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Abstract. The current COVID-19 pandemic has highlighted the limitations of
relying solely on in-person contact for diagnosis, monitoring and treatment of
mental health conditions. Mobile health approaches can be used to monitor mental
health patients remotely, but they are not properly integrated with existing models
of healthcare service delivery. We present findings from a case study of a mobile
app enabled cloud-based software program rolled out in a phone based
psychological service to enable real-time/temporal monitoring. The program offered
patients an app to record measures of symptoms in everyday contexts and provided
clinicians with access to an accompanying dashboard to use information from the
app to tailor treatments and monitor progress and ultimately facilitate earlier and
personalised care decisions. Feedback related to implementation and utility was
gathered from clinicians through a focus group conducted two months post-roll-out.
Findings identified that the system is valuable and feasible, however
implementation issues were identified. These are discussed in order to inform future
work in this area to support the delivery of timely and responsive mental health care
in the community.

Keywords. Mental health, real-time monitoring, implementation

1. Introduction

The COVID-19 pandemic has led to social isolation, restricted movement and disruption
to traditional health services throughout the community. Although these stressors affect
everyone, it is people with existing mental illnesses who are likely to suffer
disproportionately due to higher levels of social disadvantage and poorer underlying
physical health [1]. Mental health clinicians cannot offer routine clinics or home visits
to conduct mental health assessments during pandemic-like situations. With limited
monitoring, these deteriorating patients will go undetected and relapse can occur,
substantially contributing to mental health care costs through utilisation of emergency
services and psychiatric hospitalisations [1]. The need for sensitive monitoring that can
be deployed during pandemic-like situations is therefore necessary for both health and
€Conomic reasons.

Monitoring is integral to adequately manage mental illnesses. Routine outcome
monitoring to measure change and improve clinical practice is a mandated policy in the
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public mental health services of all states following the National Mental Health Plan
agreed between Australian and State Governments in 2002 [2]. In current practice,
symptoms and functioning of registered patients are monitored at fixed-time intervals by
clinicians using a set of standardised instruments that rely on patient report of past
experiences or expert observations in controlled settings [3]. These approaches yield
only a periodic “snapshot” rather than a time-varying record of a person’s symptoms,
behaviour and functioning that is necessary to detect emerging decline early. The ability
to administer these forms of assessment is further diminished in the aftermath of extreme
health events such as the pandemic, as these assessments are typically conducted in
person and at treatment facilities that may no longer be feasible e.g. due to social
distancing requirements or other circumstances. Furthermore, it has been demonstrated
that self-report instruments, even if validated measures, are subject to recall bias,
function overestimation, social desirability effects and state-dependent biases [4]. Expert
observations made in a controlled clinic setting are also not reflective of how patients
function and experience symptoms in their home during daily life/the real world. Both
approaches lack the temporal resolution necessary to detect subtle changes in a patient’s
status [5]. Consequently, the benefits of outcome monitoring at fixed time points are in
doubt, as affirmed by a Cochrane meta-analysis [6].

The pandemic has highlighted mental health care providers have a pressing need for
alternative ways to monitor and support patients digitally and remotely [7]. Changes in
activity, sleep, mood, social interaction and medication adherence are early warning
signs that often precede relapse in people with severe mental illness. These changes can
now be identified from evidence-based monitoring technologies [8]. Growing literature
in mental health suggests that mobile phones can be used to monitor time-sensitive
mental health changes in real-time and remotely [9]. This can be easily achieved through
repeated passive and active data collection via a mobile phone application (app). Passive
approaches utilise automatically-captured sensor signals in the devices, which are
associated with individuals’ daily behaviours [10]. For example, the temporal patterns in
location and movement sensor measures have been shown to predict changes in mood
symptoms and functioning levels [11]. Patients can also actively report symptoms on
their mobile phone application in real time, close to experiences, which overcomes recall
bias and captures intra-subject variability [4].

The feasibility and validity of mobile device data collection has been demonstrated
in individuals with depression [12], bipolar [13] and schizophrenic disorders [14]. Work
led by our team shows clinician support for using technology to monitor patient progress
and risk in real time, provided it is well integrated into clinical practice [15].
Continuously monitoring a patient’s experience of symptoms and behaviour closer in
time to real-life events can capture warning signs of suicidal ideation weeks in advance
[16], or phase change onset in bipolar disorder [17,18]. Evidence from randomised
controlled trials (RCTs) shows the use of real-time monitoring measures to guide
management improves patients’ symptom outcomes and reduces hospitalisations
[19,20].

