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Abstract 

Voice hearing experiences, otherwise known as auditory verbal hallucinations, 

involve the perception of sounds or voices in the absence of external stimuli. These 

experiences are a common occurrence across many mental health conditions and can be 

distressing, impairing, and are associated with poor quality of life. Whilst some people can 

effectively manage their voices independently, or even experience them positively, many 

seek help from mental health services. For these individuals, evidence-based treatment 

approaches typically include a combination of medication and psychological therapy. 

Psychological therapy can help people to gain a greater understanding of these experiences, 

improve self-management, and minimise their impact on daily living. However, existing 

psychological therapies show only moderate effectiveness, and can be difficult to access, 

with long wait times, geographical barriers, and prohibitive costs. Many individuals with 

persisting mental health problems face these difficulties, highlighting a need for novel and 

innovative interventions that are more effective and accessible for those who need them.  

When used in conjunction with standard therapies, otherwise known as blended 

therapy, digital technologies have potential to support delivery and improve the efficacy of 

therapeutic components. Smartphones are particularly promising given ownership is 

becoming ubiquitous and they tend to be carried on the person; offering an opportunity to 

extend the therapeutic domain to everyday life. Ecological momentary intervention (EMI) is 

one application of this, involving the use of mobile devices to deliver interventions at 

specified moments in daily life. A related approach called ecological momentary assessment 

(EMA) uses mobile devices to assess clinically-relevant phenomenon as it arises in natural 

environments. When blended with standard face-to-face therapies, EMI and EMI (EMA/I) 

might enhance assessment and promote the implementation of intervention strategies beyond 

the therapeutic context. This might lead to more potent interventions that help support people 

to self-manage distressing experiences, such as hearing voices. As such, the focus of this 

thesis was to examine the potential to harness these technologies as tools within a blended 

therapy for hearing voices. Specifically, an intervention was developed that used EMA to 

assess predictors of fluctuations in the intensity of voices in their natural environment. EMA-

derived feedback was discussed during face-to-face therapy sessions to inform clinical 

formulation. Based on this formulation, tailored, individualised coping strategies were 

selected, with personalised EMI prompts then sent to individuals in their daily life. The aim 
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of this research was to examine the feasibility, acceptability, and preliminary clinical 

efficacy of this approach.  

To establish the evidence-base and inform the development of the intervention, the 

first thesis paper involved a systematic review of existing literature on the clinical 

application of EMA/I in the treatment of psychotic disorders. Findings demonstrated the 

early stage of this research, with a small number of studies supporting the feasibility and 

acceptability of these approaches for a variety of purposes, and promise for improving 

outcomes. Following the systematic review, which provided a rationale for the current 

research and details on the typical design of EMA/I studies, an initial prototype of the 

intervention was developed, which was also informed by consultation with lived experience 

consultants and experts in the field. An initial pilot study with a small number of participants 

was conducted to test procedures. Key findings led to refinement of the intervention and trial 

protocol, including technical issues that were solved in the next stage of the research. As an 

outcome of this piloting, a single case study was published to illustrate the approach and 

describe the development. Following this, a trial protocol was published, outlining the 

background and details of the methodology used in the main study conducted as part of this 

research, namely a pilot randomised controlled trial (RCT). In line with the overall aim of 

this thesis, findings from the pilot RCT supported the feasibility and acceptability of the 

intervention, with good engagement and satisfaction rates. Clinical outcomes were 

promising, showing the intervention has potential to improve outcomes related to voices, 

coping, and awareness, however potentially not overall emotional distress.  

This research is the first to examine the use of EMA and EMI within a blended 

therapy for psychotic experiences. These technologies were successfully used to support 

therapeutic components and ultimately assisted people to more effective self-manage 

distressing voice hearing experiences in their daily life. Beyond the potential to enhance 

psychological treatments for voices specifically, the model of blending EMA/I with standard 

therapies has broader clinical potential beyond psychosis, justifying further research and 

development 
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Chapter One: Introduction and Thesis Overview 

1.1. Introduction  

Hearing voices, or auditory verbal hallucinations, is a phenomenon estimated to 

occur at some point during the lifespan of roughly 5-15% of adults within the general 

population (Beavan, Read, & Cartwright, 2011; Maijer, Begemann, Palmen, Leucht, & 

Sommer, 2018). Characteristically, the experience involves the perception or sense of a voice 

within or outside of one’s own head in the absence of any external stimuli (Slade & Bentall, 

1988). Most commonly observed in psychiatric conditions such as schizophrenia, voice 

hearing is often associated with significant distress and interference with functioning, 

although this varies between individuals (Johns et al., 2014; Larøi et al., 2012). For those 

experiencing the negative impacts of voices, psychological treatments are recommended 

(Galletly et al., 2016; NICE, 2010). However, despite over half a century of research, there is 

yet to be a psychological treatment developed which consistently shows greater than modest 

benefits (Bighelli et al., 2018; Turner, van der Gaag, Karyotaki, & Cuijpers, 2014), and 

access to these are generally limited (Schizophrenia Commission, 2012; Kohn, Saxena, 

Levav, & Saraceno, 2004; Kreyenbuhl, Nossel, & Dixon, 2009). As such, it is pertinent that 

more effective and accessible treatments be developed that are driven by innovative ideas and 

novel solutions.  

1.2. Background and rationale 

A number of psychological treatments for hearing voices have been developed, the 

most common of which is cognitive behavioural therapy for psychosis (CBTp; Fowler, 

Garety, & Kuipers, 1995; Turkington, Kingdon, & Weiden, 2006). CBTp is a broad 

therapeutic paradigm focusing on helping the person develop more adaptive ways of 

understanding, managing, and responding to psychotic experiences such as voices, and 

improving daily functioning (Thomas et al., 2014). CBTp has been investigated in over 50 

trials, with meta-analyses indicating small to medium effect sizes on symptom severity 

outcomes (Jauhar et al., 2014; Wykes, Steel, Everitt, & Tarrier, 2008; Bighelli et al., 2018; 

Lincoln & Peters, 2018).  

Fundamentally, best-practice psychological treatments for psychosis are lengthy and 

costly to deliver, require significant clinician expertise, and are unclear as to what 

mechanisms result in therapeutic change (Jauhar et al., 2014; Kohn et al., 2004; Kreyenbuhl 

et al., 2009; Tarrier & Wykes, 2004; Thomas, 2015; Turner et al., 2014; Wykes et al., 2008). 

In addition, research has highlighted the concerning fact that very few people have access to 
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these treatments (Schizophrenia Commission, 2012; Kohn et al., 2004; Kreyenbuhl et al., 

2009), largely due to geographical isolation, prohibitive cost, and limited resources including 

a lack of sufficiently trained clinicians (Berry & Haddock, 2008; Ince, Haddock, & Tai, 

2016). Taken together, these limitations have led many to call for new interventions which 

are more simple and targeted, and can empower people to self-manage their own experiences 

(Thomas, 2015; Thomas et al., 2014). In considering ways to improve these interventions 

further, there may be benefit in utilising innovative developments in the emerging field of 

digital mental health, particularly through the use of mobile assessment and intervention 

(Ben-Zeev, 2012; Lal & Adair, 2014; Luxton, McCann, Bush, Mishkind, & Reger, 2011; 

O’Hanlon et al., 2016). 

Digital technology has been heralded as a potential avenue for overcoming barriers in 

providing more effective and accessible psychological treatments for those with serious 

mental health problems (Lal & Adair, 2014; O’Hanlon et al., 2016; Price et al., 2014). 

Despite the abundance of available technologies and wide-spread popularity of digital mental 

health (Naslund, Marsch, McHugo, & Bartels, 2015; O’Hanlon et al., 2016), there are 

strikingly few empirical investigations into how these technologies can be utilised effectively 

to improve mental health outcomes, particularly those experiencing persisting and recurrent 

mental illness (Anthes, 2016; Donker et al., 2013). At this stage, it is critical that research 

undertake targeted evaluations of novel technologies in specific populations in order to 

establish a strong evidence base for their safe and effective use.  

Mobile technologies such as smartphones have unique capabilities to enhance 

standard interventions through connecting in-session therapeutic material to the domain of 

daily life (Ben-Zeev, Davis, Kaiser, Krzsos, & Drake, 2013; Ebert et al., 2018; Proudfoot, 

2013). Two promising technologies which make use of smartphones include ecological 

momentary assessment (EMA) and ecological momentary intervention (EMI). EMA involves 

the delivery of repeated questionnaires at specified moments in the context of daily life 

(Shiffman, Stone, & Hufford, 2008). For this reason, it is highly suited to the study of how 

environmental and psychological factors naturally interact with symptoms in the moment, 

and how this interplay may change over time. Therapeutically, this has particular application 

for idiographic approaches to mental health, which focus on individual differences in 

dynamic, person-specific variables to inform individually tailored interventions (van Os et al., 

2017; Fisher, 2015; Haynes, Mumma, & Pinson, 2009). EMI can provide support in daily life 

through the delivery of therapeutic reminders and prompts to the person via mobile devices 

(Heron & Smyth, 2010). Capitalising on the capabilities of these tools by using them in 
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conjunction with psychological treatments could be a promising means of supporting and 

enhancing therapeutic components.  

For people with distressing voice hearing experiences, one promising use of EMA/I 

could be as an integrated tool within standard CBTp-based therapy (Bakker, Kazantzis, 

Rickwood, & Rickard, 2016; Boschen & Casey, 2008). It may be possible to adapt individual 

components of CBTp to incorporate technologies such as EMA/I to support delivery and 

enhance effects. Simpler, more targeted interventions that are supported by these 

technologies may be more effective, easily disseminatable, and empowering by promoting 

self-management of mental health. Further, examining the capabilities of these technologies 

in the context of simpler interventions may provide a more nuanced examination of their 

clinical utility. Improving coping with hearing voices is one such therapeutic target, 

exemplified by a stand alone treatment called coping strategy enhancement (Tarrier, 1992; 

Tarrier, Harwood, Yusopoff, Beckett, & Baker, 1990). This, and other coping approaches to 

hearing voices, typically rely on idiographic methods of assessment in order to tailor self-

management strategies to the person. Technology such as EMA may enhance early phases of 

assessment involving the identification of triggers and responses to voice hearing 

experiences, which is used as a basis for selecting individualised self-management strategies 

(Trull & Ebner-Priemer, 2009; van Os et al., 2017). To promote the transference of 

therapeutic skill outside of the therapy room, EMI could be used to prompt the use of these 

self-management skills in daily life. Such momentary support independent from the therapist 

might facilitate better self-management of distressing psychotic experiences, offering people 

the driver’s seat in their own recovery; a process through which empowerment may occur 

(Drake & Whitley, 2014; Frese, Knight, & Saks, 2009). Further, an examination of this 

application of EMA/I will contribute to a growing evidence base of the potential use of these 

technologies for the clinical treatment of severe mental health experiences.  

1.3. Overall aims  

The overarching aim of the current thesis is to examine the potential application of 

EMA/I technologies in the psychological treatment of distressing voice hearing experiences. 

In order to examine this, an intervention was developed based on an existing therapeutic 

approach which was both brief and targeted, the components of which were well matched 

with the capabilities of the technologies under investigation. This offered a means of 

examining whether different uses of EMA/I could be feasibly and acceptably integrated with 

an existing face-to-face therapy. The use of EMA/I for clinical assessment and treatment in 

mental health has been of considerable interest (Ben-Zeev et al., 2012; Myin-Germeys, 
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Klippel, Steinhart, & Reininghaus, 2016; Palmier-Claus et al., 2013; Proudfoot, 2013; Trull 

& Ebner-Priemer, 2009). Despite this, very few empirical investigations have examined these 

capabilities, and never in the context of hearing voices specifically. It is hoped that the 

current research will further understanding of how these technologies might be harnessed for 

clinical purposes.  

1.4. Overview of thesis structure  

This thesis is divided into two parts. Part One comprises chapters two through five, 

which provide background on the scientific literature related to the topic of this thesis. The 

second chapter provides a narrative review of research concerning the phenomenon of voice 

hearing. Chapter three provides a narrative review of evidence-based treatments for hearing 

voices, focused largely on CBTp and some of the issues related to its empirical research and 

implementation. These issues highlight the need to develop more targeted interventions to 

advance understanding of treatments for hearing voices and psychosis more broadly, and 

consider ways to overcome their limited access. Coping approaches to the treatment of 

hearing voices are discussed as one potential avenue of further enquiry, which have an 

existing evidence base and could be advanced further. This chapter also highlights the need to 

develop more context-sensitive, personalised interventions that build from the discussion in 

chapter two regarding the relationship between hearing voices and the variables with which 

they interact in daily life. Chapter four provides a review of the literature on digital 

technologies for mental health, with a focus on addressing current limitations in the access 

and efficacy of existing interventions. An argument for future research into the specific 

capabilities of these technologies is provided, leading to EMA/I as the focus of the current 

thesis. In order to establish the existing evidence base of EMA/I in the treatment of psychotic 

disorders, a systematic review was conducted and presented in chapter five. The findings of 

this systematic review provide a justification and rationale for further investigation into these 

technologies and a basis for the development of the intervention examined in this research.  

Part Two of the thesis focuses on the empirical studies, beginning with a rationale for 

the approach and methods employed. As this is the first such study to examine this approach, 

the primary methodology involved initial stages of development and evaluation, largely 

focusing on feasibility and acceptability using a pilot randomised controlled trial (RCT) 

design. Chapter six provides an overview of these methods, particularly focusing on key 

decisions and justifications based on existing literature on EMA and EMI in the context of 

mental health research, and trial designs. As a first stage of the intervention evaluation, a 

small pilot study was conducted, the methods and findings of which are the focus of chapter 
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seven. The second empirical publication accompanies this chapter, which detailed description 

of the intervention and an illustration of its delivery using a single case study. Based on this 

initial piloting, the intervention protocol was refined, and a full protocol of the intervention 

and trial methodology was then published prior to completion of recruitment. This protocol is 

presented in chapter eight. The findings of the pilot RCT, which is currently under review for 

publication, are presented in chapter nine. Chapter ten is the final chapter of this thesis and 

involves a general discussion which summarises and synthesises the primary research 

findings, as well as methodological considerations, implications, and directions for future 

research. Accompanying publications which are relevant but did not form the core chapters of 

this thesis are provided as appendices and are referred to throughout the relevant chapters.  

1.5. Thesis in context  

This dissertation is presented as a sequence of interrelated empirical studies, which 

together are designed to specifically address the overall thesis goal. The structure of this 

dissertation is thesis by publication, which includes three accepted papers and one which is 

currently under review. As a result of this, there is some unavoidable repetition across 

different chapters, particularly in the introduction sections of the papers. Further, due to the 

publication of a trial protocol, chapter six provides supplementary, rather than exhaustive, 

detail on the methods employed. Of note, UK English spelling is employed throughout this 

dissertation, in accordance with university requirements. All of the research has been 

conducted and this thesis written within the period of candidature and in accordance with 

ethical requirements. Ethics approval certificates are presented in the thesis appendices (see 

Appendix I). Note that the program of study, namely the Doctor of Philosophy (Clinical 

Psychology), has involved the completion of a significant research project alongside Masters 

clinical training involving eight core units of study and four practical placements totalling 

1005 hours. In addition to this, the candidate has engaged in a number of extracurricular 

activities throughout the candidature period. This includes: teaching activities of 

undergraduate and honours units in psychology; guest lecturing; leading the development and 

delivery of a workshop to assist undergraduate students to develop scientific writing skills; 

supervision and mentoring of Honours and Masters students; lab manager of the Psychosis 

Experience, Recovery and Intervention (PERISCOPE) lab group; official roles on university 

and professional committees, including president of the Swinburne University Psychology 

Association in 2015, event coordinator of the Students of Brain Research in 2015, higher 

degree research student representative on the Centre for Mental Health executive committee 

in 2018, and student representative of the Australian Psychological Society College of 
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Clinical Psychologists in 2018; member and contributor to conference organisation of the 

International Consortium on Hallucination Research (ICHR) in 2015; invited speaker for the 

Early Career Hallucinations Research group (ECHR) in 2018; six oral presentations and two 

poster presentations at five different international conferences; and additional research 

contribution, including international research collaborations and the publication of several 

other peer-reviewed publications separate to this research. These efforts were driven by a 

dedication to advancing mental health research and the profession of clinical psychology, and 

in pursuit of progressing the candidate’s research experience and expertise.  
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2. Chapter Two: Nature, Experience, and Models of Hearing Voices 

2.1.  A brief history of hearing voices  

Throughout history, there have been varying accounts of people hearing things that 

others cannot hear (McCarthy-Jones, 2012a). Well known examples include the philosopher 

Socrates, and the medieval saint and military leader, Joan of Arc, who claimed religious 

voices commanded her to lead the French army to victory over the English during the 

Hundred Years' War (d’Orsi & Tinuper, 2006). The first documentation of these experiences 

occurred as early as 5000 BC and are commonly referred to in biblical texts written in the 

early centuries, AC (McCarthy-Jones, 2012a). These were predominantly loose accounts of 

spiritual experiences (ranging from divine communication through to that of possession and 

witchcraft), which share many similarities to common descriptions of hearing voices recorded 

in the current day, such as hearing audible commands or instructions from god-like beings 

(Nayani & David, 1996).  

It was around the time of fourth century philosopher Hippocrates that voice 

experiences were more explicitly linked to medical illness. Over the following centuries, 

advances in medical research methods led to a greater understanding of the mind and body, 

resulting in early developments in the fields of what are now known as psychiatry and 

psychology. The mid-1800s saw the defining of the term hallucination by French physician 

Esquirol (1845, as cite in Huertas, 2008), referring collectively to sensory experiences of 

multiple modalities, including hearing voices and seeing visions. Although there were some 

references to hallucinations occurring outside of the context of “insanity” throughout this 

period (e.g., Brierre de Boismont, 1853), by the late 1800s and early 1900s, these experiences 

were very much established within a medical model of mental illness.  

The medical model, which has resulted in both significant advancements and 

controversy, defines mental illnesses as brain diseases with an organic cause (Klerman, 

1977). Due to its emphasis on biological causes, the term biomedical model is often used 

(Deacon, 2013). Up until the 1950s, the predominant approach to treatment of people with 

mental illness involved confinement within insane asylums, which were paternalistic in 

nature and largely ineffective (Borthwick, 2001). This era of mental health treatment was 

littered with cases of human rights abuses and represented significant disempowerment and 

oppression of the mentally ill (Bynum, Porter, & Shepherd, 2004; Klerman, 1977).  

Scientific advancements in neurobiology during the early- to mid-20th century lead to 

the development of psychoactive medication targeting neurotransmitters and their functions 
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(Ban, 2006). Seminal in this era was the development of the antipsychotic drug 

chlorpromazine, which was used to treat psychotic symptoms. Knowledge gained from the 

observed effectiveness of this drug was informative in the advancement of neurobiological 

theories of schizophrenia, particularly the dopamine hypothesis, which suggests disruptions to 

the dopaminergic system underlies psychotic symptoms (Howes & Kapur, 2009). Later 

generations of antipsychotic medication included the drug clozapine, which remains one of 

the most effective pharmacological treatments of persisting psychotic conditions (Leucht et 

al., 2013). The development of effective pharmacological treatments for reducing psychotic 

symptoms meant that many patients could be effectively managed in the community. 

Alongside social changes arising around the middle of the 20th century, this contributed to the 

deinstitutionalisation movement, which attempted to integrate clinical services and people 

with mental illness within the community (Borthwick, 2001).  

Despite the recognisable advancements in community treatment afforded by the 

development of psychiatric medication, the historical shift towards wide spread acceptance of 

biomedical theories meant that much of the cultural and spiritual significance of hearing 

voices was replaced by that of pathology or defect (Bynum et al., 2004). Research efforts 

concentrated on defining and categorising psychotic symptoms within syndromes 

underpinned by proposed disease entities. At the dawn of the 20th century, influential 

psychiatrist Emile Kraeplin was the first to categorise hearing voices within one of the three 

forms of psychosis, which he termed dementia praecox (Decker, 2007). Kraeplin’s theories 

of the causes of voice hearing and other psychotic phenomenon were largely organic, 

particularly implicating biological disturbances to the temporal lobe (McCarthy-Jones, 

2012a). In 1911, another influential physician named Eugene Bleuler redefined this condition 

and assigned the label schizophrenia, which is still used today. Bleuler, who was heavily 

influenced by the psychodynamic theories of Freud, took a more psychological viewpoint 

with respect to hearing voices, proposing that voices were driven by “wishes, fears, drives 

and their obstacles” (pp. 392) and “in part (possibly entirely) the overt symptomatology 

certainly represents the expression of a more or less unsuccessful attempt to find a way out of 

an intolerable situation” (pp. 460, as cited in McCarthy-Jones, 2012a).  

Kurt Schneider was a historically influential researcher in the development of 

diagnostic criteria for psychotic conditions and associated symptoms. Schneider (1959) 

defined the term first rank symptoms, referring to symptoms highly characteristic of 

schizophrenia that were used to differentiate forms of psychosis. Schneiderian first rank 

symptoms include auditory hallucinations; thought withdrawal, insertion and interruption; 
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thought broadcasting; somatic hallucinations; delusional perception, and; feelings or actions 

influenced by an external agent. Auditory hallucinations were operationalised by Schneider to 

include hearing one’s own thoughts, third person voices talking or arguing with one another 

about the person, or voices commenting on one’s own actions. Emphasis was placed on the 

“bizarreness” of the delusion in terms of its plausibility, as well as how tenaciously the belief 

is held. Broadly, these symptoms reflect the distorted thought and perception that were 

considered highly indicative of schizophrenia, though their diagnostic specificity has been 

disputed (Nordgaard, Arnfred, Handest, & Parnas, 2007). Studies that support the notion of 

Schneiderian first rank symptoms highlight the high prevalence at which these symptoms co-

occur, suggesting a shared underlying pathology. However, further research over the past 

several decades has questioned this conclusion by demonstrating that they are also observed 

within other psychiatric conditions (Larøi et al., 2012; Sommer, Koops, & Blom, 2012; Toh, 

Castle, & Rossell, 2016). 

Seminal developments in the classification of mental disorders gave rise to the 

Diagnostic and Statistical Manual of Mental Disorders (DSM; American Psychiatric 

Association [APA], 1952), containing the full criteria by which mental disorders are 

diagnosed. The historically significant publication of the DSM-III (APA, 1980) saw hearing 

voices listed as a core feature of psychotic disorders on the basis of Schneider’s work. Within 

the DSM-III-TR (APA, 1987) and DSM-IV (APA, 1994) at least one Schneiderian first rank 

symptom was required to meet criteria for schizophrenia. However, due to poor diagnostic 

specificity and questionable validity (Nordgaard et al., 2007), this criteria was later removed 

from the current DSM-V (APA, 2013). Currently, the core diagnostic criteria for 

schizophrenia includes the acute presence of at least two or more psychotic symptoms, which 

are more broadly defined by positive symptoms of hallucinations, delusions, disorganised 

speech, disorganised or catatonic behaviour, and negative symptoms such as blunted affect, 

apathy, and poverty of speech or thought. At least one of the first three of these symptoms 

must be present, and the total duration must exceed one month.  

The notion of mental disorders as distinct categories underpinned by identifiable 

disease profiles has been hotly debated within various scientific circles (Deacon, 2013; Insel, 

2010; Read, Haslam, Sayce, & Davies, 2006). This debate reflects the very tension that has 

existed for centuries regarding the origins of mental illness, being driven by either biological 

or psychological mechanisms. On one side of the argument, biomedical explanations have 

given rise to considerable advancements in understanding the neural underpinning of mental 

illness and out of this, new and effective treatments have been developed (e.g., Howes & 
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Kapur, 2009). For individuals diagnosed with a psychotic condition, medical approaches 

including antipsychotic medication remain amongst the best available evidence-based 

treatments and are largely effective, though side effects are common (Owens, 2014) 

However, those of the psychosocial perspective have argued that biomedical explanations 

have overshadowed recognition of how environmental and social factors can give rise to 

mental illness, particularly trauma and adversity (Read et al., 2006). In addition, it has been 

argued that biomedical explanations and diagnostic labelling have contributed to mental 

health stigma and the pathologizing of normal human experience (Angermeyer & 

Matschinger, 2005).  

In reality, it is unlikely that a single theory will fully account for complex mental 

phenomenon such as hearing voices, and recognition of the role of biological, social, and 

psychological factors has become accepted as the mainstream model (although not without 

critique; Benning, 2015)). A relatively recent shift has emerged, which highlights the 

importance of promoting empowerment, normalisation, acceptance, and hope for individuals 

who hear voices. The Hearing Voices Movement (Corstens, Longden, McCarthy-Jones, 

Waddingham, & Thomas, 2014; Escher & Romme, 2012) has emerged from this notion and 

calls for the positioning of those who hear voices and have other unusual experiences at the 

forefront of empirical and medical discussions.  

2.2. The Hearing Voices Movement  

The epidemiological study of hearing voices has revealed that these experiences are 

prevalent amongst those without a psychiatric diagnosis (Beavan et al., 2011; Maijer et al., 

2018; van Os, Linscott, Myin-Germeys, Delespaul, & Krabbendam, 2009). This has 

challenged the conventional acceptance of voice hearing as a cardinal symptom of psychotic 

illness and the necessity of medical intervention. Instead, this finding conveys that voice 

hearing is not necessarily a sign of psychopathology and may instead lie on a continuum with 

normal experience. Hence, the term hearing voices has been advocated by consumer groups 

as a preferred term over the more medicalised term auditory verbal hallucination, and has 

been largely adopted within the scientific literature (Corstens et al., 2014; Thomas et al., 

2014).  

The Hearing Voices Movement (HVM) was born out of the rejection of hearing 

voices as solely a sign of mental illness and was inspired by research conducted by Marius 

Romme and Sandra Escher in the late 1980s (Escher & Romme, 2012; Romme & Escher, 

1989). This followed a time of considerable social activation for those with mental illness, 

which had contributed to some improvements in treatment practices through de-
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institutionalisation reforms. Through a Dutch TV program, Romme and Escher (1989) 

reached out to identify people in the general population who heard voices. From the hundreds 

who responded to the questionnaire and smaller number who were subsequently interviewed, 

the authors identified various phases in which people came to understand, accept, and cope 

with their voices. As a consequence of this work, Romme and others advocated strongly for 

the hearing voices approach, which assists people who hear voices to make sense of, and 

accept, their experiences within their own interpersonal narrative (Escher & Romme, 2012). 

The HVM arose from this early work and is now an international, consumer-led body that 

advocates for the human rights of those who hear voices and have other unusual experiences 

(Corstens et al., 2014; Escher & Romme, 2012).  

Due largely to the efforts of consumer-led movements such as the HVM, there is 

growing emphasis on the importance of collaborative research that involves people with lived 

experience of mental illness as active participants at all stages of the research cycle (Brett et 

al., 2014). This is important not only to address the inequalities and historical marginalisation 

of people with mental illness, but also to enrich research with unique perspectives that can 

only be provided by those with direct lived experience. Research has shown that although 

there are practical challenges in implementing this, the benefits are great (Brett et al., 2014).  

In recognising the historical movement towards the recognition and empowerment of 

those who hear voices, as well as the value of involving individuals with lived experience 

within research, this thesis was conducted in alliance with the values of the HVM where 

possible. The term hearing voices is used in favour of the medical and scientific term 

auditory verbal hallucination (Corstens et al., 2014). Individuals with lived experience of 

hearing voices were involved at all stages of the research, from initial development of the 

intervention through to the consultation on the interpretation of results. Finally, the principle 

aims of this research are in line with approaches to promote and empower individuals to 

make sense of their personal experiences and lead an active role in the self-management, 

rather than elimination, of their voices.  

2.3. Transdiagnostic approach to hearing voices  

 There is currently heated debate regarding the validity and utility of mental disorder 

diagnoses, with notable implications for hearing voices research (Bentall, Jackson, & Pilgrim, 

1988; Insel et al., 2010; Insel, 2010; Jablensky, 2016; Kendler & First, 2010; Maj, 2018; van 

Os et al., 1999). As discussed above, the approach to and understanding of hearing voices has 

observed historical shifts over time. This has largely been motivated by the debate regarding 
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whether these experiences should be seen solely as a cardinal symptom of mental illness, 

primarily schizophrenia-spectrum disorders.  

As will be described in the next section, although voice hearing is observed in high 

frequency amongst those with a psychotic disorder diagnosis, research has highlighted its 

occurrence in other psychiatric conditions and in the general population (Beavan et al., 2011; 

Maijer et al., 2018; van Os et al., 2009). This observation is not unique to hearing voices, 

with many mental disorders sharing considerable symptomatic overlap, and comorbidity is 

common (Faravelli, Castellini, Landi, & Brugnera, 2012; Galatzer-Levy & Bryant, 2013; 

Kessler, Chiu, Demler, & Walters, 2005; Wigman et al., 2015). This suggests against clear 

diagnostic boundaries and questions the reliability, validity and utility of the current 

classification of mental disorders. Furthermore, there is considerable heterogeneity between 

those with the same diagnosis of conditions such as schizophrenia, in terms of 

symptomatology, illness progression, prognosis, and effective treatment (van Os & Kapur, 

2009). Not surprisingly, considerable multidisciplinary efforts to identify the aetiological 

underpinnings of these conditions have been largely unsuccessful to date, and the utility of 

these categories for designing effective treatments has also been debated (Hyman, 2010; 

Jablensky, 2016; Kendler & First, 2010).  

Growing recognition for these issues has led many to question whether a new system 

should be adopted, with varying views and no true consensus yet reached. One option was 

presented by the National Institute of Mental Health (NIMH) Research Domain Criteria 

(RDoC) framework (Insel et al., 2010; Kozak & Cuthbert, 2016), which proposes that mental 

health conditions should be considered in terms of varying degrees of dysfunction in general 

psychological and biological systems. The RDoC framework aims to drive research into the 

shared mechanisms underlying mental illness, outside the currently nosology of distinct 

disorder categories. Debate regarding the framework has ensued, with some critiquing the 

biological emphasis and the methodological complexity of employing this approach within 

research (Lilienfeld, 2014; Paris & Kirmayer, 2016).  

Another, earlier perspective that has been very influential in psychology is that of 

transdiagnostic, symptom-focused approaches (Bentall et al., 1988; Costello, 1992; Persons, 

1986). A key proponent of this approach was Richard Bentall, who argued decades ago that 

research should abandon the limiting concept of schizophrenia and instead focus on 

symptom-specific research (Bentall et al., 1988). The rationale behind this argument is 

essentially that a focus on symptoms would offer greater sensitivity to identifying underlying 

psychopathological processes and therefore yield more targeted treatments with clearer 
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mechanisms. As a question of research methodology, this simply means defining groups on 

the basis of symptom-specific criteria, rather than disorder-specific domains, such as the 

presence or absence of hearing voices (or distress related to voices). Consistent with the 

RDoC framework of moving beyond heterogenous clusters of symptoms or syndromes, the 

symptom-focused approach may lead to better understanding of the underlying mechanisms 

of an individual symptom, the causal relationship between different symptoms and their 

correlates, and inform more targeted and effective treatments (Ford et al., 2014; Lilienfeld, 

2014; Persons, 1986; van Os et al., 1999).  

Over the past 30 years there has been a proliferation of symptom-focused research, 

particularly in the area of hallucinations (de Leede-Smith & Barkus, 2013; Mawson, Cohen, 

& Berry, 2010). This research has helped to identify potential mechanisms implicated in 

hearing voices and helped distinguish these from other similar experiences (e.g., Moritz & 

Larøi, 2008). There have also been efforts to develop symptom-focused interventions that 

better target these proposed mechanisms, with promising results (Lincoln & Peters, 2018; 

Thomas et al., 2014). Research outside of hearing voices has also been fruitful, with studies 

focusing specifically on symptoms such as delusions (Garety & Freeman, 1999), formal 

thought disorder (Sumner, Bell, & Rossell, 2017, 2018), and cognition (Elvevag & Goldberg, 

2000). However, this research has still been largely conducted within the context of specific 

psychiatric disorders, primarily in groups of people diagnosed with a psychotic condition. 

Recently, there has been growing emphasis on the need to approach this research from a 

transdiagnostic perspective, that is, to study the symptoms across different disorders 

(Baumeister, Sedgwick, Howes, & Peters, 2017; Ford et al., 2014; van Os & Reininghaus, 

2016). The issue of poor reliability and validity of these disorders is not effectively overcome 

if samples are restricted to those with a particular disorder. In line with these arguments, the 

current thesis looks beyond diagnostic categories and approaches the study of hearing voices 

from a transdiagnostic perspective, including those with varying diagnoses.  

2.4. Definition of hearing voices  

In the broadest sense, hearing voices is defined by the experience of hearing a sound 

or voice in the absence of external stimuli (Slade & Bentall, 1988). The DSM-5 (APA, 2013) 

includes hearing voices (in combination with other hallucinatory modalities), as a core 

symptom of psychotic disorders, along with delusions, disorganised speech, disorganised or 

catatonic behaviour, and negative symptoms. The definition provided by the DSM-5 states 

that “hallucinations are perception-like experiences that occur without an external stimulus. 

They are vivid and clear, with the full force and impact of normal perceptions, and not under 
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voluntary control” (pp. 87). The seminal and frequently cited work of Slade and Bentall 

(1988) defines hallucinations as “any percept-like experience that (a) occurs in the absence of 

an appropriate stimulus, (b) has the full force or impact of the corresponding actual (real) 

perception, and (c) is not amenable to direct and voluntary control by the experiencer." (pp. 

23).  

These definitions outline distinctive features of hearing voices, which attempt to 

separate them from similar mental experiences such as thoughts, intrusions, and inner speech. 

Although similarities have been noted and in reality these experiences are often difficult to 

distinguish, the primary differentiating features can be summarised by what has been referred 

to as “the four A’s” (Moritz & Larøi, 2008).  

a) Voices are acoustic in their sensory quality and experienced as real sounds,  

b) Voices have an autonomous identity, occurring of their own accord and typically 

beyond the person’s control, 

c) Voices are experienced as alien or separate from the self, and  

d) Voices are authentic external events, referring to the realness quality of the 

experience  

Whilst recognising there are differences in the way in which voices have been defined 

and difficulties in applying these consistently, the above definition of hearing voices will be 

adopted in this thesis. This is in line with the definition provided by Slade and Bentall (1988) 

and reflects the features and characteristics typically described by people who hear voices, an 

example of which is provided in Box 2.1. 

 

 

 

 

Box 2.1. A first person account of hearing voices (pp. 105, Scholtus & Blanke, 2012) 

“When I hear voices inside my head, it is as if someone is talking to me. There are 

male and female voices, loud and clear, easily distinguishable from my own thoughts, and 

sounding very realistic. That is why it is so easy to believe in telepathy. I can 

communicate with these voices, and they react to my thoughts. It is difficult to ignore 

them” 
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2.5. Prevalence of hearing voices   

Although hearing voices is commonly viewed as a sign of psychopathology, research 

has highlighted that they occur in the general population, along with other psychotic 

experiences. A meta-analysis by Linscott and van Os (2013), building on a prior review by 

van Os et al. (2009), utilised a conservative approach to estimate the prevalence of psychotic 

experiences in the general population. Within sixty-one cohorts, the median estimated 

prevalence rate for all psychotic experiences was 7.2% and the annual incidence rate was 

2.5%. Hearing voices specifically was estimated to occur in 6% of the general population, 

with an annual incidence of 1.2%. Notably, the authors highlight that only 7.4% of 

individuals reporting a baseline psychotic experience went on to receive a diagnosis of a 

psychotic condition, suggesting these experiences are most commonly transient, are not 

necessarily indicative of a mental disorder, and likely exist on a continuum with normal 

experience. Based on these findings, Linscott and van Os (2013) propose the continuum 

model of psychotic experiences, a depiction of which is shown in Figure 2.1.  

The most recent meta-analysis of the prevalence of hearing voices in the general 

population was conducted by Maijer et al. (2018). Across 25 studies including a total of 

84,711 participants, the mean lifetime prevalence of hearing voices was 9.6% (with a 95% 

confidence internal of 6.7 to 13.6%). It was found that younger people had a higher rate of 

hearing voices relative to adults and the elderly. This estimate is in line with prior reviews, 

however significant heterogeneity between included studies has been highlighted. For 

example, another systematic review conducted by Beavan et al. (2011) found estimates of 

prevalence rates in the general population varied drastically from 0.6% to 84%, with a 

median of 13.2%. Amongst studies using strict definitions, this estimate fell within the range 

of 2-4%.  
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Figure 2.1. A visual depiction of the continuum model of psychosis provided by van Os et al. 

(2009), showing the prevalence and distinction between psychotic experiences, symptoms 

and disorders, which co-occur within the general population 

 

Despite the need to recognise that hearing voices exists outside the context of mental 

illness, it is important to note that these experiences do have clinical significance due the 

frequency of their occurrence across a range of mental disorders and association with distress 

and poor functioning (de Leede-Smith & Barkus, 2013). The highest prevalence of hearing 

voices occurs within psychotic disorders (40-80%; McCarthy-Jones et al., 2017), however 

they are also common in bipolar disorder (11.3–62.8%; Toh, Thomas, & Rossell, 2015), 

posttraumatic stress disorder (50%; Anketell et al., 2010), borderline personality disorder (29-

50%; Kingdon et al., 2010; Yee, Korner, McSwiggan, Meares, & Stevenson, 2005), and 

dissociative identity disorder (70-90%; Ross et al., 1990; Şar & Öztürk, 2008). They are also 

commonly observed in medical conditions such as Parkinson’s Disease (20%) and temporal 

lobe epilepsy (14%; Sommer et al., 2012).   

Inconsistencies in the estimated prevalence rates for hearing voices are clearly evident 

within the literature. Reasons for this variation are largely methodological, resulting from the 

way in which hearing voices has been defined and measured. Both Linscott and van Os 

(2013) and Beavan et al. (2011) found that prevalence rates were higher amongst studies 

employing self-report measures relative to clinician-administered interviews. Beavan et al. 

argued that this is likely to reflect a lack of willingness to disclose these experiences to others 

due to the stigma associated with voice hearing. Other methodological issues include the 

time-period over which voices are assessed (e.g., within the last week, month or over a 

lifetime), the setting of the study (with Beavan et al. finding that people were less likely to 

disclose in hospital settings), and the screening questions used. The latter factor has been a 
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major point of discrepancy, with clear differences in the interpretation of items such as “Did 

you at any time hear voices saying quite a few words or sentences when there was no one 

around that might account for it?” (10-15%; Johns, Nazroo, Bebbington, & Kuipers, 2002) 

and “Have you ever heard any voices that other people said did not exist?” (5.2%; McGrath 

et al., 2015). Demographic factors are also found to influence hearing voices (Beavan et al., 

2011), with some studies potentially relying on biased samples not representative of the 

general population. Whilst further research is needed using standard instruments in 

representative populations, on the basis of comprehensive meta-analyses and systematic 

reviews, the general consensus has been to report the prevalence rate of between 5-15%, or 

about 1 in 10 people (Beavan et al., 2011; Maijer et al., 2018).   

2.6. Phenomenology of hearing voices   

The experience of voice hearing varies greatly between people, making it difficult to 

discern what constitutes a ‘typical’ experience (de Leede-Smith & Barkus, 2013). 

Nonetheless, identification of common characteristics amongst people who hear voices has 

been attempted through large, phenomenological studies.   

A seminal study by Nayani and David (1996) explored quantitative and qualitative 

phenomenological data from 100 people who heard voices. The characteristics identified 

were broad and included variability in locus (49% heard externally through ears, 38% 

internal, and 12% both), identity (most commonly of a middle-aged man familiar to the 

hearer), number of voices heard (66% heard more than one voice), and accent and volume 

(with 71% reporting an accent different from their own, at a regular volume). The content of 

the voices was most often negative in nature, and tended to be genderised, with women 

tending to receive insults about their looks or sexual promiscuity, and men often receiving 

insults about being homosexual. Commonly reported antecedents included a physiological 

sensation of butterflies in the stomach and negative emotions, particularly sadness (89% of 

depressed participants reported sadness as a precipitator to voices). People’s interpretation of 

the cause of their voices also varied, with 51% attributing them to a conflict between forces 

of Good and Evil, 16% referring to a conspiracy or plot (e.g., CIA bugging the house), and 

5% to ghosts, spirits or aliens. Greater distress was associated with acute illness and the 

voices being uncontrollable, frightening and uncommunicable, and addressing the person 

from an external source. Lower levels of distress were associated with having more coping 

strategies, irrespective of type. The authors also noted that voices tended to develop different 

characteristics over time, moving from externally located perceptions to internally located, 
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and increasing in complexity (greater number of voices, number of words spoken by the 

voice, and interaction between voice and hearer).  

