role in patient acceptance
of self-report were encompassed by the HITAM, not all were. Indeed, the acceptance factors
identified in the qualitative and quantitative analyses belonged to a set of 11 validated models
(see Table 6). In addition, the findings revealed that other factors (namely relationship status,
familiarity with technology, match with expectations and satisfaction) facilitated acceptance of the
self-report activity on smartwatch. This aligns with findings of Nadal et al. scoping review [68],
reporting that existing acceptance models were often not “adapted to the specific issues of their
target population”, with researchers often exploring additional “context-specific constructs”. While
consolidating models into a single validated approach for mental health contexts could be beneficial,
such approach will likely require adjustments as technology evolves, which further supports the
value of flexible, qualitative exploration of technology acceptance.

9.3 Conducting User Acceptance Research in Clinical Settings
The findings of this study also provide insight into the conduct of HCI research examining user
acceptance in clinical settings. In this section, we reflect on approaches for measuring acceptance
and the challenges associated with clinical settings.

9.3.1 Understanding Technology Uptake & the Evolution of Acceptance Over Time. Our measurement
approach relied on previous literature arguing for the influence of user demographics [121], the
different acceptance mediators (such as perceived threat) [52], and satisfaction with therapy [15,
40, 59, 71, 89] on user acceptance of digital health technologies. Findings revealed that looking
through these three lenses provided valuable information on patient acceptance of the self-report
on smartwatch. First, analysis of patient demographics and pre-use acceptability scores permitted
to highlight the influence of the relationship status element. Second, analyzing each mediator’s
acceptance score obtained at pre-use, initial use, and sustained use, revealed that these evolved
in different manners. Particularly, the lack of statistically significant difference in the overall
acceptance and mediator scores at the three time points permitted to rule out potential risks, such
as the emergence of obstacles to acceptance in the user journey. Finally, the strong correlation
between sustained-use acceptance scores and patient satisfaction with therapy revealed that user
acceptance of a small component of a mental health intervention (such as mood self-report) can be
linked to satisfaction with the overall intervention. This suggests the potential value of investigating
the relationship between these two elements.

9.3.2 Mixed-Measurement Methods to Get a Rich Understanding of Patient Acceptance. The set
of acceptance factors deemed important by patients differed 1) by stage of the user journey,
but also 2) by data collection method. For instance, while the perceived threat questionnaire
score remained high throughout the user journey (indicating patients’ persistent concerns about
their mental health) this factor was only brought up in conversations at the pre-use stage. This
supports the importance of gathering users’ qualitative feedback at different stages of the user
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Table 6. Guidelines to design self-report on smartwatch, mapped to validated acceptance factors.

Acceptance factors Models Guidelines

Health status
[52]

Target users are experiencing difficulties with their mental health. Under-
standing the extent of these difficulties (such as comorbidities) might help
picture their impact on users’ daily life.

Health beliefs
& concerns [20, 52]

Users’ beliefs are likely to shape how they perceive their health status.
Considering users’ beliefs system might help identify what fears they
might carry.

Healthcare profes-
sional relationship [38]

Self-monitoring technologies sometimes share patient data with a mental
health professional. The design should aim to empower users in choosing
who has access to their self-report data. If users decide to share self-report
data with their mental health supporter, the technology should promote a
compassionate use of this data.

Self-image
[118,

119]

Some people might not be comfortable disclosing their use of a technology
for self-monitoring, as they might fear others’ judgment. We should aim to
design non-stigmatizing experiences, which allow users to self-report in
a private manner. However, some people might use the technology as an
opportunity to speak out: the design should aim to empower those users.

Social pressure
(or support) [20, 25,

52, 120,
121]

Loved ones can be a strong motivation for one to seek mental health care.
When designing for self-monitoring uptake, it might be useful to consider
users’ social context, and put additional efforts to encourage those who are
the most isolated.

Resistance to
change [38]

Habits are by nature hard to change. Consider the ways in which using
the technology might impact users’ routine: how can we minimize unnec-
essary disruptions, and facilitate the implementation of needed changes?
Adopting healthier behaviors is a strong motivation for engaging with self-
report. Encouraging users with tailored messages (for instance grounded
in self-report data) can support their engagement. The design should aim
to support users’ awareness of their progress, and reinforce their sense of
achievement.

Trust
[25, 33,

45]

Self-monitoring technologies are likely to collect and store sensitive user
data. The design should be transparent as to how the data is handled and
what it is used for.

