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Common approaches to the psychological treatment of distressing voice hearing experiences, such as cognitive
behavioural therapy, aim to promote more adaptive cognitive, emotional and behavioural responses to these
experiences. Digital technologies such as smartphones show promise for supporting and enhancing these
treatments by linking immediate therapeutic settings to the context of daily life. Two promising technologies
include ecological momentary assessment and intervention (EMA/I), which may offer a means of advanced
assessment and support in daily life, and inform the tailoring of interventions to suit individual needs. In this
study, a highly novel intervention approach was developed involving four face-to-face sessions with a psy-
chologist blended with EMA/I between sessions in order to improve coping with distressing voice hearing ex-
periences. The authors describe the background and development of this approach along-side a single case
illustration, which supported feasibility and acceptability. This study details how digital technologies such as
EMA/I may be used in future as clinical tools to enhance standard psychological treatments and clinical care of
people with persisting and distressing experiences.

1. Introduction within wider CBT protocols (Tarrier et al., 1998; Wykes et al., 2005;

Wykes et al., 1999). Early research has suggested that people develop

Hearing voices, or auditory verbal hallucinations, are common in
psychiatric disorders such as schizophrenia, and more broadly in the
general population (Sommer et al., 2012; Waters and Fernyhough,
2016). Although some people who hear persisting voices do not require
specific support, many experience significant distress or interference
with functioning (Johns et al., 2014; de Leede-Smith and Barkus, 2013).
To minimise this impact, psychological therapies have been applied to
promote more effective adaptation (Thomas et al., 2014).

A core component of cognitive behavioural therapies (CBT) for
voices is improving effective self-regulation of this experience, used
both as a specific therapy (Tarrier et al., 1993a; Tarrier et al., 1990) and

identifiable coping responses to voices, yet more effective coping stra-
tegies may be underutilised (Falloon and Talbot, 1981; Farhall et al.,
2007; Tarrier, 1987). Tarrier et al. (1990) formalised a therapeutic
approach called coping strategy enhancement (CSE), involving functional
analysis of antecedents and responses to symptoms to inform im-
plementation of effective coping more consistently. Initial trials of CSE
showed broad support for reducing overall symptom severity, and to
some degree voices (Tarrier et al., 1993a, 1993b). More recently, the
approach has been confirmed as feasible as a four-session model spe-
cifically targeting voices (Hayward et al., 2018; Paulik et al., 2018).
In developing such approaches further, a key emerging area of
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therapy development for psychosis has been to utilise digital technologies,
including mobile devices and smartphone applications (apps) (Ben-Zeev
et al., 2012; Lal and Adair, 2014). Smartphones show particular promise
given their transportability and immediate accessibility, and ownership is
now widespread in psychosis populations (Firth et al., 2015; Gay et al.,
2016; Thomas et al., 2017). Smartphone apps can provide access to
therapeutic tools during daily life, whether used independently of, or in
conjunction with, traditional mental health care services (Donker et al.,
2013; Gravenhorst et al., 2015). Such user-lead treatment may be em-
powering for people with psychosis and could overcome barriers such as
memory and motivational deficits commonly encountered in psycholo-
gical treatment (Johansen et al., 2011; Lysaker et al., 2013).

A recent pilot randomised controlled trial (RCT) conducted by Bucci
et al. (2018) examined the effects of a CBT-based smartphone app for
early psychosis, with findings indicating the app was highly acceptable,
feasible and engaging to use, and showed promise for improving out-
comes related to psychotic symptoms and mood. Schlosser et al. (2018)
also found positive effects of a smartphone app aiming to improve mo-
tivation and quality of life in young people diagnosed with schizo-
phrenia. Compared to a control condition, users of the app improved in
their levels of motivation, as well as secondary measures of depression,
defeatist beliefs, and self-efficacy, but not for psychotic symptom se-
verity, quality of life, or functioning. Similar positive findings have been
indicated for adults with persisting psychosis, with a number of studies
supporting the feasibility of smartphone-based interventions in this po-
pulation along-side high satisfaction rates (for review, see Firth and
Torous, 2015).