2.6.1. Voice hearing in clinical populations  

The prevalence of voice hearing is highest within psychiatric conditions (McCarthy-

Jones, 2012a). Given the historical weight placed on hearing voices as a core feature of 

psychotic illness, recent research has attempted to examine features that might separate 

different diagnostic groups. A systematic review by Waters and Fernyhough (2016) 

compared the features of hearing voices across different diagnostic classes, including 

nonclinical groups, drug- and alcohol-related conditions, medical and neurological 

conditions, and psychiatric disorders. Findings showed that the only feature that consistently 

distinguished schizophrenia from other groups was an earlier age of onset, with psychiatric 

conditions sharing 95% of features with one another. These findings highlight that voice 

hearing shares far more similarities than differences across different diagnostic groups. This 

questions the diagnostic value of voice hearing, particularly for psychotic disorders, and 

instead suggests that they may be better characterised as a transdiagnostic phenomenon.  

A large-scale phenomenological study of voice hearing reported by McCarthy-Jones 

et al. (2014) in 199 participants predominantly diagnosed with a schizophrenia-spectrum 

disorder identified four separate subtypes of voice hearing using cluster analysis. These  

included: the ‘Constant Commanding and Commenting’ auditory verbal hallucinations 

(AVHs) cluster, characterised by continuous voices in first or third person, with 

repetitiveness, commands and running commentaries; the ‘Own Thought AVHs’ cluster, 

consisting of first-person voices that do not address the person, representing something 

similar to a memory and possibly attributed to one’s own thoughts; the ‘Nonverbal AHs’ 

cluster, characterised by non-verbal auditory hallucinations; and the ‘Replay AVHs’, in 

which the nature of the voice was is a replay of memories heard as first-person speech.  

McCarthy-Jones et al. argued that these subtypes may be underpinned by different 

neurological mechanisms, the models of which should be the subject of further research. 

However, the distinction between different subtypes was poor, as reflected by the co-

occurrence of multiple subtypes within participants.   

2.6.2. Voice hearing in non-clinical populations  

Further attempts to identify specific features of voice hearing between groups has 

occurred within research comparing clinical and non-clinical voice hearing populations. 

These two populations are typically referred to as those who have a need for care and those 

who do not. Indeed, for many individuals, voice hearing can occur without a requirement for 
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psychological intervention or support, and those that do require care can transition between 

states over their lifetime (Johns et al., 2014; Romme & Escher, 1989).  

A systematic review by de Leede-Smith and Barkus (2013) compiled findings from 

27 studies with phenomenological data comparing the nature of voice hearing across the 

spectrum of clinical to non-clinical. Some factors were similar between groups and therefore 

not distinguishable, namely the location and loudness of the voices, explanations of their 

origin, history of childhood trauma, or family history of psychiatric disorder. The main 

differences centred on the emotional valence of, and distress experienced due to, the voices, 

which was associated with a higher number, frequency and duration, and perceptions of being 

uncontrollable. Voices in the clinical group were also more likely to speak in third person, the 

content was more commanding and critical, and had an earlier age of onset relative to the 

non-clinical group. The authors argued that different mechanisms involved in emotional 

regulation, cognitive appraisal, coping and inhibition, may account for these differences and 

thus are avenues for future theoretical and clinical research.  

Another study examined the characteristics of voice hearing in a group of 103 

participants with non-clinical voices and a control group of 60 participants who had never 

heard voices before (Sommer et al., 2010). Comparisons between the groups identified 

similarities and differences. The voice hearing group were more likely to have other 

subthreshold schizotypal experiences, a history of childhood trauma, and a higher rate of 

psychosis and other psychiatric illness within the family. However, hearing voices in this 

group did not predict lower global functioning, suggesting that although hearing voices 

portrays a vulnerability to experiencing mental illness, these experiences in and of themselves 

are not necessarily a problem. Another systematic review by Baumeister et al. (2017) 

examined 36 studies focusing on non-clinical voice hearing. Both clinical and non-clinical 

voice hearing shared similarities, however differed in terms of their functional and emotional 

impact, beliefs associated with the voices, and some neurocognitive measures. The 

similarities between clinical and non-clinical voice hearing favour the continuum model of 

psychosis by Linscott and van Os (2013), suggesting these experiences are not categorical 

representations of a distinct disorder but rather exist on a continuum with normal experience. 

2.6.3. Phenomenology through lived experience accounts  

Another approach to phenomenology taken in the literature is the qualitative 

examination of first-person accounts, offing a richer and more contextualised understanding 

of the experience (Beavan, 2010; Beavan & Read, 2010; Corstens & Longden, 2013; 

McCarthy-Jones, 2012; Romme & Escher, 1989). Much of this literature has focused on how 
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people who hear voices have come to make sense of their experiences and the steps involved 

in recovery. The previously mentioned work of Romme and Escher (1989) was one of the 

first to conduct a phenomenological exploration of voice hearing, using qualitative interviews 

of 20 participants. Their findings identified three distinct and sequential phases associated 

with the experience of voice hearing over time: 1) the “startling phase”, typically associated 

with fear at the onset of voices; 2) the “organisation phase” where responses to voice become 

more selective and adaptive communication strategies are formed; and 3) the “stabilization 

phase” where the voices become accepted as part of the self and effective coping strategies 

are developed. Within each of these phases, the underlying meaning of the voice and 

interpretation of their purpose moved from initial stages of fear and rejection, towards 

acceptance and appreciation. This early work was seminal in depicting the unique experience 

of voice hearing beyond simple descriptions of the phenomenological features, and 

recognised the role of developing an understanding and positive relationship with the voice as 

key elements in recovery.   

A mixed methods study was conducted by Beavan and Read (2010), in which 154 

participants completed self-report measures and a subsample of 50 participants completed 

interviews, both examining different aspects of voice content. Findings indicated that the 

valence of the voice content was variable, with individuals commonly experiencing both 

positive and negative content at different times or with different voices. Similar to the 

findings of Romme and Escher (1989), thematic links were observed between the voice 

content and prior life experiences. Statistical analysis revealed that negative voice content 

was a strong predictor of negative emotional consequence and a need for treatment. The 

authors highlight that these findings emphasise the importance of enquiring about the nature 

of voice content within clinical treatment, rather than simply their presence as a symptom. 

2.7. Theoretical models of hearing voices   

As with many mental health conditions, there remains no clear consensus regarding 

the cause of voice hearing. Nonetheless, there has been considerable multidisciplinary 

research undertaken to explain the theoretical mechanisms that give rise to these experiences. 

The majority of these models have been derived from broader theories proposing a core 

deficit in the ability to discriminate whether an event has arisen from internal (i.e. self) or 

external (i.e. non-self) origins (Frith & Done, 1988). In the case of hearing voices, the theory 

proposes that various internal events, such as memory, thought, inner speech, or verbal 

imagery, are misattributed to external sources (Allen, Aleman, & Mcguire, 2007). Different 

theoretical models attempt to explain the process by which this misattribution occurs.  
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2.7.1. Misattribution of inner speech  

Inner speech is the natural internal, language-based dialogue experienced in the form 

of one’s own thoughts (Alderson-Day & Fernyhough, 2015). According to one theoretical 

model, hearing voices is thought to occur through a misattribution of inner speech to an 

external source (Frith & Done, 1988; McCarthy-Jones, 2012b). This has been supported by 

behavioural research showing that people who hear voices tend to make errors in attributing 

their own voice to external origins, though this also tends to be observed in individuals with 

schizophrenia who don’t hear voices (Johns & McGuire, 1999; Johns et al., 2001). Further 

evidence comes from the observation that engaging the vocalisation system, by reading 

aloud, in the head or listening to meaningful speech, tends to reduce voice hearing activity 

(Margo, Hemsley, & Slade, 1981). Research using neuroimaging methods has also provided 

evidence for inner speech models. These studies have found abnormalities in structure and 

activity in regions involved in the process of inner speech, namely regions surrounding the 

inferior frontal gyrus (e.g., Broca’s area) and the superior temporal gyrus (Allen et al., 2007; 

Zmigrod, Garrison, Carr, & Simons, 2016).   

2.7.2. Source monitoring deficits  

Another model has proposed that a deficit in source monitoring, a metacognitive skill 

involving the ability to remember the origin of information (Johnson, Hashtroudi, & Lindsay, 

1993), is responsible for the misattribution error involved in hearing voices (Brébion, 

Gorman, Amador, Malaspina, & Sharif, 2002). This model emphasises the role of ‘top-down’ 

cognitive processes that generate bias towards external, non-self, attributions of internal 

events. This theory is supported by findings showing the voice activity tends to increase 

under conditions of high arousal and perceptual uncertainty, which are known to cause errors 

in judgement (Bentall & Slade, 1985; Bentall, 1990; Margo et al., 1981). Bentall (1990) later 

integrated these findings with others to form a unified model of hallucinations, explaining 

how various factors known to influence voices (such as prior beliefs, culture, high arousal, 

and reinforcement) implicate a general external attribution bias. More recent support for the 

theory has been found in meta-analyses, with findings consistently demonstrating deficits in 

source monitoring for patients with a diagnosis of schizophrenia compared to healthy 

controls, which is more pronounced in people who hear voices versus those who do not 

(Brookwell, Bentall, & Varese, 2013; Waters, Woodward, Allen, Aleman, & Sommer, 2010). 

This finding has also been observed amongst non-clinical, hallucination-prone individuals, 

suggesting source monitoring deficits may represent a trait-like predisposition to 

hallucinations (Brunelin et al., 2007).  
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2.7.3. The role of dissociation in voice hearing  

The link between trauma and voice hearing is strong and consistent (Read, van Os, 

Morrison, & Ross, 2005), with evidence for a dose-response effect between history of trauma 

and likelihood of experiencing voices and other types of hallucinations (Shevlin, Dorahy, & 

Adamson, 2007). A common mechanism observed in those who have experienced trauma is 

dissociation; a multifaceted process described as the failure to integrate normal mental 

processes, such as memory, consciousness and perception, which is often experienced as a 

detachment from the self, environment or time (Atchison & McFarlane, 1994).  Research has 

examined the link between hearing voices and dissociation, with a recent meta-analysis 

finding strong evidence for specific relationship, irrespective of diagnoses (Pilton, Varese, 

Berry, & Bucci, 2015). Studies have found that dissociation mediates the relationship 

between trauma and hearing voices, implicating a role for dissociation in the mechanism by 

which trauma leads to voices hearing (e.g., Varese, Barkus, & Bentall, 2012). So strong is 

this link that some have questioned whether hearing voices are in fact better characterised as 

dissociative experiences rather than true psychotic symptoms (Moskowitz & Corstens, 2008). 

Whilst further research into this explanation is required, it has been proposed that dissociation 

may contributed to difficulties in reality discrimination, and possibly involved in the 

mechanism by which inner speech becomes ‘dissociated’ to form non-self perception of 

sounds (Alderson-Day et al., 2014;  McCarthy-Jones & Fernyhough, 2011).  

2.7.4. Voices as intrusions  

Another prominent theory of hearing voices proposes that these experiences are a 

form of intrusive thought, which are defined as unwanted, uncontrollable and frequently 

distressing thoughts that typically arise after one experiences an extremely stressful or 

traumatic event (Horowitz, 1975; Morrison, 2001; Morrison, Haddock, & Tarrier, 1995). 

Within a cognitive model, Morrison et al. (1995) propose that voices share similarities to 

intrusions that arise under conditions of cognitive dissonance. Cognitive dissonance occurs 

when thoughts contradict one another (‘schematic inconsistency’) along-side a perceived 

personal responsibility for their resolution (e.g., I am a good person and I am a bad person). 

By attributing unwanted or conflicting thoughts to external sources, the perceived responsibly 

to resolve the conflict is relieved. Further support for this theory comes from research by 

Morrison and Baker (2000), who found that individuals diagnosed with schizophrenia who 

also heard voices were more likely to experience intrusive thoughts than those without 

voices, and the intrusions were reported to be more distressing, uncontrollable, and 

unacceptable. A prominent theory by Waters, Badcock, Michie, and Maybery (2006) 
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proposes that voices arise through a failure to supress irrelevant memories and elicit the 

appropriate contextual information to correctly identify their origins. This is supported by 

findings showing people who hear voices tend to have poorer intentional inhibition on 

relevant cognitive tasks (Waters, Badcock, Maybery, & Michie, 2003) and difficulties 

combining contextual cues to generate an integrated memory for events (Waters, Maybery, 

Badcock, & Michie, 2004). Finally, the strong link between trauma and voices provides 

further support for this theory, given the role of intrusive thoughts in well researched 

mechanistic models of cognitive processes following traumatic experiences (Hardy, 2017).  

2.7.5. Cognitive and behavioural models  

Cognitive behavioural models of hearing voices emphasise the role of thoughts, 

beliefs, and responses associated with these experiences (Chadwick & Birchwood, 1994; 

Mawson et al., 2010; Morrison, 2001). These models have been fruitful for developing 

effective psychological interventions for voices; a weakness of many of the models discussed 

above. An early and influential cognitive model of voices was proposed by Chadwick and 

Birchwood (1994), who identified that people’s beliefs about their voices, such as perceived 

control, identity, power, and purpose, were critical to their emotional and behavioural 

response to them. This was built on prior ABC cognitive behavioural models developed by 

Ellis (1991), which highlighted the cyclical nature of these relationships, in that certain 

behavioural responses can strengthen or weaken cognitive appraisals of future events. For 

example, an appraisal that the voice is powerful and capable of foretelling the future is likely 

to result in compliance with commands by the voice, which will in turn reinforce the 

perception of its power and predictive capacity. A later adaptation of the model by 

Birchwood and colleagues added the role of interpersonal schema, which are cognitive 

constructs underlying beliefs that are influenced by early childhood experiences (Birchwood 

et al., 2004; Birchwood, Meaden, Trower, Gilbert, & Plaistow, 2000). A depiction of the 

cognitive model according to Chadwick and Birchwood (1994) is provided in Figure 2.2. 
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Figure 2.2. ABC model of hearing voices proposed by Chadwick and Birchwood (1994), 

reproduced from Strauss (2014) 

 

A theory summarised by Morrison (1998) also centres on the role of cognition and 

behaviour in maintaining voice hearing experiences. Specifically, perceptions that voices are 

threatening, uncontrollable, or a sign of madness, are directly linked to consequential distress 

and subsequently influence behaviour. Morrison considers this analogous to Clark (1986)’s 

model of panic disorder, whereby hypervigilance to internal arousal cues triggers catastrophic 

thoughts regarding their meaning, leading to safety seeking and avoidance behaviours. 

Morrison, Wells, and Nothard (2002) extend the cognitive behavioural model of Chadwick 

and Birchwood (1994) in developing an inventory of cognitions associated with positive and 

negative the impact of the voices on the self, rather than the perceived agency of the voice. 

Morrison et al. identified meta-physical beliefs about voices (e.g., they mean I am possessed), 

positive beliefs about voices (e.g., they mean I am special) and interpretations of loss of 

control (e.g., they mean I am crazy). In linking this back to the underlying role of schemas in 

the formation of these beliefs, Thomas, Farhall, and Shawyer (2013) found that after 

controlling for negative voice content, schemas about the self accounted for up to 35% of the 

variance in different beliefs about the voices, particularly negative self-schemas.  

Cognitive behavioural models of voice hearing have been particularly informative for 

developing psychological interventions that target the beliefs, schema and behaviours 

considered central to maintaining voices. For example, one treatment, which aimed to modify 
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beliefs associated with the voices (particularly those associated with perceived controllability, 

omnipotence, and malevolence) lead to a reduction in voice-related distress and compliance 

with commands (Trower et al., 2004). This research will be discussed further in the next 

chapter in the context of psychological treatments for hearing voices.    

2.7.6. Limitations in theoretical models of hearing voices  

There are a number of limitations in current models of hearing voices. A frequently 

mentioned limitation is the failure to account for the phenomenological diversity of voice 

hearing experience and difficulties in explaining how voices occur along-side the normal 

mental processes thought to underpin them. In regards to the latter, inner speech models are 

unable to explain the observation that people experience both their own self-attributed inner 

speech alongside voices. The complexity of voice hearing characteristics, such as two voices 

commenting or speaking in third person, is also not well explained by the various mechanistic 

accounts and are limited in their ability to explain hallucinations in other sensory modalities 

or non-voice sounds such as traffic noises. The literature is also limited by the methods used, 

which commonly utilise behavioural tasks likely to employ a number of simultaneous 

cognitive functions, limiting inferences regarding the involvement of isolated processes. It is 

also possible that the findings are accounted for by a general cognitive impairment, and the 

specificity of these deficits to voices are unclear given they also tend to occur alongside other 

psychotic experiences (Allen et al., 2007). A further methodological limitation is the 

tendency for studies to restrict samples to voice hearing within schizophrenia diagnoses, 

limiting understanding of other diagnostic groups and non-clinical voices. 

The individual models of voice hearing are also not well differentiated, and it is 

becoming increasingly recognised that a number of processes are likely to be involved in the 

onset and maintenance of these experiences (Waters et al., 2006). This awareness has led to 

research efforts by the International Consortium on Hallucination Research (ICHR; Thomas, 

Rossell, & Waters, 2015; Flavie Waters, 2012; F Waters, Woods, & Fernyhough, 2014) to 

conduct a large scale, multinational research study to investigate multiple models of voices in 

a single sample to develop a more unified model. Clearly further research such as this is 

needed to fully account for the complexities of hearing voices, which will hopefully lead to 

the development of more effective treatments.  

2.8. Examining voices in the moment  

The contemporary models of voices discussed above have largely employed lab-based 

experiments and cross-sectional designs. One major limitation of these methods is that they 

lack real-world applicability and are limited in their ability to explain the temporal relation 
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between variables that unfold in real-time and interact causally with their environment. Like 

other mental experiences, voice hearing is naturally embedded within the context in which 

they occur and is thus influenced by environmental factors that change from moment to 

moment (Delespaul, deVries, & van Os, 2002). There is also a large degree of within-person 

variability in voice hearing experiences that are not typically captured by retrospective self-

report using cross sectional measures. Research by McCarthy-Jones et al. (2014) found that 

59% of their sample reported within-person variability in voice duration, with other studies 

supporting variation in voice intensity, content, and distress throughout daily life, which 

appears related to personal events, thoughts or feelings (Nayani & David, 1996).  

It would be valuable for research to examine the variables that influence fluctuations 

in voice hearing experiences in real-time using methods that can capture individual within-

person variation. This may lead to the development of more dynamic models of hearing 

voices that not only offer insight into the mechanisms that underpin the phenomenon, but 

may also uncover targets for treatment (Fisher, 2015; van Os, Delespaul, Wigman, Myin-

Germeys, & Wichers, 2013). In pursuit of this, a body of literature has employed laboratory 

experiments and a unique method called ecological momentary assessment (EMA; Shiffman 

et al., 2008) to study predictors of fluctuations in voice hearing experiences. The variables 

identified in this literature are summarised in Table 2.1. and are described briefly below, 

following the next section, which briefly outlines EMA methodology and its use in psychosis 

populations. This literature has important implications for treatment approaches to hearing 

voices, which are discussed in the next chapter of this thesis.  

2.8.1. Ecological momentary assessment  

EMA involves the delivery of repeated questionnaires at specified moments in the 

context of daily life (Shiffman et al., 2008). Also known by the related terms experience 

sampling methodology and ambulatory assessment, EMA methods involve a range of 

techniques and approaches, which have utility for both research and clinical treatment 

(Ebner-Priemer & Trull, 2009; Piasecki, Hufford, Solhan, & Trull, 2007; Trull & Ebner-

Priemer, 2009). Contemporary uses of EMA typically involve the delivery of electronic alerts 

to participants by way of a smartphone or mobile device, requesting completion of a short 

questionnaire asking about current or very recent experiences. These alerts typically occur 

randomly within specific intervals, multiple times a day over several days, with questionnaire 

responses uploaded to a secure online database for researchers to access on demand. In their 

seminal review, Shiffman et al. (2008) defined the following features as core to EMA 

methods:  
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• EMA is ecologically valid in that it collects data in real-world environments.  

• EMA assesses current states in the moment in which they occur and thus 

overcomes common biases in recall.  

• EMA designs involve the selection of specified ‘moments’ of interest, either 

through sampling at specified time points or when specific events occur.  

• EMA has a repeated design, allowing the capture of how elements interact and 

vary over time and in different environments.  

The above features highlight the main strengths of EMA methods being the ability to 

more accurately capture momentary phenomenon as they arise in natural environments and 

examine how these interact and evolve in the moment and over time. The study of 

momentary processes is best suited to the ‘micro-longitudinal’ nature of EMA, which can 

capture the temporal sequence of events over seconds, minutes, or hours, depending on when 

the questionnaires occur. The increased reliability of EMA is afforded by overcoming recall 

bias inherent in measures using retrospective self-report (Bradburn, Rips, & Shevell, 1987). 

In a study by Ben-Zeev, McHugo, Xie, Dobbins, and Young (2012), it was shown that both 

individuals with schizophrenia and controls tended to overestimate the average level of 

positive and negative affect experienced over the prior week, relative to multiple daily EMA 

questionnaires. Another study by Brenner and Ben-Zeev (2014) found that participants with 

schizophrenia also tended to overestimate the future intensity of positive and negative affect 

expected in the following week, relative to EMA questionnaires completed during the 

forecasted week. This suggests that EMA is capable of capturing more reliable information 

about clinical experiences. Further studies have supported the feasibility, acceptability, 

reliability and validity of EMA in populations of people with psychosis (Granholm, Loh, & 

Swendsen, 2008; Johnson et al., 2009; Kimhy et al., 2006; Moitra, Gaudiano, Davis, & Ben-

Zeev, 2017; Palmier-Claus, Ainsworth, et al., 2012). Taken together, EMA is an important 

methodology for studying the momentary mechanisms underpinning psychotic experience 

(Oorschot, Kwapil, Delespaul, & Myin-Germeys, 2009). 
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2.9. Modulators of voice hearing experiences  

Returning to the research on predictors of fluctuations in voice hearing experiences, 

the following sections summarise findings from both EMA research and a broader literature 

that has identified a number of key variables shown to modulate voice hearing intensity and 

distress. These variables are summarised in Table 2.1. 



30 

 

Table 2.1. Variables predicting fluctuations in voice hearing experiences from laboratory or EMA studies 

 Influence on voices Study  

Mood   

Arousal/stress ⭡ intensity (Cooklin, Sturgeon, & Leff, 1983; Delespaul et al., 2002; Kimhy et al., 2017; 

Lardinois, Lataster, Mengelers, van Os, & Myin-Germeys, 2011; Lataster, Valmaggia, 

Lardinois, van Os, & Myin-Germeys, 2013; Myin-Germeys, Delespaul, & Van Os, 

2005; Myin-Germeys, van Os, Schwartz, Stone, & Delespaul, 2001; Palmier-Claus, 

Dunn, & Lewis, 2012; Reininghaus et al., 2016; Slade, 1972) 

Positive affect ⭣ intensity (Myin-Germeys et al., 2001; Oorschot et al., 2012; Peters et al., 2012) 

Negative affect  ⭡ intensity (Delespaul et al., 2002; Myin-Germeys et al., 2001; Oorschot et al., 2012; Peters et al., 

2012; Slade, 1972, 1973) 

Thought    

Worry & rumination ⭡ intensity, distress  (Hartley, Haddock, Vasconcelos e Sa, Emsley, & Barrowclough, 2015) 

Thought control  ⭡ intensity, distress (Delespaul et al., 2002; Hartley et al., 2015) 

 

Dissociation  ⭡ intensity (Varese, Udachina, Myin‐Germeys, Oorschot, & Bentall, 2011) 

 

Delusions  ⭡ intensity (Oorschot et al., 2012; Palmier‐Claus et al., 2014) 

Appraisals of voices   
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Powerful  ⭡ intensity, distress, 

interference 

(Peters et al., 2012) 

Lacking control  ⭡ intensity, distress, 

interference 

 

Mind-related  ⭡ distress, interference  

Behaviour/context    

Passive activity or doing 

nothing  

⭡ intensity (Delespaul et al., 2002; Kimhy, Vakhrusheva, Liu, & Wang, 2014) 

Engaging activity  ⭣ intensity (Delespaul et al., 2002; Kimhy et al., 2014) 

Low environmental 

stimulation  

⭣ intensity (Delespaul et al., 2002; Margo et al., 1981; Slade, 1974; Zuckerman & Cohen, 1964) 

Social company  ∼ intensity over 

episode  

(Delespaul et al., 2002) 

Being alone ⭣ intensity over 

episode 

(Delespaul et al., 2002) 
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2.9.1. Arousal and stress 

A number of experimental studies have explored how levels of physiological arousal 

influence voice fluctuations. A classic study by Cooklin et al. (1983) found that fluctuations 

in hallucinatory experiences corresponded directly to changes to skin conductance, 

suggesting that arousal states are involved in the onset of these experiences. In a study by 

Slade (1972), a systematic desensitisation protocol targeting reductions in arousal was 

undertaken with a patient who heard voices. Over the course of five weeks of desensitisation 

to situations that heightened arousal, levels of anxiety and negative mood reduced, which 

corresponded with a reduction in voices. Antecedent negative mood states were also reported 

as common by people who hear voices in Nayani and David (1996)’s phenomenology study 

and in another more recent study by Corstens and Longden (2013).  

Supporting these findings, EMA studies have shown that voice hearing experiences 

tend to be precipitated by increases in anxiety and stress (Delespaul et al., 2002; Lardinois et 

al., 2011; Lataster et al., 2013; Palmier-Claus, Dunn, et al., 2012; Reininghaus et al., 2016) 

and that heightened sensitivity to stress may be a key mechanism involved in psychosis 

(Myin-Germeys et al., 2005; Myin-Germeys et al., 2001). One study by Kimhy et al. (2017) 

used ambulatory monitoring of heart rate and self-reports of voices and delusions, finding 

that momentary increases in autonomic arousal predicted subsequent increases in psychotic 

symptom severity. Furthermore, the core involvement of stress as a trigger to voice 

experiences fits with the highly supported stress-vulnerability model of psychosis more 

broadly (Zubin & Spring, 1977). In line with this model, research has shown that stressful 

and intrusive life events often precipitate psychosis (Raune, Kuipers, & Bebbington, 2009) 

and also play a role in the temporal progression of psychotic experience over time 

(Nuechterlein et al., 1994). Not surprisingly, one of the most common coping mechanisms 

reported by people who hear voices involves attempts to reduce arousal through relaxation 

(Falloon & Talbot, 1981; Farhall & Voudouris, 1996).  

2.9.2. Negative and positive affect  

Early work by Slade (1972; 1973) found a direct relationship between disturbance in 

mood state and the onset of voices, as well as reductions in voice frequency, following a 

behavioural intervention aiming to improve mood states. Slade also observed improvements 

in mood following voice hearing episodes, suggesting these experiences may play a role in 

stabilising mood. Arising from this research, Slade (1976) proposed a functional model of 

voices involving four factors that predicted the onset and maintenance of voices. The model 
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centred on the role of stress induced hyperarousal initiating negative mood states, which 

interacted with predisposing and environmental factors to increase the likelihood of hearing 

voices.  

Further evidence comes from a number of EMA studies finding a relationship 

between momentary mood states and psychotic symptom severity, particularly increases in 

negative affect and a reduction in positive affect (Myin-Germeys et al., 2003; Myin-Germeys 

et al., 2001; Peters et al., 2012). A study by Oorschot et al. (2012) found that increased 

negative affect and reduced positive affect were only associated with current, and not future, 

intensity of voices. However, for some of their participants, there were improvements in 

mood during voice episodes, providing support for Slade (1976)’s theory that voice activity 

may act to ameliorate low mood. Similarly, an EMA study by Delespaul et al. (2002) also 

found mood to normalise following voice hearing episodes. In addition to implicating an 

influential role for mood, these findings highlight that the processes which give rise to voices 

in the moment are complex, have important temporal relationships, and possibly differ 

between people. 

2.9.3. Environmental stimulation  

The level of environmental stimulation has been found to influence voice hearing 

experiences. Early experimental research has shown that voices increase under conditions of 

sensory deprivation (Zuckerman & Cohen, 1964). Other studies have shown that voices 

decrease when information processing demand increases. Margo et al. (1981) manipulated 

the structure and salience of auditory information across different experimental conditions 

whilst individuals diagnosed with schizophrenia rated the duration, loudness, and clarity of 

their voices. Results showed the conditions requiring engagement with meaningful stimuli 

(both listening to and explaining out loud) led to a decrease in voice experiences. 

Comparatively, in the condition involving passive listening to white noise (low signal to 

noise ratio and reduced information processing), voice activity increased. This corresponded 

with prior research by Slade (1974) that showed increased voice activity was associated with 

engagement in tasks requiring processing of verbally presented information. Central to Slade 

and Bentall (1988)’s theory, the ability to discriminate whether a stimulus is real or 

imaginary is decreased under conditions where there is a considerable amount of background 

‘noise’ clouding a weak signal. A greater degree of environmental stimulation, particularly of 

a meaningful and engaging type, enhances the signal to noise ratio, reducing the likelihood of 

perceptual misattribution. The seminal EMA study conducted by Delespaul et al. (2002) 
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provided some support for these findings, showing in their sample that voice hearing episodes 

were altered by the level of engagement in activities. Interestingly, this relationship was U-

shaped along the dimensions of “focussed/unfocussed” and “concentrated/unconcentrated” 

(pp. 103). Thus, high levels of engagement (possibly due to increased arousal) and 

disengagement (low level of stimulation) can both equally effect the intensity of the voices 

over a single episode.  

2.9.4. Thought control and dissociation  

Two EMA studies have been conducted on the influence of thought control and 

dissociation on voice intensity. Varese et al. (2011) conducted a study of 54 participants with 

voices who completed ten EMA questionnaires per day over six days, each measuring the 

momentary intensity of voices and other psychotic symptoms, as well as the level of 

dissociation and experiential avoidance. Findings indicated that voices were directly 

influenced by increases in dissociation, even once controlling for levels of paranoia, but not 

experiential avoidance (a process involving attempts to supress or avoid unpleasant thoughts 

or feelings). This finding shows support for the model of voices discussed previously, which 

proposes that dissociative processes give rise to voices and may contribute directly to errors 

in discriminating self and non-self stimuli (Alderson-Day et al., 2014; McCarthy-Jones & 

Fernyhough, 2011; Moskowitz & Corstens, 2008). Another EMA study conducted by Hartley 

et al. (2015) examined the temporal influence of thought control on momentary voice hearing 

intensity and distress. Findings showed that greater attempts to control thoughts lead to 

subsequent increases in the intensity of voices and distress. Delespaul et al. (2002) also found 

greater levels of thought control during voice hearing episodes, measured using EMA. 

Hartley et al. (2015) proposed that failed attempts to control thoughts may lead to increases in 

the number of intrusions, which according to the aforementioned theory by Morrison (2001), 

may be misinterpreted as voices.   

2.9.5. Worry and rumination  

A study by Hartley, Haddock, Vasconcelos e Sá, Emsley, and Barrowclough (2014) 

examined the temporal relationship between worry and rumination, and the intensity of 

persecutory delusions and hearing voices using EMA. In a sample of 27 participants, both 

increased worry and ruminative thinking were antecedents to delusional ideation and 

intensity of voices, and associated distress. This relationship warrants further EMA research, 

however the finding is interesting in context of cross sectional research that has also 

implicated the role of depersonalisation; a type of dissociative experience involving 
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detachment from the self (Lambert, Sierra, Phillips, & David, 2002). In a study by Perona-

Garcelán et al. (2011), it was found that the relationship between self-focused attention (a 

process linked to rumination) and more severe hallucinations was mediated by level of 

depersonalisation. In reference to prior research and theory, the authors postulate that 

excessive self-focussed attention triggered by stress, may cause a detachment from the self as 

a coping mechanism derived from prior traumatic experiences, leading to the perception that 

internal events have arisen from external sources. Another study by Jones and Fernyhough 

(2009) found that the link between rumination and hallucination-proneness was mediated by 

intrusions, supporting the aforementioned theory by Morrison (2001) suggesting that 

intrusions may be the raw material giving rise to hearing voices. This may also explain the 

findings of Hartley et al. (2015) that attempts to control ones thoughts can lead to an increase 

in voices, which has also been found to increase the intensity of intrusions (e.g., Yoshizumi 

& Murase, 2007).  

2.9.6. Appraisals  

Only one study has examined the influence of appraisals on the intensity of voices 

using EMA. Peters et al. (2012) conducted a small study in a sample of 12 people 

experiencing medication resistant psychotic symptoms. EMA questionnaires were completed 

10 times per day over for six days, assessing psychotic symptom severity, interference, 

preoccupation, and distress, as well as affect and appraisals of symptoms (insight, power, and 

control). With regard to voices, it was found that intensity, perception of power, and lack of 

control were associated with increased voice-related distress. Further, appraisals that the 

voices were related to a function of the mind (‘decentring’) were associated with decreased 

interference from the voices. The study found appraisals of symptoms were highly variable, 

suggesting measures of state-based fluctuations may be more sensitive for detecting the 

relationship between appraisals, affect and symptoms.  

2.9.7. Environmental contexts  

The seminal EMA study by Delespaul et al. (2002) has been the most comprehensive 

examination of the relationship between environmental context and fluctuations in voice 

hearing experiences, with little subsequent research. In this study, 109 participants diagnosed 

with a psychotic or affective disorder completed 10 EMA questionnaires per day at semi-

random daytime intervals for six days. In addition to mood, thought and hallucinations (both 

auditory and visual), participants also reported their current social context and activities. With 

regards to social context, it was found that the intensity of the voices was higher at the 

beginning of an episode and then dropped off towards the end of the episode, when the 
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participant was not in the company of others. When in the company of others, the intensity 

tended to remain the same throughout the episode. With regards to the activities people were 

engaged in, doing nothing was associated with higher voice hearing intensity, as was passive 

watching of TV (though to a lesser extent). In contrast, engaging in a work activity reduced 

the intensity of voices. Another study by Kimhy et al. (2014) examined the association 

between psychotic symptoms and context in 33 people with schizophrenia on an inpatient 

ward. Over the course of two days, participants completed 10 EMA questionnaires at 

randomised times during the day. Mean ratings of voice hearing intensity were lower in 

locations involving active activities (e.g., art room) versus passive activities (e.g., 

community/TV room).  

2.10. Coping with hearing voices    

The literature reviewed above highlights the various antecedents known to influence 

fluctuations in hearing voices. As outlined by cognitive behavioural models of voices 

(Birchwood & Chadwick, 1997; Morrison, 1998), peoples’ responses to their voices can also 

increase or decrease the likelihood of their occurrence. This includes both intentional and 

unintentional responses, which are typically researched in the context of coping. This 

research has shown that people who hear voices typically employ naturally arising coping 

behaviours in attempts to self-manage their voices and the contexts that trigger them (Farhall, 

Greenwood, & Jackson, 2007). A first-person account of attempts to cope with voice hearing 

experiences is shown in Box 2.2.   

 

2.10.1. Models of coping  

Coping can be conceptualised as a process involving adaptive cognitive and 

behavioural responses to stressful life events or circumstances that attempt to mitigate their 

negative impact (Lazarus & Folkman, 1984). The widely accepted stress-vulnerability 

hypotheses of schizophrenia (Zubin & Spring, 1977) proposes that predisposing factors (e.g., 

Box 2.2. An account of how voice hearing experiences are influenced by mental state and 

coping efforts often attempt to modulate this (de Jager et al., 2016)  

“It’s got to do with when I’ve got myself under pressure . . . it (voices) only comes 

in now if I get overtired, so I’ve got a fairly rigid . . . routine around sleeping and doing a 

range of stuff. Because what happens is, I know as soon as she appears that I’m really 

overtired” (pp.1416) 
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genetics) interact with environmental stressors (e.g., trauma, stressful life events) to predict 

the likelihood of developing psychosis. Coping plays an integral role in this model by 

reducing the level of stress to minimise overall vulnerability. The stress-appraisal-coping 

framework of Lazarus and Folkman (1984) defines coping as a dynamic and changing 

process that is highly context-dependent and determined by ongoing cognitive appraisals of 

the stressor. Lazarus and Folkman make the distinction between two types of coping: 

problem-focused coping, involving attempts to solve the cause of the stress, and emotion 

focused coping, where the strategies to cope are targeted towards mitigating the emotional 

impact of the stressor.  

Farhall (2005) applied the stress-appraisal-coping model to hearing voices (the 

SACMOV model), outlining the following five components to the coping process, which are 

detailed in Figure 2.3. In line with the framework of Lazarus and Folkman (1984), the 

SACMOV model emphasises the importance of context in understanding both the occurrence 

of the voices (i.e. they tend to occur and vary in nature in response to certain situations) and 

the coping response (i.e. the selection of coping strategies will depend on the situation and 

available resources).  

 



38 

 

Figure 2.3. The stress-appraisal-coping model of hallucinated voices (SACMOV model; 

Farhall, 2005) 

2.10.2. Specific coping strategies for voices   

The literature exploring coping with voices has identified a wide array of strategies.  

Typically, research in this area has utilised interview methods, including open interview 

techniques (e.g., Falloon & Talbot, 1981), semi-structured interviews (e.g., Tsai & Ku, 2005), 

or structured interviews with checklists of common strategies (e.g., Farhall & Gehrke, 1997). 

The first study to comprehensively examine coping with hearing voices was conducted by 

Falloon and Talbot (1981). Forty people who heard voices were interviewed openly about the 

coping strategies they employed and their impact on the voices. It was found that people who 

hear voices naturally rely on a variety of coping methods with varying degrees of efficacy, 

which were classified into cognitive (e.g., attentional control), physiological arousal (e.g., 

Phenomenology
The nature of the person’s voices, including the 
emotional valence, loudness, duration and 
familiarity, initially influences how they are 
appraised and the appropriateness of certain 
coping strategies 

Primary appraising:
The voices are evaluated as negative in terms of 
their meaning (e.g., able to inflict harm) or potential 
impact on the person (e.g., distracting) 

Secondary appraising
The person evaluates potential behavioural or 
cognitive responses, which are selected based on the 
person’s aim (e.g., to feel better, to stop the voices, 
to prevent voices from occurring) 

Coping action
A coping response is initiated, which may be 
automatic or conscious, emotion- or problem-
focused, and is considered a process rather than 
outcome (i.e. a coping action can have varying 
levels of effectiveness) 

Outcomes
The impact of the coping action can have both short 
term (e.g., yelling at the voices may alleviate anger) 
and long term (e.g., daily mindfulness practice may 
reduce overall distress) consequences
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counter-stimulation), and behavioural change (e.g., seeking company from others). A key 

finding from the study was that no particular coping strategy was universally effective, but 

rather successful coping efforts were related to having a wider array of strategies that were 

used systematically.   

Since the seminal report of Falloon and Talbot (1981), a number of studies have 

examined coping with voices, which have been reviewed by Farhall et al. (2007), Farhall 

(2005, 2010) and Knudson and Coyle (1999). A summary of common coping strategies 

employed by people who hear voices and general reports of their helpfulness are discussed 

below and are summarised in Table 2.2. In line with the typical categorisation of these 

strategies, they are grouped according to cognitive, physiological, and behavioural domains. 

Ratings of helpfulness are based on the frequency by which the strategies were reported to 

influence voices in a positive way across a number of studies. However, due to variability in 

how this was reported, these descriptions are not definitive and reflect an impression from the 

literature. Farhall et al. (2007) conducted a systematic review that identified 14 studies 

exploring specific coping strategies used by people diagnosed with schizophrenia who also 

heard voices. Despite heterogeneity across studies, findings illustrated that the majority of 

individuals (90% of the 703 participants) rely on multiple (between 2.2-19.3) natural coping 

strategies to deal with their voices, ranging in nature across different cognitive, behavioural, 

and physiological domains.  

Although attempts had been made in a number of studies, Farhall et al. (2007) found 

inconsistent evidence for differential effectiveness between strategies. There was evidence 

across five studies for the relative benefit of talking to others, focusing attention, listening to 

music, going to sleep, and paying or engaging in meditation. In categorising these methods, a 

study by Farhall and Gehrke (1997) found that actively accepting the voices was related to 

greater perceived control, and resisting the voices was associated with greater distress. A 

longitudinal study by Boschi et al. (2000) found that active (doing something) rather than 

avoidant (ignoring) strategies were associated with greater psychosocial functioning 24 

months later. Carter, Mackinnon, and Copolov (1996) applied statistical methods to group 

coping strategies in terms of their use and effectiveness, finding three dimensions with 

implications for the mechanisms underlying the effects of these strategies. These included 

competing auditory stimuli, vocalisation, and distraction. These dimensions support the 

model proposed by Slade and Bentall (1988), which suggests that therapeutic approaches to 

voices should target three recognised processes: a) focusing on the voice; b) techniques that 

reduce anxiety; and c) engaging in distraction or environmental stimulation. However, in line 
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with previous findings, Carter et al. (1996) found a weak relationship between the use and 

effectiveness of the strategies, highlighting that although coping strategies are frequently 

used, they are not consistently effective.  