Privacy protection
[33, 47,
90]

Some people (particularly those identifying as men) fear the stigma associ-
ated with mental health therapy. The design can support users’ privacy by
ensuring the technology is not medicalising, does not disclose its purpose
to others around, and uses discrete interactions.

Technology anxiety
[52, 117,
118]

Some people may apprehend using a smartwatch for the sensitive task
of self-monitoring. Understanding the source of their anxiety (such as
accessibility issues, fear linked to sensor data collection, etc.) may help to
mitigate it.

Perceived reliability
[52, 118,
119]

Individuals who see the smartwatch as a reliable means to support their
mental health are more likely to engage in self-report. The design should
aim to convey how the system works and meets its aims, and to clearly
communicate the results achieved.

Objective usability
[38, 52,

117, 118]

Ease and convenience of use are strong motivations for self-reporting with
the smartwatch. How can the design minimize the demands placed on
users, while keeping up their self-awareness?

Integration
[25]

People are more likely to accept and engage with in-the-moment inter-
ventions like self-report if these are well integrated into their life. The
design should 1) facilitate a seamless integration of the smartwatch with
the user’s devices (e.g., mobile phone), but also 2) minimize disruptions to
their routine (for instance linking reminders with personal calendar).
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journey, in order to give them an opportunity to share what specific factors are important to
them at that moment in time. In addition, although a body of work has equated satisfaction to
acceptance [15, 19, 40, 44, 48, 49, 71, 72, 74, 89, 105], the findings of this research show that measuring
satisfaction alone does not provide an understanding of the factors that determine patients’ usage
behavior with the technology. On a higher level, the approach adopted to elicit patients’ opinion
greatly impacts the outcome of an acceptance study in terms of understanding which factors play a
role at which stage of the user journey. By adopting a methodology combining open questions with
targeted questions, we respectively 1) gave patients the opportunity to explain what acceptance
factor mattered to them most at specific time points, and 2) captured patient perspectives on
aspects that they might have perceived as being of lesser importance, but which might still affect
their technology acceptance. Therefore, we recommend measuring patient acceptance using a
mixed-methods approach combining targeted and open measurement items, to maximize insight
and understanding into the evolution of patient acceptance of a technology.
Finally, capturing usage metrics together with a questionnaire addressing known mediators of

acceptance enables between-group comparisons in user acceptance, which would help detect and
explain problems if they were present.

10 LIMITATIONS & FUTUREWORK
While the primary purpose of our study was exploring patient acceptance of self-report on smart-
watch, a secondary aim was to investigate the safety of such intervention. Indeed, when exploring
the integration of a new technology into a mental health care service, it is essential to ensure that
it does not have a negative impact on the service by assessing clinical feasibility. Doing so requires
examining how the technology performs in comparison to an analog or digital existing service. In
studies examining the replacement of a service (analog or digital) with a new piece of technology,
such comparison is straightforward (i.e., old service vs. new service). However, the study presented
in this paper examined the addition of a digital service (the Mood Monitor smartwatch app) to an
existing digital service (the online therapy program). In such study setups, the comparisons run to
assess clinical feasibility need to clearly target the components of the service which form the addi-
tion, rather than the service as a whole. For us, this implied wording the acceptance questionnaire
given to the treatment as usual group such that it would target the self-report component of the
program. With digital healthcare systems becoming increasingly complex, future work could look
at producing guidelines for assessing clinical feasibility of digital additions made to those systems.
Future research could also look into redesigning the self-report component of the digital therapy
mobile app, integrating scheduled prompts. Comparing the delivery of self-report on different
devices (smartphone vs smartwatch) might then reveal if patients’ acceptance of that increased
level of prompting varies across these different modalities. Finally, while this study did not look
at within-group differences in acceptance, this could be the focus of future work, for instance
assessing the significance of certain acceptance factors at specific stages of the user journey.

11 CONCLUSION
This paper looked at a novel use of smartwatches for the self-monitoring of mood and lifestyle
habits within a routine iCBT intervention for depression. We first evaluated patient acceptance of
the Mood Monitor smartwatch app. This allowed us to determine that the smartwatch app was
highly accepted by patients throughout the course of the 8-week therapy. Then, we identified the
elements that acted as facilitators, and those that acted as barriers. Our findings also support the
clinical feasibility of the intervention. Drawing on this, we proposed guidelines for the design of
self-monitoring interventions on smartwatch.
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A FEATURES OF THE MOODMONITOR SMARTWATCH APP

Table 7. Description of the features of the Mood Monitor smartwatch app.