Similar technologies have also been applied to symptoms of psy-
chosis, including a trial currently underway by Garety et al. (2017) of a
smartphone app targeting thinking processes associated with paranoia.
Another app was developed by Jongeneel et al. (2018) which prompts
users to engage with language tasks designed to disrupt the processes
associated with voice hearing experiences. As these interventions are
delivered in real-time, they have great potential to intervene as symp-
toms occur and offer immediate support for the individual (Myin-
Germeys et al., 2016). Supporting further development of digital in-
terventions, research has shown that attitudes towards the use of digital
technologies for mental health amongst people with psychotic condi-
tions are largely positive, although concerns such as privacy and data
security exist (Bucci et al., 2018; Gay et al., 2016).

Two promising approaches that make use of smartphone technology
are termed ecological momentary assessment (EMA, also referred to as
experience sampling methodology; Shiffman et al., 2008) and ecological
momentary intervention (EMI; Heron and Smyth, 2010). EMA is a data
collection method involving repeated sampling of momentary experi-
ences within a person's natural environment over several days, com-
monly using specialised smartphone apps (Shiffman et al., 2008). The
method has unique monitoring and assessment capabilities given that
information is collected in real time, overcoming recall bias, and the
temporal interaction between variables can be examined (Moskowitz
and Young, 2006; Shiffman et al., 2008; Stone et al., 2007). EMA has
traditionally been used as a research tool, however more recently there
has been interest in its use for clinical purposes, such as illness mon-
itoring and improving the quality of assessment (Ebner-Priemer and
Trull, 2009; Roberts et al., 2018; Torous et al., 2017; Trull and Ebner-
Priemer, 2009; van Os et al., 2013, 2017). EMI extends EMA to the
therapeutic domain by providing momentary reminders or prompts via
mobile devices to promote illness self-management during the person's
daily life (Heron and Smyth, 2010; Myin-Germeys et al., 2016). These
approaches are commonly used together, such as different EMI prompts
being presented depending on responses to EMA questions indicating
the presence or absence of symptoms (e.g. Ben-Zeev et al., 2014a).

A recent systematic review by Bell et al. (2017) found a range of
emerging applications of EMA and EMI (EMA/I) approaches to the
psychological treatment of psychotic disorders. These include remote
monitoring of illness states to minimise relapse and hospitalisation (e.g.
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Spaniel et al., 2012), and promotion of illness self-management through
momentary reminders or instructions for a variety of clinical targets,
including managing symptoms and psychosocial impairments (e.g. Ben-
Zeev et al., 2014a, 2014b; Granholm et al., 2011). Findings supported
the feasibility and acceptability of these approaches, and showed pro-
mise for reducing symptoms and improving functioning. Since this re-
view, further EMI studies have been conducted in the context of psy-
chosis treatment, highlighting the growth in this area (e.g., Bucci et al.,
2018; Schlosser et al., 2018; Garety et al., 2017; Jongeneel et al., 2018).

Utilising digital technologies such as EMA/I and other internet-
based interventions in conjunction with standard treatments has been
referred to as blended therapy (Erbe et al., 2017). Only a small number of
studies have examined the effect of these types of interventions. Very
few have been conducted in the context of psychosis treatment and
these have been limited to the use of digital components within therapy
sessions (e.g. Thomas et al., 2016; Craig et al., 2018). Findings from
these studies have been positive, suggesting people with psychosis are
open to the idea of using digital tools within therapy settings, and these
can be used to enhance therapeutic components. A larger number of
studies have been conducted outside of psychosis. A systematic review
by Erbe et al. (2017) synthesised the findings of 44 studies of blended
therapy in depression, anxiety and substance abuse. Across the studies,
there was evidence that these interventions can result in similar out-
comes to traditional therapies, using fewer resources, and may enhance
the effects of standard therapy by supporting the delivery and uptake of
intervention components. The use of blended therapies in psychosis
warrants further research given the limited effectiveness of current
interventions (Bighelli et al., 2018), which may be overcome using
technologies aimed at supporting therapeutic components to maximise
their effects. This might include promoting the use of specific inter-
vention strategies discussed in session in daily life using EMI and en-
hancing the quality of assessment using EMA.