Table 2.2. Summary of common coping strategies for voices and level of helpfulness compiled 

from reviews by Farhall et al. (2007), Farhall (2005, 2010) and Knudson and Coyle (1999) 

and several large empirical studies (Carter et al., 1996; Falloon & Talbot, 1981; Farhall & 

Voudouris, 1996; Nayani & David, 1996; O'sullivan, 1994; Tsai & Ku, 2005). 

Coping strategy  Helpfulness   

Cognitive   

Reframing or challenging thoughts  Moderate 

Ignore the voices  Moderate  

Accepting the voices  Moderate  

Challenging voices   

Engage/talk with the voices  Low  

Physiological   

Sleep Good  

Relaxation or mindfulness  Good 

Prayer  Good   

Medication  Good  

Exercise or postural change (e.g., lay down, 

sit up, walk) 

Moderate  

Behavioural   

Distraction (e.g., watching TV, listening to 

music, playing a game)  

Good  

Comply with voice commands  Poor  

Wear earplugs  Moderate 

Social interaction  Good    

Socially withdraw  Poor  

Vocalisation or subvocalization (e.g., 

talking, singing or reading) 

Good  

Seeking a quiet place  Good  

Substance use  Poor  

Self-harm  Poor  
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2.11. Summary of modulators of voices  

The research summarised above demonstrates that emotional, cognitive, behavioural, 

and context-related variables readily influence moment-to-moment fluctuations in the 

occurrence, intensity, and distress associated with voice hearing experiences. EMA has been 

an important methodology to investigate these complex and dynamic relationships due to the 

ability to measure momentary changes in the interaction between voices and associated 

variables in real life contexts. The variables identified have not only assisted in understanding 

the mechanisms that give rise to voices in the moment, but are clinically informative as 

potential therapeutic targets. A separate literature on coping with hearing voices has shown 

that people readily and naturally apply a variety of strategies in an attempt to cope with the 

voices and their emotional consequences. The literature suggests that whilst some coping 

strategies seem to be somewhat more effective than others, this is largely context dependent, 

differs between people, and more effective strategies tend not be used consistently. Thus, 

whilst people do actively try to cope with their voices, their attempts are not always 

successful, possibly due to a lack of awareness of which strategies may be more effective in 

certain contexts, leading to a lack of systematic application in daily life. This premise has 

informed the development and investigation of psychological treatment approaches to voices, 

which will be discussed in the next chapter and form the focus of the current research.  

2.12. Chapter summary  

This chapter aimed to provide a comprehensive introduction to the broad area of 

hearing voices. The historical background of voice hearing highlights the shifts that have 

occurred in our understanding and approach to this complex human experience over time. 

The current day context is illustrated by the HVM, which emphasises the importance of 

recognising voice hearing as a natural human experience and empowering people to accept 

and seek to understand their voices on an individual level. From here, modern day research 

on hearing voices was reviewed, beginning with the empirical reasoning behind 

transdiagnostic, symptom-focused research. From this research, a working definition of 

hearing voices was provided, and the prevalence of voice hearing amongst clinical and non-

clinical populations was discussed. Literature on current models of hearing voices was then 

reviewed, including the importance of cognitive behavioural models for informing effective 

treatment. However, the limitations of these models include their lack of real-world validity 

and temporal sensitivity. Identifying variables which influence fluctuations in voice hearing 

experiences may reveal important dynamic processes which evolve in real-time, real-world 
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circumstances. The method of EMA was introduced as a means of examining these processes 

and will be discussed further in chapter four. A summary of variables found to predict 

fluctuations in voices, derived from literature utilising both EMA and laboratory-based 

experiments, was presented. The various coping responses known to influence voices has also 

been reviewed, including how models of coping recognise the importance of context in 

predicting the choice and effect of different self-management strategies. Taken together, this 

literature has important implications for understanding the processes that give rise to voices, 

whilst also informing relevant targets for psychological intervention. As will be discussed in 

the next chapter, the context-dependent variability in voice hearing experiences suggests 

treatments should assess individual differences and tailor intervention strategies that may be 

applied flexibly depending on environmental circumstances.  
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3. Chapter Three: Psychological Treatment of Hearing Voices  

Antipsychotic medication is the most common treatment for people experiencing 

distressing voices in the context of psychosis, with a relatively high success rate (Kahn et al., 

2008; NICE, 2010). However, medication is ineffective for a considerable proportion of these 

individuals and negative side effects can be severe, including metabolic dysfunction (e.g., 

extreme weight gain), heart conditions, reduced mental functioning, and premature death 

(Gerlach & Larsen, 1999; Kahn et al., 2008; Owens, 2014). For those who choose not to take 

medication, either due to the side effects, poor response, or personal preference, the distress 

experienced by ongoing symptoms can result in reduced quality of life, depression, 

psychosocial dysfunction, and suicidality (de Leede-Smith & Barkus, 2013; Nayani & David, 

1996).  

Psychological therapies are commonly recommended as an adjunct to medication in 

people experiencing psychotic symptoms (Galletly et al., 2016; NICE, 2010). These therapies 

can facilitate recovery, as well as offering an intervention which is more empowering in 

promoting self-management of mental health (Thomas et al., 2014; Wykes, 2004). Research 

has suggested that the addition of psychosocial treatment to standard medication for 

psychosis can be beneficial for maintaining clinical improvements and preventing relapse 

(Hogarty & Ulrich, 1998; van Os & Kapur, 2009). Psychological treatments can also target a 

broader range of processes involved in the maintenance of psychotic symptoms or the distress 

they cause. For example, it is known that people with experiences of psychosis tend to show 

poor social functioning and reduced quality of life (van Os & Kapur, 2009). Psychological 

therapies can target these psychosocial factors and other secondary issues, providing a 

framework that encourages resilience and therefore promoting long-lasting improvements in 

a broad range of personally meaningful domains. 

3.1. Early therapeutic approaches to voices  

Early psychological treatments for hearing voices were based largely on behavioural 

theories that typically targeted adaptations in behavioural responses to voices thought to play 

a role in maintaining their activity (Thomas et al., 2014; Thomas, Paulik, Louise, Farhall, & 

Hayward, 2015; Wykes, 2004). Some of these drew from operant conditioning models, 

theorising that voices and people’s responses to them were reinforced through conditioning of 

environmental stimuli. As such, a small number of simple therapeutic interventions utilising 

the principles of reinforcement and punishment were applied, typically employing case series 

designs. For example, a study conducted by Bucher and Fabricatore (1970) involved the 
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administering of small electric shocks to a single patient when he experienced voices. Over a 

duration of 15 days, the voices reduced in frequency and were eliminated by day nine. 

However, following the completion of the treatment, the voices had returned. This was a 

common limitation of early behavioural interventions, with many observing only short-term 

benefits (Wykes, 2004). Other interventions attempted to adapt or introduce new behavioural 

responses to voices, including systematic desensitisation, basic thought stopping procedures, 

self-monitoring, and simple coping strategies such as distraction and the use of ear plugs 

which seems to quieten the voices (Slade, 1990; Slade & Bentall, 1988). In their review of 

these studies, Slade and Bentall (1988) proposed that focusing, anxiety reduction, and 

distraction or counter-stimulation may underly the effects of these strategies on voices. 

Some studies tested strategies based on theoretical models of voices, such as the inner 

speech theory outlined in chapter two. Green and Kinsbourne (1989) examined whether 

disrupting the subvocalisation system through a number of different strategies (e.g., 

humming, holding the mouth open, biting the tip of the tongue) would reduce the frequency 

of voices. Humming was found to be the most effective, which the authors interpret to 

support the theoretical model of subvocalization giving rise to voices. Other studies involved 

the testing of different strategies to compare their effects. In Nelson, Thrasher, and Barnes 

(1991), 20 individuals diagnosed with schizophrenia who heard voices tried the strategies of 

wearing earplugs, subvocal counting, and listening to music. All three strategies were found 

to be effective, particularly listening to music, however few continued to use them long term. 

The authors proposed that the processes underlying the effects of listening to music and 

wearing ear plugs may involve shifting attention and reducing anxiety, and in line with Green 

and Kinsbourne (1989), subvocal counting may disrupt subvocalization thought to give rise 

to voices.  

Later extensions of behavioural theories incorporated functional analysis of voices, 

which centred on weakening the environmental contingencies which maintained voice 

activity on an individual level (Thomas et al., 2015). Functional analytic approaches focus on 

identifying the individual antecedents (i.e. triggers) and consequences (i.e. responses) to 

voices, which serve to strengthen their occurrence and develop targeted intervention 

strategies aimed at disrupting this cycle. The research of Slade and Bentall (Bentall, 1990; 

Bentall, Haddock, & Slade, 1995; Slade, 1976; Slade & Bentall, 1988) was influential in this 

area, leading to the development of functional analytic models of voices, paving the way for 

developing specific treatments. Identifiable antecedents included environmental stimulation, 

stress-arousal, and expectancy. As distress, and therefore heightened arousal, is a typical 
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consequence of voices, this may operate as a maintenance cycle. Other key variables 

summarised in chapter two highlight the array of variables which may play a role in such 

cycles, which are likely to depend on the person and the environment. As such, functional 

analytic approaches to voices are highly individualised, seeking to identify person-specific 

variables and their effect on the voices. These approaches will be returned to later in this 

chapter when discussing contextual approaches to voices, which centre on the recognition 

that voices, and other mental events, are embedded within personal and environmental 

contexts. 

3.2. Cognitive behavioural therapy for psychosis  

Seminal research driven by cognitive behavioural researchers such as Aaron Beck in 

the 1960s, led to the recognition that people’s interpretations and beliefs about the world and 

events drive their emotional and behavioural responses (e.g., Beck, 1963). This initiated the 

development of a new wave of psychological therapies, which represented a shift in the 

treatment of psychopathology away from attempts to eliminate symptoms and instead 

focused on changing the way people interpreted and responded to them. These contemporary 

psychological approaches lie under the generic term cognitive behavioural therapy (CBT; 

Beck & Beck, 2011)).  

CBT is both a theoretical paradigm and therapeutic approach based on the notion that 

cognitive distortions underlie the emotional and behavioural problems often experienced by 

those presenting with psychological concerns (Beck & Beck, 2011). The application of 

therapy involves collaborative identification and restructuring of these cognitive distortions, 

combined with the generation of more adaptive coping and behavioural responses in order to 

reduce distress and improve overall functioning. Originally developed as a treatment for 

mood disturbances (Beck, 1979), the therapeutic paradigm of CBT was extended to psychotic 

disorders and symptoms in the 1990’s through research which supported the notion that 

psychotic experiences were underpinned by dysfunctional appraisal systems (Bentall, 1990; 

Chadwick & Birchwood, 1994; Morrison et al., 1995; Slade, 1990). It is now the most widely 

accepted and delivered psychological treatment for psychotic conditions and is referred to as 

CBT for psychosis (CBTp; Farhall & Thomas, 2013; Turkington et al., 2006).  

3.2.1. Theoretical basis of CBTp 

The development of CBTp was derived from early work on the development of 

cognitive behavioural models, which was introduced in chapter two. The work of Chadwick 

and Birchwood (1994) was seminal in this development, which explored the behavioural, 

affective, and cognitive responses to voices in 26 patients. In these patients, perceptions of 
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the meaning and identity of the voices corresponded directly with interpretation of 

malevolence or benevolence and the consequential emotional response. In a second study, 

these beliefs were then challenged using cognitive therapy in four people with drug-resistant 

voices. Following the therapy, there was a reduction in belief conviction, reduced distress, 

decreased maladaptive behaviour, and reductions in voice activity. Morrison (1998) extended 

the cognitive behavioural model of voices to include additional appraisal types, including 

beliefs about their threat, controllability and mental significance, as well as introducing the 

notion of behavioural avoidance and safety behaviours as additional maintenance factors. In 

line with these findings, research has demonstrated the mediating effect of voice appraisals, 

on the relationship between voice intensity and distress (Birchwood & Chadwick, 1997; 

Morrison, Nothard, Bowe, & Wells, 2004). Further, literature on coping with voices has 

highlighted how certain responses (e.g., arguing with the voices) the processes which 

maintain their activity (Carter et al., 1996).  

A further refinement of the CBT model of voices was offered by Birchwood and 

colleagues (Birchwood et al., 2004; Birchwood et al., 2000), who theorised that past 

experiences involving subversive social relationships may lead to the development of 

schemas which influence the perception and meaning assigned to the voices, particularly with 

regards to perceived power and subsequent subordination. This was supported by the finding 

of Thomas et al. (2013) highlighted in chapter two, indicating that a considerable degree of 

the variance in beliefs about voices can be accounted for by schemas about the self. In 

context of the remarkably high rate of trauma in those experiencing voices (Corstens & 

Longden, 2013; Longden, Madill, & Waterman, 2012; Read et al., 2005; Shevlin et al., 

2007), this offers a compelling account of how life experiences may lead to maladaptive 

cognitive schemas which influence the perception of events. Supporting this, research by 

Andrew, Gray, and Snowden (2008) found that current trauma symptoms (re-experiencing, 

avoidance, and hyperarousal) were a significant predictor of beliefs about voices and 

accounted for a significant proportion of the variance in anxiety and depression. 

3.2.2. CBTp interventions 

Broadly, CBTp interventions involve the assessment and subsequent application of 

strategies targeting the cognitive and behavioural factors serving to maintain psychotic 

symptoms (Morrison, Renton, dunn, Williams, & Bentall, 2004; D. Turkington et al., 2006). 

Traditionally this has been applied in the context of psychotic disorders such as 

schizophrenia, however more recently there has been greater focus afforded to symptom-

focused approaches (Lincoln & Peters, 2018). The argument for these approaches is that they 
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provide a more focused intervention which is both informed by, and informative for, the 

psychological models of these symptoms. Indeed, the differing psychological mechanisms 

thought to underpin different psychotic symptoms suggests focused treatments may provide 

more targeted effects. As such, CBTp can be applied directly to hearing voices (Trower et al., 

2004), as well as other symptoms such as delusions (Foster, Startup, Potts, & Freeman, 2010) 

and potentially formal thought disorder (Palmier-Claus et al., 2017). Whilst similar 

techniques may be applied, their application differs depending on the model relevant to the 

target symptom. Common techniques include cognitive restructuring of maladaptive beliefs 

and automatic thoughts, Socratic questioning, behavioural modification, exposure tasks, and 

developing self-management techniques to improve coping (Morrison et al., 2004). 

3.2.3. Empirical evidence of CBTp for voices 

Evidence supporting the cognitive underpinnings of voice hearing experiences has 

strengthened the empirical basis of CBTp approaches over the last 25 years, resulting in a 

number of clinical trials in psychosis populations. Since this time, a growing number of meta-

analyses have been conducted which provide some support for the efficacy of the treatment. 

A comprehensive meta-analysis by Wykes et al. (2008) identified 34 trials of CBTp. Results 

indicated significant effects for positive symptoms (32 studies; effect size 0.40), even when 

controlling for methodological quality, with overall outcomes showing medium effect sizes 

ranging from 0.35 to 0.44. However, the authors highlighted a number of methodological 

weaknesses, particularly related to heterogeneity between trials, calling for more rigorous 

studies to be conducted in future. Another more recent meta-analysis by Turner et al. (2014) 

compared the effects of different psychological treatments for psychosis across 48 studies. 

Findings supported the efficacy of CBTp over any other psychological treatment, particularly 

for positive symptoms, and in comparison to active control conditions. Similarly, Bighelli et 

al. (2018) conducted a large network meta-analysis of 53 randomised controlled trials 

examining seven different psychological interventions for schizophrenia. Effect sizes were in 

the small to medium range, with CBTp favouring active control conditions for reduction in 

positive symptoms.  Lincoln and Peters (2018) focused specifically on the effects of 

symptom-focused CBTp in 12 eligible trials. Moderate effect sizes were found in most of the 

included studies, including several with large effects, which the authors noted was higher 

than other meta-analyses of generic CBT. Together, the findings of these reviews are 

promising, however the control of methodological quality has varied, with more conservative 

reviews finding effects in the small range (Jauhar et al., 2014). Further, the majority of 
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finding do not support the maintenance of effects at follow-up, particularly for longer 

periods, suggesting CBTp may not result in lasting changes in symptoms.  

Research examining CBTp for distressing voices specifically has been scarcer. In the 

systematic review by Lincoln and Peters (2018), eight trials were included which targeted 

hallucinations, with moderate to very large effects. However, most studies were 

underpowered (with larger effects observed in pilot RCTs), only two included an active 

control group (befriending), and follow-up assessments were short. In terms of individual 

trials, two of the largest studies have focused on cognitive therapy for command 

hallucinations. An initial small-scale RCT by Trower et al. (2004) examined the effects of a 

therapy targeting beliefs about the power and control over the voices in 38 people diagnosed 

with schizophrenia who also heard voices (‘COMMAND’). Following the 25-session 

treatment, significant pre-post reductions in compliance behaviour were observed (effect size 

= 1.2), which remained at 12 months follow-up (effect size = 1.1). The treatment group also 

demonstrated significant reductions in distress and perceived power, control and omniscience 

of the voice, which were also maintained at 12 months follow-up. No changes were observed 

in depression, nor topography of the voice (duration and frequency).  

A follow-up study of COMMAND was conducted by Birchwood et al. (2014) in a 

sample of 197 participants with voices who were diagnosed with schizophrenia. Moderate 

effects were observed on reduced compliance with the voices and improved power 

imbalance, however these were only observed at 18 months follow-up, but not at 9 months, 

indicating a delayed effect. There were no differences observed on any symptom measures, 

including voice-related distress and overall psychotic symptom severity. Another RCT 

targeting command voices in 43 participants incorporated elements of acceptance and 

mindfulness in relation to voices, as well as cognitive components used in the COMMAND 

trials (Treatment of Resistant Command Hallucinations [TORCH]; Shawyer et al., 2012). 

There were no significant differences between the treatment group and an active befriending 

control condition on any outcome measure, although compliance with voices was overall low 

in the sample at baseline.  

Three trials have examined the effects of treatments targeting the relational dynamic 

between the person and their voices. A pilot RCT of Relating Therapy for voices (Hayward, 

Jones, Bogen-Johnston, Thomas, & Strauss, 2017) found large effects on reduction in voice-

related distress and negative impact, which was maintained at 20 weeks follow-up. The two 

other trials employed a novel, technology-based technique using AVATARs (Craig et al., 

2018; Leff, Williams, Huckvale, Arbuthnot, & Leff, 2013). This involved digitally generated 
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characters representing the person’s voices, which were voiced by the therapist to guide 

people to more assertively respond and relate to their voices. A pilot RCT of the intervention 

(Leff et al., 2013) found reductions in overall voice severity following the intervention, which 

were maintained at follow-up. A subsequent fully powered RCT (Craig et al., 2018) 

demonstrated large, significant reductions in overall voice severity compared to an active 

control condition, as well as reductions in perceptions of voice power and acceptance of 

voices. Effects were maintained at 24 weeks follow-up, however these no longer differed 

significantly to the control group. These findings are promising, however it has been noted 

that the considerable novelty of this treatment could potentially drive a strong placebo effect 

(Torous & Firth, 2016).  

Finally, a recent pilot RCT of self-guided CBTp for distressing voices was conducted 

by Hazell, Hayward, Cavanagh, Jones, and Strauss (2017). Findings suggested that CBTp can 

be delivered in a brief, self-guided format, with the potential for large and clinically 

significant effects. This finding is in line with an earlier meta-analytic review by Hazell, 

Hayward, Cavanagh, and Strauss (2016), demonstrating that CBTp delivered in a brief, low 

intensity format can result in similar effect size to longer forms of the therapy. Though a 

larger trial is needed to confirm the findings of Hazell et al. (2017), it is important to note that 

briefer forms of CBTp can be delivered effectively for hearing voices, without the need for 

significant clinical input. In support of this, a meta-analysis of self-help interventions for 

psychosis found these can lead to significant improvements in psychotic symptoms, though 

the involvement of some guidance or support was associated with greater effects (Scott, 

Webb, & Rowse, 2015).   

3.2.4. Limitations of CBTp 

Despite the empirical support and continued utilisation of CBTp in the treatment of 

voice hearing and psychosis more generally, there has been some speculation regarding the 

research which supports its basis and broader challenges related to its implementation (Jauhar 

et al., 2014; Thomas, 2015; Turner et al., 2014; Wykes et al., 2008; Tarrier & Wykes, 2004). 

It is important to recognise that CBTp incorporates numerous elements, all of which serve 

important purposes for understanding the presenting problem and applying successful 

treatment (Morrison et al., 2004; Tarrier & Wykes, 2004). Most CBTp approaches are 

formulation-based, applying interventions on the basis of individual characteristics. This is 

important given the need in psychological therapy to deliver targeted, individualised 

treatments driven by the presenting problem. Supporting this, a recent meta-analysis found 

greater efficacy of formulation-based CBTp for treating hallucinations and delusions over 
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broader CBTp protocols (van der Gaag, Valmaggia, & Smit, 2014). However, as described by 

Thomas (2015) and Tarrier and Wykes (2004), this creates a conundrum when attempting to 

identify the processes by which CBTp affects outcomes in clinical trials because there is 

inevitably a considerable degree of within and between-trial heterogeneity, both in terms of 

the symptom profile of participants and the intervention itself. Therefore, although CBTp 

may be broadly effective in reducing positive and negative symptoms, the more nuanced 

active components which may impact psychotic processes more directly are commonly lost 

within trials which focus on CBTp as a unified intervention, especially when they target 

broad outcomes such as overall symptom severity (Lincoln & Peters, 2018; Thomas, 2015; 

Thomas et al., 2014).  

One way of overcoming this is to focus on specific symptoms and use sensitive 

process measures targeting the theoretical mechanisms of change associated with the 

treatment (e.g., the relational dynamic between the voice and hearer, beliefs about voices; 

Thomas et al., 2014). However, it is also important to minimise the heterogeneity of the 

treatment itself, ensuring the mechanisms of action are potent and identifiable. To achieve 

this, unique trial methods can be utilised, including dismantling or component studies 

whereby different groups of participants receive different components of a treatment (Ahn & 

Wampold, 2001; Collins, Murphy, & Strecher, 2007). Another way is to develop simpler, 

more targeted treatments which may be sufficient in and of themselves for producing clinical 

effects, offering a less complex and more disseminatable treatment, and may reveal more 

discrete mechanisms of action (Thomas, 2015).  

A further limitation of CBTp relates to its implementation beyond the research 

setting. Thomas (2015) highlights the challenges faced by mental health systems 

implementing CBTp within standard practice due to its complexity, requiring considerable 

funding and expertise for its successful delivery. Indeed, research has found that the 

availability of therapists to provide psychological therapies to persons with psychosis is 

limited (Kohn et al., 2004; Kreyenbuhl et al., 2009).  A report by the Schizophrenia 

Commission (2012) in the United Kingdom estimated that only 10% of people with psychosis 

are offered CBTp. Another study examined the prevalence of mental health disorders 

alongside service usage statistics from a World Health Organisation survey of 84,850 

community adult respondents in low, middle, and high-income countries (Wang et al., 2007). 

Only between 11% (China) and 61% (Belgium) of serious cases received any mental health 

service in the prior year, with a mean of 46%. Of these, less than half (41.7%) of these 

services were considered to be of a minimally adequate standard.  
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There is a need to develop ways of enabling a larger number of people to access 

evidence-based therapies for persisting mental illness (Thomas, 2015). This might include 

self-guided interventions that can empower people to self-manage their mental health, and 

simpler, more targeted interventions that are easier and more cost effective to deliver (Hazell 

et al., 2016; Thomas, 2015). For example, stepped care models involve the delivery of basic 

interventions at a first step for those presenting with mental health issues, with more complex 

interventions delivered as the next stage for those with persisting needs (Bower & Gilbody, 

2005; Cross & Hickie, 2017; Hayward, Jones, Berry, & Strauss, 2017).  In considering what 

these interventions might look like, it may be beneficial to identify individual components of 

CBTp that have shown to be effective as isolated treatments. In the context of voice hearing, 

one such target is improving coping with these experiences.   

3.3. Coping as a target in psychological treatment of hearing voices  

The research exploring coping strategies in people who hear voices gained traction in 

the 1980s when it became clear in a seminal study by Falloon and Talbot (1981) that people 

naturally rely on a variety of coping methods to deal with these experiences. This research 

and its implications were discussed in chapter two, which highlighted the role of context in 

influencing voices and people’s responses to them. Further research by Tarrier (1987) built 

upon these findings and extended them to the therapeutic domain, arguing that if coping 

strategies occurred naturally, then they could be utilised in treatment. This research also 

aligned with the work of Slade and Bentall (1988) and later Bentall et al. (1995), who 

recommended simple interventions which target behaviour, cognitive, and coping responses 

determined through functional analysis of the voices.  

Recognising that coping strategies are employed by people who hear voices regularly, 

the question is raised as to why these experiences continue to be distressing for many people 

and how psychological interventions might help people cope with them more effectively 

(Farhall et al., 2007; Tarrier, 1987, 1992; Tarrier et al., 1990). One informative finding from 

the literature on coping with voices is that more effective strategies are not universal, with 

more effective coping instead associated with consistent use of a range of strategies and an 

awareness of triggers to the voices (Falloon & Talbot, 1981). In considering the coping model 

outlined in chapter two, this finding is understandable given coping is a contextually driven 

process that is dependent on appraisals regarding voices and available resources, which 

change depending on the situation (Farhall, 2005, 2010). Thus, successful approaches to 

helping people cope with their voices should identify those contexts which tend to influence 

changes in the voices, and develop appropriately targeted coping strategies based on this.  
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The above notion led to the development of a specific treatment approach to hearing 

voices called coping strategy enhancement (CSE), developed by Tarrier et al. (1990). 

Approached from a formulation-driven, individualised perspective grounded in cognitive 

behavioural theory, CSE has been used successfully for the treatment of voice hearing 

(Hayward et al., 2017; Paulik, Jones, & Hayward, 2018; Tarrier, 1987, 1992). Importantly, 

this approach is highly collaborative and can be seen as empowering in its intention to extend 

and reinforce the person’s own naturally occurring coping responses, allowing them to lead 

the therapeutic process and increase their own self-efficacy in the long term (Yusupoff & 

Tarrier, 1996). 

3.3.1. Coping strategy enhancement  

CSE involves the identification and enhancement of adaptive coping strategies 

through an individually formulated training programme which begins with a thorough 

functional analysis (Tarrier et al., 1990; Yusupoff & Tarrier, 1996). Tarrier (1987) first 

conceptualised CSE in a study of people diagnosed with schizophrenia with persistent 

delusions and hallucinations, who reported a variety of natural coping responses to their 

symptoms and an understanding of the contexts in which they arose. CSE begins with a semi-

structured interview aimed at eliciting: 1) the nature and variation of psychotic symptoms; 2) 

the emotions that accompany each psychotic symptom; 3) antecedent stimuli and context; 4) 

consequences; and 5) natural coping strategies. From this, a functional model of the person’s 

psychotic symptoms based on a cognitive behavioural framework is used to identify and 

implement specific coping strategies aimed at disrupting the problematic cycles which 

maintain the symptom.  

Since its inception, CSE has been applied successfully to the treatment of voices both 

as an individualised therapy (Hayward et al., 2017; Paulik et al., 2018; Tarrier, 1987, 1992) 

and within wider CBTp paradigms (Tarrier et al., 2001; Tarrier et al., 1998). An early trial 

was conducted by Tarrier, Beckett, et al. (1993) of 34 people diagnosed with schizophrenia 

who were randomly assigned to either CSE or a problem solving intervention. Following 10 

sessions over a five week period, both interventions led to improvements in delusions, 

anxiety, and to some degree voices, but little effect on negative symptoms or social 

functioning, and improvements were not maintained at follow-up. In recognising the positive 

effect that problem solving had on patients in the control group, Tarrier et al. (1998) went on 

to incorporate CSE with problem solving and relapse prevention in a broader CBT 

framework. The authors conducted a three-armed trial comparing 20 hours of CBT 

(incorporating CSE, relapse prevention, and problem solving), supportive counselling and 
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routine care, in 87 participants with chronic schizophrenia over 10 weeks. The number and 

severity of psychotic symptoms were reduced in the CBT versus supportive counselling and 

routine care groups, particularly for voices. Both participants in the supportive counselling 

and CBT groups showed a reduced amount of time in hospital compared to routine care. This 

form of CSE combined with CBT was further evaluated by Tarrier et al. (2001) by comparing 

the effects to supportive counselling and routine care. Seventy two participants with chronic 

schizophrenia were randomly allocated to the three groups, involving 20 sessions over 10 

weeks. Independent and blind assessments found significant improvements in delusions in 

both supportive counselling and CBT groups, and significant reductions in severity of voices 

in the CBT group. No improvements in negative symptoms were observed.  

More recently, CSE has been applied as an initial therapeutic intervention in a clinic 

specialising in the treatment of hearing voices based in Sussex, United Kingdom (Hayward et 

al., 2017). In this model, people experiencing distressing voices are offered a brief four-

session version of standalone CSE delivered by trainee psychologists at the clinic. Those 

requiring additional psychological treatment then go on to receive 12 sessions of person-

centred therapy in group format. In a service evaluation by Hayward et al. (2017), the 

approach was feasible in this brief format and there was evidence for small to medium pre-

post improvements in voice-related distress and personal goals (Hayward et al., 2017). A 

second study found that higher levels of emotional distress at baseline was associated with 

poorer outcomes, and those with higher levels of voice-related distress were more likely to 

drop out of treatment (Paulik et al., 2018).  

Less structured coping-focused approaches to the treatment of hearing voices have 

also been developed outside the context of CSE. This includes the early behavioural 

treatments described earlier, which have primarily examined the effects of specific methods 

such as wearing earplugs, auditory competition and subvocalization (Thomas et al., 2015). 

Others have involved more developed intervention protocols for improving coping, most 

commonly as a component of a broader CBTp based treatment. For example, two studies 

examined the effects of a 10 week behavioural management program for hearing voices 

(Buccheri, Trygstad, & Dowling, 2007; Trygstad et al., 2002). The treatment involved the 

training of new coping strategies each week, which the participants practised as homework 

between sessions. One trial targeted command voices in particular, finding a reduction in 

their frequency following the intervention, which remained at 1 year follow-up (Buccheri et 

al., 2007). The other study found wide-spread improvements in voice-related outcomes and 

emotional distress (Trygstad et al., 2002). Similar to CSE, these studies involved the selection 
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and reinforcement of coping strategies for the voices, though they generally did not involve 

individualised formulation to inform the identification of targeted strategies.  

Overall, findings indicate that coping approaches to hearing voices can have a 

positive effect on the severity of these experiences and their negative impact on the person. 

There is also promise that these interventions could be delivered in a brief format, as an 

initial stage of psychological treatment, though the only two trials which have examined this 

have been pre-post in the context of service delivery (Hayward et al., 2017; Paulik et al., 

2018). The simplicity and person-centred approach of such an intervention, which return to 

empirical methods of applying behavioural strategies to functional models of voice 

experiences (Slade & Bentall, 1988), would be attractive as treatment techniques are 

becoming more centred on self-empowerment. Researchers and people who hear voices are 

calling for progress in this area (Corstens et al., 2014). Further, focusing on more specific 

treatment targets in well-defined populations may provide greater insight into the therapeutic 

processes which lead to meaningful change, and increase access to lower intensity, more 

disseminatable treatments (Hazell et al., 2016). 

3.4. Context-based approaches to hearing voices  

For most, voice hearing is not a continuous experience (Nayani & David, 1996). 

Voices are known to fluctuate on a range of dimensions, from their negative content, 

loudness and frequency, through to the distress they cause. As was discussed in chapter two, 

these fluctuations are readily influenced by a number of variables related to the person (e.g., 

mood or arousal) and their environment (e.g., the presence of company, noise, or current 

activities; e.g., Delespaul & van Os, 2002)). This highlights the context-dependent nature of 

hearing voices, similar to other mental health experiences such as depression and anxiety 

(e.g., Clark & Watson, 1988). Earlier in this thesis, the limitations of diagnostic approaches to 

mental conditions was discussed, noting the heterogeneity between individuals with the same 

diagnosis and lack of empirical validity. Another emerging critique comes from the 

recognition that experiences such as hearing voices are complex, context-dependent, and 

unique to the person, and are thus not well captured using nomothetic systems of 

categorisation (Fisher, 2015; Fisher & Boswell, 2016). Lost within this traditional 

conceptualisation is the complex and temporally evolving interaction between symptoms and 

environment, which provides critical information from which targeted interventions can be 

created.  

As opposed to nomothetic approaches such as the current diagnostic system of the 

DSM-5 (American Psychiatric Association, 2013), idiographic approaches focus on the 
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individual presentation by identifying the variables and their functional relationship which 

operate in real time to influence the symptoms and their effect on the person (Haynes et al., 

2009). In the medical field, this has also been referred to as contextualised or personalised 

medicine, which many have argued is necessary to advance intervention research (Collins & 

Varmus, 2015; Insel, 2014; Jameson & Longo, 2015). This approach appreciates the 

difference between people rather than what is common, making fine-grained observations 

from primarily behavioural data in order to develop individually tailored interventions. This 

is consistent with the functional analytic approach to hearing voices discussed previously 

(Slade, 1976; Slade & Bentall, 1988), which seeks to understand the function of the voices 

and people’s responses to them by identifying those variables which influence their 

fluctuations.  

CSE is an idiographic approach to treatment as the intervention is determined on the 

basis of individualised profiles of voice activity assessed using functional analysis. The 

central tenant in this functional analysis is to identify the contingencies by which voices 

change (Sturmey, 2007). Many of the common contingent variables identified in the literature 

were summarised in chapter two. In the case of CSE, the aim is to identify the most effective 

coping strategy through an understanding of these contingencies, which can be both internal 

or external, and precede voices or follow them. To illustrate this point, an example case is 

provided by Tarrier (1992), in which a man experienced voices that commented on his 

thoughts and behaviours. Functional analysis of this man’s voices indicated that they tended 

to occur when the man was alone at night, which caused him to feel fearful, angry, and 

paranoid that people outside the house were going to hurt him. In response to this, the man 

tended to avoid social contact and engaged in minimal activity whilst inside the home. This 

demonstrates a problematic maintenance cycle, whereby his behavioural response tended to 

increase, rather than decrease the voice activity. Further, the emotional response to the voices 

heightened his level of arousal, which increased their intensity. The functional relation 

between antecedent and response to the voices is shown in Figure 3.1. Based on this 

functional analysis, the intervention involved encouraging the man to interact with his parents 

in the evenings when at home to reduce the likelihood of the voices occurring, and training 

was provided in both relaxation to manage his emotional distress and challenging paranoid 

thoughts.  
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Figure 3.1. A simplified functional analysis of voices from a case discussed in Tarrier (1992) 

 

Recognising the contexts in which symptoms occur and the dynamic processes 

underlying their relationships would be beneficial to enhance understanding of voice hearing 

and developing more effective interventions. When done properly, assessments such as 

functional analysis can reveal these dynamics on an individual basis and highlight effective 

behavioural strategies that can correct problematic maintenance cycles. However, idiographic 

interventions such as CSE involve nuanced and detailed assessments that heavily rely on 

retrospective self-report and insightful judgements about complex experiences that are 

difficult to recognise, understand and remember. During distressing and overwhelming 

experiences such as voice hearing episodes (Nayani & David, 1996), self-reflection can be 

challenging and memory difficulties can negatively impact later recall of events (Ben-Zeev et 

al., 2012; Bradburn et al., 1987; Schwarz, 2007). This creates a reliance of therapy upon 

memory of events occurring at previous times which may be incomplete or inaccurate. 

Difficulties with cognition, such as poor memory functioning, are commonly experienced by 

people with psychosis (Aleman, Hijman, de Haan, & Kahn, 1999; Fioravanti, Bianchi, & 

Cinti, 2012), which may also impact on the ability to recall and utilise intervention strategies 

in daily life. Just as it may be difficult to recall events that have arisen during distressing 

voice hearing episodes (Jacobsen et al., 2018), it may also be difficult to change often heavily 

ingrained and automatic ways of responding to them. In the next chapter, advances in digital 

technology which may assist in overcoming these limitations will be discussed, drawing on 

key capabilities of a previously visited methodology called ecological momentary assessment 

and a related technology termed ecological momentary intervention.  
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3.5. Chapter summary  

This chapter has provided a summary of research on psychological treatment 

approaches to hearing voices, primarily CBTp. The literature reviewed has demonstrated that 

whilst CBTp is the leading evidence-based treatment recommended for hearing voices in the 

context of psychosis (Galletly et al., 2016; NICE, 2010), meta-analyses have found only 

small to medium effects (Bighelli et al., 2018; Jauhar et al., 2014; Lincoln & Peters, 2018; 

Turner et al., 2014; Wykes et al., 2008). The various potential reasons for these limited 

effects were highlighted, as well as broader issues regarding access to this complex and 

costly treatment (Schizophrenia Commission, 2012; Kohn et al., 2004; Kreyenbuhl et al., 

2009). The complexity of the treatment and methods utilised in research, including the use of 

diagnosis-specific populations and lack of sensitive outcome measures, were highlighted as 

contributing factors to the currently limited understanding of how this treatment works 

(Tarrier & Wykes, 2004; Thomas, 2015). Thus, it was argued in this chapter that there may 

be benefit in developing simpler, more targeted treatments focused on symptoms specifically, 

which may lead to a more fine-grained understanding of the active processes underlying the 

effects of the intervention. Coping approaches to hearing voices were discussed as a potential 

avenue of further research in this area, particularly building on an existing idiographic 

treatment approach called CSE (Tarrier, 1992; Tarrier et al., 1990). These approaches could 

benefit from further development, particularly in relation to common limitations encountered 

in the delivery of psychological interventions involving complex assessment and challenges 

in generalising therapeutic skill beyond the therapy room. In the next chapter, the discussion 

will turn to how these problems may be overcome by capitalising on advances in the field of 

digital technology.  
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4. Chapter Four: Digital Technologies in Mental Health  

Parts of the following chapter have been adapted from a book chapter on the 

application of digital technologies for psychosis, written by the candidate during the 

candidature period. The candidate was lead author, in collaboration with supervisors NT and 

MHL as co-authors. The broader book introduces graduate psychologists to clinical work in 

the field of psychosis by outlining the latest advances in the assessment and treatment of 

psychotic symptoms and disorders, emphasising the strengths and weaknesses in the current 

evidence base. The final version of the book chapter has been accepted by the editors, 

Professor Johanna Badcock and Dr Georgie Paulik, and is in the production phase with the 

scientific publishing company Elsevier. The full manuscript is provided in Appendix II and 

the full reference is as follows:  

Bell, I. H.,  Lim, M. H., & Thomas, N. (in press). The therapeutic use of digital technologies 

in psychosis. In Badcock, J. & Paulik, G. (Eds.), A Clinical Introduction to Psychosis: 

Foundations for Clinical and Neuropsychologists. Elsevier.  

The book chapter is original work led by the candidate and is highly relevant to 

current research, however the scope is beyond the focus of the current thesis. Therefore, the 

text has been edited down and refined with a particular focus on specific technologies 

relevant to the current research. The current chapter provides an overview of the emerging 

use of digital technologies to advance the clinical care and management of mental health 

conditions. A summary of current research examining the existing application of these 

technologies in psychosis populations is provided, leading to a discussion of two related 

technologies, ecological momentary assessment and ecological momentary intervention. 