Features Description

Mood monitoring – Performed in 1 tap from the smartwatch locked screen.
– Records in-the-moment mood.
– Automatically schedules reminders to record mood.
– Allows users to adjust the timing of reminders.

Lifestyle monitoring – Automatically captures daily bedtime, number of hours slept and
steps count.

Self-report visualization – Displays for each day of the week the recorded moods, bedtime,
hours slept and steps count.
– Displays a detailed view of today’s last recorded mood, bedtime,
hours slept and step count.
– Indicates differences between today’s and yesterday’s bedtime, hours
slept and steps count.
– Displays encouraging prompts when milestones are reached.

Tips to stay well – Displays brief pieces of advice encouraging healthy lifestyle choices.

B VERSIONS OF THE ACCEPTANCE QUESTIONNAIRE

Table 8. AcceptanceQuestionnaire at day 0 (T1).

Mediators Item Measurement items
codes Smartwatch group Treatment as usual group

Perceived Threat PT1 I am strongly concerned about my mental wellbeing. I am strongly concerned about my mental wellbeing.
PT2 I would make efforts to manage my mental wellbeing. I would make efforts to manage my mental wellbeing.

Perceived Usefulness PU1 I think that keeping track of my mood with the watch app
will help in managing my mental wellbeing.

I think that keeping track ofmymoodwith the programme
will help in managing my mental wellbeing.

PU2 I think that keeping track of my sleep and physical activity
automatically will help in managing my mental wellbeing.

I think that keeping track of my lifestyle choices, such as
sleep and physical activity, with the programme will help
in managing my mental wellbeing.

PU3 Overall, I think that the watch app will be useful in man-
aging my mental wellbeing.

Perceived Ease of
Use

PEOU1 I think that keeping track of my mood with the watch app
will be easy.

I think that keeping track ofmymoodwith the programme
will be easy.

PEOU2 I think that keeping track of my sleep and physical activity
with the watch app will be easy.

I think that keeping track of my lifestyle choices, such as
sleep and physical activity, with the programme will be
easy.

PEOU3 My interaction with the watch app will be clear and un-
derstandable.

PEOU4 I think that the watch app will be easy to use.

Attitude A1 I will be comfortable recording my mood data with the
watch app.

I will be comfortable recording my mood data with the
programme.

A2 I will be comfortable recording my sleep and physical
activity data with the watch app.

I will be comfortable recording my lifestyle choices, such
as sleep and physical activity, with the programme.

A3 I will be comfortable sharing my mood data with my Sil-
verCloud Health supporter.

I will be comfortable sharing my mood data with my Sil-
verCloud Health supporter.

A4 I will be comfortable sharing my sleep and physical activ-
ity data with my SilverCloud Health supporter.

I will be comfortable sharing my lifestyle choices, such as
sleep and physical activity, with my SilverCloud Health
supporter.

Behavioral Intention BI1 I intend to use the watch app until completion of my
treatment.

I intend to track my mood and lifestyle choices, such as
sleep and physical activity, when prompted by the pro-
gramme until completion of my treatment.

Usage Behavior UB1 I decided to use the watch app because . . . I decided to enrol in this study because . . .
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Table 9. AcceptanceQuestionnaire at 3 weeks (T2).

Mediators Item Measurement items
codes Smartwatch group Treatment as usual group

Perceived Threat PT1 I am strongly concerned about my mental wellbeing. I am strongly concerned about my mental wellbeing.
PT2 I would make efforts to manage my mental wellbeing. I would make efforts to manage my mental wellbeing.

Perceived
Usefulness

PU1 I think that keeping track of my mood with the watch app is useful in
managing my mental wellbeing.

I think that tracking my mood with the program is useful in
managing my mental wellbeing.

PU2 I think that keeping track of my sleep and physical activity automatically
helps in managing my mental wellbeing.

I think that tracking my lifestyle choices, such as sleep and
physical activity, with the program is useful in managing my
mental wellbeing.

PU3 Overall, I think that the watch app is useful in managing my mental
wellbeing.

Perceived Ease of
Use

PEOU1 I think that it is easy to track my mood with the watch app. I think that it is easy to track my mood with the program.

PEOU2 I think that it is easy to track my sleep and physical activity with the
watch app.

I think that it is easy to track my lifestyle choices with the
program.

PEOU3 My interaction with the watch app is clear and understandable.
PEOU4 I think that the watch app is easy to use.