Despite the evidence for the effectiveness and feasibility of continuous, real-time
monitoring of mental health symptoms to inform care, such a model of care is yet to be
utilised in traditional health service settings. To address this gap, we have developed an
app-based monitoring system (MindTick) specifically designed to make data available
to mental health clinicians in a real-world clinical service.
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2. Description of MindTick

The MindTick system gathers real time functional and symptomatic measures from
patients through apps installed on their mobile phones which can be charted over time
on an online dashboard viewable by clinicians. As a cloud-based solution, MindTick is
designed to be delivered at scale with the ability to be tailored to support the delivery of
services addressing various health conditions. The MindTick system comprises the
following components.

2.1. Monitoring app for patients

The app extracts passive data from the phone’s on-board sensors and applies analytical
algorithms to convert these signals into time-stamped measurements of behaviours (e.g.,
sleep, activity, mobility, social interactions). Through eight validated questions, it
actively prompts users at random and weekly intervals to report subjective momentary
experiences on symptoms (mood, sleep, alcohol cravings, appetite) and functioning
(work, social, family) [21] (Figure 1).
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Figure 1. Screen shots of patient app

2.2. Feedback dashboard for clinicians

A web-based clinician dashboard accompanies the app and allows both patients and
clinicians to access the data and visualise it (Figure 2). It presents each monitored
variable online graphs, making interdependencies and time patterns visible. Once
registered, clinicians can log in at any time and view their patients’ latest dashboards.
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Figure 2. Screen shots of data visualisations in the patient app and clinician dashboard

Integrated security and privacy features in the app and dashboard, already reviewed
and approved by two ethics committees in previous research, ensure that sensitive data
is securely collected, stored and shared, and complies with the Australian Privacy Act
1988.

In order to understand potential benefits and barriers to adoption of such a system
within mental health services within Australia, we present a case study describing the
roll-out of MindTick with a real-world phone-psychotherapy clinic and report the
learnings gained from a focus group conducted with clinicians who used the system to
explore issues associated with implementation processes, utility and acceptability.

3. Case Study Methodology
3.1. Description of the service where MindTick was implemented

The roll-out site was the Improving Access to Psychological Therapies (IAPT) service
based at the Flinders Medical Centre (FMC) in Adelaide, South Australia. The IAPT
service offers phone-based ‘low intensity’ psychological therapies to individuals aged
over 18 years who present to FMC ED in psychological distress. Exclusion criteria for
IAPT intervention includes those who are actively suicidal, psychotic, taking
benzodiazepine over 10mg diazepam (or equivalent) daily, alcohol dependency, heavy
illicit drug use, homelessness, under the age of 18 years and under the care of Community
Mental Health Team and those already receiving psychological therapy. The IAPT
service comprises four therapists who provide a service to around 150 patients per year.

Referred patients have an initial face-to-face assessment and receive weekly
telephone sessions and bibliotherapy with guided self-help led by a brief intervention
therapist for 6-7 sessions. This evidence-based brief Cognitive Behaviour Theory is
considered a pragmatic, efficient, and cost-effective intervention delivery, especially for
low intensity mental health issues.
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3.2. Implementation process

Prior to commencement of the trial, an information session was held on site with IAPT
clinicians to discuss the implementation of MindTick and how the platform could be
integrated into daily workflow with minimal clinician burden.

Clinicians were the first point of contact with potential participants and deemed
whether they would be suitable to trial MindTick. Participants were required to be
accepted for treatment at IAPT for a mental illness as defined in the DSM-5 or ICD-10
and own an android or iOS compatible smartphone. There was no exclusion on gender
or ethnicity, however, patients with insufficient ability to understand the study
instructions, or with a documented cognitive impairment, substance abuse, or hazardous
use of alcohol were excluded. Additionally, patients judged as not able to participate by
their treating clinician (based on their assessment that participation would present risks
to the patient) were also excluded.

Clinicians were briefed on how to introduce MindTick during the session, and
details of suitable and interested patients were passed to a recruiter based at the clinic.
The recruiter contacted the patient and guided them through consent and enrolment.
Implementation of MindTick was approved by the Southern Adelaide Clinical Human
Research Ethics Committee (SAC HREC EC00188): HREC/18/SAC/168.