These technologies have potential to enhance current treatments for people experiencing 

psychosis.  
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4.1. Digital mental health  

Digital technology is an umbrella term referring to electronic devices or applications 

capable of recording, storing, and processing information in digital form, including 

computers, mobile devices, and the internet. These technologies have advanced exponentially 

over the past several decades, with a growing number of technologies being developed, from 

online programs delivering therapeutic interventions, to smartphone applications (apps) 

capable of monitoring early warning signs of relapse. The use of these technologies in the 

context of mental health care and research is commonly referred to by the contemporary term 

digital mental health (Mohr, Lyon, Lattie, Reddy, & Schueller, 2017). There is growing 

evidence suggesting that these technologies may be capable of enhancing available 

treatments and supporting self-management in daily life for people with persisting mental 

health concerns such as psychosis (Naslund, Marsch, et al., 2015; O’Hanlon et al., 2016; 

Treisman et al., 2016). A list of major technologies with accompanying definitions and an 

example of their use for psychosis is detailed below in Table 4.1.
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Table 4.1. Types, definitions, and example uses of digital technologies in psychosis 

Technology type   Definition  Example use  

Smartphones  Hand-held personal computer capable of running 

applications and connecting to the internet  

Coping strategy reminders sent via specialised app  

Tablets  Large touch screen personal computer  Tool for sharing multimedia-based psychoeducation 

material  

SMS and text messaging  The use of mobile devices to send and receive short 

text, image or audio messages 

Daily text message reminders of goals and therapeutic 

strategies  

Email  Asynchronous method of transmitting text-based 

communication between computers  

Weekly emails to people completing an online self-help 

program for psychosis to promote engagement and 

discuss progress  

Blogs and podcasts  Regularly updated webpage or audio recordings 

sharing information in an informal format  

Weekly podcast by a person with lived experience 

sharing stories of recovery  

Computer-based applications  Software programs run on personal computers such as 

PC or MacBook  

Software program delivering computer-based cognitive 

behavioural therapy for psychosis on a personal 

computer   

Websites  Online ‘pages’ viewed via the internet  Remote access to information about a mental health 

condition  

Wearables and sensors  Devices worn on the person which passively record 

physiological data  

Smartwatch which passively monitors the level of 

activity in someone experiencing negative symptoms to 
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monitor the outcomes of a behavioural activation 

treatment  

Virtual reality  An immersive and interactive virtual environment 

involving three-dimensional simulation  

Exposure therapy involving increasing levels of social 

interactions within virtual environments to treat 

paranoia  

Augmented reality  Superimposing computer-generated images on to real-

world environments   

The use of visual cues within a real-world environment 

to prompt adaptive behavioural responses  

Avatars  Visual representation of a person or entity  Creation of avatars to represent the identity of an 

individual’s voice hearing experiences  

Telehealth  Provision of healthcare remotely via 

telecommunication  

Providing supportive counselling via the telephone  

Videoconferencing  Remote simultaneous communication via audio and 

video streaming   

Providing face-to-face counselling to a geographically 

isolated person  

 

Social media and forums  Communication and sharing of information with 

others via online communities   

Social media page for members who hear voices to 

share advice, experiences and provide support for one 

another  

Online chat and instant messaging A form of immediate text-based online 

communication  

24-hour chat service providing supportive counselling 

or advice for people in crisis  
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4.2. Use of digital technology in psychosis populations   

A number of studies have shown that people diagnosed with a psychotic disorder are 

able to use digital technology for their mental health care and many find them helpful for this 

purpose (Alvarez-Jimenez et al., 2014; Batra et al., 2017; Berry, Lobban, Emsley, & Bucci, 

2016; Thomas, Foley, Lindblom, & Lee, 2017). At the current time, estimates of smartphone 

ownership is around 80% amongst this population, with most using technology on a daily 

basis (Firth et al., 2015; Gay, Torous, Joseph, Pandya, & Duckworth, 2016). One recent 

meta-analysis combined results of 15 population-based surveys, finding that of 2129 patients 

with a psychotic disorder, an average of 81.4% owned a smartphone between 2013 to 2015, 

increasing from 66.4% in the years prior (Firth et al., 2015). Another survey of 457 

respondents diagnosed with a psychotic condition found that 89% had access to a personal 

computer and used the internet for one or more hours per day (Gay et al., 2016). Although 

barriers to adoption of technology exist (Communities and Local Government, 2008), and 

there remains a significant minority still yet to fully engage (Robotham, Satkunanathan, 

Doughty, & Wykes, 2016), the above findings challenge early presumptions that people with 

severe mental illness are unable to benefit from advances in digital mental health. 

4.3. Benefits of digital technology in psychosis treatment  

Whilst psychological interventions for psychosis such as cognitive behavioural 

therapy (CBT) can be effective, there remain a number of key challenges in meeting needs of 

clients. First, as outlined in chapter three, effect sizes for CBT for psychosis (CBTp) suggests 

the treatment provides relatively modest incremental improvements to recovery (Bighelli et 

al., 2018; Jauhar et al., 2014; Turner et al., 2014; Wykes et al., 2008). Alternative 

intervention modalities have shown a similar range effects (Brand, McEnery, Rossell, 

Bendall, & Thomas, 2017; Louise, Fitzpatrick, Strauss, Rossell, & Thomas, 2018), with some 

evidence for greater effects amongst symptom-specific and formulation-based approaches 

(Lincoln & Peters, 2018; van der Gaag, Valmaggia, & Smit, 2014). The second major issue, 

also discussed previously, relates to the limited availability of therapists to provide 

psychological therapies to persons with psychosis (Kohn et al., 2004; Kreyenbuhl et al., 

2009). Indeed, reports suggest that the vast majority of people experiencing psychosis do not 

receive the care they require, and the need for mental health services outweighs available 

resources (Schizophrenia Commission, 2012; Saxena, Sharan, & Saraceno, 2003; Saxena, 

Thornicroft, Knapp, & Whiteford, 2007). Cost-benefit analyses favour increasing access to 

psychological treatments for mental disorders (Kuipers et al., 1998; Laynard, Clark, Knapp, 

& Mayraz, 2007; Lazar, 2014), but the barriers to servicing these needs are complex. Digital 
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technologies may provide a number of innovative ways to overcome some of the challenges 

associated with the effectiveness of these treatments and their access, as outlined below.   

4.3.1. Increasing access and reducing costs 

A key capability of digital technology is in enabling a larger number of people to 

access mental health care beyond traditional service settings (Lal & Adair, 2014; Price et al., 

2014). As well as including fully self-guided interventions, this might include blending 

independent digital resource use with face-to-face therapy to maximise intervention exposure. 

As detailed above, the ownership of mobile devices such as smartphones has risen drastically 

amongst clinical populations (Firth et al., 2015; Gay et al., 2016), providing a highly portable 

means of accessing interventions on demand. Particularly for those who live in 

geographically isolated regions or have limited mobility, remote access to internet-based 

interventions may offer a promising solution. Video and telephone conferencing technologies 

are also becoming more popular, enabling remote but direct access to health care 

professionals, with evidence supporting equivalent effects compared to care delivered in 

standard clinical settings (Speyer et al., 2018).  

The reduced costs associated with digital interventions also lies in the capability to 

provide additional support for people in their daily lives, offering a way of empowering 

people to independently self-manage their mental health. One promising demonstration of 

potential cost effectiveness was provided by Freeman et al. (2018). In this randomised 

controlled trial (RCT), six sessions of virtual reality treatment without any therapist 

involvement were delivered to people with moderate to severe phobia of heights over a two-

week period. Between group effect sizes were very large (Cohen’s d = 2.0), which were 

maintained at follow-up. These effects were larger than typically expected for standard 

treatment of this condition, without requiring therapist time. However, clearly such 

technologies are not without costs, especially in the initial stages of their development and 

ongoing maintenance (Depp et al., 2010; Freeman et al., 2018). 

Another opportunity to reduce costs and resource burden may be the use of online 

interventions in combination with standard therapies as a supplement to reduce the overall 

number of sessions needed and increase the potency of their effects by maximising exposure. 

Some findings have demonstrated that the effects of these types of interventions can be as 

effective as standard face-to-face therapies, using less recourses and in shorter time periods 

(Ebert et al., 2018; Erbe, Eichert, Riper, & Ebert, 2017). Not all studies have supported the 

cost effectiveness of digital interventions (Kenter et al., 2015) and further economic 
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evaluations are required, however the above findings provide a compelling case to invest in 

further research and development.    

4.3.2. Providing on-demand support  

Therapeutic settings can provide optimum conditions for the learning and practice of 

therapeutic skills, however daily life can be far more complex and make the utilisation of 

these skills challenging. As many existing digital technologies are highly portable and carried 

on the person throughout daily life, there is potential to leverage these as tools to deliver 

interventions and therapeutic support on-demand in the moments they are needed (Marzano 

et al., 2015; Price et al., 2014). Whilst research in psychosis is at an early stage, there is 

mounting evidence for the potential benefit of these types of mobile interventions. For 

example, one small scale study examined the preliminary effects of a smartphone app which 

delivered CBT to individuals with early psychosis in their daily life (Bucci, Barrowclough, et 

al., 2018). Theory-driven therapeutic material was available to be accessed on-demand, with 

therapeutic messages sent to users via the device which targeted cognitive appraisals, belief 

conviction, emotions, and associated behaviours. Thirty six participants completed the trial, 

with findings showing high satisfaction rates and clinical benefits over and above simple 

monitoring of symptoms.  

Mobile technologies might also be used to monitor momentary changes in mental 

health-related states, which may be informative for tracking the effects of interventions over 

time, as well as highlighting clinically relevant changes that could indicate the need for 

escalated intervention (Ebner-Priemer & Trull, 2009; Naslund, Marsch, et al., 2015; Price et 

al., 2014; Trull & Ebner-Priemer, 2009). The EMPOWER smartphone app (trial registration 

ISRCTN99559262), which was developed in collaboration with service users, allows people 

diagnosed with schizophrenia to monitor their mental state and communicate signs of relapse 

to their treatment team. The app involves a stepped intervention approach, whereby minor 

worsening in illness-related variables triggers therapeutic messages designed to reduce 

relapse risk in the moment, and more severe changes leads to alerting of key clinicians.  

4.3.3. Empowering self-management of mental health  

There has been growing emphasis on the need for more user-led, empowering 

approaches to mental health treatment. This has been largely led by consumer movements 

that have called for more person-centred, recovery-focused models of care (Corstens et al., 

2014; Leonhardt et al., 2017). Digital technology may aid in this development by supporting 

recovery and empowering people to self-manage their own mental health (Amichai-

Hamburger, McKenna, & Tal, 2008; Strand, Gammon, & Ruland, 2017). Technologies such 
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as smartphones and self-directed online programs allow individuals to independently access 

mental health interventions at their own convenience and direction. An example program in 

psychosis was investigated by Gottlieb, Romeo, Penn, Mueser, and Chiko (2013), involving 

the development of a computerised skills-based CBT program targeting improved coping 

with hearing voices. Text, video, audio, and interactive exercises were used to deliver 

materials on self-monitoring, coping enhancement, cognitive therapy skills, and relapse 

prevention. Findings from two small studies (Gottlieb et al., 2013; Gottlieb et al., 2017) 

indicated good engagement and satisfaction with the program, which was accessed on 

computers at a local service. Both groups showed equal improvement on the severity of 

voices or other symptoms over time, and the trial was underpowered to evaluate efficacy. 

However, improved clinical outcomes indicated that users of the program enhanced social 

functioning relative to the control group.  

One of the greatest areas of interest in digital mental health technology has 

surrounded smartphone apps, which can provide information and deliver interventions on-

demand, facilitating independent self-management of mental health. A review by Firth and 

Torous (2015) identified five smartphone apps for psychosis, with broad aims from symptom 

monitoring and self-management, to promoting physical activity amongst people with 

psychiatric disorders, including schizophrenia (Aschbrenner et al., 2015; Ben-Zeev et al., 

2014; Macias et al., 2015; Naslund, Aschbrenner, Barre, & Bartels, 2015; Palmier-Claus, 

Ainsworth, et al., 2012). Firth and Torous (2015) concluded that overall people with 

psychosis appear willing and able to use apps safely to achieve specific aims, however further 

research is needed. Many of these apps met definition of a specific technology termed 

ecological momentary intervention, which will be discussed later in this chapter.  

4.3.4. Fostering and enhancing engagement  

Mobile apps and other audio-visual technologies might be used to deliver information 

and interventions to mental health service users in an engaging way (Luxton et al., 2011). 

This might particularly beneficial for people diagnosed with a psychotic condition, where 

engagement with psychological interventions can be challenged by factors such as the nature 

or severity of symptoms, prior negative experiences, or psychosocial barriers (Dixon, 

Holoshitz, & Nossel, 2016; Johansen et al., 2011; Kreyenbuhl et al., 2009; Lecomte et al., 

2008). Cognitive difficulties, such as poor recall and comprehension, may negatively impact 

understanding of complex information relevant to treatment (Fioravanti et al., 2012; Johansen 

et al., 2011). Technologies which deliver content in an engaging, stimulating, and simple way 

might assist in overcoming these challenges. 
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Research has found that the use of tablets and computer-based tools can be used as a 

digital platform for administer assessments in session (Demeulemeester et al., 2015). This 

can be more user-friendly and convenient for both clinician and client, and could reduce the 

likelihood of scoring errors through automated report summaries. Research has also found 

that simple electronic reminders of appointments, medication, or other therapeutically 

relevant information can be used to compensate for memory difficulties (Kannisto, Koivunen, 

& Välimäki, 2014). Further, some have argued that the additional privacy and autonomy of 

accessing digital interventions independently from others may also assist in overcoming 

barriers associated with help seeking due to the stigma associated with mental illness 

(Amichai-Hamburger et al., 2008; Corrigan, 2004; Thornicroft, 2008). 

4.3.5. Supporting intervention delivery 

Challenges in the delivery of psychological interventions are common, including the 

generalisation of treatment effects beyond the immediate therapy setting, the efficient 

collection of reliable and accurate data to inform assessment, and adherence to homework 

tasks outside of session (Boschen & Casey, 2008). Research has suggested that digital 

technologies may assist in overcoming these challenges by supporting the delivery of 

intervention components both within and outside of traditional treatment settings (Boschen & 

Casey, 2008; Luxton et al., 2011). Boschen and Casey (2008) highlights how mobile devices 

might be used to connect clinicians with their clients in real-world settings, assist in recording 

relevant therapeutic information in daily life, and prompt the completion of homework tasks 

and other intervention strategies. The authors also highlight a number of key challenges, 

including the necessary skill set of clinicians and clients to utilise these digital tools, as well 

as issues related to cost, network access, privacy and security. Despite considerable 

investment in research and development over the past decade, these issues have not been 

solved.   

 The term blended therapy refers to the combination of digital technologies such as 

smartphones with standard treatments delivered in regular service settings (Erbe et al., 2017). 

For example, one study found that nine weeks of internet-based CBT for social anxiety 

combined with email support and two, three-hour long exposure sessions resulted in medium 

to large reduction in social anxiety related outcomes when compared to treatment as usual 

(Andersson et al., 2006). By supplementing standard therapies with digital components, it 

may be possible to reduce the treatment time and costs associated with less therapist 

involvement. Further, it has been argued that autonomous use of digital technologies may 
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allow people to independently lead therapeutic change, which could enhance motivation and 

self-efficacy (Amichai-Hamburger et al., 2008; Aref-Adib et al., 2016).  

Another example of how technology can be utilised to enhance intervention delivery 

is the use of tablets and computer-based tools to deliver multimedia (e.g., video, interactive 

text) content within session to facilitate communication of information. The SMART research 

project conducted by Thomas and colleagues is one example of this (Thomas, Farhall, Foley, 

Leitan, et al., 2016; Thomas, Farhall, Foley, Rossell, et al., 2016). In this program, videos of 

people with lived experience of psychosis were displayed on a tablet computer to prompt 

discussion about recovery during sessions with a worker. This proved a feasible and 

acceptable way to prompt discussion about recovery, with clients feeling that these enhanced 

their sessions with their workers (Thomas, Farhall, Foley, Leitan, et al., 2016; Williams, 

Fossey, Farhall, Foley, & Thomas, 2018). Results from a qualitative study indicated that 

people often felt that videos of others discussing their own recovery made them feel less 

alone, and more inspired and hopeful about their own recovery (Williams et al., 2018).   

Research has also investigated the use of augmented reality (AR) and virtual reality 

(VR) for psychosis treatment. The most common use of VR in mental health has been in 

exposure therapy, enabling clients to enter anxiety-provoking environments in a controlled 

way to promote habituation (Freeman et al., 2017; Rus-Calafell, Garety, Sason, Craig, & 

Valmaggia, 2018). In psychosis, VR has had particular applications to paranoia, with avatars 

being used within virtual environments to represent threatening or rejecting others. The 

largest existing trial of this approach was conducted by Freeman et al. (2016), whereby 30 

participants with persecutory delusions were randomised to receive basic exposure therapy 

via VR or cognitive therapy focusing on dropping safety behaviours in VR environments. 

Findings indicated VR cognitive therapy resulted in greater benefits relative to VR exposure 

therapy for both delusional conviction (Cohen's d = 1.3) and real-world distress (Cohen's d = 

0.8). A review of the literature on VR for psychosis conducted by Rus-Calafell et al. (2018) 

found that it has been used broadly for purposes such as the assessment of cognition (e.g., 

Sorkin, Weinshall, Modai, & Peled, 2006), cognitive remediation (e.g., Chan, Ngai, Leung, & 

Wong, 2010), exposure therapy (e.g., Pot-Kolder et al., 2018), and skills training (e.g., Park 

et al., 2011). Across these studies, VR was found to be safe and acceptable for people with 

psychosis, and RCTs findings indicated that the technology can lead to improved outcomes 

such as reducing paranoia through graded exposure in virtual environments (Freeman et al., 

2016; Pot-Kolder et al., 2018).  
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The use of avatars for the treatment of psychosis has seen particularly promising 

developments in the application of digital technology for treating hearing voices. Research 

conducted by Craig et al. (2018) and Leff et al. (2013) involved participants creating a 

computerised digital character of their main persecutory voice. Whilst the participant sat in 

front of a computer showing this character, the therapist remained in a separate room where 

they could communicate with the participant, switching between their own voice and that of 

the character. The therapist then facilitated dialogue between the participant and their voice, 

whilst at the same time guiding them in seeking more adaptive, assertive interactions which 

grow more effective over time. Findings from an RCT of this novel intervention indicated it 

was safe, feasible, and acceptable, with large and wide-spread improvements in outcomes 

related to voices compared with supportive counselling (Craig et al., 2018). These effects 

were maintained at 6 months follow-up, however were no longer superior to the supportive 

counselling group which showed improvement over that period. 

4.3.6. Supporting psychosocial and cognitive functioning  

Difficulties with social anhedonia, social cognition, loneliness, and limited social 

networks are common amongst people with psychotic conditions (Couture, Penn, & Roberts, 

2006; Kwapil, 1998; Gayer-Anderson & Morgan, 2013; Lim, Gleeson, Alvarez-Jimenez, & 

Penn, 2018). Research has examined whether digital interventions can be used to connect 

individuals with similar experiences to promote social connectedness and facilitate peer 

support, particularly for individuals with early psychosis (Alvarez-Jimenez et al., 2014; 

Alvarez-Jimenez et al., 2013). For example, Alvarez-Jimenez et al. (2013) developed an 

online platform with multiple features, including a peer moderated social network and 

psychosocial intervention modules with interactive exercises. Twenty participants with early 

psychosis used the system over four weeks, with findings suggesting the system was 

appealing, acceptable, and feasible to use, with some clinical improvements in depression 

following the intervention.  

Digital technologies have also been used to deliver adapted forms of cognitive 

remediation therapy for people with psychotic conditions, with meta-analysis showing these 

can be beneficial, particularly for improving social cognition (Grynszpan et al., 2011). Other 

studies have examined the independent use of digital technologies targeting cognition or 

functioning in psychosis. Schlosser et al. (2018) evaluated an app that was designed to 

enhance motivation, reinforce goal achievement, and provide social networking. Findings 

from an RCT indicated that participants were overall very satisfied with the app and had a 

good level of engagement. Clinical outcomes were also positive, showing improvements in 
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depression, defeatist beliefs, self-efficacy, and motivation, which were maintained at three-

month follow-up.  

4.3.7. More personalised treatments  

Recent attention has been focused on the capability of mobile devices such as 

smartphones or smartwatches to collect a multitude of information about users in naturalistic 

settings (Onnela & Rauch, 2016). Researchers have proposed that appropriate analysis of 

both active (e.g., questionnaire responses completed on the device) and passive (e.g., GPS or 

physiological recordings) data collected through these devices could characterise individual 

differences in mental health based on more personalised, contextually sensitive information 

(Torous, Onnela, & Keshavan, 2017; van Os, Delespaul, Wigman, Myin-Germeys, & 

Wichers, 2013). This is promising amid dissatisfaction with the heterogeneous and 

overlapping landscape of mental health experience afforded by traditional diagnostic schemes 

such as DSM-5 (American Psychiatric Association, 2013). An example smartphone app for 

this purpose was investigated by Torous, Kiang, Lorme, and Onnela (2016), which was used 

to collect a wide variety of active and passive data in people’s daily lives. Based on this 

information, an individualised digital phenotype of the user was presented visually on a web-

based system, including patterns in symptoms and related information. The authors suggest 

that clinicians might utilise apps such as this to better characterise individual client 

experiences, inform more personalised and tailored treatments, and monitor changes in illness 

states.  

4.4. Evidence base and challenges in digital mental health  

4.4.1. User engagement  

Despite the apparent interest amongst those with psychosis in using digital 

technologies for daily mental health care, research shows that generally engagement and 

ongoing use with these technologies is poor. A naturalistic study by Torous, Patrick Staples, 

et al. (2017) examined usage rates amongst 622 people who downloaded a publicly available 

smartphone app for schizophrenia. They found a small subset of individuals continued to use 

the app regularly, however the vast majority of users did not continue to engage beyond a few 

times. Notably, this observation is not limited to psychosis, with similarly low naturalistic 

usage rates observed in other mental health conditions (Baumel & Kane, 2018; Torous, 

Wisniewski, Liu, & Keshavan, 2018). These findings are important as most of the current 

research on engagement has been conducted in the context of clinical trials (Torous, 

Nicholas, Larsen, Firth, & Christensen, 2018), which tend to show higher levels of 

engagement than is observed in naturalistic settings (Fleming et al., 2018). 
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A review of engagement with mental health smartphone apps was conducted by 

Torous, Nicholas, et al. (2018). The authors highlighted the low rate of engagement across 

different mental and physical health conditions and suggest this may be due to several 

factors, including apps not being user-friendly or designed specifically for users, having no 

guarantees for privacy or security, being unhelpful in crisis situations, and being perceived as 

untrustworthy or unreliable. These factors reflect the early stage of this research area, where 

the knowledge regarding user preferences and appropriate designs is still being established, 

and there is a lack of oversight to protect users from unsavoury commercial practices. 

Furthermore, little is known about the various factors that might affect engagement with these 

technologies, such as clinical and cultural variables (Torous, Nicholas, et al., 2018). These 

factors are likely to vary depending on the individual, making it a challenge to develop 

technologies that suit every need (Yardley, Morrison, Bradbury, & Muller, 2015).  

4.4.2. Ethical issues  

A major topic of discussion within the digital mental health literature relates to 

various ethical concerns, including data security and privacy, reliability, and validity, 

technological stability, responding to remote indicators of risk, ownership of data collected 

through commercial apps, and dealing with inequality of access and costs of the technology. 

Amongst users, one of the primary concerns has involved maintaining privacy, which has 

been substantiated by research. A study by Sunyaev, Dehling, Taylor, and Mandl (2014) 

identified 35,000 existing health-related apps, among which only 30.5% of the most 

frequently rated had a form of privacy policy, and the majority of these were poorly worded 

and insufficiently transparent. Furthermore, the security of personal data stored on these 

devices are also a subject of considerable concern (Kotz, Gunter, Kumar, & Weiner, 2016). 

Devices are often lost or stolen and there is potential for hacking or use of the data in 

questionable practices, leaving user information vulnerable. These issues have been the topic 

of a number of review articles which reflect some movement towards the regulation of 

health-related technologies to facilitate user protection (Armontrout, Torous, Fisher, Drogin, 

& Gutheil, 2016; Kotz et al., 2016; Torous et al., 2018). 

4.4.3. Evidence base  

The literature to date on digital technology for mental health is at its infancy, with 

more research needed to establish effectiveness and safety. The existing research is 

dominated by pilot studies with small sample sizes, reflecting the current focus on 

establishing the feasibility and acceptability of different technologies (Torous, 2018). Whilst 

preliminary findings do provide some evidence for clinical benefits, further research is 



71 

 

clearly needed before conclusions can be drawn (Naslund, Marsch, et al., 2015). Questions 

also remain as to how to best implement these interventions beyond the research setting 

(Mohr, Riper, & Schueller, 2018; Mohr, Weingardt, Reddy, & Schueller, 2017), including 

client and clinician attitudes to digital technologies (Berry, Bucci, & Lobban, 2017; Bucci, 

Morris, et al., 2018), and how to best train the workforce in their use (Torous, Chan, Luo, 

Boland, & Hilty, 2017). Research has shown that whilst clinicians are optimistic about the 

potential for technology in mental health care, they are also understandably cautious for a 

variety of reasons, including the limited evidence base and importance of technologies to 

compliment, not replace, traditional roles (Berry et al., 2017).  

There is also a need for more research to establish the mechanisms which drive the 

effects of different digital mental health technologies. This is particularly relevant for 

complex or highly novel digital interventions, such as the promising avatar-based 

intervention for voices (Craig et al., 2018; Leff et al., 2013), where the potential for so called 

digital placebo effects have been proposed, and implementation in standard practice may 

present challenges (Torous & Firth, 2016). Furthermore, alongside the hype surrounding the 

potential of these technologies there is necessary caution regarding their safety and 

theoretical underpinnings. A demonstration of this caution was highlighted by Larsen, 

Nicholas, and Christensen (2016), who systematically reviewed available apps targeting 

suicide prevention, finding that very few adhered to evidence-based guidelines, and some 

even provided dangerous recommendations such as taking drugs to cope with suicidal 

ideation. Finally, it is important to further examine the preferences and perspectives of 

different clinical populations in using these technologies. In doing so, there would be benefit 

in conducting collaborative research that involves key stakeholders, particularly those with 

lived experience, in the development and ongoing evaluation process (Berry et al., 2016; 

Brett et al., 2014; Hardy, Wojdecka, West, Matthews, & Garety, 2018; Mohr, Lyon, et al., 

2017).  

4.5. Digital mental health: future research directions  

As outlined above, digital technologies have widespread potential to enhance and 

support the effective treatment of people experiencing mental illness, including psychosis. 

The evidence is mounting in favour of their clinical benefit, however a vast number of 

questions remain unanswered. Given their broad capabilities, one of the major goals of 

current research is to better understand how different technologies can be utilised across a 

range of clinical purposes and populations (Michie, Yardley, West, Patrick, & Greaves, 2017; 

Ritterband, Andersson, Christensen, Carlbring, & Cuijpers, 2006; Webb, Joseph, Yardley, & 
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Michie, 2010). Whilst complete packages of digital interventions, such as online CBT 

courses, are a promising area of investigation, it can be challenging to deconstruct what 

aspects of the treatments are attributed to therapeutic benefits (Collins et al., 2007). In order 

to optimise the benefit of these technologies, it is important that more focused research is 

conducted to understand how particular components and processes are associated with 

specific outcomes and illness characteristics (Beatty & Binnion, 2016; Michie et al., 2017). A 

similar objective was highlighted in chapter three as a potential means of overcoming 

limitations in CBTp research, whereby heterogeneity of both the treatment and target 

population has limited understanding of the active therapeutic ingredients (Tarrier & Wykes, 

2004; Thomas, 2015). Furthermore, the development and evaluation of new digital 

technologies should be guided by relevant theoretical models within targeted populations, 

providing a framework for understanding underlying processes associated with potential 

effects (Hardy et al., 2018; Naslund et al., 2017). Finally, as the stage of research is early, 

there is benefit in conducting trials focusing on the feasibility and acceptability of different 

applications, the findings of which might inform the design of technologies which warrant 

larger, fully powered trials targeting clinical efficacy and effectiveness.  

4.6. Real time, real world assessment and intervention 

One promising application of digital technology is the use of smartphones to aid 

assessment and monitoring of clinical phenomena, and provide therapeutic support in the 

context of daily life. Two approaches which make use of this capability are termed ecological 

momentary assessment (EMA; Shiffman et al., 2008) and ecological momentary intervention 

(EMI; Heron & Smyth, 2010). There is growing recognition for the wide-ranging clinical 

utility of these technologies for the treatment of severe mental health conditions (McDevitt-

Murphy, Luciano, & Zakarian, 2018), with emerging research supporting their use in 

psychosis.  

4.6.1. Ecological momentary assessment in mental health treatment   

EMA was first introduced in chapter two in the context of psychosis research 

(Oorschot et al., 2009). As a research methodology, there has been a steady incline in the use 

of EMA for examining momentary processes underlying clinically relevant phenomena 

(Shiffman et al., 2008; Stone, Shiffman, Atienza, & Nebeling, 2007; Trull & Ebner-Priemer, 

2009). Traditionally, EMA has involved the use of electronic beepers to prompt research 

participants multiple times a day over several days to complete pen and paper questionnaires 

of experiences as they occur in the moment. Now, with the advancement of mobile digital 

technologies, EMA typically relies on specialised smartphone apps which deliver several 
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alerts per day over several days requesting completion of electronic questionnaires on the 

device (e.g., Palmier-Claus et al., 2012). Via connection to the internet, questionnaire 

responses can be uploaded to secure online databases and accessed by researchers or 

clinicians in real time. A related approach involves the use of passive sensors to collect 

momentary information from the device, such as geolocation or physiological recordings of 

heart rate using mobile devices such as smartwatches (Barnett, Torous, Staples, Sandoval, et 

al., 2018; Ben-Zeev et al., 2017). 

The benefits of EMA in the context of psychosis research was outlined in chapter two. 

To summarise, this includes the ability to capture more accurate information about 

momentary clinical phenomenon as they arise in natural environments and examine how 

these interact and evolve in the moment and over time (Shiffman et al., 2008; Stone et al., 

2007). As these processes are known to be dynamic in nature and constantly changing in 

relation to a range of contextual factors, traditional forms of measurement involving 

retrospective self-report in laboratory or clinical settings are limited in their ability to 

accurately capture these processes as they occur naturally. EMA is considered a more reliable 

method of measurement by capturing phenomena in real time, overcoming recall bias, and 

affording greater ecological validity as assessments occur in natural environments (Piasecki 

et al., 2007; Schwarz, 2007).  

Whilst the utility of EMA has been well recognised within research settings, more 

recently there has been interest afforded to its clinical potential (Ebner-Priemer & Trull, 

2009; McDevitt-Murphy et al., 2018; Myin-Germeys et al., 2009; Trull & Ebner-Priemer, 

2009). One particularly promising application is the use of EMA as a tool to enhance the 

assessment and subsequent identification of fine-grained clinical processes which may inform 

the development of more individually tailored interventions. Such idiographic approaches to 

mental health assessment and treatment were introduced in chapter three and may be 

significantly enhanced through the use of EMA.  

4.6.2. Ecological momentary assessment for idiographic approaches to mental health  

As discussed in chapter three, idiographic approaches to mental health involve the 

identification of person-specific variables and their dynamic relation, which can be used to 

inform more individually tailored interventions (Haynes et al., 2009). According to the 

definitions provided by Haynes et al., idiographic assessment is reliant on instruments or 

strategies which collect individual-level data on psychological dimensions and their 

associated situations and contexts. In contrast to nomothetic approaches which aggregate 

observations across individuals, typically using cross sectional measures, idiographic 
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approaches focus on individual variation occurring at the person level, typically over time. A 

graphical representation of the two approaches, and their combination, was presented by 

Beltz, Wright, Sprague, and Molenaar (2016) and is displayed below in Figure 4.1.  

 

 

Figure 4.1. A graphical representation by Beltz et al. (2016) of the differences between 

nomothetic (B) and idiographic (C) approaches, and their combination (A) 

 

A commonly used idiographic assessment approach discussed in chapter three is 

functional analysis (Sturmey, 2007). The approach involves the identification of antecedents 

and consequences associated with target symptoms in order to elucidate clinically significant 

functional relations which are then targeted using behavioural interventions. Many 

psychological treatment approaches such as CBT rely on a similar assessment of temporal 

sequences, typically by examining how various internal (e.g., thoughts, feelings) and external 

(e.g., environment, social context) relate to one another in a way that maintains the presenting 

problem (Morrison et al., 2004; Turkington et al., 2006). According to cognitive behaviour 

models of psychotic symptoms (e.g., Chadwick & Birchwood, 1994; Morrison, 1998), certain 

thoughts (e.g., I am in danger) are triggered in specific situations (e.g., being in a group), 

which elicits emotions (e.g., fear, paranoia) and behavioural consequences (e.g., avoidance of 

social situations, hypervigilance or bias toward social threat). Formulation-based approaches 

begin with an assessment of these individual factors, which then informs the choice of 

targeted intervention strategies. Consideration is payed to the evolving nature of the 
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formulation, which is adapted as relevant clinical variables and their treatment changes over 

time (Morrison et al., 2004).  

Inherently, idiographic assessment approaches such as functional analysis and other 

types of clinical formulation are individually tailored, fine-grained, and temporally dependent 

(i.e., examining processes which unfold dynamically over time; Fisher, 2015; Haynes et al., 

2009). As such, the successful application of these methods in psychological treatment can be 

highly complex as the focus is on identifying and working with subtle, nuanced, and dynamic 

relationships between a variety of variables. Existing assessment methods are typically cross 

sectional and rely heavily on retrospective self-report.  As it is known that humans are quite 

poor at recalling past experiences with a high degree of accuracy (Bradburn et al., 1987; 

Brenner & Ben-Zeev, 2014), the sensitivity of these methods for capturing complex, time-

variant interactions between subtle clinical processes can be limited. This is particularly 

challenging in the treatment of psychotic conditions where difficulties with memory are 

common and heightened emotional reactivity to frequently distressing experiences can shape 

retrospective self-report (Ben-Zeev et al., 2012; Jacobsen et al., 2018). 

There may be several benefits in using EMA during clinical treatment of mental 

health conditions, particularly for idiographic approaches (Fisher, 2015; Scollon, Prieto, & 

Diener, 2009; van Os et al., 2017). First, the therapeutic benefit of self-monitoring has been 

well recognised, providing a basis for therapeutic learning and reflection (Cohen, Edmunds, 

Brodman, Benjamin, & Kendall, 2013). Automating this process using digital forms of EMA 

could enhance compliance and provide a more secure method of recording responses 

(Palmier-Claus et al., 2012; van Os et al., 2017). Second, EMA involves the measurement of 

clinically relevant variables multiple times a day over several days, so it may be possible to 

examine temporal relationships between within-person variables as they evolve in the 

moment and over time using statistical analysis of EMA data. Thus, EMA might be used to 

examine dynamic patterns in symptoms on an individual basis (Oorschot, Lataster, 

Thewissen, Wichers, & Myin-Germeys, 2012). Third, the reliability and validity of the data 

may be improved through the capturing of information as it arises in the moment and in its 

natural environment. Therefore, important processes that are commonly missed or forgotten 

in therapeutic settings might be captured and analysed to provide important clinical 

information about relevant experiences in daily life. A demonstration of these capabilities 

was provided by Oorschot et al. (2012) in which the temporal dynamics between paranoia 

and positive and negative affect were examined within participants over the course of several 

days using EMA. Figure 4.2. provides a graphical indication of these relationships, which 
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clearly vary between days and between people. As highlighted by the authors, this rich array 

of information could be used therapeutically, such as for symptom profiling and diagnosis, 

individual formulation, psychoeducation, and tailoring of individualised interventions.   

 

 

Figure 4.2. Day-to-day fluctuation in paranoia, negative, and positive affect measured using 

EMA, depicted by Oorschot et al. (2012) 

 

A small number of studies have examined the use of EMA for clinical purposes. Ben-

Zeev et al. (2017) examined the use of a specialised smartphone app which collected a 

combination of both active (questionnaires three times per week) and passive (multimodal 

behavioural sensing such as physical activity, device use, and speech) EMA data from users 

to identify predictors of hospitalisation. A small trial with five participants who were 

hospitalised whilst using the system over 12 months found unique patterns within the data 

which varied between individuals, highlighting the utility of mobile EMA technology for 

identifying clinically significant changes on a person-by-person basis. Two other studies 

examined the use of daily and weekly EMA questionnaires via a smartphone app by 

individuals with early psychosis in a clinical service (Kumar et al., 2018; Niendam et al., 

2018). A computerised “dashboard” provided summaries of the information, which was 

accessible to case managers. Feasibility statistics indicated satisfactory engagement with both 

apps, though technological issues were encountered and continuity of care involving the 

technology was challenging due to staff turnover.   
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The summarising of EMA data as feedback within psychological therapy has also 

been subject to a small amount of research. In one study, participants experiencing clinical 

depression monitored levels of positive and negative affect using EMA in daily life. Visual 

feedback of fluctuations in affect derived from the EMA data was discussed in therapy 

sessions, providing a basis for reviewing the contexts which gave rise to changes in 

emotional states. Findings of an RCT indicated improvements in levels of depression 

(Kramer et al., 2014) and increased empowerment in the treatment group relative to the 

control group (Simons et al., 2015). To the candidate’s knowledge, the only study that 

conducted statistical analysis of individual EMA data to inform psychological therapy was by 

Kroeze et al. (2017). A single case involving a 67 year-old woman with persisting depression 

and anxiety completed five EMA questionnaires a day over two weeks. EMA data was then 

subject to network analysis and summarised as feedback and discussed in therapy. The 

participant reported that this helped improve understanding of her experiences and informed 

the tailoring of an appropriate intervention approach. Together, these studies highlighted the 

broad potential of EMA in clinical settings, though the literature is scarce in the context of 

psychosis, as will be demonstrated in the next chapter of this thesis.   

4.6.3. Ecological momentary intervention  

The principle of regular momentary prompting in daily life using EMA technologies 

has been extended to the therapeutic domain using a related approach termed ecological 

momentary intervention (EMI; Heron & Smyth, 2010). Broadly, EMIs are defined as 

interventions which are delivered to people in real time, during their daily life. The term has 

evolved since its original conception by Heron and Smyth (2010), with these interventions 

now commonly involving the use of mobile devices to deliver prompts of targeted 

interventions to people in real time. EMIs prompts can be simple, such as scheduled 

medication reminders, or complex depending on certain contexts, or responses to preceding 

EMA items. For example, someone who reports that they are experiencing high levels of 

anxiety may be presented with a different EMI prompt (e.g., a suggested coping strategy) 

compared to someone who reports absent or lower levels of anxiety (e.g., a motivational 

statement). 

Based on their definition, Heron and Smyth (2010) conducted a systematic review of 

EMIs focusing on improving physical and psychological symptoms and health behaviours in 

a variety of conditions. Twenty-seven EMI studies were identified, all using palmtop 

computers or mobile phones to deliver regular, momentary treatment for such conditions as 

smoking cessation, weight loss, anxiety, and eating disorders. Overall, these studies found the 
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interventions were acceptable, feasible, and effective in improving outcomes. Since this time, 

a number of further studies on the use of EMI in the treatment of mental health conditions 

have been conducted (McDevitt-Murphy et al., 2018; Myin-Germeys et al., 2016). For 

example, Depp et al. (2015) conducted one of the earlier studies of EMI for people diagnosed 

with bipolar disorder. One hundred and two participants were randomised to receive either an 

EMI app called PRISM or self-monitoring of mood using paper records over six months. The 

PRISM app involved daily self-monitoring of symptoms, with follow-up personalised self-

management messages presented, depending on responses. Outcomes provided strong 

support for feasibility and acceptability, with a moderate between-group effect favouring the 

treatment group on depression symptoms. In more recent years, a growing, albeit small, 

number of studies have examined the clinical benefit of EMIs for psychosis, which will be 

the focus of the next chapter.  

4.6.4. Ecological momentary assessment and intervention within blended therapies 

EMA and EMI (referred hence forth as EMA/I collectively) are two specific and 

related technologies which may be particularly beneficial when blended with idiographic 

treatment approaches involving individualised assessment and tailored intervention. EMA 

may enhance assessment and monitoring involved in standard psychological therapies, and 

EMI could be a supportive tool to promote generalisation of therapeutic strategies to daily 

life. For people with psychosis, whose experiences such as paranoia and hearing voices can 

be extremely distressing, the opportunity to provide therapeutic intervention in these 

moments is promising (Treisman et al., 2016). Furthermore, as access to psychological 

therapies is limited for people with psychosis (Schizophrenia Commission, 2012; Kohn et al., 

2004), the use of digital technologies to increase their potency and support more effective 

delivery is an important avenue of research. In investigating these potential benefits in the 

context of psychosis treatment, there may be benefit in adapting existing evidence-based 

psychological treatments by incorporating EMA/I to enhance therapeutic components. The 

previously described psychological therapy for hearing voices called coping strategy 

enhancement (CSE; Tarrier, 1992; Tarrier et al., 1990) may be particularly well suited, given 

the basis involving detailed functional analytic assessment (which could be supported by 

EMA) leading to the selection and reinforcement of individualised coping strategies for the 

voices (which could be supported by EMI). The application of this approach is the primary 

focus of the current thesis.  
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4.7. Chapter summary  

This chapter has provided an overview of various ways in which digital technologies 

can be used to enhance the clinical care and treatment of those experiencing mental illness. It 

is clear from the literature that a strong case has mounted for the potential benefit of a wide 

range of technologies in overcoming common limitations in current psychological treatments. 