Smartphone-based EMA/I technology could offer a means of sup-
porting brief coping interventions for distressing voice hearing experi-
ences. Whilst a small number of studies have examined standalone
smartphone apps for psychosis (Firth and Torous, 2015), none have
focused on the integration of these technologies within standard
therapies. In psychotic disorders, EMA has traditionally been used in
research examining putative mechanisms underlying symptoms
(Oorschot et al., 2009). Nonetheless, because data is collected re-
peatedly over time, processes which evolve momentarily can be cap-
tured and analysed to elucidate the temporal interplay between vari-
ables in real time on an individual basis (Oorschot et al., 2012; Os et al.,
2017). Applying this therapeutically, EMA may be well suited to de-
veloping a behavioural functional analysis, i.e. formulating how
symptoms can be modulated through identifying antecedents (occur-
ring prior to symptoms) and responses (occurring following symptoms)
(Sturmey, 2011). This is complementary to the CSE approach developed
by Tarrier et al. (1990) that has considered antecedents and responses
to voices via interviewing as a first stage of the intervention. This
highlights the potential of EMA to support idiographic approaches to
mental health treatment, which involve the identification of person-
specific variables and their dynamic relation in order to inform more
individually tailored interventions (Fisher, 2015; Haynes et al., 2009;
Os et al., 2017). This use of EMA as an idiographic formulation tool for
psychosis has never been examined, despite recognition for this po-
tential (Ebner-Priemer and Trull, 2009; Roberts et al., 2018; Torous
et al., 2017; Thomas et al., in press; Trull and Ebner-Priemer, 2009; van
Os et al., 2013, 2017). Additionally, the process of regular self-mon-
itoring in daily life via diary methods is a common component of tra-
ditional CBT which can lead to improved understanding of one's own
experiences (Cohen et al., 2013; Os et al., 2017). Furthermore, EMI
could be used to remind people of coping strategies during daily life,
facilitating implementation, and potentially reinforcing their use. The
personalisation of EMI-based prompts in daily life to support general-
isation of specific intervention strategies determined during
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psychological sessions has not yet been the focus of research in psy-
chosis.

In this paper, we describe the development of a brief coping-focused
intervention for distressing voices that blends face-to-face sessions
based on CSE with smartphone EMA/I administered during partici-
pants' daily life. We illustrate the application of the intervention and
demonstrate that the approach can be delivered feasibly and acceptably
using a single case illustration.

2. Intervention development

Informed by the coping strategy enhancement (CSE) framework of
Tarrier et al. (1990), we developed a model of smartphone-supported
intervention that used EMA to inform functional analysis of voice
fluctuations and EMI to support implementation of coping responses in
daily life.

2.1. Selection of smartphone application

In reviewing the various EMA/I packages available, we selected an
app called ReallLife™ Exp (LifeData, 2015), which included a cost for
programming license but was available for users to download for free on
Android and iPhone. This app connects with a web-based platform that
allows researchers to program simple and secure EMA/I surveys and
schedules that can be individualised for each participant, and download
data remotely. Images of the app are displayed below in Fig. 1.

2.2. Intervention procedure

Aligning with the original CSE model (Tarrier et al., 1990), the four-
session intervention can be conceptually divided in to two separate
stages with an overall aim of improving coping with distressing voices.
A breakdown of the intervention components is shown in Fig. 2 and is
described below.

2.2.1. Stage 1: functional analysis and ecological momentary assessment
The first stage occurred over session one and two, and involved

< Prompt View

Right before the beep, I could hear
voice/s that other people couldn't
hear.