Prior to each treatment session, IAPT clinicians viewed the dashboard to ask patients
more nuanced questions about insights over the period between appointments, and they
would record these insights in their clinical information system. The roll-out was
undertaken between July and September 2019.

3.3. Exit interviews with IAPT clinicians

Following the roll-out of the MindTick system, four clinicians participated in a focus
group in December 2019. Focus group sessions were conducted by second and third
authors to a) explore how MindTick was used by clinicians and the value and impact it
had, b) how MindTick was introduced to patients, c¢) barriers and enablers of use, and d)
open discussion re: recommendations. Sessions were audio-recorded and transcribed
verbatim. Transcripts were analysed in NVivo (QSR International Pty Ltd. NVivo
(version 10), 2012) by second author using thematic analysis techniques described by
Braun and Clarke [22] to identify recurring patterns relevant to understanding clinician’s
experiences of using the MindTick system. First and last author then defined the final
themes to illustrate the key learnings from the focus group discussion.

As indicators of clinical severity of enrolled patients, measurement values of
assessments administered at the commencement of routine practice were also recorded
(Patient Health Questionnaire scale (PHQ9) [23], General Anxiety Disorder 7-item
(GAD-7) [24] and Work and Social Adjustment Scale (WSAS) [25]).

4. Results
4.1. Overview
Four clinicians were signed up to use the MindTick system in their practice. They

introduced the app to 18 patients between July and September 2019. Five patients
installed the app (female n =4, age = 26.6 (SD = 8.8) years). Baseline scores for PHQ-
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9, GAD-7 and WSAS were 18.20 (SD = 8.47), 12.40 (SD = 6.23), 28.20 (SD = 8.90),
respectively, indicating the presence of depression, anxiety and moderately severe work
and social functional impairment. Of a possible 6 sessions, the average attendance rate
was 3.40 (SD =2.41).

4.2. Experiences of clinicians

Four main themes relating to incorporating MindTick into mental health service delivery
emerged from the focus group discussion with clinicians. These are presented below
along with supporting quotes.

4.3. Implementation process issues
a) Barriers

Clinicians reported that patient recruitment was the most difficult aspect of
implementation. The majority of patients were extremely overwhelmed or distressed at
their first appointment with the mental health service and were reluctant to consider using
the MindTick system at that time: “There’s a lot going on for people when they re
initially referred... people might just say “yes” to get a service, not necessarily to
participate in the research.” “Olffering it right off the bat when people first come in and
are really distressed may not be the best time.”

Clinicians found it difficult to remember to integrate the MindTick system into
practice, especially during the first session with patients, “I found it hard to embed...keep
at the forefront of my mind as there is a lot to cover in the initial assessment.”

b) Enablers

Once clients were using the system, mental health clinicians reported very positive
experiences regarding implementation processes, “Once they (clients) are signed up...it
is fairly streamlined...behaviour we can just maintain. That’s not anything we would find
difficult.” “It (the dashboard) put into context what she (client) was telling me, and so
did the feedback report.”

4.4. Utility of Data

Clinicians highlighted several examples where the data collected and presented by the
MindTick system was useful (especially visual representation i.e. line graphs); “She
(client) was able to see that because she was physically unwell at the time, that her
physical symptoms were impacting on sleep and how that was impacting on her anxiety.”
“I think when they (clients) have something that’s a visual...correlation between maybe
say sleep and mood... having that visual is a good way for people to actually make most
correlations.” “One client went through all six sessions and liked the app a lot — used
the reports. This was useful because there was a space of a fortnight between
sessions...she was feeling good at the session time and many of the stressors had been
forgotten. She was able to reflect on that fortnight using the reports as her measures
went up and down.” “It was making him more aware of his mood and its relationship to
sleep and levels of activity...doing what your app is designed to do.”
The MindTick system integrated well into the IAPT service, with clinicians
reporting that the dashboard data informed the triaging and discharging of patients;
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“We had a client who had disengaged from treatment, but she was still entering on the
MindTick app. It showed that her mood was actually declining so that did influence us
in what we did in our discharge process to advise the GP that she was possibly in need
of support and we asked the GP to book an appointment with her”

Clinicians also found that the reports produced by the MindTick system were easy
to interpret and the data helped to inform practice, “If verified what my impression was
of the client in terms of her progress and in terms of her response to her stressors. I think
that was the most useful aspect of it.”