These technologies may increase access to treatments at a reduced cost, support the delivery 

of standard interventions, and assist people to self-manage their own mental health (Naslund, 

Marsch, et al., 2015; O’Hanlon et al., 2016; Treisman et al., 2016). In considering the future 

of this relatively new research area, there is a need for studies to examine the specific 

capabilities of different technologies within well-defined clinical populations, possibly 

through adapting existing therapeutic approaches. In this chapter, EMA and EMI were 

presented as two candidate approaches which may be particularly promising as tools to 

enhance idiographic treatments using a blended model (Erbe et al., 2017). However, little is 

currently known about the potential of EMA/I in the treatment of psychosis and this literature 

has never been synthesised systematically. In the next chapter, the first published article of 

this thesis is presented, which involved a systematic review of the research literature 

examining the use of EMA/I in the treatment of psychotic disorders.  
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5. Chapter Five: Publication One 

As has been reviewed in the prior chapter, the evidence base for digital interventions 

for mental health conditions is mounting. However, further knowledge is needed to determine 

the specific capabilities of these technologies and empirically evaluate their feasibility, 

acceptability, and efficacy in psychosis populations. Ecological momentary assessment and 

intervention are two promising digital technologies that may provide a means of improving 

psychological therapies for psychosis. In order to synthesise the literature to date on the 

application of these technologies in psychosis treatment, a systematic review was conducted. 

This systematic review formed the first stage of the current research which provided a 

preliminary evidence base for the clinical potential of EMA/I and informed the design of the 

intervention which is investigated as part of this thesis.  

The following paper has been published in the journal Psychiatric Services, which is a 

highly ranked, international journal run by the American Psychiatric Association. The journal 

disseminates scholarly research in the field of psychiatry, particularly relating to the care and 

treatment of people with severe mental illness. The five-year impact factor is currently 2.921, 

with a SCImago H Index score of 126 and a Quartile 1 ranking. The ‘Author Indication 

Form’, which details the nature and extent of the candidate and co-authors’ contributions to 

this empirical paper is included in Appendix III. In addition, this review was presented by the 

candidate at the World Congress on Behavioural and Cognitive Psychotherapies in June, 

2016. At this conference, the candidate also presented the findings of a systematic review on 

predictors of fluctuations in voices and delusions using ecological momentary assessment, the 

findings of which informed part of the summary of this literature presented in chapter two 

and aspects of the intervention design, which will be discussed in chapter six. The complete 

citations of the publication and presentations are as follows: 

Bell, I. H., Lim, M. H., Rossell, S. L., & Thomas, N. (2017). Ecological momentary 

assessment and intervention in the treatment of psychotic disorders: a systematic 

review. Psychiatric Services, 68(11), 1172-1181. 

https://doi.org/10.1176/appi.ps.201600523 

Bell, I.H., Lim, M.H., Rossell, S.L. & Thomas, N. (2016). Applications of ecological 

momentary interventions to psychosis: Systematic review. In Thomas, N. (Chair), 

Developing digital interventions for people recovering from psychosis. Symposium 

presented at 8th World Congress of Behavioral and Cognitive Therapies, Melbourne, 

Australia. 

https://doi.org/10.1176/appi.ps.201600523
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Bell, I.H., Lim, M.H., Rossell, S.L. & Thomas, N. (2016). Predictors of daily variation in 

hallucinatory experiences: Findings from experience sampling research and 

implications for a contemporary functional analysis of voices. In Thomas, N. (Chair), 

The multiple associations between hearing voices and events in people’s lives: 

Processes and implications for psychological therapies. Symposium presented at 8th 

World Congress of Behavioral and Cognitive Therapies, Melbourne, Australia.



Ecological Momentary Assessment and Intervention
in the Treatment of Psychotic Disorders:
A Systematic Review
Imogen H. Bell, B.Sc. (Hons), Michelle H. Lim, Ph.D., Susan L. Rossell, Ph.D., Neil Thomas, D.Clin.Psy.

Objective: Ecological momentary assessment (EMA) and
ecological momentary intervention (EMI) are technologies
used to track fluctuations in experiences and prompt be-
havioral responses within the context of a person’s daily life.
Most commonly delivered via smartphone, EMA and EMI
have potential to provide simple, cost-effective, and user-
led treatment for psychotic disorders. This systematic review
aimed to synthesize current research exploring the feasi-
bility, acceptability, and clinical outcomes of EMA and EMI in
the treatment of psychotic disorders.

Methods: A systematic search was conducted identifying
studies published between 1980 and July 7, 2016, by searching
PubMed, PsycINFO, PsycARTICLES, and the Cochrane Central
Register of Controlled Trials with combinations of search
terms related to mobile devices, EMA and EMI, and psychotic
disorders.

Results: Of 1,623 studies identified, nine met inclusion criteria
for the review. These studies found satisfactory feasibility and
acceptability and preliminary evidence of improved clinical out-
comes. The interventions, which had a broad array of features,
targeted remote monitoring of illness and symptoms, and they
also targeted illness self-management by using momentary
reminders or instructions for behaviors, including medica-
tion adherence, management of symptoms and psycho-
social impairments, daily living skills, and goal achievement.

Conclusions: The findings of this review provide preliminary
support for the clinical utility of EMA and EMI in the treatment
of psychotic disorders. Future research should explore fur-
ther applications of these technologies with larger sample
sizes and controlled designs.

Psychiatric Services in Advance (doi: 10.1176/appi.ps.201600523)

Developments in the use of digital technologies in treating
mental disorders have been flagged as key elements in the
future of mental health care (1–5). Online and smartphone-
based modalities of delivery offer opportunities for sim-
ple, accessible interventions, facilitating dissemination; they
also offer a way to empower service users to take an active
role in mental health management as a key element of their
recovery (6). There has been dramatic growth in mobile
phone ownership in both clinical and nonclinical pop-
ulations (1,7,8), and smartphones are an especially common
means of Internet access among people with severe mental
illness (9). Preliminary findings of studies investigating
the use of digital interventions in psychotic disorders have
been promising. For example, Alvarez-Jimenez and col-
leagues (10) identified 12 trials of online, social media, and
mobile interventions for psychosis and noted that usability
and satisfactions ratings among users were highly positive,
suggesting that patients are willing and motivated to engage
with these types of interventions. Such findings highlight
the importance of examining new therapeutic approaches
that make best use of digital platforms, particularly smart-
phones (3).

A key clinically relevant methodology that can utilize mobile
technology is ecological momentary assessment (EMA) and
ecologicalmomentary intervention (EMI) (11,12). Also known as
experience sampling methodology, EMA methods involve col-
lecting data on repeated occasions, in real time and in the
context of daily life (11).Whenphenomena aremeasured as they
arise and evolve over time, they can be measured more accu-
rately, and a depiction of the dynamic relationship between state
variables can be derived. EMA can capitalize on several digital
technologies that offer the unique capability of automated de-
livery and recording of data. These include use of smartphones
for prompting and recording, as well as passive capture of,
ambulatory physiological data (for example, actigraphy, heart
rate, and skin conductance) and context-sensitive data (13,14).

Among persons with psychotic disorders, EMA has most
commonly been used as a research tool to examine mecha-
nisms underlying symptoms (15). The reliability and validity
of this method have been established in this population
(16–18), and there is growing interest in using EMAmethods
for clinical purposes. These include assessing symptoms
more accurately, identifying and monitoring signs of relapse,
and monitoring treatment effects (19).
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EMI is a derivative of EMA that extends themethodology
of repeated within-environment prompting into the domain
of clinical intervention. EMIs were first defined by Heron
and Smyth (12) as interventions that provide treatment to
people during their everyday lives—in real time and in nat-
ural settings. EMIs use technology similar to that of EMA,
including smartphone apps and SMS text messages that can
deliver statements or instructions to promote positive be-
haviors and coping when needed in daily life. Heron and
Smyth conducted a systematic review that identified 27 EMI
studies, using palmtop computers or mobile phones to de-
liver regular, momentary intervention for health targets,
such as smoking cessation, weight loss, anxiety, and eating
disorders. The identified EMIs had a variety of character-
istics, highlighting broad potential for these interventions,
with evidence supporting their acceptability, feasibility, and
efficacy in improving illness-related outcomes.

EMA and EMI have potential applications to psychosis
management, capitalizing on a number of key capabilities of
mobile technologies to provide a means of accurate assess-
ment; they can also be used to remind people of intervention
strategies in the moment they are needed (5,20,21). Such
assessments and reminders may be especially beneficial in
psychotic disorders, because difficulties with memory and
executive functioning can limit accurate recall of past events
and motivational difficulties can impede generalization of
intervention strategies outside the consulting room (22–25).
There is also evidence that psychotic symptoms improve
through regular self-monitoring (26), a potential use of EMA
shown to be effective in other disorders (27,28). Remote
monitoring of information may also help to identify signs
of relapse that indicate the need for escalated intervention
(29,30). EMI has shown promise in promoting uptake of
intervention strategies in daily life, with improved out-
comes in anxiety and mood disorders (31–34). In psychotic
disorders, prompts could be used to promote coping with
persisting positive symptoms, to compensate for negative
symptoms in managing daily functioning, or to facilitate
learning skills. Overall, these applications seem poten-
tially valuable in empowering people in more effective self-
management.

Reviews of the use of EMI in psychiatry (35) and of the
use of mobile devices in severe mental illness (21,36–38)
have highlighted the growing potential of this technology for
treating psychosis. However, to our knowledge, the thera-
peutic application of EMA and EMI methods to psychosis
has yet to be synthesized in a systematic review. Therefore, a
systematic review was conducted of research investigating
the feasibility, acceptability, and clinical outcomes of EMA
and EMI for the support or delivery of treatment for psy-
chotic disorders.

METHODS

We followed the PRISMA protocol for conducting system-
atic reviews (39). The search was conducted on July 7, 2016.

Search Protocol
Relevant studies were retrieved by searching PubMed,
PsycINFO, PsycARTICLES, and the Cochrane Central
Register of Controlled Trials with combinations of the fol-
lowing search terms within keywords, title, or abstract:
mobile phone; text messaging; SMS; cell phone; ecological
momentary assessment; ecological momentary interven-
tion; momentary assessment; real time; daily life; sampling
method* or experience sampling; and schizo*, psychosis,
or psychotic. Relevant MeSH terms (for example, mobile
device and mobile application) were used for PubMed
and Cochrane databases, and index terms were used for
PsycINFO and PsycARTICLES. [Further details about the
database search syntax are available in online supplement 1
to this article.] Identified studies were imported into the
referencing database, and duplicates were systematically
removed. The abstract of each study was screened by the
first author for basic criteria, and full texts were then in-
dependently evaluated by two authors (IHB and MHL)
against the inclusion and exclusion criteria. Reference lists
of studies meeting inclusion criteria and of prior relevant
reviews were manually searched for additional articles.
Authors of included studies were contacted for unpublished
work to reduce risk of bias.

Study Selection
Inclusion criteria were as follows: the studywas published in
peer-reviewed journal between 1980 and July 7, 2016; par-
ticipants were diagnosed as having a psychotic disorder; and
the study involved the examination of an EMI, which we
defined as any technology-based device or application that
can enhance care of patients with a psychotic disorder
through the delivery of regular, momentary intervention in
the context of daily life outside face-to-face therapy. We also
included studies that utilized EMA methods (that is, the
regular and momentary assessment of clinically significant
processes in daily life) to assist in clinical management or
assessment of patients with a psychotic disorder. Only
studies that assessed the outcomes of feasibility, accept-
ability, and clinical measures according to the aims of the
intervention were included. We included studies without
control groups because of the early stage of this literature.
Exclusion criteria were as follows: the sole focus of the
EMIwas for medication reminders, because these have been
reviewed elsewhere (40,41); the study was a neuroimaging
or biomedical investigation; and the study was a case study,
review, thesis, or book chapter.

Data Extraction
Two authors (IHB and MHL) agreed on the data extraction
protocol, including efforts to extract both significant and
nonsignificant findings to reduce risk of bias. One author
(IHB) then conducted the extraction. Extracted data in-
cluded the following: basic study information (for example,
author, year, and location), intervention aim, sample char-
acteristics (for example, number of participants, primary
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diagnosis, age, and gender), study design, characteristics
of the intervention (features, design, and platform), feasibility
(dropout and engagementwith and adherence to intervention),
acceptability (feedback from participants), and clinical out-
comes depending on the target of the intervention (for
example, symptoms, relapse rates, and quality of life). A
narrative synthesis of the findings was used in this study
because of the broad nature of the studies identified, which
precluded quantitative comparisons.

Study Quality Assessment
Study quality was evaluated using the Downs and Black
checklist (42), a measure suitable for both controlled and
uncontrolled trials.

RESULTS

Of 1,623 studies identified, 78 underwent detailed evaluation
and nine met inclusion criteria for the review. [A PRISMA
flow diagram is included in the online supplement 2.] Three
of the nine articles were sourced through manual searching
of reference lists (43–45). No unpublished work was de-
clared by any of the authors.

The characteristics and findings of the nine included
studies are shown in Table 1. Of these nine studies, five
met the definition of EMI (44,46–49), using prompts to
promote self-management and psychosocial functioning.
The remaining four studies investigated one intervention
that met the broad definition of EMA (43,45,50,51), targeting
illness and symptom monitoring. Six studies had controlled
designs (43,45,47,49–51).

Across the included studies, a total of 459 participants
with a psychotic disorder were included. Participants’
mean6SD age was 36.968.15, and ages ranged from 27.0 to
48.7. Most studies included samples of patients diagnosed as
having schizophrenia or schizoaffective disorder (44–48).
Two studies included additional patients with acute poly-
morphic psychotic disorder (15% of the sample) (50,51), and
another study included patients with nonspecific psychotic
spectrum disorders (8% of the sample) (49).

Illness and Symptom Monitoring
Four studies involved remote monitoring of the prodromal
warning signs of relapse among patients with a diagno-
sis of a psychotic disorder to prevent hospitalization by
using an intervention called Information Technology–Aided
Relapse Prevention Program in Schizophrenia (ITAREPS)
(43,45,50,51). Patients and caregivers completed the Early
Warning Signs Questionnaire (52) weekly, which was up-
loaded to an online system, or the results were reported
to managing nurses and were monitored by the treatment
team. The response to patients who were assessed to be at
risk of relapse was heightened monitoring and increased
medication. The inclusion of this intervention required a
broad definition of EMA, given that the assessments were
conducted weekly and do not assess momentary phenomena.

However, these studies were included in this review to
demonstrate the potential application of remotemonitoring of
illness by using EMA for the purpose of clinical management.

Feasibility and acceptability. Adherence to the monitoring
protocol by patients and caregivers was relatively low in
the two initial ITAREPS trials (50,51). In the randomized
controlled trial (RCT), patient and caregiver adherence in-
creased; however, only 39% of alerts were responded to by
the treatment team in accordwith the protocol (45). The low
rate was mainly attributed to conflicts between protocol-
indicated medication increases and psychiatrists’ clinical
judgement (65% of cases). To account for this, Komatsu and
colleagues (43) engaged nurses to conduct assessments by
telephone and to monitor medication responses, which in-
creased adherence to the response protocol.

Clinical outcomes. The initial ITAREPS trials showed re-
ductions in hospitalization events and total hospital days for
the treatment group (sustained at follow-up), compared with
the control groups, particularly for participants and treatment
teams that adhered to the monitoring and responding pro-
tocol (50,51). Because the subsequent RCT suffered from a
low rate of adoption and adherence by the treatment team, it
was difficult to assess efficacy (45). Reductions in hospital-
ization events and total hospital days were noted for the
group in which the treatment team adhered to the protocol,
compared with the nonadherent group. In the later trial by
Komatsu and colleagues (43), in which better clinician ad-
herence was achieved, greater reductions in hospitalization
and severity of relapse were observed; however, no follow-up
data were reported. A cost-benefit analysis conducted by
�Spaniel and colleagues (45) showed that the cost of treatment
was lower in the group of patients with protocol-adhering
treatment teams.

Self-Management and Psychosocial Functioning
Intervention characteristics. Five of the nine studies targeted
self-management and psychosocial and daily function-
ing for patients with a psychotic disorder. The app-based
FOCUS (46) and SMS-delivered Mobile Assessment and
Intervention for Schizophrenia (MATS) (48) involved EMIs
targeting illness self-management through the delivery
of repeated prompts to users throughout the day. These
prompts provided medication reminders and momentary
intervention items based on therapeutic models for chal-
lenging cognitions, coping, and promotion of healthy be-
haviors. Both FOCUS andMATS involved initial interviews
with participants regarding treatment targets and sub-
sequent personalization of intervention components. The
FOCUS app also includes resources for participants to
access on demand (62% of use), as well as prompts (38% of
use) (46).

The remaining three studies focused on compensating for
cognitive difficulties through promoting goal achievement
and daily living activities, such as attending appointments,
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managing medications, and
inhibiting undesirable be-
havior. The Skills Training
and Empowerment Pro-
gram trial was a pilot study
aimed at enhancing the ef-
ficacy of a face-to-face in-
tervention for patients with
schizophrenia while short-
ening the intervention’s
duration through regular
phone calls (47). The app-
based Mobus trial (44)
and the SMS-based EMI
designed by Pijnenborg and
colleagues (49) involved
programming of personal-
ized daily living activities
and goals to remind patients
to complete these in daily
life. In the Mobus trial,
caregivers were engaged to
work with the patient to
identify goals and keep track
of their progress by using
the system (44).

Feasibility and acceptability.
The mean dropout rate
across the EMI studies was
15%, with a range from 0%
(47) to 36% (44). Reasons
for dropout included loss
of device, severity of illness,
loss of interest, and inter-
vention nonengagement.
Mean response rates to the
prompting components of
the EMIs across the studies
was 80% (rates were not
reported in Pijnenborg and
colleagues [49]). Ben-Zeev
and colleagues (46) found
no association between re-
sponse rates and cognitive
functioning or symptom se-
verity. However, they found
that the percentage of days
on which the app was
used was lower among par-
ticipants who had a greater
reduction in depressive
symptoms over the course
of the intervention (r=2.36).
In the MATS trial, the
participants who stoppedT
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responding to the intervention had more severe negative
symptoms, more impaired daily living skills, and lower pre-
morbid IQ (48). Participants with more severe paranoia in the
Mobus trial were unable to engage with the intervention be-
cause of suspiciousness of the monitoring nature of the device
(44). No other studies reported reasons for response rates.
Technical issues were reported in three of the five trials
(44,46,48), and specific issues related to confidentially and risk
of carrying cell phones in public settings were mentioned by
participants. Overall acceptability ratings for the interventions
were moderate to high. In the MATS trial, participants re-
ported increasing helpfulness of the app over time; however,
some technical issues were reported that were related to the
usability of the phone response and navigation functions (48).

Clinical outcomes. The three trials targeting cognitive im-
pairments or daily living skills found improvements in the
percentage of goals achieved over the intervention (49),
improvements in daily living skills (44,47), and evidence for
improved cognitive capacity (44,49). The only study that
conducted a follow-up (two weeks postintervention) did not
find evidence for sustained increase in goals achieved in the
treatment group (49). Four of the five EMI studies also in-
cluded outcome measures related to change in psychotic
symptoms. The Mobus (44) and MATS (48) studies did not
detect pre-post changes in symptoms; however, the latter
found improvements over time in medication adherence
and attitudes, increased socialization, and positive effects
on hallucinations (decreased occurrence and severity and
controllability). The FOCUS study found significant reduc-
tions in depression and in total and positive symptoms but
not in negative symptoms (46). Although Pijnenborg and
colleagues (49) did not report symptom changes as over-
all outcomes, they noted that the group of participants
classified as “responders” to the intervention (.20% in-
crease in goal achievement over the intervention) showed
pre-post reductions in negative symptoms but not in positive
symptoms.

Study Quality Analysis
Overall, the reporting of key information across all studies
was good, with clear descriptions of intervention compo-
nents, participant characteristics, and methods and sound
justification for the statistical analysis used. The primary
methodological limitation was related to internal validity
and power. Only two of the studies were RCTs (both
ITAREPS studies [43,45]), and neither contained matched
samples. The other two ITAREPS studies used historical
data of a matched period prior to the intervention as a
control (50,51). Of the EMI studies, only two included a
control group; in one of the studies the control groupwas not
randomly assigned (49), and the other relied on a matched
sample from a prior intervention with inadequate reporting
of quantitative data (this study was a preliminary report-
ing of pilot data [47]). The remaining three EMI studies
employed a pre-post design (44,46,48). Only one study

reported power calculations to determine sample sizes (45).
These methodological limitations reflect the fact that this
research area is in its infancy—most of the included studies
were at the feasibility or pilot stage.

DISCUSSION

The findings of this systematic review provide preliminary
support for the clinical utility of EMA and EMI in the
treatment of people with a diagnosis of a psychotic disorder.
A small number of studies have demonstrated the use of EMI
for illness self-management through momentary reminders
or instructions to promote medication adherence, manage-
ment of symptoms and psychosocial impairments, daily
living skills, and goal achievement. Across these studies,
dropout rates were low and compliance was moderate to
high; overall acceptability and usability ratings were posi-
tive. Four of the five EMI studies conducted analysis to
evaluate changes in clinical outcomes, although these should
be interpreted cautiously because most trials were un-
controlled. Two of these four studies found improvements
in overall and positive symptoms (46) and in negative symp-
toms (49). The remaining two EMI studies did not find
significant pre-post changes to symptoms (44,48), although
Granholm and colleagues (48) found improvements in
medication adherence, auditory hallucinations, and sociali-
zation over the course of the intervention. Three of the five
EMI studies found improvements in cognitive impairments,
goal achievement (44,49), and daily living skills (44,47). The
only intervention identified that made use of EMA-based
methods (43,45,50,51) found that remote monitoring of ill-
ness states minimized relapse and hospitalization. However,
this intervention highlighted important acceptability issues
that were related to automatic protocols for responding to
clinically significant changes among patients.

The varied features of the interventions included in this
review demonstrate the broad application of EMA and EMI
in the treatment of psychotic disorders. EMI can be used for
autonomous illness self-management by providing state-
ments or instructions on demand or by prompts via SMS or
native smartphone apps (those stored locally on the device)
or through phone calls aimed at enhancing standard face-to-
face treatments. The ability to provide support on demand
and in daily life is an important capability because barriers to
treatment among persons with psychotic disorders could be
overcome by providing support in daily life (20–25). Further
studies are needed to build on these findings and extend the
use of EMA and EMI to other domains. For example, EMA
data are a rich source of contextually sensitive information
that could be analyzed to make a variety of clinically relevant
predictions. This potential was demonstrated by Burns and
colleagues (32), who developed an algorithm capable of
predicting a variety of psychological states and contexts
(for example, mood, motivational states, activity, and social
context) on the basis of sensor data (for example, location,
light, and recent calls) collected via ambulatory devices.
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Such algorithms could be used to analyze EMA data and
derive individualized prompts by using EMI or for in-
dividualized case formulation and management. Applica-
tions of EMA that warrant further investigation include the
therapeutic benefit of illness self-monitoring, which has
been shown to be helpful in treating depressive symptoms
(27,28). Providing patients with tailored feedback regarding
patterns in their psychotic experiences and the variables
that influence them may improve awareness and identify
possible intervention targets.

Another use of EMA and EMI has been referred to as
an “ecological interventionist–causal model approach” (53).
This approach involves testing interventions by linking
their specific effects to the putative mechanisms and the
targeted outcome (for example, psychotic symptoms). This
innovative approach offers a highly reliable method of in-
vestigating the causal relationship between intervention and
putative psychological mechanisms, which may ultimately
lead to enhanced and more sustained effectiveness.

A number of identified studies relevant to this review
were excluded because they did not present clinical out-
come data.Many of these feasibility and acceptability studies
demonstrated additional applications of EMA and EMI, and
they provided indicators of whether these technologies are
useful and acceptable to patients. Examples include the use
of passive EMA sensing to detect early relapse indicators
(13,14), assessment in inpatient settings using EMA (54),
SMS-based EMA and EMI for monitoring and intervening
with clinical changes remotely via clinicians (55), EMI for
setting and prompting goal achievement to enhance moti-
vation (56), and use of the FOCUS system for monitoring
signs of relapse posthospitalization (57,58) and for present-
ing short videos of intervention strategies (59). These studies
highlight the broad range of technologies that utilize EMA
and EMImethods, including smartphones, video recordings,
and sensing devices.

It is notable that some of the biggest effects found in the
studies reviewed here were with the ITAREPS intervention
(43,45,50,51), even though this intervention was character-
ized by poor rates of adherence among both consumers and
practitioners. The primary issue raised by the ITAREPS
intervention was the treatment team’s ability to maintain its
autonomy in determining the best methods of responding to
signs of relapse. It is important that future research in-
vestigate clinicians’ attitudes toward new technology-based
interventions and explore how interventions may best
be integrated in routine practice. The use of EMA for
monitoring and detecting signs of relapse clearly has clini-
cal utility; however, future research may benefit from
approaching this from a more empowering perspective by
allowing users to self-monitor and direct their own needs for
intervention. An example of this is the EMPOWER trial
(ISRCTN99559262), which is an ongoing study examining
the use of a smartphone app in self-monitoring for early
warning signs of relapse. This approach emphasizes user
control over responses; users are able to notify their case

coordinator and nominated caregiver if they choose, and the
app suggests strategies for self-management.

The future of mobile technology in mental health care is
growing increasingly prominent in the literature. A number
of articles have described the various ways in which these
technologies can be used in treating psychotic disorders (20)
and mental disorders in general (1–5,19,21). The literature
highlights the various challenges faced by this new area of
research, including issues related to costs, access, user atti-
tudes and interest, and the technology. The studies reviewed
here also highlighted confidentiality, the risk of loss of or
damage to the devices in public settings, technological lim-
itations, and usability as issues related to feasibility and ac-
ceptability. Evidence was also found that response to and
engagement with the interventions may be related to certain
illness factors, such as the severity of symptoms and cog-
nitive impairments (44,46,49). Patients in the MATS in-
tervention reported difficulty using the phone in some
conditions, including navigating and responding to SMS
(48). The authors suggested that future improvements to
smartphone technology may improve usability, making them
more acceptable to patients. Research comparing traditional,
SMS-based assessment to more modern and sophisticated
smartphone technology has found that people with serious
mental illness find both acceptable and feasible; however,
they prefer native smartphone apps, which may be simpler
to use (60). With technological advancements evolving at
a rapid rate, interventions can become more user friendly,
which may enhance outcomes. To aid this advancement,
future research can investigate barriers and potential solu-
tions, particularly focusing on feedback from people with
lived experience and health care providers.

This systematic review had some limitations. Because of
the lack of controlled studies, a meta-analysis was not con-
ducted, and thus the results related to clinical outcomes are
preliminary estimates. The definition of EMI used was rel-
atively broad, and EMA is not yet well defined in treatment
contexts; therefore, it is possible that not all relevant studies
were captured. Although the ITAREPS studies (43,45,50,51)
were included on the basis of our broad definition of EMA,
this intervention demonstrated the potential utility of re-
mote monitoring of illness, allowingmomentary detection of
relapse risk and treatment response. Future research that
provides a more standardized definition of these types of
methods would reduce the ambiguity of the inclusion cri-
teria. Furthermore, variation across EMA and EMI methods
(for example, native apps versus telephones) also made
comparison challenging. As this literature grows, future re-
search may compare the various delivery methods in order
to isolate active components.

CONCLUSIONS

Overall, studies to date suggest good acceptability and fea-
sibility of EMA and EMI in the treatment of psychotic dis-
orders, and clinical outcome data from uncontrolled trials
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are promising. Controlled trials are needed to assess the
potentially wide-ranging application of such technologies
among individuals with psychotic disorders.
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Supplementary 1: Database Search Syntax 

Search limited from 1980 to date of search (July 7, 2016)  

Cochrane Library  

ID Search Hit 

#1 "mobile phone" or "text messaging" or "sms" or "cell phone" or 

"ecological momentary assessment" or "ecological momentary 

intervention" or "momentary assessment" or "real time" or "daily life" or 

"sampling method*" or "experience sampl*"  

#2 MeSH descriptor: [Telemedicine] explode all trees  

#3 MeSH descriptor: [Cell Phones] explode all trees  

#4 MeSH descriptor: [Mobile Applications] explode all trees  

#5 MeSH descriptor: [Computers, Handheld] explode all trees  

#6 #1 or #2 or #3 or #4 or #5  

#7 MeSH descriptor: [Mental Disorders] explode all trees  

#8 "schizo*" or "psychosis" or "psychotic"  

#9 #7 and #8  

#10 #6 and #9  

 

Pubmed  

((cell phone[MeSH Terms]) OR (“mobile phone"[Title/Abstract]) OR ("Text 

messaging"[Title/Abstract]) OR ("SMS"[Title/Abstract]) OR ("cell phone"[Title/Abstract]) 

OR "ecological momentary assessment"[Title/Abstract]) OR ("ecological momentary 

intervention"[Title/Abstract]) OR ("momentary assessment"[Title/Abstract]) OR ("real 

time"[Title/Abstract]) OR ("daily life"[Title/Abstract]) OR (sampling 

method*[Title/Abstract]) OR (experience sampl*[Title/Abstract])) AND ((psychiatry and 

psychology category[MeSH Terms]) AND (schizo*[Title/Abstract]) OR (psychosis 

[Title/Abstract]) OR (psychotic [Title/Abstract]) 

PsychINFO/ARTICLES 

(it=({Cellular Phones} OR {Computer Applications} OR {Computer Assisted 

Diagnosis} OR {Computer Assisted Therapy} OR {Mobile Devices}) OR kw=("mobile 

phone" or "text messaging" or "sms" or "cell phone" or "ecological momentary assessment" 

or "ecological momentary intervention" or "momentary assessment" or "real time" or "daily 

life" or sampling method* or "experience sampling") OR ab=("mobile phone" or "text 

messaging" or "sms" or "cell phone" or "ecological momentary assessment" or "ecological 
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momentary intervention" or "momentary assessment" or "real time" or "daily life" or 

sampling method* or "experience sampling") OR ti=("mobile phone" or "text messaging" or 

"sms" or "cell phone" or "ecological momentary assessment" or "ecological momentary 

intervention" or "momentary assessment" or "real time" or "daily life" or sampling method* 

or "experience sampling")) AND (kw=(schizo* OR psychotic OR psychosis) OR ab=(schizo* 

OR psychotic OR psychosis) OR ti=(schizo* OR psychotic OR psychosis)) 
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Supplementary 2: PRISMA Flow Chart  
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Figure 1. PRISMA Flow Chart of Study Selection Process. 
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6. Chapter Six: Rationale and Overview of Methods 

6.1. Rationale of the current research  

The prior chapters of this thesis have outlined a strong rationale for research to 

examine the application of digital technologies in mental health care for individuals with 

psychosis. To summarise, limitations in the effective delivery of best practice psychological 

therapy for people with persisting psychosis calls for the development and evaluation of 

novel interventions which have greater reach and benefit (Berry & Haddock, 2008; Haddock 

et al., 2014; Ince et al., 2016; Kohn et al., 2004; Kreyenbuhl et al., 2009; Thomas, 2015). The 

introduction of digital technologies to mental health treatment and management has the 

potential to enable a greater number of people to access mental health care (Naslund, Marsch, 

et al., 2015; O’Hanlon et al., 2016; Treisman et al., 2016). The varied capabilities of these 

technologies also offers an opportunity to enhance and support the delivery of existing 

psychological interventions (Boschen & Casey, 2008), as well as empowering people to self-

manage their mental health (Amichai-Hamburger et al., 2008; Strand et al., 2017). Research 

has demonstrated high rates of ownership and use of technologies amongst psychosis 

populations (Firth et al., 2015; Gay et al., 2016), with many sharing positive views about their 

use for managing mental health (Berry et al., 2016; Bucci, Morris, et al., 2018; Gay et al., 

2016; Miller, Stewart, Schrimsher, Peeples, & Buckley, 2015). However, as this is a 

relatively new area of research, there are limited empirical studies providing sufficient 

evidence base for their use in clinical treatment (Donker et al., 2013). There is a need for 

focused research examinations of different technologies within targeted clinical populations.  

The findings of the systematic review presented in the prior chapter provides a 

justification for further research into the application of ecological momentary assessment and 

intervention (EMA/I) in the treatment of psychotic disorders. A number of additional studies 

have been published since this review was conducted, providing further support for this use 

of smartphone-based EMA/I for psychosis (Bucci, Barrowclough, et al., 2018; Hardy et al., 

2018; Kumar et al., 2018; Schlosser et al., 2018). There are also a number of studies currently 

underway, reflecting the growing interest in this area (EMPOWER, trial registration 

ISRCTN99559262; Garety et al., 2017; Jongeneel et al., 2018). As a next stage of research, 

there is a need to further examine the unique capabilities of EMA/I in order to better 

understand how these specific technologies might be harnessed in mental health care.  

As discussed in chapter four, one promising application of EMA/I could be their use 

in conjunction with standard psychological treatments for psychosis, that is, as blended 



97 

 

therapy (Erbe et al., 2017). EMA is particularly well suited to formulation based, idiographic 

approaches due to its ability to capture time-based processes more reliably and accurately 

(Fisher, 2015; Fisher & Boswell, 2016; McDevitt-Murphy et al., 2018). Further, EMI is well 

suited to support the generalisation of therapeutic skills from the therapy room to the outside 

world through targeted prompting in daily life. Together, this suggests EMA/I may be useful 

as clinical tools within psychological therapy (Bakker et al., 2016; McDevitt-Murphy et al., 

2018). To examine these capabilities, there would be benefit in building on existing 

evidenced based treatments by delivering them in conjunction with EMA/I to support 

therapeutic components. Simple, targeted interventions in specific populations would be ideal 

candidates, enabling a more nuanced examination of their effects. Evidence suggests that 

brief, low intensity forms of psychological therapy can be delivered effectively to people 

experiencing psychosis (Hazell et al., 2016), which may be further enhanced through the 

added support of EMA/I. One such candidate treatment is coping strategy enhancement 

(CSE; Tarrier, 1992; Tarrier et al., 1990), a psychological treatment for hearing voices 

introduced in chapter three. This would provide a framework for examining the clinical utility 

of EMA/I, whilst potentially enhancing treatment of voice hearing experiences, for which for 

which more effective interventions need to be developed (Thomas et al., 2014). 

 CSE is an idiographic treatment approach based on CBTp that involves functional 

analytic formulation of the voice hearing experiences as an initial stage of therapy, followed 

by the selection and implementation of individualised coping strategies. Evidence has 

suggested that CSE can be beneficial for the treatment of voices when delivered in a brief 

format over four sessions (Hayward et al., 2017; Paulik et al., 2018). However, there may be 

opportunities to further enhance this approach using EMA/I. This evidence-based treatment 

provides a strong theoretical foundation from which an examination of these technologies can 

be applied. Ordinarily based on interview, the functional analytic formulation approach 

utilised in CSE could be enhanced using EMA, which can capture voice hearing experiences 

and other variables in the moment they occur, and examine how they relate to other variables 

over time (e.g., Delespaul & van Os, 2002). It may then be possible to conduct within-person 

analysis of individual EMA data collected in daily life, with feedback of this information 

used to inform functional analysis in session (Bakker et al., 2016; McDevitt-Murphy et al., 

2018; Oorschot et al., 2012). By examining predictors of changes in voice hearing states, 

nuanced information about the factors affecting these experiences may be revealed. As was 

reviewed in chapter two, there are a number of variables known to modulate voice intensity 

over time, which tend to vary depending on the person, and may be appropriate targets for 
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intervention. Voices are therefore well suited to this model of using EMA clinically. Further, 

self-monitoring of voices and related variables in daily life is an important aspect of many 

psychological approaches which could be enhanced through digitalised self-recording of 

these experiences using EMA (van Os et al., 2017). The next stage of the therapy, involving 

the identification and implementation of individualised coping strategies, could be enhanced 

through EMI reminders of these strategies in daily life. Through further daily recordings of 

the helpfulness of these coping strategies and changes to key outcomes (e.g., coping efficacy 

and voice-related distress) using daily EMA questions, feedback of this information in 

session could help refine the formulation and adapt the intervention over time. The combined 

use of EMA/I within a blended therapy has never been subject to research and may have 

important implications not only for the advancement of psychological treatment of voices, 

but could provide a model for the use of these technologies within other therapeutic 

approaches in different populations. The overall aim of the current thesis was to examine this 

potential of EMA/I.  

6.2. Aims of the current research  

The focus of this thesis is to examine the potential application of EMA/I technologies 

to support a brief coping-focused therapy for distressing voice hearing experiences. In order 

to achieve this, an intervention was developed to enable a detailed examination of specific 

capabilities of EMA/I, namely to enhance assessment and support generalisation of 

intervention strategies to daily life. The thesis presents a large project focusing specifically on 

the evaluation of the intervention using a pilot randomised controlled trial (RCT) 

methodology. This was preceded by a small pilot study to test and refine the intervention 

protocol, particularly the technological components. The following aims are to address a 

number of research questions to examine the potential utility of this intervention approach:  

1. Is smartphone-based EMA a feasible and acceptable method of measuring 

common antecedents and responses to voice intensity in the context of a 

psychological intervention? 

2. Is it possible to analyse within-person EMA data to identify predictors of 

fluctuations in voice hearing experiences for the purpose of functional analytic 

formulation?  
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3. Is it feasible and acceptable to use EMA-derived feedback of voice experiences 

for functional analytic formulation?  

4. Is it feasible and acceptable to use personalised EMI prompts of tailored 

intervention strategies determined during standard face-to-face therapy to promote 

the use of these strategies in daily life?  

5. Is it feasible and acceptable to use EMA and EMI in conjunction with standard 

psychological therapy with voices, that is, as a blended therapy?   

6. Is there preliminary support for the clinical efficacy of EMA/I used in conjunction 

with a coping focused intervention for voice hearing experiences?  

6.3. Overview of empirical papers 

6.3.1. Paper one 

The first study of this thesis was presented in chapter five and is published in the 

journal Psychiatric Services, which involved a systematic review of existing literature on the 

use of EMA/I in the treatment of psychotic disorders. From this review, a small number of 

studies were identified which highlighted the early stage of this research and the broad 

application of these technologies for psychosis treatment. A few EMI-based apps had been 

subject to pilot evaluations, with these focusing on supporting illness self-management 

through momentary reminders or instructions to promote medication adherence, management 

of symptoms and psychosocial impairments, daily living skills, and goal achievement. Only 

one set of studies had examined a single application of EMA in the context of clinical 

treatment, which focused on remote monitoring of illness states to prevent relapse. Across the 

included studies, findings indicated support for the feasibility and acceptability of these 

approaches, with preliminary clinical outcomes also showing promise. However, in line with 

the early stage of this research, there was a dominance of pilot and feasibility studies which 

were limited to a small range of potential applications of EMA/I. Although a small number of 

studies have been published since this systematic review, none have yet examined the use of 

EMA/I within blended therapies for psychosis. Together, this systematic review provided 

preliminary evidence that EMA/I can be used in psychosis populations and there is evidence 

that they can be clinically beneficial, justifying further examinational of how these 

technologies might be harnessed as clinical tools within standard therapies for hearing voices 

specifically.  



100 

 

6.3.2. Paper two 

Following the systematic review, which provided a rationale for the current research 

and details on the typical design of EMA/I studies, an initial prototype of the intervention was 

developed. This development involved 24 months of iterative and collaborative research 

centring on the design and underlying theoretical framework of the intervention. The details 

of this development and a case illustration were the subject of the second publication of this 

research, which is published in the journal Internet Interventions. The aim of this study was 

to describe how the intervention was developed, demonstrate through a case illustration how 

EMA/I might be used in conjunction with a face-to-face therapy for hearing voices, and 

provide a preliminary examination of the feasibility and acceptability of this approach. 

Further details of this piloting phase are presented in chapter seven following the presentation 

of this publication.  

6.3.3. Paper three 

Following the initial piloting of the intervention detailed in chapter seven and the 

second thesis publication, some refinements were made to the trial and intervention protocol 

prior to the conducting of the main pilot RCT. In line with open science practices, the third 

publication of this thesis was a trial protocol of the pilot RCT focusing on the feasibility, 

acceptability and preliminary clinical outcomes of the SAVVy intervention. This protocol 

was a culmination of extensive efforts by local and international collaborators in designing 

this intervention and trial. This publication outlines the theoretical framework and 

methodology employed in detail, ensuring transparency and replicability of this research, and 

is published in the journal Trials. The trial was prospectively registered prior to the 

commencement of recruitment (ACTRN12617000348358; see Appendix IV). 

6.3.4. Paper four 

The final empirical study of this thesis presents the findings of the pilot RCT outlined 

in the trial protocol. The aim of this study was to examine the feasibility and acceptability of 

the intervention, as well as provide a preliminary estimate of clinical efficacy. The findings of 

this study are informative for understanding the potential clinical utility of EMA/I within 

psychological treatment and provide a justification for further development. This paper has 

been submitted for publication.  