Not at all Alot
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information gathering to inform functional analysis of voice antecedents
and responses. Whilst in classic CSE this has been done via interview, we
utilised additional EMA self-monitoring to gather data in real time using
10 identical surveys per day over a 6-day period between session one and
two (see later section for details of the survey items and schedule).
Following the first session involving orientation to the intervention
procedure, psychoeducation, and smartphone app training, the partici-
pant completed the EMA monitoring period, with the data then down-
loaded and analysed by a member of the research team. A feedback
summary sheet of the data analysis was then provided to the participant
in the second session, following the EMA monitoring period.

Within-person analysis of EMA data was conducted using Stata
Statistical Software (StataCorp, 2013). The analysis protocol involved
the calculation of; (i) the number of surveys completed during the
monitoring period (out of 60); (ii) average momentary voice intensity
and distress scores over the monitoring period; (iii) mean momentary
voice intensity across different situations/contexts. We additionally
used a time-lagged regression approach to identify (iv) which, if any, of
the measured ‘antecedents’ (e.g. anxiety, low mood, etc.) were asso-
ciated with subsequent changes in voice intensity. In these analyses, the
outcome variable was voice intensity at moment t (i.e. the current
survey), whilst proposed antecedents at moment t-1 (i.e. the previous
survey) were entered as predictor variables. A similar approach was
taken to identify (v) which, if any, of the measured responses to voices
(e.g. relaxation, substance use, etc.), were associated with subsequent
changes in voice intensity. Here, reported use of responses since the last
measurement occasion were entered as dichotomous predictors (response
reported = 1; response not reported = 0) of current momentary voice
intensity. Following consultation with experts in the field (Wichers,
personal communication), associations with a standardised beta co-ef-
ficient of greater than 0.3 were considered large enough to justify
provision of feedback. Finally, (vi) the frequency and mean self-re-
ported helpfulness of each response to voices was calculated.

It was anticipated that it might not always be possible to produce
feedback, due to either low rates of survey completion, low frequency
of voice reports, or lack of variation in voice intensity. The participant
was made aware of this prior to the EMA period. The aim of the EMA

< Prompt View

Listen! Grab your headphones and
listen to some of your favourite
music.

Fig. 1. Images of the smartphone app (example EMA item on left, example EMI reminder on right).
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Session 1

. Intervention overview

. Discuss experience of voices and provide
psychoeducation

e  Apptraining

Session 2

. Discuss app feedback and experiences
. Functional analysis
. Identify coping strategies and code in to app

Session 3

Discuss app feedback and experiences
Troubleshoot/reinforce coping strategies
Identify new coping strategies if needed and
code in to app

Session 4

. Discuss app feedback and experiences
. Review learning and maintaining gains
. Provide positive reinforcement
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Ecological mom entary assessment

. 10 surveys per day for 6 days
. 46 items per survey - voices and predictors
. Produce EMA-derived feedback

Ecological mom entary intervention period 1

. 5 coping reminders per day for 10 days
. 8 item evening survey - voices and coping

Produce feedback from evening survey

Ecological mom entary intervention period 2

. 5 coping reminders per day for 10 days
. 8 item evening survey - voices and coping

. Produce feedback from evening survey

Fig. 2. Intervention procedure.

self-monitoring phase was not just to gather data, but to engage the
participant in building awareness of factors influencing their voices,
which has been proposed as an important therapeutic mechanism
(Cohen et al., 2013; Os et al., 2017).

During the second session, EMA-derived feedback was discussed
along-side patterns noticed by the participant during the EMA mon-
itoring period, with the aim of building a functional analysis of voice
activity. This feedback included a lay-summary of: i) the number of
surveys completed; ii) average voice intensity and distress scores; iii)
mean voice intensity across different contexts; iv) triggers and re-
sponses associated with increased or decreased voice intensity; and v) a
list of the specific responses to voices reported, and their average re-
ported helpfulness. The presentation of the feedback was simple to
ensure ease of understanding (e.g. “Your voice hearing experiences tended
to be more intense when you were feeling anxious”). The feedback was
framed as a guide due to potential limitations in capturing sufficient
voice hearing occasions to detect predictors and to avoid inferring
causation from correlation data.