4.5. Environmental context

At the time of the trial, the IAPT service was experiencing decreased referrals due to the
COVID-19 pandemic, “Don’t think it is the time to continue this with the current
pandemic, think we could reassess down the track.” “At that time there were... quite a
lot of DNA (did not attend), people who didn’t end up attending the assessment.”

In addition, the majority of clients were highly distressed and perhaps not
appropriate, “These people present to ED and are referred to IAPT within a week so
these are very distressed people with incredibly complex issues”. “The majority didn’t
see that they could actually then manage an app as well as the workbook.” “...when
there are so many other issues going on e.g. suicidal ideation etc participating in a
research project may not be top priority.”

4.6. Recommendations

The clinicians made a number of suggestions regarding processes and design to improve
the adoption of MindTick, “As a value-add, maybe sending a text message as an
appointment reminder via the app.” “There could be some sort of motivational push to
keep them (client) engaged.” “...start it at session 3 and then get your data that way,
when the initial distress is lower.”

5. Discussion

We have presented findings from the roll-out of MindTick within a routine public mental
health service. The MindTick system gathers real-time functional and symptomatic
measures from patients through apps installed on their mobile phones and charts these
measures over time on an online dashboard viewed by clinicians. Clinicians working in
the service provided feedback on the roll-out experience in a focus group discussion and
identified barriers and enablers to implementation that will be useful to inform future
work.

Clinicians reported the main barriers to implementation were related to patient
recruitment and “embedding” new processes into their practice. The challenges
associated with recruiting mental health patients into research trials are well recognised
[26] and can be compounded by poor motivation levels typical of illnesses such as
depression and schizophrenia [27]. In our case study, patients were recruited from the
emergency department of a large metropolitan tertiary hospital and were extremely
distressed. Future work should evaluate the suitability of this target group and consider
recruiting less complex, less acute patients.
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Challenges around “embedding” MindTick processes into practice relate to adoption
as defined in the RE-AIM framework ie. the absolute number, proportion, and
representativeness of settings and staff who are willing to offer a program [28]. Strategies
to improve adoption include highlighting the program’s ability to attract people to use
the service and identifying existing resources and practices that would make it easy to
deliver the program, including assessing clinicians’ level of expertise to do so. It is
debatable as to whether the mental health clinicians’ current working paradigm allows
the incorporation of the detailed patient information provided by the MindTick system
into their treatment responses. This is a phenomenon explored by Feijt et al [29] who
developed the Levels of Adoption of eMental Health model to provide a structured
representation of factors affecting the uptake of eMental health practices by clinicians.
Future work should explore this further to ensure both clinicians and patients benefit
from eMental health services.

If recruitment barriers were overcome, clinicians reported that the MindTick system
was very easy to use. They also reported good clinical utility of the data presented in the
clinician dashboard. The data provided context and nuance to patient-reported symptoms
and helped to inform practice and discharge processes. Documenting and disseminating
these positive experiences to colleagues will also help to enhance adoption [30].

The environmental context aspects affecting the delivery of the trial as reported by
clinicians were due to factors intrinsic and extrinsic to the service. Intrinsically, clientele
have a tendency to not attend appointments and are also extremely distressed at their
initial appointment. Extrinsically, the roll-out occurred during the COVID-19 pandemic
at a time when the service was under considerable additional pressure. These factors
contributed to the low numbers of participants which must be considered as a limitation
of this case study.

The recommendations made by clinicians regarding future delivery of MindTick are
very valuable as they have an intimate understanding of clinic processes and their
clientele. Similar suggestions were also made following our work developing a digital
recruitment strategy in the mental health research setting [31]. These recommendations
emphasise that careful consideration must be given to future recruitment processes. The
additional features suggested by clinicians e.g. reminders for appointments, homework
etc should be considered as they are also likely to improve adoption of the system by
clinicians and adherence by patients.

6. Conclusion

Mental health services assess patients at fixed intervals and rely very much on patient
memory, which is less accurate, prone to biases and not suited to detect early warning
signs. Facilitating clinicians to continuously collect and review patients’ symptom and
functional measurements will enable early identification of relapse indicative symptoms,
and hence earlier treatment, which, in turn, may improve level of functioning and quality
of life. By addressing implementation barriers identified in this case study, MindTick
has the potential to enhance clinicians’ capacity to recognise change in symptoms and
functioning in near real time and improve care management for people with mental
illnesses.
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