6.3.5. Additional qualitative research study  

An additional qualitative study was conducted to examine the experiences of 

participants who received the intervention. This study did not form part of the current thesis 

and was led by a student as the research component of a Master’s in Clinical Psychology. The 
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current candidate was heavily involved in all stages of this research project, including 

contributing to supervision of the methodological design, data collection, analysis, 

interpretation and write-up. The method and results of the Master’s thesis are presented in 

Appendix V and will be referred to in chapter ten which provides an overall discussion of the 

findings from this research. The manuscript is expected to be submitted for publication in 

March, 2019, with the current candidate as co-author. 

6.4. Methodology    

The intervention is described in more detail in the second publication of this thesis, 

which provides an overview of the intervention development and design, and a case 

illustration of its delivery. Further refinements were made to the intervention protocol 

following this initial piloting phase, which are presented along-side this publication in 

chapter seven. A detailed description of the final intervention as well as the methods 

employed within the pilot RCT are detailed in the trial protocol, presented as the third 

publication in chapter eight. Thus, details regarding the methodology employed are reported 

within the published articles and accompanying chapters. However, due to the limited scope 

of scientific publishing, some of the more nuanced decisions and justifications were omitted 

from these publications. The following sections provide further details regarding key aspects 

of the methodology which are not reported elsewhere in this thesis. 

6.4.1. Software for ecological momentary assessment and intervention 

Traditionally, EMA studies involved the use of paper and pencil questionnaires that 

were carried by research participants in daily life, with an electronic beeper or pager 

programmed to send alerts at times when these were to be completed (Berkel, Ferreira, & 

Kostakos, 2017). This technique was limited as there was no way of ensuring the 

questionnaires were being completed at the specified time points, and the entry of data from 

paper records was both arduous and subject to error. Later, personal digital assistants were 

used to deliver questionnaires electronically, which improved the reliability and automation 

of the data entry. More recently, a growing number of smartphone apps have been developed 

which allow researchers to program EMA and EMI schedules using online platforms (Berkel 

et al., 2017; Palmier-Claus, et al., 2012). The accompanying app is then downloaded onto the 

smartphone where the particular study schedule can be initiated. Participants are then sent 

alerts to complete EMA questionnaires or view EMI prompts within the smartphone app, 

with all data recorded and uploaded on to a secure online system. The researchers can then 

download the data in the form of an excel spreadsheet for analysis.  
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There are now a considerable number of EMA programs available with varying levels 

of usability, support, and licencing costs (Berkel et al., 2017). A list of commonly used 

programs is provided below with accompanying details in Table 6.1. 

 

Table 6.1. List of commonly used software for programming smartphone-based EMA/EMI 

Program 
Operating 

system 

Cost* Comments   

Life Data  iOS + Android $5000 Online programming, appealing 

design, expensive, new product 

with limited testing  

Psymate iOS + Android Free Requires programming expertise, 

minimal support  

MovisensXS  Android $3000 Online programming, simple 

design, commonly used in 

psychosis research  

PIEL Survey  iOS Free  Requires programming expertise, 

minimal support  

Ilumivu iOS + Android $7,250  Online programming, simple 

design, new product with limited 

testing 

Purple Robot Android  Free Requires programming expertise, 

minimal support 

Clintouch  Android  Tailored packages Online programming, simple 

design, new product with limited 

testing 

ESm Capture iOS $1200 Online programming, limited 

support 

Note. *Estimated costs are based on the design of the SAVVy intervention. For some 

licenses, this is higher than expected due to the need to personalise each EMA/I schedule per 

person and the large number of EMA items per person.  
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Rather than designing an entirely new smartphone app for the purpose of this pilot 

study, an existing EMA app was chosen in order to test the feasibility and acceptability of the 

approach. Should the outcomes of this research be promising, the development of a purpose-

built app may be justified. The following considerations were taken into account when 

choosing an appropriate EMA app: 

• Customisability – due to the personalisation of the EMI prompts and 

scheduled EMA time window, the app needed to be customisable for each 

participant. This is a common limitation of existing EMA software and 

required some exploration and consultation with different companies.  

• Simple programming platform – the candidate was not familiar with computer 

programming and therefore required a simple online platform to design the 

EMA/I questionnaire and schedule. This excluded most of the free EMA apps 

which provided open source code as a basis for programming.  

• Technical support – on the same basis of the above point, technical support 

was required to respond to technical issues.  

• Simple and appealing design - to engage participants and ensure ease of use, 

the smartphone app needed to be visually appealing and intuitive to use. This 

required the candidate trialling several options to evaluate usability.  

• Secure database – the software needed to comply with all ethical requirements 

involving privacy and confidentiality of personal information. 

During the initial piloting phase of the project, the RealLife Exp app (LifeData, 2016) 

was chosen as it was the simplest to program, had an appealing design, and offered timely 

technical support with the purchased package. However, as outlined in the next chapter, the 

app proved to be unreliable due to system crashes and inconsistent uploading of questionnaire 

responses for some participants. Whilst technical support was provided quickly, the company 

was unable to provide a solution for these issues during further piloting, and therefore this 

app was deemed too unreliable for use in the pilot RCT. The MovisensXS app (MovisensXS) 

was chosen as a replacement because it had been used within a number of EMA studies in 

psychosis, including by one of the collaborators involved in the project (SFS), and met all of 

the above requirements. However, it was only available to use on Android phones, 

necessitating the purchase of additional smartphones to provide participants who could not 

use their own. Although not as visually appealing, the app proved to be very reliable and was 
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simple to use. Figure 6.1. shows an image of the MovisensXS app with an example item from 

the EMA questionnaire.  

 

 

Figure 6.1. Image of the MovisensXS smartphone app with an example EMA item 

 

6.4.2. Ecological momentary assessment and intervention design  

6.4.2.1. Choice of EMA items. There are currently no validated EMA scales which 

measure the constructs of interest in this research. This is a common issue in EMA studies 

and is typically addressed by developing scales specifically for the research aim. Kimhy, 

Myin-Germeys, Palmier-Claus, and Swendsen (2012) and Palmier‐Claus et al. (2011) provide 

a thorough overview of EMA methods with guidance on the design of EMA studies in 

clinical populations. The authors suggest deriving initial EMA items from cross-sectional 

measures of similar constructs and conducting pilot studies to test the procedure and 

psychometric properties. Further, they suggest the items of EMA scales should: 1) use 

language that reflects how people would describe their own behaviour and experiences; 2) 

refer to momentary experiences which require little reflection (i.e. current states, not traits); 

3) avoid highly emotive language; 4) avoid double-barrelled questions and those which 

require considerable reflection; and 5) should take no longer than three minutes to complete 

in total, or no more than 60 items. Whilst this may seem like a considerable number of 

questions, EMA items are typically quick to complete as they refer to momentary experiences 

that should be intuitive and require little reflection (e.g., right now, I feel anxious). In terms 

of the item format, is possible to include a mixture of items which refer to momentary (e.g., 
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right now, I feel…) or recent (e.g., since the last beep, I’ve felt…) experiences, however 

attention should be paid to the differences in these formats at the stage of analysis.  

Following the recommendations outlined above, the choice of EMA items for the 

current research involved several iterative stages. Firstly, a systematic literature search was 

conducted to identify previous research studies using EMA to examine momentary predictors 

of voices and delusions. This search identified 23 studies, from which key variables and their 

corresponding EMA items were extracted. From here, additional items were added where no 

EMA studies had been conducted for the constructs of interest. These items reflected 

common antecedents and responses to voices, as reported in non-EMA literature (e.g., 

surrounding level of noise within the environment; Margo et al., 1981). In particular, no 

previous EMA study in populations of people with psychotic experiences has investigated 

specific coping responses to voices. Thus, a list of the most common coping responses was 

derived from non-EMA research on this topic (e.g., Farhall et al., 2007). These two sets of 

literature were summarised in chapter two. Following this, an exhaustive list of possible 

EMA items was produced. For face validity, this list was presented to expert researchers and 

clinicians (NT, MH, JF, SFS, ML, SR) who had previous experience conducting EMA 

research for voices or in the treatment and research of people with these experiences. Further, 

the full list of EMA items was also presented to panel of people with lived experience of 

voices (n=4), who provided feedback regarding item wording and appropriateness for 

measuring the constructs which they experience day-to-day. From this process, a total 

number of 47 EMA items were created. All items were measured on a 7-point Likert-type (0-

not at all; 3-moderately; 6-very much), in line with other EMA studies in this population, 

feedback from co-authors and lived experience consultants, and recommendations from 

Kimhy et al. (2012).  

 The initial 47 EMA items were piloted by two of the researchers (IB and SFS) during 

trialling of different software packages to ensure the coding and schedule ran correctly. The 

entire intervention protocol was then piloted with four individuals who met inclusion criteria 

for the SAVVy RCT, which is reported in chapter seven. As a result of this piloting, several 

items were removed and a few added based on psychometric evaluation, quantitative 

feedback, and qualitative feedback. This resulted in a total of 39 items used in the final pilot 

RCT. This number of items was within the guidelines for EMA research in clinical 

populations, and the total length of the questionnaire was limited to an estimated 3 minutes 

(Kimhy et al., 2012). Following the change of software to the MovisensXS app, the items and 

schedule were again piloted by two researchers (IB and SFS) to once again check the coding 
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and schedule. The full list of EMA items and schedule for the different stages of the research 

are presented as supplementary material accompanying the case illustration paper (chapter 

seven) and trial protocol paper (chapter eight).  

6.4.2.2. Choice of EMA schedule. EMA methods can employ either time-based or 

event-based sampling procedures (Palmier‐Claus et al., 2011; Shiffman et al., 2008). Time-

based sampling involves the completion of questionnaire at fixed designated time points or 

randomised within specific intervals. In event-based sampling, questionnaires are completed 

in certain circumstances or in response to certain events (e.g., participant initiates a 

questionnaire if they are hearing voices). The choice depends on the research question, the 

nature of the variables under assessment, and the participant population. In the current study, 

the interest was in examining factors that contribute to temporal fluctuations in the intensity 

of voices over time. In this case, random interval-based sampling was deemed most 

appropriate for a number of reasons.  Firstly, this design is preferable to event-based 

sampling as information outside of voice hearing episodes needs to be captured in order to 

identify trends (Kimhy et al., 2012). Secondly, as voice hearing experiences can be 

significantly intense, distracting and distressing (Nayani & David, 1996), the ability for 

participants to initiate an event-based questionnaire may be limited. Thirdly, it is not possible 

to ensure compliance with event-based sampling as some participants may choose to record 

some, but not other, episodes, introducing potential bias. Finally, the programming of 

questionnaires to occur randomly within intervals ensures each time point has the same 

probability of being selected and reduces the predictability of alert times by participants, 

which minimises reactivity (Palmier‐Claus et al., 2011). 

Determining the frequency and scheduling of the questionnaires is based on the aim 

of the research, the nature of the phenomenon being measured, and consideration of 

participant burden (Kimhy et al., 2012; Palmier‐Claus et al., 2011; Shiffman et al., 2008). In 

terms of the research question, the purpose of the EMA monitoring was to examine predictors 

of daily fluctuations in voice hearing experiences and thus sampling multiple times per day 

was necessary. The systematic review mentioned in the previous section of EMA studies in 

psychosis indicated that the most common sampling time frame was six to seven days, 

between the hours of 7.30am and 10.30pm. Whilst this length was considered appropriate, an 

individualised sampling window of 12 waking hours was chosen based on recommendations 

from lived experience consultants and to align with the aim of providing an individualised 

functional assessment of voice experiences.  
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In terms of the frequency of questionnaires, it was necessary to capture as many voice 

experiences as possible, whilst also minimising participant burden and maximising data 

quality. Previous EMA studies examining temporal predictors of psychotic experiences have 

used sampling frequencies of up to 12 times per day (e.g., Kuepper et al., 2013) and as little 

as 6 times per day (e.g., Palmier‐Claus et al., 2014). Of the 23 studies identified in the 

systematic review, 17 used a sampling schedule of between 10 and 12 questionnaire per day, 

all of which successfully identified effects, with participants providing good quality data 

(e.g., Myin-Germeys et al., 2005; Oorschot et al., 2012). Furthermore, feasibility studies of 

EMA in populations with severe mental illness suggest that most participants are willing, 

motivated, capable and reliable in completing frequent questionnaires over a one-week period 

(Ben-Zeev et al., 2012; Granholm et al., 2008; Johnson et al., 2009; Kimhy et al., 2006; 

Moitra et al., 2017; Palmier-Claus, et al., 2012). Kimhy et al. (2012) also suggest that a 

greater frequency of questionnaires can more easily become part of the participants’ routine, 

ensuring ecological validity and minimising reactivity, and reduces pressure on participants 

to respond to all alerts. In taking this information into account, a sampling frequency of 10 

questionnaires per day was selected.  

6.4.2.3. Analysis of within-person EMA data. As discussed previously, due to the 

temporal nature of EMA data, it is possible to statistically analyse how variables interact with 

one another both in the moment and over time (Shiffman, 2013). Thus, EMA data may be 

well suited to identifying temporal patterns within individual voice hearing experiences that 

are relevant to functional analysis (Bakker et al., 2016; McDevitt-Murphy et al., 2018; van Os 

et al., 2017). To examine this potential, the first stage of the intervention involved an EMA 

monitoring period employing the above-mentioned schedule of 10 EMA questionnaires each 

day for six days. EMA items were selected as they had been identified as common 

antecedents and responses to voices that may influence their intensity over time, and hence 

relevant for functional analysis (Sturmey, 2011). Following completion of this monitoring 

period, the participant’s EMA data was then subject to statistical analysis, which focused on 

identifying predictors of voice intensity that could inform functional analysis during the 

second session of the intervention. Below is an outline of the statistical analysis used within 

the intervention, the choice of which was informed by relevant texts on the analysis of EMA 

data (Bolger & Laurenceau, 2013; Schwartz & Stone, 1998; Saul Shiffman, 2013; Stone et 

al., 2007), as well as guidance provided by experts in the use of EMA in psychosis 

populations (collaborator SFS; Wichers, personal communication).  
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Within-person analysis of EMA data was conducted using Stata Statistical Software 

(StataCorp., 2015). The use of syntax ensured the analysis was standardised and quick to 

complete for each participant. Guidelines on the analysis of EMA data recommend that 

participant data should only be included within analysis if at least 33% (or one third) of the 

total number of questionnaires are completed (Palmier‐Claus et al., 2011). Although the 

statistical justification for this cut-off is unclear, the guideline is commonly followed within 

research using EMA as a methodology (e.g., Myin-Germeys et al., 2001) and has been 

utilised as a minimum completion rate criteria to determine feasibility and engagement 

(Bucci et al., 2018; Palmier-Claus et al., 2012). Thus, individual participant EMA data was 

only subject to analysis if they completed at least 20 of the 60 questionnaires across the six 

days of monitoring.  

Firstly, summary statistics were computed of the number of questionnaires completed 

during the monitoring period (out of 60). This information was considered valuable for 

interpreting the representativeness of any patterns identified and to discuss engagement with 

the app. Further summary statistics were produced for: 1) the average momentary voice 

intensity and distress scores over the monitoring period; and 2) mean momentary voice 

intensity across different situations/contexts. This information provided a basis for discussing 

the participants’ experiences of the voices over the monitoring period. Further, the variation 

in voice intensity across difference contexts is an important focus of functional analysis. 

Following this, statistical analyses were conducted to identify predictors of voice intensity. 

For the analyses of potential antecedent variables, a time-lagged regression approach was 

used to identify which, if any, of the measured ‘antecedents’ (e.g., anxiety, low mood, etc.) 

were associated with subsequent changes in voice intensity. In these analyses, the outcome 

variable was voice intensity at moment t (i.e., the current questionnaire), whilst proposed 

antecedents at moment t-1 (i.e., the previous questionnaire) were entered as predictor 

variables. A similar approach was taken for the analysis aiming to identify 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 momentary voice intensity at the same time point. Following 

consultation with experts in the field (Wichers, personal communication) and guidance from 

research collaborators (SFS), any associations with a standardised beta co-efficient of greater 

than 0.30 were considered large enough to justify provision of feedback (i.e., a small-to-

moderate effect size and above; Cohen, 1988). Finally, the frequency and mean self-reported 



109 

 

helpfulness of each response to voices was calculated such that the experience of different 

coping strategies and their effect on voices could be discussed.   

It is important to emphasise that the above analysis was purely exploratory. As this is 

the first study to examine within-person analysis of EMA data using statistical analysis for 

clinical formulation, it was unclear whether this approach would be feasible or personally 

meaningful for participants. As such, when the feedback was presented to participants and 

discussed in session, the therapist emphasised the exploratory nature of the analysis, 

particularly that any of the relationships identified were not definitive nor necessarily causal. 

There are clearly limitations to the statistical analysis of EMA data for a single person as the 

small amount of data limits inferential statistics. Our choice to use effect sizes rather than p-

values reflects this limitation, and it was beyond the scope of this research to consider the full 

spectrum of statistical options for conducting such complex analysis. The 0.30 standardised 

beta coefficient was determined on the basis of recommendations from experts in EMA data 

and findings from the initial piloting suggesting this was a feasible and meaningful cut-off, 

however this too was exploratory. These potential limitations are not in conflict with the aim 

of this research, which included establishing the feasibility and acceptability of this analytic 

approach as an initial first step in examining the use of EMA data to inform clinical 

formulation.  

6.4.2.4. EMA-derived feedback summaries. Limited research has examined the best 

method of summarising statistical information for lay people. Depending on the purpose, 

such information can be communicated in different ways, including graphs, charts, written 

summaries, or even interactive visualisations (Chen et al., 2012; Ellis & Dix, 2006). This is 

an interesting and complex area of research which exists at the intersection of a number of 

disciplines, probably best captured by the field of computer human interaction (Marzano et 

al., 2015). Examining the optimum method of representing complex interactions between 

EMA variables was beyond the scope of the current thesis, therefore EMA-derived feedback 

was produced as simple written summarises to ensure the most accurate representation. The 

smartphone app used in the current research did not allow for immediate feedback of data 

within the app. Due to the raw form of the EMA data, it was necessary to translate the 

analysis into a meaningful form of written summary that was simple for participants and 

therapists to interpret. Colour was used for visual appeal and key information was separated 

into boxes based on different aspects of the functional analysis (e.g., app usage summary, 

antecedents, voice-related variables, and coping responses). The initial pilot study indicated 
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that this form of feedback was simple for participants to understand and was beneficial for 

eliciting relevant discussion.  

6.4.2.5. Ecological momentary intervention design. Whilst research into EMI has 

progressed rapidly over recent years, the field has not yet reached a stage where 

recommendations can be made about the optimum ‘dosage’ or frequency of prompts to 

maximise the desired effects (Bidargaddi et al., 2018; Heron & Smyth, 2010; Michie et al., 

2017). Variations in the design of EMI make this challenging, where the frequency of 

prompting will largely depend on the goals of the intervention and technological features. 

One commonly used design involves branching, whereby a particular EMI prompt is 

presented depending on responses to prior EMA items. For example, the FOCUS app 

examined by Ben-Zeev et al. (2014) alerted users three times a day to complete a short EMA 

questionnaire about their current experiences (e.g., mood, voices). When the responses to the 

questionnaire suggest they were experiencing difficulties in certain domains, follow-up EMI 

items presented intervention strategies tailored to these difficulties. This approach provides 

more individualised, contextually-sensitive EMI design to optimise the relevance of the 

prompt.  

In considering the needs of the current intervention, two potential alternatives were 

considered for the EMI prompts. One was to utilise branching logic as in Ben-Zeev et al. 

(2014), whereby participants would complete regular EMA questionnaires asking about the 

presence of absence of voices, with the personalised EMI coping reminders only presented on 

occasions where voices are reported. The limitation in this approach is that the reminders 

would only be presented should voice hearing experiences be captured, limiting the 

likelihood of exposure. Since a smaller number of EMI reminders were sent during this 

period to reduce the burden on participants (five per day), the likelihood of missing voice 

hearing episodes was high. Further, during discussions with lived experience consultants and 

expert clinicians, it was suggested that frequent monitoring of the presence or absence of 

voices may be distressing or burdensome for some participants. The other option was to 

schedule the EMI reminders to occur without an accompanying EMA questionnaire, and thus 

without branching logic. This was considered preferable to overcome the above limitations 

and generally aligned with the aim of reinforcing awareness of alterative coping strategies for 

the voices through regular exposure to the reminders. To accord with this design, the 

reminders were preceded by appropriate statements to account for the presence or absence of 

voices at the time of the alert (i.e. “You chose the following coping strategies to help you 

cope with the voice/s. Give them a go if the voice/s are bothering you!”). Regarding the 
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frequency of these EMI reminders, the systematic review presented in chapter five indicated 

variation across studies, from 12 times per day (Granholm, Ben-Zeev, Link, Bradshaw, & 

Holden, 2011) to three times per day (Ben-Zeev et al., 2014). Given the intensity of the EMA 

monitoring period, combined with feedback from lived experience consultants, expert 

clinicians, and participants from the initial pilot study, a frequency of five times per day was 

chosen as an appropriate frequency. An EMI period of 10 days was chosen to allow sufficient 

exposure and time to adapt to the new coping strategies between intervention sessions.  

6.4.3. Pilot randomised controlled trials  

The primary methodology utilised in this research was a pilot RCT (Lancaster, Dodd, 

& Williamson, 2004; Thabane et al., 2010). Specific details regarding the design of this study 

are described in chapters eight and nine, however here there is value in providing further 

detail regarding the methodology as a whole, including a justification for its use in the current 

research. Further, across the following sections, a justification for the choice of outcomes 

measures is provided which align with the goals of a pilot RCT. Further details regarding the 

psychometric properties of any scales used are reported elsewhere in this thesis.  

6.4.3.1. Purpose of a pilot RCT. The RCT is an experimental design aimed at 

determining the effect of an intervention on a particular outcome (Bhide, Shah, & Acharya, 

2018). There are a number of variations, however the basic design involves eligible 

participants of a well-defined population being randomly allocated to a group that receives 

the intervention under investigation or a control group that can be either active (e.g., 

befriending, a comparative treatment, or placebo) or passive (e.g., treatment-as-usual), 

depending on the aim. The purpose of the control group is to determine the comparative 

effects of the intervention when other factors are held constant, with randomisation 

controlling for sources of bias, particularly selection bias. When the sample size is large 

enough, factors which influence the outcome are likely to be balanced across groups, 

therefore the remaining differences are attributable to the independent variable, i.e. the 

intervention.  

Different types of control group are used for different research questions. Treatment-

as-usual (TAU) has typically been used in psychological intervention trials for hallucinations 

and psychosis, offering examination of the added benefit over and above standard care. TAU 

in these populations generally involves treatment with antipsychotic medication, ongoing 

case management, and access to crisis management as needed. TAU was judged a suitable 

comparator for the current study in order to determine acceptability, feasibility and proof-of-

concept of the intervention model as an adjunctive intervention. Further, this allowed the 
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research to be conducted without participation interfering with broader aspects of the 

participant’s long term treatment. As such, the intervention arm received the full intervention 

(EMA/I smartphone application along-side four sessions with a therapist), whilst the TAU 

arm continued with their regular treatment without exposure to any aspect of the intervention.  

Whilst RCTs are regarded as the gold standard for establishing the efficacy of an 

intervention (Meldrum, 2000) and are therefore at the top of the hierarchy for empirical 

evidence (National Health and Medical Research Council [NHMRC], 2009), they are 

understandably costly, time consuming, and require considerable resources to conduct. In the 

initial phases of developing a new treatment, it is therefore common practice to conduct a 

smaller version of the larger trial, commonly referred to as a pilot RCT. Thabane et al. (2010) 

provide a summary of the purpose of pilot RCTs, namely: 1) to assess the feasibility of steps 

involved in the trial, including recruitment and retention rates; 2) to examine the resources 

and management requirements needed to undertake the trial; and 3) to provide a preliminary 

examination of the scientific parameters, including an estimation of the treatment effects. 

This provides critical information to inform the planning and justification of a full-scale RCT. 

In the context of digital interventions, pilot RCTs are commonly employed not only to 

inform and justify a larger trial, but also to as an initial stage to evaluate the feasibility and 

acceptability of the technology (Berry et al., 2016; Donker et al., 2013). Such trials provide a 

cheaper, quicker, and less resource intensive means of exploring basic questions about the 

best designs and uses of different technologies, including what forms of these warrant 

investigation within fully powered RCTs. These basic questions depend on the technology 

under investigation and aims of the study, though typically include outcomes related to 

engagement and usage patterns, safety parameters, monitoring of technological issues, and 

quantitative and qualitative feedback regarding the usability and usefulness of the technology 

(Berry et al., 2016). Thus, the digital health field has extended the traditional aims of pilot 

RCTs beyond the feasibility and acceptability of trial procedures to the evaluation of the 

digital technology itself. As this was the primary aim of the current study, a pilot RCT 

methodology was considered appropriate to employ.  

6.4.3.2. Feasibility. A primary aim of a traditional pilot RCT is to establish the 

feasibility of a full-scale RCT and inform decisions about the design and parameters 

(Lancaster et al., 2004; Thabane et al., 2010). This includes an assessment of the number of 

participants recruited over a given time period, the uptake of participants who consent to be 

involved in the trial of those eligible, the retention of these participants over the course of the 

study, and compliance with the intervention protocol (i.e. session attendance rates and 
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protocol fidelity). These are particularly important factors when considering the resources 

required for a subsequent full-scale RCT, including an identification of likely barriers and 

potential solutions. As such, these outcomes were included in the current pilot RCT, in line 

with the CONSORT guidelines for conduct and reporting of pilot and feasibility trials 

(Eldridge et al., 2016).  

Specific outcomes to evaluate the feasibility of the technology were also defined to 

accord with the trial aims. As opposed to the above criteria aiming to evaluate the trial 

methodology, those directly assessing the technology components are less standardised. An 

extension of the CONSORT guidelines by Eysenbach (2011) provides some 

recommendations pertaining to the design and reporting of digital health interventions. These 

guidelines are most relevant to those developing new digital technologies from scratch and 

were therefore not fully applicable to the current research, however they were used as a 

general guideline. In particular, recommendations regarding the description of the digital 

intervention and its development at the stage of reporting were followed closely. Feasibility 

outcomes were selected on the basis of consistency with other similar trials identified within 

the first thesis paper presented in chapter five, as well as guidelines on the use of EMA for 

clinical populations (Kimhy et al., 2012; Palmier‐Claus et al., 2011). Specifically, the 

feasibility of the EMA monitoring and EMA-derived feedback was determined based on 

recommendations that a minimum of 33% of EMA questionnaires be completed in order to 

be included in any subsequent analysis. Thus, the number of participants who reached this 

minimum cut-off was used to determine the feasibility of the EMA-derived feedback and the 

EMA monitoring. There were no feasibility criteria applied to the EMI reminders due to a 

lack of specific guidance within the field, therefore these were interpreted on an exploratory 

basis focusing on how often these reminders were viewed by participants. Technological 

issues were also monitored. Together, these measures provided an indication as to whether 

participants were willing to engage with different aspects of the technology in order for it to 

be utilised for its intended purpose.  

6.4.3.3. Acceptability. Sekhon, Cartwright, and Francis (2017) provide a theoretical 

framework for the definition of acceptability in the context of healthcare interventions. The 

authors emphasise the multifaceted nature of the concept, which includes factors related to 

the perceived appropriateness and anticipated benefits of an intervention, and any 

experienced cognitive and emotional responses to it. The practical benefit of assessing 

acceptability in the context of digital interventions is not only to evaluate the potential appeal 

of the technology, but also to inform necessary refinements to optimise the design and 
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maximise engagement (Michie et al., 2017; Morrison, Yardley, Powell, & Michie, 2012). 

Due to the varying nature of digital interventions and the need to gather in-depth feedback 

from participants on often unique features, it is common to employ specifically designed self-

report measures as well as qualitative interviews to examine individual experiences (Sekhon 

et al., 2017).  

The approach used in current intervention was in line with the theoretical framework 

of Sekhon et al. (2017), which emphasises that an assessment of both prospective (i.e. prior to 

the intervention) and experiential (i.e. during and following the intervention) elements of 

acceptability. As a measure of prospective acceptability, the Credibility subscale of the 

Credibility and Expectancy Questionnaire (CEQ; Devilly & Borkovec, 2000) was completed 

by all participants prior to randomisation. This measure is typically used to control for the 

perceptions and expectations of perceived benefits, which can be predictive of treatment 

effect, however it’s use in this case was to evaluate participant’s perception of the how 

logical, believable and convincing the intervention appeared in relation to its aim, prior to 

commencing.  

Retrospective acceptability was assessed using a self-report measure of satisfaction 

with different elements of the intervention. This 12-item scale aimed to separate key elements 

of the intervention (i.e. EMA monitoring, EMA-derived feedback, EMI reminders, and the 

blended therapy format) in order to examine their individual acceptability, in line with the 

aims of the research. Items focused on assessing the perceived usefulness and ease of use of 

the technology components, in line with the Technology Acceptance Model (Davis, 1989). 

Within the questionnaire, space was provided for open feedback which prompted for both 

negative and positive experiences. In addition, as the intervention was a blended therapy, 

involving the combined use of digital technology and standard contact with a therapist, it was 

deemed important to assess whether there was any detrimental impact to the therapeutic 

relationship. As such, the Working Alliance Inventory – Short Version, Revised (Hatcher & 

Gillaspy, 2006) was also completed by participants who received the intervention. Finally, 

the participants who received the intervention, including those who did not complete the full 

intervention protocol, were invited to complete a qualitative interview focusing on their 

experiences of the intervention. As previously mentioned, this study was led by a Masters 

student, with the method and results reported in a thesis included in Appendix V. 

6.4.3.4. Estimating effect size. One the major goals of a pilot RCT is to estimate the 

effect size of an intervention in order to inform power calculations for a fully powered trial 

(Arain, Campbell, Cooper, & Lancaster, 2010; Bell, Whitehead, & Julious, 2018). This is a 
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contentious and evolving topic within the clinical trials literature, namely due to the common 

practice of presenting clinical outcomes of pilot trials as some indicator of the efficacy of an 

intervention, despite being underpowered to do so, and the lack of clear consensus in the field 

regarding appropriate reporting (Cocks & Torgerson, 2013; Lee, Whitehead, Jacques, & 

Julious, 2014). Further, although the statistical literature has stressed the danger of utilising 

significance tests to evaluate efficacy outcomes within pilot RCTs (Kraemer, Mintz, Noda, 

Tinklenberg, & Yesavage, 2006; Lee et al., 2014), this is still commonly practiced 

(Shanyinde, Pickering, & Weatherall, 2011). The caution is highly justified, as small samples 

yield inflated risks of error and group effects are highly influenced by extreme cases. To 

account for the discordance, the current pilot RCT reported both effect sizes and their 

corresponding confidence intervals as the primary point of interpretation, with follow-up 

significance testing as a secondary analysis. Importantly, the interpretation of these effects 

was informed by an awareness of the limitations outlined above, which proved highly 

relevant to the outcomes of the trial. This topic will be returned to in the discussion section of 

this thesis, presented in chapter ten.  

6.4.4. Choice of clinical outcome measures  

A critical decision in clinical trials research is the choice of primary clinical outcome 

measure (Andrade, 2015). The primary outcome is chosen based on the aims of the treatment, 

is used as the main indicator of its effects, and must be defined a priori (Chan, Hróbjartsson, 

Haahr, Gøtzsche, & Altman, 2004). This prevents the investigators from cherry-picking 

significant outcomes from different analyses and presenting these as the main findings of the 

study (Andrade, 2015). As such, it is now expected that clinical trials be pre-registered prior 

to the commencement of recruitment, detailing the basic features of the design including 

aims, hypotheses, primary and secondary clinical outcomes, and inclusion/exclusion criteria. 

Further, many journals now require the publishing of trial protocols thoroughly detailing the 

methods used. These practices are in line with the principles of open science (Basu, Pearse, & 

Rapley, 2017; Munafò et al., 2017) and were followed in this research to ensure the 

transparency, reproducibility and efficiency required to uphold scientific integrity (see 

chapter eight).  

Whilst the primary aim of the current pilot RCT focused on feasibility and 

acceptability to accord with the main aims of the research, primary and secondary clinical 

outcomes were also selected. These were chosen based on the intervention targets, thus 

providing a sensitive measure of the effects of the intervention. As this was a psychological 

intervention targeting voice hearing experiences specifically, a measure of the overall 
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severity of voices was considered an appropriate primary clinical endpoint. The Psychotic 

Symptoms Rating Scale – Auditory Hallucinations subscale (PSYRATS-AH; Haddock, 

McCarron, Tarrier, & Faragher, 1999) was selected as it has been used most commonly for 

this purpose, including in clinical trials research, allowing an examination of the 

comparability of effects with other similar interventions (Thomas et al., 2014). In addition to 

this, it was theorised that an intervention that improved self-management of voice hearing 

experiences may lead to a reduced negative impact of these experiences on the person. Thus, 

the Subjective Experiences of Psychosis Scale – Negative Impact subscale (SEPS; Haddock 

et al., 2011) was selected as a secondary clinical outcome measure. It was also considered 

important to include a measure that did not simply imply that the presence of voice hearing 

experiences was the sole indicator of treatment success. The SEPS was designed in close 

collaboration with people with lived experience, who identified the domains of negative 

impact in which they considered most meaningful. Finally, as a general measure of overall 

emotional distress, the Depression Anxiety and Stress Scale – 21 item version (DASS-21; 

Lovibond & Lovibond, 1995) was chosen as an additional secondary clinical measure. This 

measure was likely to be the least sensitive to the effects of the intervention, however it was 

included as a potential outcome given the intervention aimed to improve people’s ability to 

cope with distressing experiences and thus a reduction in emotional distress may be expected. 

Further, the measure has shown some sensitivity to change in previous trials of coping 

interventions for voices (Hayward et al., 2017; Paulik et al., 2018).  

To examine potential therapeutic mechanisms, process measures were also selected. 

Whilst the limited sample size precluded mediation analysis to formally test these 

mechanisms, it was valuable to examine the sensitivity of these measures by analysing 

changes over the course of the intervention. As discussed earlier in this thesis, examining 

processes of change helps to identify important therapeutic mechanisms underlying 

psychological interventions for voices which may lead to the development of more effective 

treatments (Tarrier & Wykes, 2004; Thomas, 2015; Thomas et al., 2014). Informed by the 

SAMCOV framework outlined in chapter two (Farhall & Gehrke, 1997), broader coping 

literature on voices (Carter et al., 1996; Falloon & Talbot, 1981; Farhall, 2010; Knudson & 

Coyle, 1999; Tarrier, 1987), research on the development of CSE by Tarrier and colleagues 

(Tarrier, 1992; Tarrier et al., 1990), and literature on behavioural change (Abraham & 

Michie, 2008; DiClemente & Prochaska, 1998; Mausbach et al., 2013; Meichenbaum, 1977; 

Prochaska, 2013; Prochaska & Velicer, 1997), process items centred on different elements of 

coping with voices. This included the number of coping strategies used, the frequency in 
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which they were used, and the confidence in the efficacy of their use. These processes were 

the direct target of the EMI component of the intervention, namely to reinforce the use of 

more effective coping responses to voices. Further, in line with the therapeutic processes 

proposed to underly the therapeutic benefit of self-monitoring (Cohen et al., 2013) and 

literature on behavioural change (Abraham & Michie, 2008; DiClemente & Prochaska, 1998; 

Mausbach et al., 2013; Meichenbaum, 1977; Prochaska, 2013; Prochaska & Velicer, 1997), 

an additional item measuring the awareness of factors influencing voices was created. This 

domain was also considered important given the finding of Falloon and Talbot (1981) that 

more effective coping with voices was associated with greater awareness of their triggers. 

Further, this process was the direct target of the EMA self-monitoring and EMA-derived 

feedback components of the intervention, aiming to identify the contingencies associated with 

voices activity to inform the selection of more effective behavioural responses. To 

summarise, these process measures were chosen based on the proposal that improvements to 

the severity and negative impact of voice hearing experiences would be driven by the 

therapeutic processes involving improved understanding of voices and more effective coping 

with these experiences.  

6.4.5. Sample size  

Whilst in full-scale RCTs, power calculations are used to determine the target sample 

size based on effect size estimates (Kirby, Gebski, & Keech, 2002), pilot RCTs are inherently 

underpowered and can therefore not rely on this method. Instead, the sample size is 

determined based on the minimum number of participants needed to meet the objectives of 

the trial (Billingham, Whitehead, & Julious, 2013).  

A systematic review of pilot and feasibility studies was conducted by Billingham et 

al. (2013). The authors found a high degree of variability across the 79 included studies, with 

a median sample size of 30 per arm (range 8 to 300). The very large range is indicative of the 

lack of consensus on this issue, with most studies instead providing a rationale based on the 

unique aims of the study. Indeed, literature on recommended sample sizes for pilot and 

feasibility trials is varied (Browne, 1995; Julious, 2005; Sim & Lewis, 2012; Teare et al., 

2014; Whitehead, Sully, & Campbell, 2014), ranging from 12 per arm (Julious, 2005) to 75 

(Whitehead et al., 2014). Due to this variation, the current study attempted to collate 

information from multiple sources and considered the most practical target based on the time 

and resources available. Following consultations with expert statisticians familiar with pilot 

RCT methodology, reviews of the literature cited above, and an examination of typical 
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sample sizes used in similarly designed trials (e.g., Bucci et al., 2018; Hayward et al., 2017; 

Hazell et al., 2017), a target of 34 participants was determined appropriate.   

6.4.6. Analytic approach  

Considerations for the most appropriate approach for analysing the clinical outcomes 

of the trial and associated statistical decisions involved consultations with expert statisticians 

familiar with pilot RCT designs, reviewing relevant statistical literature (Field, 2013; 

Lancaster et al., 2004; Tabachnick & Fidell, 2007), and an examination of common 

approaches used in similarly designed trials (e.g., Bucci, et al., 2018; Hayward et al., 2017; 

Hazell et al., 2017). 

6.4.6.1. Group comparisons. As described above, pilot RCTs are not powered for 

significance testing and are instead used as a basis for estimating effects in order to inform 

sample sizes for a fully powered trial (Shanyinde et al., 2011; Thabane et al., 2010). As such, 

there is contention regarding the use of significance testing in pilot RCTs due to the lack of 

statistical power to detect effect sizes (Arain et al., 2010; Lancaster et al., 2004; Lee et al., 

2014). Effect sizes and associated confidence intervals were the primary reporting of clinical 

outcomes in this pilot RCT, however to address inconsistences in the field and to accord with 

common practices, significance testing of group differences were also conducted.  

Analysis of covariance (ANCOVA) was used as planned to compare the difference in 

clinical outcome and process measure scores at the outcome time point (dependent variables) 

between groups (independent variable), after adjusting for baseline scores (covariate). This is 

considered an appropriate method of determining outcomes in clinical trials (Field, 2013; 

Tabachnick & Fidell, 2007; Van Breukelen, 2006; Vickers & Altman, 2001). The addition of 

baseline scores as a covariate is due to confounding effect of even subtle differences between 

groups on these measures (Twisk et al., 2018). To account for this, baseline scores are 

entered as a covariate when comparing groups at the follow-up time point, even if these 

scores do not differ significantly between groups. Comparisons between groups at baseline 

on key demographic and clinical variables were also run to determine the need for potential 

additional covariates. As reported in the pilot RCT paper in chapter nine, the only significant 

difference was between baseline scores on the severity of negative symptoms (Andreasen, 

1989). As this variable has been shown to influence outcomes on psychological treatments 

for voices (Thomas, Rossell, Farhall, Shawyer, & Castle, 2011), it was included as a second 

covariate within analysis that indicated significant differences between groups. Both analysis 

(i.e., with and without this covariate) were reported as sensitivity analysis, in line with 

recommendations in the literature (Thabane et al., 2013). Furthermore, due to the presence of 
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an outlier in the treatment group, sensitivity analyses were also run comparing results when 

this case was and was not removed.  

6.4.6.2. Data entry and screening. All data was collected using paper records and 

then entered by hand into IBM SPSS Statistics Version 25 (SPSS Inc, 2017) in a re-

identifiable form. Data entry was completed by an individual blind to participant allocation. 

All data entry was then checked visually by the candidate and descriptive statistics were 

inspected to identify potential out of range values.  

6.4.6.3. Statistical assumptions. As with all statistical approaches, ANCOVA 

requires certain assumptions to be met, which are outlined in Tabachnick and Fidell (2007). 

The assumption of equal sample sizes between groups was met using the approach described 

below whereby missing cases at the follow-up time point were imputed using multiple 

imputation. There were no univariate outliers detected in any of the dependent variables nor 

covariates when examined within groups. However, there was a single outlier within the 

treatment group who showed a large increase in scores on the primary clinical outcome 

variable between the baseline and follow-up time points. As this outlier was determined to be 

a valid member of the population and did not appear to be influencing the distribution of any 

of the variables used in the analysis, the case was not deleted nor were there any 

transformations performed. A discussion of the influence of this outlier on the mean scores of 

the treatment group are discussed within the pilot RCT paper, which highlights that the 

inclusion of this case within all analysis may result in an underestimation of the potential 

effects of the intervention. This decision was made as it was considered more desirable to 

underestimate, as opposed to overestimate, the effects of the intervention within a pilot RCT. 