2.2.2. Stage 2: identification and implementation of coping strategies and
ecological momentary intervention

The second stage of the intervention involved building on the
functional analysis by collaboratively identifying coping strategies
which may theoretically disrupt maintenance cycles associated with the
voices. Towards the end of session two, the therapist (IHB) helped the
participant to identify up to four coping strategies, which were then
worded as short sentences created by the participant and coded in to
the app. To encourage and reinforce the use of these strategies, fol-
lowing session two, the participant then received five EMI reminders of
these personalised coping strategies per day for a 10-day period, at
random intervals between waking hours. They were also able to view
the coping reminders on-demand by pressing a button within the app.
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In addition to receiving EMI reminders of personalised coping stra-
tegies following session two, the participant also completed an additional
brief survey each evening via the smartphone app. This survey assessed
their daily use of the app and coping strategies, and their average voice
intensity, impact and distress over the course of that day. During session
three, a summary of responses to these questions was provided, which
was used as a basis for discussing the helpfulness of the coping strategies
since the last session. This session also involved reinforcing progress to
maintain motivation and enhance self-efficacy, and addressing potential
challenges in using the coping strategies. The participant was then able
to choose new coping strategy reminders for the app or keep the same
ones from the previous session, before completing an identical EMI
period following session three. The fourth, final, session involved dis-
cussing the coping strategies used since the last session (again facilitated
by personalised feedback based on evening survey data), reviewing
progress, and how to maintain gains following the intervention.

2.3. Ecological momentary assessment items and procedure

The EMA sampling schedule was chosen due to it being a standard
duration adopted in EMA research, providing a feasible model for im-
plementation (e.g. Delespaul, 1995; Delespaul and van Os, 2002; Myin-
Germeys et al., 2001). The selection and wording of EMA items in-
volved several iterative stages. An initial systematic review was con-
ducted to identify previous studies using EMA to examine momentary
predictors of positive psychotic symptoms. This review identified 23
research studies, from which key variables and their corresponding
EMA items were extracted. From here, additional items were added
where no previous EMA items existed for these constructs in the lit-
erature. These items reflected common antecedents and responses to
voices, as reported in non-EMA literature (e.g. environmental noise;
Margo et al., 1981). This included a list of the most common coping
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Fig. 3. Intensity of voices at t = 0 and level of importance of an activity at t — 1, across the week (note that only time points in which both current and prior data was

available is displayed).

responses derived from non-EMA literature on this topic (e.g. Farhall
et al., 2007). A full list of potential EMA items was then reviewed by the
authors, who have clinical and research expertise in psychosis and/or
EMA. These items were also presented to a panel of people with lived
experience of hearing voices (n = 4), who provided feedback regarding
item wording. Based on this, we developed a set of 46 EMA items
measuring momentary constructs related to voice antecedents (e.g.
Right before the beep, I felt anxious), voice intensity and impact (e.g. Right
before the beep, I could hear voice/s that other people couldn't hear), and
common responses to voices (e.g. “...talking to the voice/s”. A full list of
EMA items is provided in Supplementary 1.

3. Case study illustration

The following case describes the procedure and experiences of a
participant who completed the intervention during the initial piloting
stage and is presented here to illustrate the potential integration of
EMA/I software with a coping-focused intervention. This participant
was recruited through a specialist voices clinic in Melbourne (Thomas
et al., 2011) and provided informed consent for report of his experi-
ences in this publication.