Attitude A1 I am comfortable recording my mood data with the watch app. I am comfortable recording my mood data with the program.
A2 I am comfortable recording my sleep and physical activity data with the

watch app.
I am comfortable recording my lifestyle choices, such as sleep
and physical activity, with the program.

A3 I am comfortable sharing my mood data with my SilverCloud Health
supporter.

I am comfortable sharing my Mood Monitor with my Silver-
Cloud Health supporter.

A4 I am comfortable sharing my sleep and physical activity data with my
SilverCloud Health supporter.

I am comfortable sharing my Lifestyle Choices chart with my
SilverCloud Health supporter.

Behavioral
Intention

BI1 I intend to use the watch app until completion of my treatment. I intend to track my mood and lifestyle choices, such as sleep
and physical activity, when prompted by the program until
completion of my treatment.

Usage Behavior UB1 How would you describe your use of the watch app? How would you describe your use of the Mood Monitor and
Lifestyle Choices chart?

UB2 What difficulties (if any) did you experience while installing or using the
watch app?

Table 10. AcceptanceQuestionnaire at 8 weeks (T3).

Mediators Item Measurement items
codes Smartwatch group Treatment as usual group

Perceived Threat PT1 I am strongly concerned about my mental wellbeing. I am strongly concerned about my mental wellbeing.
PT2 I would make efforts to manage my mental wellbeing. I would make efforts to manage my mental wellbeing.

Perceived
Usefulness

PU1 I think that keeping track of my mood helped in managing my
mental wellbeing.

I think that tracking my mood with the program helped in
managing my mental wellbeing.

PU2 I think that keeping track of my sleep and activity automatically
helped in managing my mental wellbeing.

I think that tracking my lifestyle choices, such as sleep and
physical activity, with the program helped in managing my
mental wellbeing.

PU3 Overall, I think that the watch app was useful in managing my
mental wellbeing.

Perceived Ease of
Use

PEOU1 I think that it was easy to track my mood with the watch app. I think that it was easy to track my mood in the program.

PEOU2 I think that it was easy to track my sleep and physical activity
with the watch app.

I think that it was easy to track my lifestyle choices in the
program.

PEOU3 My interaction with the watch app was clear and understandable.
PEOU4 I think that the watch app was easy to use.

Attitude A1 I was comfortable recording my mood with the watch app. I was comfortable recording my mood data with the program.
A2 I was comfortable recording my sleep and activity data with the

watch app.
I was comfortable recording my lifestyle choices, such as
sleep and physical activity, with the program.

A3 I was comfortable sharing my mood data with my SilverCloud
Health supporter.

I was comfortable sharing my Mood Monitor with my Silver-
Cloud Health supporter.

A4 I was comfortable sharing my sleep and activity data with my
SilverCloud Health supporter.

I was comfortable sharing my Lifestyle Choices chart with
my SilverCloud Health supporter.

Behavioral
Intention

BI1 I would use the watch app again if I felt the need to monitor my
mood.

I would use the Mood Monitor again if I felt the need to
monitor my mood.

BI2 I would use the watch app again if I felt the need to monitor my
sleep and physical activity.

I would use the Lifestyle Choices chart again if I felt the need
to monitor my sleep and physical activity.

Usage Behavior UB1 How would you describe your use of the watch app? How would you describe your use of the Mood Monitor and
Lifestyle Choices chart?

C OPEN-ENDED QUESTIONS
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Table 11. Open-ended questions for the smartwatch group at 8 weeks (T3).

Mediators Measurement items

Match with
expectations

How was the experience of using the watch app?

Engagement How did the watch app impact how you used the ‘Space from Depression’
intervention?

Recommendation If you would recommend (or not) the watch app to other people using the ‘Space
from Depression’ program, could you explain why?

Sharing How would you expect your supporter to use the information gathered through the
app?

Perceived privacy How comfortable did you feel using the watch app in your daily life? When did you
feel more/less comfortable using it?

Resistance to change If you felt reluctant (or keen) to use the watch app, could you explain why?
Possible negative
experience

If there were any negative aspects to your use of the watch app, could you describe
these?

Watch app features How did you feel about the reminders to record your mood?
How did you feel about the ‘Tips to stay well’ (accessible from app menu)?
How did you feel about the encouragement prompts? If you haven’t encountered
any, how would you have liked to be encouraged/rewarded while using the app?

General feedback What do you feel could be improved about the watch app?

D COMPARISON OF SELF-REPORT USAGE

Fig. 17. Mood records by participant in the smartwatch and treatment as usual groups.
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