Linearity between covariates and dependent variables were examined using scatter 

matrix plots, with relationships appearing linear. In the two analyses in which the SANS was 

added as a second covariate, the relationship between this variable and the two other 

covariate variables (scores at baseline) were examined, with no evidence of multicollinearity. 

Normality of the dependent variables and covariates were examined using Histograms and Q-

Q plots, with normal distributions observed. Further, skewness and kurtosis values did not 

indicate problematic distributions, and neither Shapiro-Wilks nor Kolmogorov-Smirnov tests 

were significant, suggesting the distributions were normally distributed. Levene's Test for 

Equality of Variances was not significant for any of the analyses, indicating there were no 

apparent differences in the variance between groups. To check the assumption of 

homogeneity of regression slopes, separate ANOVAs were run with the covariates and 

dependent variables as within group variables and group as the between group variable. Non-
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significant interaction terms indicated that the relationship between the covariates and 

dependent variables did not differ between the groups, suggesting the assumption had been 

met. The exception to this was a significant interaction for the relationship between the 

SANS and PSYRATS post assessment scores, suggesting the assumption was violated for 

this model. This indicated that the SANS should not be used as a covariate in the model 

comparing post PSYRATS scores between groups. 

6.4.6.4. Intention-to-treat principle. All analysis employed an intention-to-treat 

(ITT) approach, in line with the Consolidated Standards of Reporting Trials (CONSORT; 

Schulz, Altman, & Moher, 2010). ITT is a principle requiring the inclusion of all randomised 

participants within analysis regardless of whether they completed the full intervention or 

adhered to the trial protocol (Gupta, 2011). This avoids the issue of selection bias which may 

result in overestimating the effect of a treatment through the exclusion participants who may 

have withdrew or dropped out for meaningful reasons (e.g., the treatment was intolerable). 

Thus, all participants were invited to complete the outcome assessment, regardless of their 

adherence to the trial or intervention protocol, and missing data was dealt with in line with 

ITT principles (see below).  

6.4.6.5. Missing Data. There are multiple methods for managing missing data in 

research studies (Graham, 2009; Little & Rubin, 2014). In the context of clinical trials, this 

requires careful consideration as patterns within the missing data can be informative for 

determining the effects of a treatment, as is described above in relation to the ITT principle 

(Gupta, 2011). Further, the reduction in statistical power due to missing cases can be costly 

and limit statistical inferences. Thus, it is not recommended to delete whole cases on the basis 

of missing data and instead, it is recommended that methods for imputation should be 

employed, especially when the sample size is small (Barnes, Lindborg, & Seaman Jr, 2006). 

As summarised in Table 6.2., the current pilot RCT study followed the recommendations 

outlined in Little et al. (2012), which includes strategies to minimise the likelihood of missing 

data during data collection and steps involved with dealing with missing data during analysis. 



121 

 

Table 6.2. Strategies employed to minimise and deal with missing data, in line with recommendations by Little et al. (2012) 

Strategies employed for minimising missing data during the trial  Recommendation from Little et al. (2012) 

Prospective protocol was produced which included measures designed to be meaningful for 

participants, with details of how minimise missing data was minimised and handled 

Recommendation 1, 2, 6 and 7 

Protocol designed to minimise likelihood of missing data by limiting assessment times, 

providing opportunities for breaks and multiple assessment sessions, financial 

reimbursement, maintaining contact with control group participants, keeping up to date 

contact records, and actively monitoring and problem solving potential missing data   

Recommendation 2  

Data was collected and analysed for all participants regardless of dropout  Recommendation 3 and 5 

Access to treatment was provided following the completion of the trial  Recommendation 4 

Importance of completing full assessments was emphasised during informed consent Recommendation 7 

Strategies for dealing with missing data during analysis  

Protocol for dealing with missing data was produced and incorporated within the overall 

analysis plan. The specific method used was determined at the data screening stage according 

to potential causes of missingness, including missing completely at random (MCAR), 

missing at random (MAR), or missing not at random (MNAR) 

Recommendation 9 and 14 

Prediction models were used in favour of single imputation methods or last- or baseline 

observation carried forward  

Recommendation 10, 11, 12 and 13 

Conduct sensitivity analyses for the chosen method of dealing with missingness Recommendation 15  
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The best method for dealing with missing data in pilot RCTs with small sample sizes 

was not immediately clear from the literature and therefore multiple sources were considered. 

Firstly, an expert statistician was consulted, as well as the co-authors and primary supervisor. 

Secondly, in addition to reviewing the above guidelines, a number of articles summarising 

different techniques were reviewed, with a particular focus on recommendations for missing 

data with small sample sizes (Barnes et al., 2006; Cheema, 2014; Graham, 2009; Graham, 

Olchowski, & Gilreath, 2007; Graham & Schafer, 1999; Little et al., 2012; Little & Rubin, 

2014; Newman, 2014; Tabachnick & Fidell, 2007; Thabane et al., 2013). This literature 

suggested that traditional methods of last- and baseline observation carried forward, as well 

as single imputation methods (e.g., mean imputation) are less reliable than contemporary 

statistical methods of multiple imputation (MI) and estimation-maximisation (EM). Notably, 

it has been highlighted that in cases where there is a very small number of missing data 

(<5%), there is little difference between methods (Tabachnick & Fidell, 2007), though 

imputation using predictive models is generally preferred (Graham, 2009).  

Briefly, EM is a two-step approach which uses regression models to first generate a 

‘best guess’ of a missing value, followed by additional models to test the fit of the predicted 

value. According to Graham (2009), EM methods are excellent at providing parameter 

estimates, however they do not incorporate standard errors which reduces overall variance, 

resulting in bias during hypothesis testing. MI also uses regression models to predict missing 

values, with a random sample taken of complete cases across multiple iterations in order to 

model the distribution of the missing variable. Through the process of multiple iterations, the 

error variance lost from regression-based single imputation is restored. For this reason, MI is 

typically recommended as the preferred method of imputation. This is supported by 

simulation studies finding that MI tends to show superior performance to other common 

methods, including EM (Barnes et al., 2006; Cheema, 2014; McNeish, 2017). Further, the 

method is considered more robust when data is not missing at random, and according to a 

study conducted by Graham and Schafer (1999), is a reliable method to use with small 

sample sizes, even in cases of up to 50% missing data.  

In addition to the literature above, published RCTs of psychological treatments for 

psychosis were reviewed, indicating variability between methods of handling missing data. 

Thirteen of the studies identified did not mention the method of handling missing data, two 

assumed the data was MAR without explanation of how the missing cases were dealt with, 

three used an analytic method which accounts for missingness within the model (i.e. linear 

mixed modelling), one used mean imputation, and three used predictive modelling such as 
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EM or MI. This suggested there is no consistent convention for handling missing data within 

the field and instead the most appropriate method seems to depend on the nature and extent of 

the missing data as well as the design of the trial.  

Two types of missing data were dealt with in the pilot RCT presented in chapter nine. 

Firstly, a small number of individual items were missing within individual assessment scales 

(<5%). For these data points, the Little MCAR test was used to determine if there were 

patterns within the missing values. The test was not significant ((p<.05), suggesting this 

missing data was MCAR. In consultation with an expert statistician, EM was considered 

sufficient as an imputation procedure for this purpose, and was used for imputation of these 

data. The second type of missing data was from three participants who did not complete the 

outcome assessment as they were lost to follow-up (two in the control group, one in the 

treatment group). As these participants were uncontactable, reasons for drop-out were not 

determinable, and it was questionable to assume that these data would be missing at random. 

For these cases, MI was conducted using 50 iterations. This number of iterations was chosen 

based on the most recent recommendations within the statistical literature, which suggest that 

a larger number of imputations (>40) are appropriate to minimise power fallout (Graham et 

al., 2007). As a sensitivity analysis (Thabane et al., 2013), outcome analyses were run for 

both the imputed and non-imputed data sets, with no meaningful differences between results.   

6.4.7. Managing bias 

Bias is an inherent part of conducting research and is defined as the intentional or 

unintentional introduction of systematic error into the research process resulting in deviation 

from the true finding (Smith & Noble, 2014). In an effort to overcome common sources of 

bias, the CONSORT guidelines provide a checklist of recommendations for research 

involving clinical trials (Schulz et al., 2010). A useful classification of different sources of 

bias is provided, covering selection bias, performance bias, attrition bias, detection bias and 

reporting bias. An extension of these guidelines has been provided for feasibility and 

controlled trials, which was followed in the design of the current pilot RCT (Eldridge et al., 

2016). The associated Cochrane Collaboration Risk of Bias Tool (Higgins et al., 2011) is 

commonly used to assess the quality of studies included within systematic reviews and meta-

analyses. The tool provides an operationalised checklist of the six core elements outlined by 

the CONSORT guidelines (Schulz et al., 2010), allowing an evaluation of the adherence of a 

given clinical trial to these guidelines. Details of the adherence of the pilot RCT to these 

elements are provided below in Table 6.3. Further, the checklist for the CONSORT 



124 

 

guidelines for pilot or feasibility trials is provided as supplementary to the pilot RCT paper 

presented in chapter nine.  

Table 6.3. Methods for minimising bias within the pilot RCT according to CONSORT 

Guidelines (Schulz et al., 2010) 

Potential source of bias   
Method of control within pilot RCT  

Selection bias  

Random sequence 

generation  

 

Allocation to groups was randomised using a procedure 

designed to balance characteristics between groups. This 

procedure was carried out by an experienced and blinded 

researcher, independent of the research team.  

Allocation concealment The allocation of participants to groups was concealed to the 

researcher conducting outcome assessments, however 

participants and therapists were not blind to treatment 

allocation, which is near impossible in the context of 

psychological therapies.   

Performance bias   

Blinding of participants As described above, this was a single-blind RCT as it was not 

possible to blind participants to their allocation.  

Detection bias   

Blinding of researchers The researcher conducting follow-up assessments was blind to 

treatment allocation. This was monitored closely and in the 

case of unblinding, which occurred twice, the assessment was 

completed with another researcher who remained blinded. 

Attrition bias   

Incomplete outcome data Attrition from the trial was low. Analysis employed an ITT 

approach and missing data was imputed using multiple 

imputation to account for participants lost to follow-up.  

Reporting bias   

Selective reporting The trial was registered prior to the commencement of 

recruitment and a thorough trial protocol was published prior 

to the end of recruitment. The reporting of the findings adhered 

to the a priori approach, regardless of statistical significance.  
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6.5. Additional features of the current research  

6.5.1. Involvement of people with lived experience  

For reasons discussed in chapter two, the involvement of people with lived experience 

of hearing voices was a priority in this research. To reiterate, there is growing recognition 

that involving people with relevant lived experience at multiple stages throughout the 

research process can be highly valuable (Brett et al., 2014; Corstens et al., 2014; 

Staniszewska, Jones, Newburn, & Marshall, 2007). A systematic review conducted by Brett 

et al. (2014) examined the impact of public and patient involvement in 66 studies in the area 

of health and social care research. Findings indicated that this involvement had a positive 

impact on key aspects of the research, including the maximisation of research relevance, the 

quality and appropriateness of research methodology, informing accurate interpretation of 

results, and more effective dissemination of findings to the wider community. Challenges 

were also highlighted, including conflicting preferences or goals with researchers partly due 

to a lack of research knowledge and experience, power imbalances, recruiting people who are 

representative of the broader population of interest, navigating interpersonal processes within 

consultation groups, and limited resources and time available to facilitate the approach. Such 

challenges should be considered in the research process, however the benefits were clearly 

evident. In the context of digital health research, the involvement of end-users at multiple 

stages in the development and evaluation process can result in technologies which are more 

user friendly, better suit the needs of the population, and yield higher levels of engagement 

(Mohr, Lyon, et al., 2017; Yardley et al., 2015; Yardley et al., 2016).  

People with lived experience of hearing voices and psychosis more generally were 

involved at several stages of this research. Initially, during the design phase of the 

intervention and trial, a panel of individuals with lived experience were consulted regarding 

key decisions (e.g., intervention length and aims, design of EMA and EMI components, 

ethical considerations including clarity of participant information consent forms, assessment 

measures and length). Following this, the aim of the initial pilot study was to gain 

preliminary feedback from eligible participants regarding their experiences of the 

intervention in order to refine the elements of the protocol. The pilot RCT itself builds on 

these aims to more thoroughly evaluate the approach using a larger population, focusing 

specifically on feasibility and acceptability (Berry et al., 2016). In line with recommendations 

regarding the evaluation of digital interventions, a qualitative study was also conducted to 

gain in depth feedback from participants regarding their experiences (Mohr, Lyon, et al., 

2017; Yardley et al., 2015; Yardley et al., 2016). Following the completion of data collection, 
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during analysis and write-up, another panel of individuals with lived experience were 

consulted regarding key findings from the trial and to discuss potential next steps in this 

research. These individuals were a part of the Lived Experience Advisor Panel (LEAP), 

which was established collaboratively by the candidate and other members of a psychosis 

research lab group at Swinburne University of Technology, led by the primary supervisor. 

This panel is consulted regularly by all members of the lab group in order to inform current 

and future research initiatives. Together, input from those with lived experience resulted in 

refinements to the intervention and trial protocols, contributed to the candidate’s 

interpretation of the findings, and provided a basis for contextualising the broader meaning of 

this research within the daily lives of those with voice hearing experiences.  

6.5.2. International research collaboration  

In 2015, the candidate assisted with the organisation of the International Consortium 

on Hallucinations Research (ICHR) Conference which was held in Melbourne, Australia. The 

conference is attended by international researchers in the field of hallucinations research to 

facilitate collaboration, communication and directions for future research. During the 

conference, shared interests were discussed with researchers at another Voices Clinic based 

in Sussex, Uniter Kingdom. The director of the Clinic, Dr Mark Hayward, has been involved 

in research collaborations with Associate Professor Neil Thomas, and had experience 

delivering CSE for voices (Hayward et al., 2017). Then PhD candidate Sarah Fielding-Smith 

had also recently completed a number of studies using EMA to examine temporal 

mechanisms underlying voices. Following further meetings over subsequent moths, a 

collaboration was established. Initially, the intention was to run the pilot RCT across the two 

sites. However, due to local delays and feasibility issues which further postponed project 

progress, this UK site was later removed. These collaborators played a critical role in the 

initial development of the intervention and trial, as well as Associate Professor John Farhall 

who is an expert on psychological interventions for voices and literature on coping with these 

experiences.  

6.5.3. Funding  

To financially support this project, the candidate was awarded with a $5,000 grant 

from the Barbara Dicker Brain Sciences in October, 2016. This grant was used to support 

participant reimbursements, data usage, and miscellaneous costs associated with the research 

(e.g., publication costs).  
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6.6. Chapter overview  

The current chapter has provided an overview of the aims and methodology employed 

in the research conducted as part of this thesis. As the thesis is by publication, parts of the 

methodology are presented elsewhere over the next three chapters. The following chapter 

provides details of the first empirical study conducted, which involved a small pilot study to 

test the intervention protocol and provide preliminary feedback from eligible participants. 

The second publication of this thesis was an outcome of this piloting and will be presented 

within this chapter, which focused on the development and description of the intervention, 

accompanied by a single case illustration.  
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7. Chapter Seven: Development and Initial Piloting   

This chapter provides details of an initial pilot study conducted to evaluate the 

intervention protocol in a sample of four eligible participants. As an outcome of this piloting, 

one of the cases was written up as an illustration of the intervention delivery, along with 

details of its development. The current chapter summarises the methods and findings of this 

initial piloting, which resulted in refinements to the intervention protocol and changes to the 

technology used. The publication is presented first to provide details of the intervention, 

followed by the methods and findings of the wider pilot study, and ending with a summary of 

key changes to the protocol.  

7.1. Publication Two 

The following empirical paper has been published in the journal Internet 

Interventions, which is a highly ranked, international open access journal run by the 

International Society for Research on Internet Interventions (ISRII). The candidate is a 

member of this society and this paper has also been accepted for poster presentation at the 

ISRII conference in New Zealand, 2019. The journal disseminates scholarly research 

focusing on mental health interventions delivered via the internet and related technologies. 

The Source Normalized Impact per Paper (SNIP) is 1.268, with a Quartile 1 ranking. The 

‘Author Indication Form’, which details the nature and extent of the candidate and co-

authors’ contributions to this empirical paper, is included in Appendix III. This study was 

also presented by the candidate at the British Association for Behavioural and Cognitive 

Psychotherapies (BABCP) and the World Psychiatric Association (WPA) conference, both in 

2017, and was presented on the candidate’s behalf (by SFS) as a poster presentation at the 

International Consortium on Hallucinations Research (ICHR) in 2017.  The complete 

citations of the publication and conference presentations are as follows: 

Bell, I. H., Fielding-Smith, S. F., Hayward, M., Rossell, S. L., Lim, M. H., Farhall, J., & 

Thomas, N. (2018). Smartphone-based ecological momentary assessment and 

intervention in a blended coping-focused therapy for distressing voices: Development 

and case illustration. Internet Interventions, 14, 18-25 

Bell, I. H., Fielding-Smith, S. F., Hayward, M., Rossell, S. L., Lim, M. H., Farhall, J., 

Thomas, N. (2019). Using ecological momentary assessment as a formulation tool in 

psychological therapy: case illustrations of a blended therapy for hearing voices. 

Accepted poster presentation at International Society for Research on Internet 
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Interventions (ISRII) conference, ISRII 2019: The Next Generation, Auckland New 

Zealand  

Bell, I. H., Fielding-Smith, S. F., Hayward, M., Rossell, S. L., Lim, M. H., Farhall, J., 

Thomas, N. (2018). Integrating interventions into the course of daily life using 

smartphone technology: pilot findings of a coping-focused intervention for auditory 

hallucinations. In Thomas, N. & Alvarez-Jimenez, M. (Co-chairs) Using digital 

technology in services for people with persisting psychosis. Symposium presented at 

World Psychiatric Association Thematic Congress, Innovation in Psychiatry: 

Effective Interventions for Health and Society, Melbourne, Australia 

Bell, I. H., Fielding-Smith, S. F., Hayward, M., Rossell, S. L., Lim, M. H., Thomas, N. 

(2017). Pilot findings of SAVVy: an ongoing multicentre randomised controlled trial 

of a coping-focused intervention for voice hearing experiences supported by 

smartphone ecological momentary assessment and intervention. In Thomas, N. 

(Chair), Voices in context: understanding and working with auditory hallucinations in 

relation to experience and internal representations. Symposium presented at 45th 

Annual British Association for Behavioural & Cognitive Psychotherapies Conference, 

Manchester, United Kingdom 
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A B S T R A C T

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

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

within wider CBT protocols (Tarrier et al., 1998; Wykes et al., 2005;
Wykes et al., 1999). Early research has suggested that people develop
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.

Španiel 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 RealLife™ 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

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

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

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

Fig. 2. Intervention procedure.
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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, Sdiff= 4.37 and DASS-21, Sdiff= 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, Sdiff= 6.93; Thomas et al., 2016).

3.1. Case illustration: Harry

Harry was a 38-year-old single male diagnosed with schizophrenia

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

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).
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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,

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 suffi-
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.,

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.
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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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7.2. Initial piloting of the intervention 

7.2.1. Methods   

The following sections describe the findings of an initial pilot study conducted at the 

Melbourne Voices Clinic, with ethics approval from the Alfred Human Research Ethics 

Committee (project number 440/16; approval certificates in Appendix I). The aim of this 

piloting was to test run the intervention procedures, ascertain a sample of data to examine the 

psychometric properties of the EMA items, and gain feedback from participants regarding 

aspects of the intervention. A combination of quantitative and qualitative feedback from 

participants was employed for this purpose, as well as statistical analysis of psychometric 

properties of the EMA items. The following sections provide an overview of the findings 

from this evaluation, ending in a summary of key changes to the study and therapy protocols. 

7.2.1.1. Participants. New and previous clients of the Voices Clinic were contacted 

over a month to take part in the piloting, with four agreeing to participate. Participants were 

over the age of 18, spoke fluent English, and had been experiencing frequent voices (at least 

four times per week or if less, lasting at least one hour or more) that occurred outside the 

context of substance use for at least six months. Participants had been on stable medication 

for the previous eight weeks and showed no signs of an intellectual disability (estimated IQ 

<70 as measured by the Wechsler Test of Adult Reading (WTAR; Wechsler, 2001). The 

demographics information of the four participants is shown below in Table 7.1.  

 

Table 7.1. Basic demographic information of pilot participants 

Participant 1 2 3 4 

Age 24 44 34 52 

Gender M M M F 

Estimated IQ 89 115 108 110 

Comfort using a 

smartphone  

Somewhat 

confident with 

independent use 

Confident with 

independent use 

Confident with 

independent use 

Not confident 

with 

independent use   

 

Participant one was a 24-year-old single male with diagnosed schizophrenia who 

lived at home with his family. He displayed some cognitive difficulties with verbal 

comprehension, concentration, and memory, which was not formally assessed. He 

experienced anxiety and paranoia due to the voices, which were primarily critical and 

negative in content, and very distressing. He reported that his family was very supportive 
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and played an active role in his participation in the trial, particularly supporting the use of 

the smartphone app as he had a low level of confidence with technology.  

Participant two was the subject of the case illustration presented earlier in this 

chapter.  

Participant three was a 34-year-old male with unconfirmed diagnosis. He lived 

independently and had casual employment. He experienced a single psychotic episode three 

years earlier, however remained bothered by ongoing voices which were described as 

“annoying” but not distressing. This participant was confident using technology and was 

motivated to assist in the research project, however did not feel the intervention would be of 

great help as he was already coping well with the voices.  

Participant four was a 52-year-old female with a long-term diagnosis of 

schizophrenia. During assessment she presented with possible cognitive difficulties, 

primarily with verbal comprehension, concentration, and memory, however these were not 

assessed formally. She reported having heard voices for over 20 years and that she was 

unable to work due to her mental health. She was very concerned about the app in the 

beginning and was unfamiliar with using smartphones, despite owning one. She only used 

this to make calls and was not aware of what a smartphone app was. 

7.2.1.2. Intervention. To avoid repetition, the full details of the intervention are 

detailed earlier in this chapter within the publication. A therapy protocol was developed 

which detailed the activities for each session and the process for generating EMA-derived 

feedback. A training manual on how to use the smartphone app was provided to participants 

and referred to in the first session. The candidate was the therapist who delivered the 

intervention and conducted all assessments.  

7.2.1.3. Assessments. Participants completed assessments prior to and following the 

completion of the intervention. The baseline assessment involved the administration of the 

Psychotic Symptoms Rating Scale – Auditory Hallucinations subscale (PSYRATS-AH; 

Haddock et al., 1999), the Subjective Experiences of Psychosis Scale – Negative Impact 

subscale (SEPS; Gillian Haddock et al., 2011), Depression Anxiety and Stress Scale – 21 

item version (DASS-21; Lovibond & Lovibond, 1995), and a visual analogue scale item 

measuring confidence in coping with the voices (range 0 - very unconfident, to 10 - very 

confident). The same measures were completed at the follow-up assessment. In addition, a 

quantitative feedback questionnaire was completed, which involved rating each EMA item in 

terms of the accuracy of their wording and ease of understanding. Participants provided 
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ongoing feedback throughout the intervention period and via an interview during the follow-

up assessment.  

7.2.2. Findings  

7.2.2.1. Completion of the intervention. The first two participants completed the 

full intervention and outcome assessment. The third participant completed the first two 

sessions and EMA monitoring before discontinuing because he was already coping well with 

his voices and therefore felt he was not benefiting from the focus of the therapy. The fourth 

participant completed the EMA monitoring period without any difficulties, however 

withdrew following technological complications requiring an update to the app, which she 

found too complex and overwhelming.  

7.2.2.2. Experiences of EMA monitoring. Three of the four participants were able 

to use the smartphone app during the first week to monitor their voices and related 

phenomena. These participants completed over 33% of EMA questionnaires, which was the 

necessary cut-off recommended in the EMA literature in order to proceed with analysis 

(Palmier‐Claus et al., 2011). The remaining participant did not complete a sufficient number 

of EMA questionnaires due to technical difficulties. Participants reported that the length and 

frequency of the questionnaires was acceptable, although one participant suggested a longer 

period of EMA monitoring with less frequent questionnaires may be less burdensome. 

Participants reported the questionnaire took around 5 minutes to complete initially, however 

this reduced to a few minutes by the second day. Participant one reported that the EMA 

monitoring assisted him to “broaden his outlook” and made him reflect on things which he 

had not considered before (e.g., ways he was responding to the voices). Participant two 

reported that the monitoring helped him to focus his attention away from the voices rather 

than getting caught up in them. All participants reported that the tailoring of the EMA 

schedule to fit their own sleep-wake cycle was important otherwise the alerts would have 

missed some of their voice hearing episodes. 

7.2.2.3. Experiences of EMA feedback. The responses to EMA items in the app was 

successfully analysed to produce feedback for the three participants who completed the 

monitoring period. In all three of these cases, the EMA analysis identified predictors of voice 

intensity above the 0.30 effect size cut-off, and hence were produced as feedback along-side 

summary statistics. Participants reported that the feedback was helpful for understanding 

patterns in their voices in order to consider new coping strategies, suggesting the analysis 

was identifying meaningful information.  
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7.2.2.4. Experiences of EMI reminders. Following the second therapy session, the 

personalised EMI coping reminders were programmed into the app such that participants 

were then prompted to use these in daily life. Due to technical requirements, the smartphone 

app required manual updating outside of session to initiate the new schedule of prompts. At 

this point, participant four dropped out as she found this process overwhelming, reducing 

motivation to continue. Participant three dropped out during this period and did not provide 

further feedback. The two participants who continued to receive EMI prompts from the app 

reported that these helped remind them to use their coping strategies more consistently and 

stopped them getting caught up in the voices. Both of these participants reported that the 

EMI reminders were the most helpful aspect of the intervention and that the personalisation 

was important.  

7.2.2.5. Experiences of blended format. The two participants who completed the 

intervention provided positive feedback about the combination of technology and face-to-

face therapy. Participant two reported that the combination helped him to remember what 

was discussed in session and acted as a bridge to his daily life. He reported that the 

reminders prevented him from forgetting what was discussed and that the personalisation of 

the reminders to reflect exactly what was discussed was very helpful. Participant one 

reported that the format provided a new outlook and a different approach, which helped him 

change the way he sees his voices.  

7.2.2.6. Experience of using the app. Participants one and four reported low 

confidence using technology at baseline and both displayed some cognitive difficulties. 

These participants were initially concerned that they might find the app difficult to use. 

Participant four later withdrew from the study due to difficulty using the technology. 

However, this participant completed the EMA monitoring with no reported difficulties and 

stated that she found this process helpful. Participant one completed the full course of the 

intervention and despite some technological issues, had no great difficulty using the 

smartphone app. The technological issues were reported as confusing and required assistance 

from the participant’s family with troubleshooting. Participants two and three reported no 

negative experiences with the smartphone app, though the latter experienced technical 

difficulties which were described as “frustrating”.  
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7.2.2.7. Psychometric analysis of EMA data and quantitative feedback. 

Psychometric analysis focused on: 1) inter-item correlations; 2) within-person summary 

statistics to examine item variation over time; 3) the range of item ratings; and 4) frequency 

statistics of coping responses. Based on this analysis, several items were identified for 

removal on the basis of redundancy (high correlations with other items), low variation (i.e., 

minimal temporal variability), floor or ceiling effects, or infrequent endorsement of coping 

responses. In addition, participants provided quantitative feedback regarding the ease of 

understanding of the items and their accuracy in measuring their experiences day to day. 

Four additional members of a lived experience panel also completed this quantitative survey 

to provide feedback on the items for face validity. Two items were suggested to be added to 

measure the construct of paranoia, which some participants reported is a relevant factor 

influencing fluctuations in their voices.  

7.2.2.8. Technological issues. Some technological issues were encountered for two 

of the participants. Initially, the responses recorded in the app were not being consistently 

uploaded to the online system and were therefore not accessible for analysis and feedback. 

This was rectified by contacting IT support for the app, resulting in the addition of a ‘manual 

upload’ button within the app. This correction was not acceptable for one participant who 

found the process confusing and subsequently discontinued the study. The other technical 

issue involved the app crashing on a number of occasions, with a fix not provided by the app 

company.  

7.2.2.9. Change scores. Baseline measures of all four participants and outcome 

measures of the two participants who completed the intervention are shown below in Table 

7.2. These suggest that the intervention led to wide-spread improvements to multiple 

measures for participant one, including overall voice severity and their negative impact, 

overall emotional distress, and coping with the voices. Comparatively, participant two 

showed a slight increase in overall voice severity and no change to emotional distress, 

though there were improvements to the negative impact of the voices and coping.  
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Table 7.2. Pre- and post-intervention scores on outcome measures 

Participant 
1 2 3 4 

 Pre Post Pre Post Pre Pre 

PSYRATS-

AH Total 

27 20 17 23 14 31 

SEPS Negative 

Impact 

Subscale  

81 57 95 87 38 99 

DASS-21 

Total 

31 19 66 66 8 17 

Coping with 

Voices VAS 

2.2 9 5 8 9.5 8.5 

 

7.3. Summary of changes as a result of piloting  

This initial pilot study provided support for the feasibility and acceptability of the 

intervention, although technological issues required addressing prior to commencing the 

pilot RCT. In considering the overall findings, the following changes were made to the 

intervention protocol:   

1. Some EMA items were removed, others were reworded, and some additional 

items were added.  

2. Due to technological issues, the Real Life Exp (LifeData, 2016) app was 

considered too unreliable and was replaced by the MovisensXS app 

(MovisensXS). 

3. An additional inclusion criterion was added necessitating some level of 

distress due to the voices to ensure the participants would be likely to benefit 

from the intervention.   

4. Updates to the EMA-derived feedback analysis to make this process more 

streamlined and time efficient.   

5. Minor changes to the therapy manual, smartphone training manual and 

assessment procedure.  

6. Additional therapeutic resources, including a list of commonly used coping 

strategies if the participant requested suggestions and a worksheet for 

functional analysis.  

7. Additional process measures to capture a broader range of potential 

therapeutic mechanisms.  
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7.4. Chapter summary  

This chapter reported the findings of an initial pilot study involving the testing of 

intervention procedures with four eligible participants. In addition, the second thesis paper 

was presented, which describes the development of the SAVVy intervention, along with a 

case illustration demonstrating its delivery. This paper outlined the principles underlying the 

intervention and key elements in the design. Together, the outcomes of this piloting 

highlighted issues associated with the stability of the smartphone app, requiring switching to 

new software in the next stage of the research. Participants also provided crucial feedback on 

their experiences of different components of the intervention, enabling a preliminary 

examination of feasibility, usability, and acceptability of the technology and its integration 

with face-to-face therapy. Based on this feedback, and the experiences of the researchers and 

therapist, refinements to the intervention and trial protocol were made prior to commencing 

the pilot RCT. 
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8. Chapter Eight: Publication Three  

Following the initial pilot study presented in chapter seven, the protocol for the 

intervention was refined and updated. This chapter includes the trial protocol published in 

the journal Trials and was submitted prior to the finalisation of recruitment. Trials is an 

international open access journal that publishes high quality protocols for pilot and full-scale 

randomised controlled trials in mental health. The five-year impact factor is currently 2.34, 

with a SCImago H Index score of 57 and a Quartile 1 ranking. The ‘Author Indication 

Form’, which details the nature and extent of the candidate and co-authors’ contributions to 

this empirical paper is included in Appendix III. In addition, the trial was registered prior to 

the commencement of recruitment (see Appendix IV) and the protocol was designed in 

accordance with the Standard Protocol Items: Recommendations for Interventional Trials 

(SPIRIT; Chan et al., 2013) and Good Clinical Practice guidelines.   The complete citation of 

the publication and conference presentations are as follows: 

Bell, I. H., Fielding-Smith, S. F., Hayward, M., Rossell, S. L., Lim, M. H., Farhall, J., & 

Thomas, N. (2018). Smartphone-based ecological momentary assessment and 

intervention in a coping-focused intervention for hearing voices (SAVVy): study 

protocol for a pilot randomised controlled trial. Trials, 19(1), 262. 



STUDY PROTOCOL Open Access

Smartphone-based ecological momentary
assessment and intervention in a coping-
focused intervention for hearing voices
(SAVVy): study protocol for a pilot
randomised controlled trial
Imogen H. Bell1,2*, Sarah F. Fielding-Smith3,4, Mark Hayward3,4, Susan L. Rossell1,2,5, Michelle H. Lim1,
John Farhall6,7 and Neil Thomas1,2

Abstract

Background: Smartphone-based ecological momentary assessment and intervention (EMA/I) show promise for
enhancing psychological treatments for psychosis. EMA has the potential to improve assessment and formulation of
experiences which fluctuate day-to-day, and EMI may be used to prompt use of therapeutic strategies in daily life.
The current study is an examination of these capabilities in the context of a brief, coping-focused intervention for
distressing voice hearing experiences.

Methods/design: This is a rater-blinded, pilot randomised controlled trial comparing a four-session intervention in
conjunction with use of smartphone EMA/I between sessions, versus treatment-as-usual. The recruitment target is
34 participants with persisting and distressing voice hearing experiences, recruited through a Voices Clinic based in
Melbourne, Australia, and via wider advertising. Allocation will be made using minimisation procedure, balancing of
the frequency of voices between groups. Assessments are completed at baseline and 8 weeks post-baseline. The
primary outcomes of this trial will focus on feasibility and acceptability of the intervention and trial methodology,
with secondary outcomes examining preliminary clinical effects related to overall voice severity, the emotional and
functional impact of the voices, and emotional distress.

Discussion: This study offers a highly novel examination of specific smartphone capabilities and their integration
with traditional psychological treatment for distressing voices. Such technology has potential to enhance
psychological interventions and promote adaptation to distressing experiences.

Trial registration: Australian New Zealand Clinical Trial Registry, ACTRN12617000348358. Registered on 7 March 2017.

Keywords: Digital technology, Smartphone app, Ecological momentary assessment, Ecological momentary
intervention, Psychosis, Hearing voices, Auditory hallucinations, Randomised controlled trial

* Correspondence: ibell@swin.edu.au
1Centre for Mental Health, Swinburne University of Technology, Hawthorn,
Australia
2Monash Alfred Psychiatry Research Centre, Melbourne, Australia
Full list of author information is available at the end of the article

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Bell et al. Trials  (2018) 19:262 
https://doi.org/10.1186/s13063-018-2607-6

http://crossmark.crossref.org/dialog/?doi=10.1186/s13063-018-2607-6&domain=pdf
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=371647
mailto:ibell@swin.edu.au
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Background
There have been dramatic advances in digital technology
over the last two decades, opening unprecedented
opportunities for developing tools to assist in mental
health care. These tools include computers, tablets,
smartphones and wearable sensors, which can provide
both accessible and cost-effective support, as well as the
potential for more reliable and effective methods of
assessment and monitoring [1]. For those with persisting
mental health problems, such as psychosis, where access
to support and self-management is often required on a
day-to-day basis, these technologies may assist in over-
coming existing barriers to effective treatment. In
addition, they are usually accessed independently and on
demand, and can therefore be empowering to users in
self-managing their own condition, a key element of per-
sonal recovery [2, 3].
Digital technologies range in their features, designs

and platforms, providing opportunities to target dif-
ferent needs associated with mental health conditions.
Smartphones in particular have become a strong focus of
digital health research due to their capabilities to provide
in-situation support in daily life through specialised appli-
cations (“apps”) [4]. Smartphone apps are a booming area
of both research and industry, with more empirical evalu-
ations needed to help refine features to minimise risks and
maximise benefits [5].
One promising use of smartphone apps is assisting

with the self-management of psychotic experiences such
as hearing voices [6–9]. These experiences, commonly
observed as persistent symptoms in psychotic disorders,
such as schizophrenia, can be distressing and impairing
[10, 11]. Psychological intervention largely involves pro-
moting the ability to adapt to and self-manage these ex-
periences in a way that reduces the impact on the
individual’s daily life [12]. Given that voices may be ex-
perienced as frequent and unpredictable, the on-demand
availability of smartphone apps suggests potential for
assisting in this active self-management when it is
needed.
Several studies have examined the use of smartphone

apps in people with persisting mental health problems,
including psychotic conditions. A recent meta-analysis
examined ownership of mobile devices and attitudes to
their use in mental health care in psychiatric patients
[13]. Across 15 studies including a total of 2129 patients
with a psychotic disorder, 66.4% of patients owned a
mobile phone, which had increased over time to 81.4%
between 2013 and 2015; furthermore, the majority of
patients reported interest in using mobile devices for
health monitoring and tracking, access to information
about their health, scheduling appointment reminders
and facilitating contact with service providers. Indeed,
recent research has shown patients are already

frequently using mobile technology for these purposes,
as well as assisting with coping with symptoms and
connecting with others [14, 15]. Initial trials have indi-
cated evidence that online and mobile technologies are
feasible and acceptable for people with psychotic disor-
ders [9, 16, 17].
One important way in which people with psychotic ex-

periences may benefit from smartphone apps is through
their ability to prompt adaptive behaviours when they
are needed in daily life. This application of mobile tech-
nology is termed “ecological momentary intervention”
(EMI [18]), involving the delivery of reminders or
prompts to users via mobile devices. EMIs have received
increased attention in recent years, with evidence for
their benefit in a variety of mental and physical health
conditions [18–23].
A related use of smartphone technology is termed

“ecological momentary assessment” (EMA [24]). EMA is
an assessment method involving the regular and
frequent self-assessment of momentary experiences in
the context of daily life. This method has been used
extensively in psychosis research as a means of recording
and examining momentary psychotic experiences and their
relationship to internal and external variables [25–27]. As
assessment is occurring repeatedly, in real time, and in nat-
ural environments, there is greater ecological validity, data
is less subject to retrospective recall bias, and it is possible
to examine the relationship between variables over time.
EMA and EMI (EMA/I) can be combined to provide
response-dependent intervention strategies via smartphone
apps in daily life.
A recent systematic review identified nine studies

with broad application of EMA/I in the assessment
and treatment of psychotic conditions, ranging from
specialised smartphone apps based on cognitive be-
havioural therapy to remote assessment of symptom
states to initiate early intervention for relapse [21].
These studies found the applications to be feasible
and acceptable for patients, and there was evidence
that they can be used to promote self-management of
symptoms and improve functioning [28, 29].
EMA/I may be particularly suited to assisting with the

self-management of voice hearing experiences, building
on prior therapeutic approaches involving enhancement
of coping strategies targeting voices and their triggers
[30]. Improving coping with voices is a key component
of cognitive behavioural therapy for psychosis [31] and
has been formally operationalised in a therapeutic
approach developed by Tarrier and colleagues [30] re-
ferred to as “Coping Strategy Enhancement” (CSE). CSE
involves an initial functional analysis of antecedents and
responses to psychotic experiences to inform the identi-
fication and implementation of coping strategies in daily
life. Research trials and case studies have shown broad
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support for CSE approaches in treating psychotic experi-
ences, although there are limited examinations of this
approach in isolation and targeting voices specifically
[30, 32–37].
EMA/I might be used to augment such coping-

focused approaches to voices in several ways. First,
EMA provides a means of capturing more reliable in-
formation about the way in which symptoms interact
and evolve over time, which has been shown to be
superior to retrospective self-report [26, 38–40]. To
aid functional analysis as the first stage of coping
interventions for voices, EMA data could be collected,
analysed and produced as in-session feedback to iden-
tify predictors of fluctuations in voices. Voice hearing
has been shown to vary depending on the individual’s
internal states (e.g. mood) and external stimuli (e.g.
social context) (see [41]). With EMA, contextual vari-
ables can be assessed alongside features of the voices
themselves, such as intensity/loudness, allowing for
the examination of within-person predictors of voice
fluctuations (e.g. [25]). Second, it is common for
psychological interventions to require clients to recall
the evolution of events, which can be challenging for
those with psychosis who tend to display cognitive
difficulties involving poor recall [42]. EMA shares
similarities to typical diary methods used in CBT for
this purpose, involving recording of information in
monitoring sheets outside of therapy to aid identification
of patterns requiring intervention and also to foster self-
awareness through self-monitoring. Electronic deliv-
ery of reminders and recording of information via
EMA could be more convenient, increase likelihood
of completion and provide more accurate and sensi-
tive information [43, 44]. Third, EMI has shown to
aid recall and promote the use of symptom self-
management strategies in psychosis [28, 45], aligning
with the primary aim of coping approaches to voices
being to improve the use of more effective coping
strategies in daily life.
To summarise, interventions which make use of specia-

lised smartphone capabilities such as EMA/I have shown
promise in assisting with management of symptoms and
improving recovery, and previous research has found
EMA/I are feasible and acceptable to people diagnosed with
a psychotic disorder. A particular application is to facilitate
self-management of persisting and distressing voices, where
EMA/I may offer a means of augmenting the effects of
these treatments to promote more consistent and adaptive
coping. Given this, the main aim of the proposed study is
to investigate the application of EMA/I in a coping-focused
intervention for voices (Smartphone Assisted coping-
focused interVention for Voices: SAVVy). This paper de-
scribes a pilot randomised controlled trial (RCT) with the
following objectives.