Although the following case illustration was intended to be pri-
marily descriptive, the participant was also asked to complete measures
before and after the intervention, including a 1-10 visual analogue
scale: How confident are you in your ability to cope with your voices day to
day? (1, not at all confident to 10, very confident), and the following
outcome scales: the negative impact subscale of the Subjective
Experiences of Psychosis Scale (SEPS; Haddock et al., 2011), a measure
of the negative emotional and functional impact of psychotic experi-
ences, which the participant rated for voices; the Auditory Hallucina-
tions subscale of the Psychotic Symptom Rating Scales (PSYRATS-AH;
Haddock et al., 1999), measuring overall severity of voices; and the 21
item Depression Anxiety Stress Scale (DASS-21; Lovibond and
Lovibond, 1995), measuring negative emotional symptoms. Sig-
nificance of individual changes was calculated using the formula of
Jacobson and Truax (1991) and published data on internal consistency
to derive a threshold for reliable change. Reliable change indices (RCIs)
were calculated from internal consistency and standard deviation data
for people taking part in a trial of a coping focused intervention for
voices (PSYRATS-AH, Syi¢r = 4.37 and DASS-21, Syir = 9.97; Hayward
et al., 2018) and people with clinically significant auditory hallucina-
tions in a local trial of a psychosocial intervention (SEPS - negative
impact, Sy = 6.93; Thomas et al., 2016).

3.1. Case illustration: Harry

Harry was a 38-year-old single male diagnosed with schizophrenia
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who lived independently and worked part-time. Harry had completed
up to secondary level education and had above average estimated in-
telligence as measured by the Wechsler Test of Adult Reading (WTAR;
Wechsler, 2001). He was on both antipsychotic and mood stabilising
medication. He heard multiple voices intermittently several times a
day, which varied in nature, including both commenting and com-
manding voices, and were primarily negative and critical in content.
Although these experiences no longer caused Harry significant distress,
they still required active self-management which tended to be both time
consuming and overwhelming. Harry reported an interest in using an
app for self-monitoring his voices and reminders for activities which
might help him learn new ways of managing them.

3.1.1. Procedure and intervention

Harry completed the first session with no difficulties and learnt how
to use the smartphone app quickly and easily. Similarly, he completed
the EMA monitoring period with no issues, although the data from the
app did not consistently upload automatically on a few occasions, re-
quiring manual upload. Harry found this process slightly confusing.

Harry completed 68% of the daytime EMA surveys, reporting voices
on 51% of occasions, and all six EMA evening surveys. Analysis of EMA
responses highlighted that voice intensity was on average higher when
in the company of several people and tended to increase following
occasions where he was feeling anxious. In contrast, Harry's voices
tended to be less intense following occasions where he was focused on
his environment, engaging in meaningful activities, spending time with
a person he was comfortable with, and feeling happy and relaxed. This
was reflected in the analysis of his responses to the voices, which
showed that engaging in relaxing activities and letting the voices come
and go rather than interacting with them was associated with lower
levels of voice intensity.

Harry was interested in this feedback and time was spent discussing
potential interpretations. For example, an unexpected point of feedback
indicated that Harry's voices tended to be more intense following times
when he was doing something important to him. A depiction of this
relationship is displayed in Fig. 3, showing comparative fluctuations in
voice intensity at each timepoint across the six days, and the level of
perceived importance of an activity at the prior timepoint. Although
variability is clear from the figure, the data suggests that there is a
positive relationship between these variables on many occasions. Harry
interpreted this to be a consequence of work-related stress, which he
recalled experiencing when endorsing high ratings on these items. This
lead to a discussion surrounding the pressure and expectations Harry
placed on himself at work, and the consequences of this generally
making the voices more intense.

Notably, despite Harry's self-report that his most consistent coping
response was talking with the voices, the EMA feedback found that
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Fig. 4. Mean voice intensity between times when relaxation and talking back to the voices were, and were not, used as coping responses to the voices.

relaxation and distraction activities (e.g. listening to music) and ac-
cepting the voices without responding were reported as being more
helpful in the moment. Further, the analysis found that these coping
responses predicted decreased levels of voice intensity, whereas enga-
ging with the voices was associated with increased voice intensity. A
depiction of this relationship is displayed in Fig. 4, showing the dif-
ferences in mean voice intensity across all time points between times
when the coping strategy of relaxation and talking back to the voices
were, and were not, used between the current and prior time point.

From this discussion, Harry chose three coping reminders to code in
to the app, including “relax, remember to breath”, “pat the dog” and
“put your headphones on”. These reminders were selected as Harry was
motivated to focus on relaxation and being more ‘present’ in his en-
vironment as an alternative approach to coping with the voices.

Harry completed the EMI reminder period and reported no diffi-
culties using the app. The feedback from the app highlighted that some
coping strategies were rated as more helpful than others and this
formed the basis of a discussion in session three. Harry stated that the
reminders were particularly useful in the evenings when he found
himself getting “caught-up” in talking with the voices, however were
less helpful when the strategy was inapplicable given the context (e.g.
could not listen to music when at work). Following session three, Harry
chose to add two additional reminders “fire up the PlayStation” and
“work on that project on the bench”. In the final session, Harry reflected
on his progress and noted changes to his ability to cope with the voices
since commencing the intervention.

3.1.2. Feedback at end of intervention

Over the course of the intervention, Harry reported improvements
to his awareness of different and more effective coping responses for his
voices. He described the coping reminders as the most important part of
the intervention, finding them particularly helpful as a “circuit breaker”
to prevent him getting “caught up” in his voices. He described the re-
minders and feedback as helpful to connect the content of therapy
sessions with experiences in daily life, which he reported was often
forgotten when sessions contained a lot of information. Harry reported
that the consistency of the reminders helped to reinforce their use in his
memory and force him to “check-in” and concentrate on the way he was
responding. He also felt that the individualisation of the app was par-
ticularly important, which made it feel more personal. Harry reported
that the schedule, timing and number of EMA/I items was acceptable
and no negative experiences were reported, however he suggested that
fewer EMA surveys per day over a longer time period may help reduce
the burden of this monitoring period.

Clinical measures completed following the intervention showed
Harry had increased the level of confidence in coping with the voices
from 5/10 to 8/10. The final assessment coincided with some external
stressors which he attributed to an increase in the severity of his voices,
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which was evident on the increased PSYRATS-AH overall voice severity
score, though this was not clinically significant (pre: 17, post: 23). There
was a reduction in the SEPS negative impact of the voices (pre: 95, post:
87), though this change was not clinically significant, and there was no
change in DASS-21 negative emotional symptoms (pre: 66, post: 66).

4. Discussion

We set out to develop an intervention approach aimed at improving
coping with distressing voices using brief face-to-face therapy blended
with smartphone-based ecological momentary assessment and inter-
vention (EMA/I). In the case presented, the participant showed good
engagement and reported finding the intervention helpful. The inter-
vention and procedures employed appeared feasible and acceptable,
however some technological issues were encountered which highlight
the importance of piloting new technology-based interventions (Berry
et al., 2016). Overall, these findings show promise for the potential
application of this approach for the psychological treatment of dis-
tressing voice hearing experiences.

Despite the relatively intense EMA monitoring schedule, the parti-
cipant did not report any negative experiences and completed a sulffi-
cient number of surveys in order to produce the EMA-derived feedback
(33%; Palmier-Claus et al., 2011). This is in line with prior research
supporting the feasibility and acceptability of EMA in those with severe
mental illness, including psychotic disorders (Granholm et al., 2008;
Johnson et al., 2009). Both the EMA self-monitoring and EMA-derived
feedback were seen as helpful for improving awareness, highlighting a
willingness to engage with more intense monitoring for clinical pur-
poses. The participant tended to notice new aspects of his voice hearing
experiences which he was not previously aware of (e.g. questioning the
helpfulness of certain responses, noting the relationship between voices
and context). This is a commonly observed outcome of self-monitoring
associated with increased self-regulation, perception of control, and
behavioural change (Cohen et al.,, 2013; Humphreys et al., 2009).
During this piloting, the participant provided feedback about the EMA
items and schedule, suggesting some items could be removed, revised
or added. For example, it was suggested to include a measure of
paranoia as this tended to influence the intensity of his voices. In ad-
dition, the participant reported that the monitoring schedule was on-
erous at times, and suggested less frequent surveys over a longer period
of time would be more ideal.

Together, these findings suggest that EMA self-monitoring and
EMA-derived feedback can be used for assessing voice hearing experi-
ences to inform the tailoring of clinical interventions and improve
awareness, which warrants further exploration. This is important be-
cause this use of EMA has not yet been investigated in the context of a
clinical intervention for psychotic conditions, despite growing interest
(Ebner-Priemer and Trull, 2009; Roberts et al., 2018; Torous et al.,
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2017; Trull and Ebner-Priemer, 2009; van Os et al., 2013, 2017). In
particular, these findings support the potential use of EMA as a tool in
the idiographic assessment and treatment approaches (Fisher, 2015;
Haynes et al., 2009; Os et al., 2017). Only one other trial has in-
vestigated the use of EMA-derived feedback in therapy to the authors'
knowledge, which was in an intervention involving monitoring and
feedback of affect in people with depression, with positive outcomes
(Kramer et al., 2014; Simons et al., 2015; Wichers et al., 2011). In the
current study, embedded within the data was a rich tapestry of nuanced
interactions between variables, which formed the basis of a productive
discussion and gave rise to unique insights. Importantly, the EMA-de-
rived feedback was reported to be consistent with the participants own
experiences, suggesting the analysis identified meaningful and relevant
patterns. In line with our aim, this feedback offered an in-depth point of
reference for informing functional analysis of the participant's voices.
However, given the limitations of using a select sample of data and the
inherent inability to imply causation from correlation, it was important
during this intervention to approach the discussion of feedback from an
exploratory standpoint. This will be a relevant consideration for the
future use of EMA in clinical contexts, as the popularity of this tech-
nology for assessing, monitoring and predicting illness states grows
(Roberts et al., 2018).

Receiving personalised EMI reminders of coping strategies was re-
ported by this participant to be the most useful aspect of the inter-
vention. This is in line with prior trials examining the use of EMI for
treating psychosis, which found positive feedback from participants
regarding the usefulness of prompting self-management strategies for
psychotic symptoms (Bell et al., 2017; Ben-Zeev et al., 2014a, 2014b;
Granholm et al., 2011). The participant in this study found the re-
minders were useful to overcome a tendency to get caught up in un-
helpful ways of responding to the voices and as a reminder to use pre-
determined coping strategies. Personalisation of the reminders was re-
garded as highly important as it created a more meaningful connection
with the app, as was the ability to reflect and update these over the
course of the intervention. Pre-post clinical measures demonstrated that
although there was an increase in perceived ability to cope with the
voices day-to-day, there was a non-significant increase in the overall
severity of the participant's voices. However, this occurred along-side a
decrease in the negative impact of the voices on multiple domains in his
life. Although the participant attributed this worsening of his voices to
external factors occurring during the intervention, the possibility that
monitoring or other elements of the intervention may have contributed
cannot be ruled out. The potential for symptomatic reactivity has been
raised as a potential outcome of EMA monitoring (Kimhy et al., 2012;
Shiffman et al., 2008), albeit empirical research has failed to find such a
phenomenon (Johnson et al., 2009). Taken together, the observed
clinical changes suggest that this intervention may have clinician ben-
efits, particularly in reducing the negative impact of the voices on the
person and increasing coping, however clearly further investigation is
required.

Clearly, the current findings require investigation in a larger
sample. In particular, it is important to recognise that the participant in
this study was relatively high functioning, interested in digital tech-
nology, demonstrated above average intelligence, and had a good ex-
isting understanding of his own voice hearing experiences. Therefore,
this use of EMA/I may not be as readily acceptable amongst the wider
voice hearing population where these characteristics may not be as
common (de Leede-Smith and Barkus, 2013).

In conclusion, the current case illustration demonstrated support for
the clinical utility of the integration of smartphone EMA/I with tradi-
tional face-to-face therapy for improving coping with distressing voices.
To more precisely evaluate the feasibility, acceptability and preliminary
clinical effects of this approach, a pilot randomised controlled trial is
currently being conducted (Bell et al., 2018).

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.invent.2018.11.001.
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