Objectives
There are three main objectives in this trial. The first
objective is to explore whether the intervention is feas-
ible to deliver and acceptable to participants. Feasibility
of smartphone-based EMA self-monitoring will be deter-
mined by the proportion of participants receiving the
intervention who complete at least 33% of the total
number of EMA surveys, allowing production of feed-
back in session. This cut-off was determined based on
recommendations from the EMA literature which sug-
gest that participants should complete at least 33% of
the total number of EMA surveys to provide a sufficient
number of data points for an analysis that is both reli-
able and representative of a person’s daily experience
[46]. The feasibility of the smartphone-based EMI will
also be examined through the number of EMI reminders
viewed over the course of the intervention and session
attendance rates. Acceptability will be assessed by par-
ticipant ratings of satisfactions with the intervention and
its perceived credibility prior to commencing. The sec-
ond objective is to examine the feasibility of a full-scale
trial through recruitment and attrition rates. The third
objective is to provide a preliminary estimation of the
clinical impact of this intervention alongside treatment-
as-usual (TAU) compared to TAU alone on (1) overall
severity of voices, (2) emotional and functional impact
of voices and (3) overall emotional distress. As a prelim-
inary examination of possible processes of change in
these clinical outcomes, we will also examine changes
on measures of the participant’s awareness of factors
that influence voices day-to-day and experiences of cop-
ing, as these are the primary intervention targets which
may theoretically lead to a reduction in voice severity
and impact.

Methods/design

Design
The SAVVy trial is a pilot randomised, controlled, assessor-
blinded trial, with two parallel groups, using a 1:1 allocation
ratio. Each consenting participant will be randomised to
either SAVVy + TAU or TAU alone, following the informed
consent and baseline assessment session. TAU will involve
continuation of standard treatment provided by the
usual care team (usually consisting of medication and case
management without psychological treatment). Baseline
assessments will occur pre-randomisation (T0) and at a
standard period of approximately 8 weeks following ran-
domisation (T1). All participants will be invited to
complete the outcome assessment regardless of whether
they complete the full course of intervention. Figure 1 dis-
plays the Consolidated Standards of Reporting Trials
(CONSORT) flow diagram of the study procedure. The
protocol was designed in accordance with the Standard
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Protocol Items: Recommendations for Interventional
Trials (SPIRIT) (Additional file 1) and Good Clinical
Practice guidelines.

Setting
This trial will be conducted at a specialist psychological
treatment and research clinic for people who experience
persisting and distressing voices based in Melbourne,
Australia [47]. The clinic receives referrals from across
Melbourne and surrounding areas and offers specialist
consultation and psychological interventions for auditory
hallucinations.

Participants
As this is a pilot RCT, power calculations based on effect
sizes are not appropriate to inform recruitment targets.
Rather, a sufficient sample size is needed for estimating
the standard deviation of the outcome measures to in-
form future power calculations, to determine recruit-
ment and attrition rates, and to evaluate the feasibility

and acceptability of the intervention. There is variability
across the literature regarding sample size recommenda-
tions for pilot RCTs, ranging from 24 to 70 [48–51]. We
determined a sample size of 34 (split evenly between
groups) would be sufficient to meet the aims of this
study, which is within the recommended range and in
line with pilot trials of similar interventions (e.g. [28,
52–55]).
Participants meeting the following criteria will be eli-

gible for the study: (1) over the age of 18 years; (2) suffi-
cient conversational English for meaningful participation
in the study; (3) experiencing current and persisting
auditory verbal hallucinations defined by, over the week
preceding the baseline assessment, hearing a halluci-
nated voice or voices on at least four different occasions
and/or on at least one occasion and of at least an hour’s
duration; we determined this criterion would be the
minimum frequency in order to capture their occurrence
during the EMA monitoring period; (4) experiencing
distress due to the voices (score of 1 or more on item 8

Fig. 1 Consolidated Standards of Reporting Trials (CONSORT) diagram showing study design
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of the Psychotic Symptom Rating Scales-Auditory
Hallucinations (PSYRATS-AH [56])); (5) experiencing
voices for at least 6 months; and (6) comfortable using a
smartphone or willing to learn. Exclusion criteria are as
follows: (1) unable to provide informed consent; (2) in-
tellectual disability as assessed by the Wechsler Test of
Adult Reading (WTAR [57]) estimated IQ < 70]; (3)
voices occur solely in the context of substance or alcohol
use; (4) initiation of a new antipsychotic medication
within the previous 8 weeks; (5) too distressed or
agitated to take part in the study assessed by clinician
observation during screening or baseline assessment; (6)
current risk of harm to self or others that requires active
crisis management.

Recruitment and enrolment
Recruitment will take place at the Voices Clinic via direct
referrals to the study from relevant mental health services,
and wider advertising. All clients from the Voices Clinic
likely to meet inclusion criteria for the study will be
informed of the trial following their initial consultation ap-
pointment, alongside other treatment options.
Clients interested in taking part in the trial will then

be contacted by a member of the research team inde-
pendent from their clinical care who will explain the
study in more detail and formally screen over the phone
for eligibility. Potentially eligible and interested candi-
dates will then be sent participant information consent
forms and allowed at least 48 h to consider their partici-
pation. Those interested in participating will then be
contacted to book a time for the first assessment session,
during which eligibility is confirmed. Persons who par-
ticipate in the trial continue their routine treatment
whilst participating in the trial and are able to receive
other psychological therapies at the Voices Clinic follow-
ing the outcome assessment (or withdrawal from the
trial), irrespective of condition.
Advertising will also take place at relevant mental

health organisations and institutions, and online. Poten-
tial participants and mental health professionals will
therefore be able to contact the researchers directly if
they or a client is interested in participating in the trial.
Further, individuals who have previously taken part in
research projects at the Voices Clinic and have con-
sented to be contacted about new research opportunities
will be offered to take part.
Participants are reimbursed for time attending the two

assessment sessions and loaned a smartphone with data
allowance for the duration of the trial if they are not able
to use their own.

Allocation and blinding
Participants confirmed to be eligible following the baseline
assessment will then be subject to random allocation to

groups using minimisation procedure, conducted by an ex-
perienced researcher independent of the research team
using QMinim online software [58]. Randomisation using
minimisation will be used as it allows for better balance of
patient characteristics across groups, particularly in trials
with small sample sizes [59]. In this trial, minimisation will
balance whether voices are experienced as non-continuous
or continuous (PSYRATS-AH item 1 score ≤ 3 versus 4),
because this covariate is predicted to have an effect on
treatment response and should therefore be balanced across
groups. Allocation will occur within 2 days of the baseline
assessment. Participants will then be contacted to alert
them to their allocation, with those allocated to the treat-
ment group commencing therapy within 2 weeks of the
baseline assessment and those allocated to the control
group confirming a date for the outcome assessment.
All outcome assessments will be conducted by a re-

searcher blind to treatment allocation throughout the
study. It is not possible to blind participants to their al-
location due to the nature of the trial design. Following
allocation to the treatment or control arm, and prior to
the outcome assessment, participants will be asked not
to reveal their group allocation to the researcher con-
ducting the outcome assessment. Outside of the assess-
ments, researchers conducting the outcome assessments
are shielded from discussion of participants, and assess-
ments are conducted on different days to the therapy
sessions. In the event of an unblinding during the assess-
ment, this will be recorded and addressed by repeating
the clinical interview as soon as possible by another
blind assessor. Success of blinding will be assessed by
asking the assessor to guess which condition the partici-
pant was allocated to and indicate their confidence. The
PI (NT) is not blinded and responds to any clinical and
research issues during the trial that require knowledge
of a participant’s condition.

Materials
See Table 1 for the SPIRIT schedule of measures used in
this study. The primary outcomes will focus on feasibil-
ity and acceptability of the intervention and trial meth-
odology, with secondary outcomes evaluating clinical
measures. Trained raters will be supervised throughout
the study to ensure reliability and validity of the clinical
interviews.
Demographic variables will include gender, employment,

education, country of birth and ethnicity, in addition to
medication doses and receipt of other treatments during
enrolment. The following measures will also be used to de-
scribe the sample.

Diagnosis
Two structured clinical interviews will be used to ascer-
tain potential current diagnoses: the Mini-International
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Neuropsychiatric Interview (M.I.N.I. 7.0 [60]) for DSM-5
mental disorders and the Structured Clinical Interview for
DSM-5 (SCID-5 [61]) Borderline Personality Disorder
(BPD) section only. The prevalence of voice hearing is
more common in BPD compared to other personality dis-
orders [62]; therefore, screening beyond BPD was consid-
ered unjustified given the added length of time this would
necessitate.

Cognitive ability
The Wechsler Test of Adult Reading (WTAR [57]) will be
used to estimate premorbid intellectual ability. WTAR
raw scores are standardised based on age and then con-
verted to the predicted WAIS-III IQ.

Negative symptoms
The Scale for the Assessment of Negative Symptoms (SANS
[63]) will be used to measure the severity of negative symp-
toms of psychosis at baseline. This measure has been in-
cluded as participants with greater levels of negative

symptoms may benefit less from psychological interventions
for voices [12]. The SANS is a semi-structured clinical inter-
view which assesses negative symptoms of psychosis across
five domains: affective flattening or blunting, alogia,
avolution-apathy, anhedonia-asociality, attention. Each of the
five symptoms are rated from 0 (absent) to 5 (severe) based
on responses to interview questions and observations made
by the assessor, with a total score derived from summing all
item scores. Higher scores indicate a greater severity of nega-
tive symptoms. The SANS is a very commonly used tool in
research for this purpose and has demonstrated good reli-
ability and validity [63, 64].

Internet use and familiarity
A seven-item questionnaire will be used to describe the
sample in terms of use and comfort with smartphones
and the internet in general. An example item is “How
confident are you in using applications (“apps”) on a
mobile phone?” rated on a 7-point scale from 1 (not at
all confident) to 7 (very confident).

Feasibility
Assessment of feasibility will focus on the following:
completion rates of the EMA surveys (completers de-
fined as having completed over 33% of the total number
of EMA surveys); the proportion of participants for
whom it was possible to produce EMA-based feedback
summaries; the number of EMI reminders viewed; recruit-
ment rate (number of participants referred and screened,
and proportion of eligible participants consenting to par-
ticipate) and attrition (proportion of those completing the
outcome assessment, and all four sessions of the therapy if
allocated to the treatment group); fidelity to the interven-
tion protocol (proportion of therapy checklist items en-
dorsed by therapists as completed).

Acceptability outcomes
Acceptability will be measured using a specifically de-
signed, 14-item satisfaction questionnaire. All except two
items are statements rated on a 5-point Likert scale from
1 (strongly disagree) to 5 (strongly agree). Example items
include “The coping strategy reminders were useful to
help me cope with my voices” and “It was useful to discuss
the smartphone feedback in therapy”. The item “I would
recommend this intervention to other people with voice
hearing experiences” will be the primary indicator of inter-
vention acceptability. Open-ended questions will be in-
cluded to allow participants to provide feedback according
to their own subjective experience. In addition, a sample
of approximately 12 participants who complete the inter-
vention will be invited to participate in a qualitative inter-
view, which will be reported upon separately to the main
RCT. This interview will focus on examining participants’

Table 1 SPIRIT schedule of enrolment, interventions and
assessments

Enrolment Intervention Close-out

Timepoint T0 0–8 weeks T1

Enrolment

Eligibility screen X

Informed consent X

Allocation X

Interventions

SAVVy + TAU X

TAU X

Assessments

PSYRATS-AH X X

SEPS Negative Impact X X

DASS-21 X X

4-item coping with voices X X

Receipt of other treatments X X

Medications and dosages X X

M.I.N.I. and SCID-5 BPD X

SANS X

WTAR X

Internet use and familiarity
questionnaire

X

CEQ X

Demographics X

WAI-SR X

Satisfaction questionnaire X
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experiences of different aspects of the intervention and as
a whole.
The Credibility/Expectancy Questionnaire (CEQ [65])

will be used to measure a participant’s expectations of the
likely success of the intervention and its perceived credibil-
ity prior to commencing. This measure is included based
on research emphasising participants’ perceptions of
the acceptability of the intervention prior to partici-
pating are a core element of acceptability and should
be evaluated at the feasibility and pilot phases of new
interventions [66]. The scale contains six items in
total, three referring to the credibility of the interven-
tion (factor 1) and three referring to expectations
(factor 2). The CEQ uses two rating scales, one from
1 (not at all) to 9 (very much) and another from 0%
(not at all) to 100% (very much), with higher total
scores indicating a greater expectation of positive ef-
fects of the intervention and its perceived credibility.
The questionnaire has shown good reliability and val-
idity [65]. The questionnaire will be administered im-
mediately following informed consent procedures
during the baseline assessment when the participant
will be familiar with the details of the intervention.
The Working Alliance Inventory – Short Revised

(WAI-SR [67]) will also be administered to participants
in the intervention arm at the end of the final session to
provide data on the therapeutic alliance with the therap-
ist. This is a widely used measure of therapeutic alliance
between client and practitioner, which corresponds to
the extent to which the participant perceives successful
alignment on the goals and tasks of therapy, and the
accompanying therapeutic bond. The scale contains 12
items covering subscales of goals, tasks and bond
between client and therapist, scored on a 5-point
scale from 1(seldom) to 5(always), with some reverse-
rated items.

Clinical outcomes
The following clinical measures will be evaluated as sec-
ondary outcomes in this trial to provide a preliminary
estimate of efficacy. All measures will request ratings
relevant to the past week.

Overall severity of voices
The PSYRATS-AH [56] total score will be the pri-
mary clinical outcome measure for this trial, reflect-
ing changes in voice phenomenology, severity and
impact. The measure is a structured interview exam-
ining 11 dimensions of auditory hallucinations, each
rated on a 5-point ordinal scale with total scores
summed, with higher scores representing greater
overall severity of voice hearing experiences. The
scale has demonstrated good reliability and validity
with sensitivity to change [56, 68].

Negative impact of voices
The Subjective Experiences of Psychosis Scale –
Negative Impact Subscale (SEPS [69]) will be used to
evaluate the negative emotional and functional im-
pact of the voices on the person. The SEPS is a 45-
item self-report scale consisting of three subscales
assessing experiences of psychosis. In this case, par-
ticipants will be asked to select “voices” as the
psychotic experience they are rating. The total score
of subscale 1 “negative impacts of experiences” (29
items) will be used in the current study. Items are
rated on a 5-point scale from 1 (not at all) to 5
(very much), with scores summed to produce an
overall score, with higher scores representing a
greater negative impact of the voices on the person.
The SEPS has demonstrated good to excellent reli-
ability and validity [69].

Emotional distress
The Depression, Anxiety and Stress Scale-21 (DASS-21
[70]) scale is a commonly used measure of depression,
anxiety and stress. Each of the 21 items is rated on a
4-point scale from 0 (did not apply to me at all) to 3
(applied to me very much, or most of the time). Sub-
scale scores are totalled and then doubled to yield an
overall score, with higher scores indicating a greater
level of overall emotional distress. The scale has dem-
onstrated good reliability and validity in clinical sam-
ples [71].

Process measures
Although the sample size and design preclude mediation
analysis, we are including several possible process mea-
sures in this trial to evaluate their sensitivity to change.
These include two single items using a 0–100-mm visual
analogue scale (VAS) measuring confidence in coping
with the voices and awareness of factors influencing
their fluctuations, and two multiple choice items meas-
uring the range of helpful coping strategies and the
consistency of their use. These items reflect the primary
intervention aims which may theoretically account for
reductions in voice severity and impact.

� “How confident are you in your ability to cope with
the voice/s day to day?”, VAS anchored 0 mm (not
at all confident) to 100 mm (very confident)

� “I am aware of things which make the voice/s more
or less intense”, VAS anchored 0 mm (not at all) to
100 mm (very much)

� “Over the past week, how often have you used
coping strategies for the voice/s?”, multiple choice: 1
(never when I heard voice/s); 2 (a few of the times I
heard voice/s); 3 (about half of the times I heard
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voice/s); 4 (most times I heard voice/s); 5 (every time
I heard voice/s)

� “How many helpful coping strategies do you have
to manage the voice/s?”, multiple choice: 1 (I
don’t have any helpful coping strategies for the
voice/s); 2 (I have one or two helpful coping
strategies for the voice/s); 3 (I have a few different
helpful coping strategies for the voice/s); 4 (I have
several helpful coping strategies for the voice/s); 5
(I have a lot of helpful coping strategies for the
voice/s)

Planned intervention
Participants allocated to the therapy group will re-
ceive four face-to-face sessions of approximately 1 h
in length, over the 8-week period between baseline
and outcome assessments. Sessions are spaced ap-
proximately 1–2 weeks apart. In addition, these par-
ticipants will use a smartphone app between sessions
(described below), either their own or one provided
to them for the duration of the trial. A breakdown
of the intervention details and sequence are provided in
Fig. 2, both within and between sessions. The intervention
is manualised and will be delivered by the trial coordinator
(IB), a trainee psychologist undertaking doctoral studies in

clinical psychology, with regular supervision by the PI
(NT).
This intervention has been informed by the frame-

work of coping strategy enhancement (CSE [30, 72]
and literature on antecedents and coping with voices
(e.g. [41, 73–77]). CSE has recently been applied in a
brief format targeting distressing voices specifically,
supporting feasibility, acceptability and preliminary
evidence for improved clinical outcomes [37]. A panel
of four individuals with lived experience of voice
hearing based in Sussex, UK, were also consulted in
the early stages of this research to provide feedback
on the design of the intervention and trial, including
the wording and schedule of EMA/I surveys.
As an initial phase of the intervention across the

first and second sessions, functional analysis will be
used to formulate patterns in voice activity, focusing
on identifying the antecedents and responses which
may give insight into how voices are being main-
tained. Building from this understanding, the remain-
der of the intervention will focus on identifying and
implementing alternative responses to the voices and
their antecedents which may disrupt problematic main-
tenance cycles associated voice activity and related
distress. The therapy can therefore be conceptualised as
having two sequential stages: the first involving information

Fig. 2 Intervention overview
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gathering and building understanding of daily patterns in
voices through functional analysis, and the second involv-
ing identification and implementation of individualised
coping responses to voices based on the functional analysis.
Across these phases, EMA/I will be used to enhance the
core aims of the intervention.

Stage 1: functional analysis and ecological momentary
assessment
Following the first session, participants will complete
a 6-day EMA monitoring period during which they
complete 10 EMA surveys per day, occurring at semi-
random intervals within an individualised 12-h waking
period. Each EMA survey will be identical and
contain 39 items measuring common antecedents and
responses to voices, in addition to voice intensity,
distress and impact. A full list of these items and in-
structions is provided in Additional file 2. The devel-
opment of the EMA schedule and items involved
several iterative stages, including comprehensive lit-
erature reviews, consultations with expert clinicians,
researchers and lived experience consultants, piloting
by researchers, and a small pilot of the intervention
with three participants to refine protocols and
confirm acceptability of the EMA/I procedure. The
purpose of this EMA monitoring period is to provide
data which can be analysed to identify potential
predictors of voice intensity. In line with recommen-
dations in the literature, at least 33% of the total
number of EMA surveys will need to have been com-
pleted by the participant in order for analysis of feed-
back to be conducted [46]. Analysis of the EMA data
(produced for the purpose of feedback) will include
within-person summary statistics and exploratory
multiple regressions conducted on Stata Statistical
Software [78], allowing identification of items which
predict the intensity of voices. Variables with a stan-
dardised beta co-efficient of greater than 0.3 were
considered to justify the provision of feedback.
If possible, a feedback sheet will be provided to partici-

pants in the second session which will contain the fol-
lowing information: (a) the number of survey responses
entered during the monitoring period; (b) average voice
intensity and distress scores over the monitoring period;
(c) situations, triggers and responses which predicted in-
creased or decreased voice intensity according to mul-
tiple regression analysis; and (d) a list of the specific
responses to voices reported over the monitoring period
and their average reported helpfulness. This feedback
will be framed as a guide due to potential limitations in
capturing sufficient voice hearing occasions to detect
predictors and to avoid inferring causation from correl-
ation data. The feedback will be discussed in the session
alongside patterns noticed by the participant during the

EMA monitoring period, with the aim of building a
functional analysis of voice activity.

Stage 2: identification and implementation of coping
strategies and ecological momentary intervention
Based on the functional analysis conducted across ses-
sions 1 and 2, the therapist and participant will work
collaboratively to identify potential coping strategies
which may assist the person to cope with their voices
and potentially modify patterns in voice activity. To-
wards the end of the second session, coping strategies
will then be chosen by the participant and then coded
into the app as personalised coping statements (e.g. “Lis-
ten to some relaxing music”). Then, for 10 days follow-
ing the second session, participants will be sent EMI
prompts via the smartphone app of their personalised
coping statements. These reminders will occur five times
per day, presented semi-randomly within their waking
hours. Participants will also be able to view them on de-
mand by pressing a button within the app. In addition,
participants will complete a short survey each evening
asking them about their experiences using the app, the
helpfulness of their coping strategies and potential bar-
riers to coping. The latter information is then sum-
marised as feedback and provided to the participant in
the following session if possible, with the aim of tracking
progress. Based on this discussion, there will be an op-
tion to create new coping statements following session 3
or keep the same for a second, identical EMI period.
The fourth session will similarly involve reviewing pro-
gress and discussing feedback from the app if available,
ending with a discussion of how to maintain gains fol-
lowing the end of the intervention.
Fidelity to the intervention protocol will be supported

through (a) use of an intervention manual clearly detail-
ing the protocol for each session and procedures be-
tween sessions; (b) provision of a participant guide for
use during the session which can be used to structure
the content and record information; (c) regular supervi-
sion of the therapist by the PI, who has expertise in both
interventions for voices and the use of digital interven-
tions; and (d) completion of a fidelity checklist following
each session by the therapist to record key components
of the session.

Smartphone application
The movisensXS [79] app will be used to facilitate
EMA/I in the current study. This app connects with a
Web-based platform that allows researchers to program
simple and secure EMA/I surveys or prompts that can
be individualised for each participant, and download
data remotely. The app is downloaded onto the smart-
phone at the end of the first session, with a schedule of
EMA surveys pre-programmed to commence on the
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following day. At the end of each subsequent session,
the app is updated (via the Web-based platform) with
the participant’s coping strategy reminders, which com-
mence the following day. Use of this survey format was
tested by three individuals with persisting voices prior,
providing a basis for evaluating the procedures and re-
fining the EMA/I content and design prior to the com-
mencement of the study. Piloting of the movisensXS app
was also conducted by the researchers over 7 days to en-
sure it is reliable for the study purposes.

Planned analysis
Feasibility of the intervention will be reported as
descriptive statistics, focusing on the proportion of
participants completing at least 33% of the total num-
ber of EMA surveys, the proportion of those in which
feedback summaries were able to be produced, and
the proportion of EMI reminders viewed. Acceptabil-
ity will be summarised as means and standard devia-
tions of responses to each item within the satisfaction
questionnaire, the proportion of participants giving
favourable responses, and representative samples of
feedback from open-ended questions. The mean and
standard deviation of total scores of the CEQ will
also be reported. Feasibility of the trial will be re-
ported descriptively and in figures of referral, screen-
ing, consent and attrition, as well as the proportion
of fidelity checklist items endorsed as completed.
Clinical outcomes will be analysed on an intention-to-
treat basis using all available data, adopting statistical
approaches to managing missing data if appropriate
to the dataset. Results will be summarised as means
and/or medians (as appropriate), standard deviations
and ranges of all outcome and process measures at
T0 and T1 for both groups. Analysis of covariance
will be used to estimate T1 between-group differences
on all outcome and process measures, controlling for
baseline scores. Presentation of the analysis will focus
on point estimates and associated 95% confidence in-
tervals rather than statistical significance (p values).
Standardised effect sizes will be derived using Cohen’s
d. Secondary analyses will include per-protocol ana-
lyses (including only participants who attended at
least 50% of therapy sessions) and analyses controlling
for baseline moderator variables.

Data monitoring and management
Assessment and therapy data
Training on the administration and scoring of assess-
ments will be provided to all researchers conducting as-
sessments, as well as relevant ethics procedures and
protocols for managing and storing data. Regular super-
vision will also be provided with a continual focus on as-
sessments and data management. Data collected during

assessments will be recorded on paper case report forms
(CRFs) and securely stored. Data will be extracted to a
secure data file by a researcher blind to participant
group allocation. For each stage of data cleaning and
analysis that is performed, a separate time-stamped
computer file will be created and saved within an orga-
nised file system. Research data held electronically will
be backed up regularly and stored on secure networks.
To aid data quality, checks will include examination of
recorded data for out-of-range values and examination
of a random sample of CRFs by a second researcher to
identify potential data entry errors. Files containing
treatment information will be kept in a separate location
to the assessment files to prevent unblinding and will be
extracted to separate electronic data files not accessible
to blinded researchers. A formal data monitoring com-
mittee is not required by local ethics guidelines for a
trial of this type, and no interim analysis is anticipated.

Smartphone app data
The movisensXS [79] smartphone app used in the
current study is an existing research and clinical tool.
The app has been used extensively in EMA research and
has been designed to be fully compliant with relevant
Australian data protection and health records legislation.
No personal identifying information is ever collected
within the app. Surveys completed within the app
throughout the duration of the treatment are sent via
encrypted transfer to a secure online server accessible
only by the research team using a secure, registered,
password-protected account. The login details will only
be known to members of the research team. Data is
downloaded and saved in a re-identifiable Excel spread-
sheet format, which is then password protected and
stored securely.

Research governance and ethics
The trial is administered by Swinburne University of
Technology. This study has been approved by Alfred
Hospital Ethics Committee (project 440/16) and Swinburne
University Human Research Ethics Committee (project
2016/285). It is conducted in accordance with the Declar-
ation of Helsinki, Good Clinical Practice guidelines and the
Australian National Statement on Ethical Conduct in
Human Research [80]. Researchers obtain full informed
consent from all participants prior to completing the base-
line assessment. A copy of the consent form can be
requested by contacting the corresponding author. There
are no restrictions on reporting findings of this trial, which
will be published in full in the peer-reviewed literature.
Major protocol amendments will be submitted to ethics
committees and detailed in the trial registry and trial
protocol if necessary.
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Serious adverse events
Serious adverse events will be monitored and re-
corded for all enrolled participants throughout the
running of the trial. In line with the National State-
ment on Ethical Conduct in Human Research [80], in
the context of this trial, serious adverse events in-
clude events that lead to participant death, or that
are life-threatening, require inpatient hospitalisation,
or result in persistent or significant disability/incap-
acity. Any such events will be recorded and reviewed
with the PI to determine the likelihood of any rela-
tionship to the intervention, with action taken as
appropriate and notification to the approving Ethics
Committees.

Discussion
The use of digital technology for promoting mental
health self-management is becoming a prominent area
of research. Smartphone-based ecological momentary
assessment and intervention (EMA/I [18, 24]) are par-
ticularly promising given their ability to provide mo-
mentary assessment of relevant clinical processes and
promote adaptive responses to symptoms in daily life.
Few research trials have investigated the clinical utility
of EMA/I in the form of specialised smartphone apps or
mobile devices; however, the existing literature high-
lights the promise of this technology for promoting self-
management of mental health [18–21, 81].
In the context of those with distressing voice hearing

experiences, the use of smartphone-based EMA/I may
build on existing therapeutic approaches to improving
coping with voices. EMA/I may provide important link-
ages between traditional face-to-face therapy and daily
life not only to establish more consistent application of
coping strategies discussed in sessions, but also to cap-
ture important information often lost in the complexity
of daily life. The proposed study is an investigation of
such capabilities through evaluation of the feasibility, ac-
ceptability and preliminary clinical outcomes of a novel
intervention involving smartphone-based EMA/I to im-
prove coping with distressing voices.
There are currently strikingly few empirical evalua-

tions of smartphone apps for mental health [4]. This is
problematic given the number of apps readily available
for use by consumers, without sufficient understanding
of their potentially harmful effects. From another angle,
it is critical to understand how these technologies should
be designed to maximise their benefits and use across
different contexts. The current study aims to evaluate
EMA/I as specific smartphone technologies for promot-
ing adaptation to distressing psychotic experiences. The
focus on voice hearing experiences was chosen given the
logical mapping of EMA/I onto existing therapeutic ap-
proaches to coping with voices; however, we hope these

findings will provide insights into the use of EMA/I in
clinical practice with broader clinical implications.

Trial status
The trial commenced recruitment with the first partici-
pant allocated in March 2017. It is anticipated that the
trial will cease recruitment in early to mid-2018.

Additional files

Additional file 1: SPIRIT 2013 checklist: recommended items to address
in a clinical trial protocol and related documents. (DOC 101 kb)

Additional file 2: Smartphone-based EMA and EMI items. (DOCX 26 kb)
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Supplementary 1: SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related documents 

 

Section/item Item 

No 

Description Addressed on 

page number 

Administrative information  

Title 1 Descriptive title identifying the study design, population, interventions, and, if applicable, trial 

acronym 

_______1____ 

Trial registration 2a Trial identifier and registry name. If not yet registered, name of intended registry _______3____ 

2b All items from the World Health Organization Trial Registration Data Set _______3___ 

Protocol version 3 Date and version identifier _______3___ 

Funding 4 Sources and types of financial, material, and other support _______26___ 

Roles and 

responsibilities 

5a Names, affiliations, and roles of protocol contributors ______1,26__ 

5b Name and contact information for the trial sponsor _______23__ 

 5c Role of study sponsor and funders, if any, in study design; collection, management, analysis, and 

interpretation of data; writing of the report; and the decision to submit the report for publication, 

including whether they will have ultimate authority over any of these activities 

 

_______23__ 

 5d Composition, roles, and responsibilities of the coordinating centre, steering committee, endpoint 

adjudication committee, data management team, and other individuals or groups overseeing the 

trial, if applicable (see Item 21a for data monitoring committee) 

_______23___ 

Introduction    

Background and 

rationale 

6a Description of research question and justification for undertaking the trial, including summary of 

relevant studies (published and unpublished) examining benefits and harms for each intervention 

______3-8___ 
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 6b Explanation for choice of comparators ______7-8___ 

Objectives 7 Specific objectives or hypotheses ______7-8____ 

Trial design 8 Description of trial design including type of trial (eg, parallel group, crossover, factorial, single 

group), allocation ratio, and framework (eg, superiority, equivalence, noninferiority, exploratory) 

 

_______8____ 

Methods: Participants, interventions, and outcomes  

Study setting 9 Description of study settings (eg, community clinic, academic hospital) and list of countries 

where data will be collected. Reference to where list of study sites can be obtained 

_______8____ 

Eligibility criteria 10 Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study centres 

and individuals who will perform the interventions (eg, surgeons, psychotherapists) 

_______9____ 

Interventions 11a Interventions for each group with sufficient detail to allow replication, including how and when 

they will be administered 

_____17-20__ 

11b Criteria for discontinuing or modifying allocated interventions for a given trial participant (eg, 

drug dose change in response to harms, participant request, or improving/worsening disease) 

_______23___ 

11c Strategies to improve adherence to intervention protocols, and any procedures for monitoring 

adherence (eg, drug tablet return, laboratory tests) 

_______20___ 

11d Relevant concomitant care and interventions that are permitted or prohibited during the trial _______10___ 

Outcomes 12 Primary, secondary, and other outcomes, including the specific measurement variable (eg, 

systolic blood pressure), analysis metric (eg, change from baseline, final value, time to event), 

method of aggregation (eg, median, proportion), and time point for each outcome. Explanation of 

the clinical relevance of chosen efficacy and harm outcomes is strongly recommended 

 

____11-17___ 

Participant 

timeline 

13 Time schedule of enrolment, interventions (including any run-ins and washouts), assessments, 

and visits for participants. A schematic diagram is highly recommended (see Figure) 

______8,13__ 
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Sample size 14 Estimated number of participants needed to achieve study objectives and how it was determined, 

including clinical and statistical assumptions supporting any sample size calculations 

_______9____ 

Recruitment 15 Strategies for achieving adequate participant enrolment to reach target sample size _______10___ 

 

Methods: Assignment of interventions (for controlled trials) 

 

Allocation:    

Sequence 

generation 

16a Method of generating the allocation sequence (eg, computer-generated random numbers), and list 

of any factors for stratification. To reduce predictability of a random sequence, details of any 

planned restriction (eg, blocking) should be provided in a separate document that is unavailable 

to those who enrol participants or assign interventions 

______11____ 

Allocation 

concealment 

mechanism 

16b Mechanism of implementing the allocation sequence (eg, central telephone; sequentially 

numbered, opaque, sealed envelopes), describing any steps to conceal the sequence until 

interventions are assigned 

______11____ 

Implementation 16c Who will generate the allocation sequence, who will enrol participants, and who will assign 

participants to interventions 

______11____ 

Blinding 

(masking) 

17a Who will be blinded after assignment to interventions (eg, trial participants, care providers, 

outcome assessors, data analysts), and how 

______11____ 

 17b If blinded, circumstances under which unblinding is permissible, and procedure for revealing a 

participant’s allocated intervention during the trial 

 

 

 

 

 

______11____ 
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Methods: Data collection, management, and analysis  

Data collection 

methods 

18a Plans for assessment and collection of outcome, baseline, and other trial data, including any 

related processes to promote data quality (eg, duplicate measurements, training of assessors) and 

a description of study instruments (eg, questionnaires, laboratory tests) along with their reliability 

and validity, if known. Reference to where data collection forms can be found, if not in the 

protocol 

___11, 21-22__ 

 18b Plans to promote participant retention and complete follow-up, including list of any outcome data 

to be collected for participants who discontinue or deviate from intervention protocols 

_______11___ 

Data management 19 Plans for data entry, coding, security, and storage, including any related processes to promote 

data quality (eg, double data entry; range checks for data values). Reference to where details of 

data management procedures can be found, if not in the protocol 

______21-22_ 

Statistical methods 20a Statistical methods for analysing primary and secondary outcomes. Reference to where other 

details of the statistical analysis plan can be found, if not in the protocol 

______21__ 

 20b Methods for any additional analyses (eg, subgroup and adjusted analyses) ______21__ 

 20c Definition of analysis population relating to protocol non-adherence (eg, as randomised analysis), 

and any statistical methods to handle missing data (eg, multiple imputation) 

 

______21____ 

Methods: Monitoring  

Data monitoring 21a Composition of data monitoring committee (DMC); summary of its role and reporting structure; 

statement of whether it is independent from the sponsor and competing interests; and reference to 

where further details about its charter can be found, if not in the protocol. Alternatively, an 

explanation of why a DMC is not needed 

_____21-22__ 

 21b Description of any interim analyses and stopping guidelines, including who will have access to 

these interim results and make the final decision to terminate the trial 

_____21-22__ 
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Harms 22 Plans for collecting, assessing, reporting, and managing solicited and spontaneously reported 

adverse events and other unintended effects of trial interventions or trial conduct 

______22____ 

Auditing 23 Frequency and procedures for auditing trial conduct, if any, and whether the process will be 

independent from investigators and the sponsor 

_____21-22__ 

Ethics and dissemination  

Research ethics 

approval 

24 Plans for seeking research ethics committee/institutional review board (REC/IRB) approval ______23____ 

Protocol 

amendments 

25 Plans for communicating important protocol modifications (eg, changes to eligibility criteria, 

outcomes, analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial 

registries, journals, regulators) 

______23____ 

Consent or assent 26a Who will obtain informed consent or assent from potential trial participants or authorised 

surrogates, and how (see Item 32) 

______23____ 

 26b Additional consent provisions for collection and use of participant data and biological specimens 

in ancillary studies, if applicable 

_____N/A____ 

Confidentiality 27 How personal information about potential and enrolled participants will be collected, shared, and 

maintained in order to protect confidentiality before, during, and after the trial 

_____21-22___ 

Declaration of 

interests 

28 Financial and other competing interests for principal investigators for the overall trial and each 

study site 

______25____ 

Access to data 29 Statement of who will have access to the final trial dataset, and disclosure of contractual 

agreements that limit such access for investigators 

______23____ 

Ancillary and 

post-trial care 

30 Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer 

harm from trial participation 

______10____ 
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Dissemination 

policy 

31a Plans for investigators and sponsor to communicate trial results to participants, healthcare 

professionals, the public, and other relevant groups (eg, via publication, reporting in results 

databases, or other data sharing arrangements), including any publication restrictions 

______23____ 

 31b Authorship eligibility guidelines and any intended use of professional writers ______N/A___ 

 31c Plans, if any, for granting public access to the full protocol, participant-level dataset, and 

statistical code 

______N/A___ 

Appendices    

Informed consent 

materials 

32 Model consent form and other related documentation given to participants and authorised 

surrogates 

______23____ 

Biological 

specimens 

33 Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or 

molecular analysis in the current trial and for future use in ancillary studies, if applicable 

______NA____ 

 

 



  

 

165 

 

Supplementary 2: Smartphone-based EMA and EMI items  

All EMA items are rated on a 7-point Likert scale (0-not at all; 3-moderately; 6-very 

much) unless stated otherwise. Labels will be displayed only for the end- and mid-point 

response options (i.e. 0, 3 and 6), with the remaining response options displayed as numbers. 

Items will be presented one at a time on the screen, and will advance automatically when an 

answer is selected using the phone touchscreen; as such, the questionnaire is expected to take 

approximately two-three minutes to complete.  

The smartphone app uses conditional branching to automatically advance to a specific 

subset of items based on a participant’s response. For example, if a participant reports that 

they are currently hearing voices, the app will automatically present relevant voice-related 

follow-up questions, which differ slightly from the subset of items presented in moments 

when voices are not reported. In either situation, the number of items presented has been 

balanced so that the questionnaire takes the same amount of time to complete whether voices 

are present or absent.  

EMA Daytime Questionnaire 

This 39-item questionnaire will be presented on the smartphone touchscreen ten times 

per day for a period of six days during the first week of the SAVVy intervention.   

Instructions 

You will now be shown short questions/statements. Please follow the instructions 

carefully.  

Section A  

Right before the beep… 

1. …where were you?  

[AT HOME; AT WORK; AT SCHOOL; IN A PUBLIC PLACE; OTHER] 

2. …what were you doing? 

[NOTHING; SELF-CARE; WORK/STUDY; LEISURE; HEALTH CARE; 

TRAVEL; OTHER] 

3. …how many people were you with?  

[0,1,2,3,4+], If 1+, then: 

i. I am comfortable with the person/people I am with.     
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Section B  

Right before the beep, I felt: 

4. …happy 

5. …satisfied  

6. …cheerful  

7. …down  

8. …lonely  

9. …insecure  

10. …anxious 

11. …stressed 

12. …relaxed 

13. …that someone was spying on me or plotting against me  

14. …suspicious  

Right before the beep… 

15. …my surroundings were noisy  

Right before the beep, I was… 

16. …doing something I’m interested in 

17. …doing something important to me 

18. …going over problems in my mind 

19. …worrying about something 

20. …focused on what was going on around me 

21. … focused on what I was doing 

___________________________________________________________________________ 

SECTION C  

Right before the beep…  

22. … I could hear voice/s that other people couldn’t hear 

IF +1, then continue through section C, then E.  

IF 0, then continue to section D, then E   

23. … It was hard for me to do something because of the voice/s 

24. … I was distracted by the voice/s 

25. ... the voice/s were distressing me   
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__________________________________________________________________________ 

SECTION D 

Right before the beep, I was… 

1. …felt relieved that I could not hear the voice/s  

2. … felt that the voice/s was/were still there, just keeping quiet 

3. …was worrying that the voice/s would come back  

___________________________________________________________________________ 

SECTION E 

Instructions                        

You’ll now see a list of things people sometimes do when they hear voices.  

When you see each one, please say whether you a) have done this between the current 

and previous beep; or b) have not done this    

26. Going somewhere quiet. 

27. Doing things to help me relax or feel better  

28. Sleeping. 

29. Drinking, smoking marijuana, or taking illicit substances. 

30. Listening to music. 

31. Speaking or singing out loud or in your head.  

32. Talking to others. 

33. Listening to the voice/s. 

34. Talking to the voice/s. 

35. Arguing with the voice/s (aloud or in head).  

36. Doing what the voice/s tell me to do. 

37. Ignoring the voice/s.  

38. Noticing the voice/s without responding. 

39. Thinking things to help me stay calm.  

IF RATED (a) OR (b) TO THE ABOVE:  

40. This response was helpful in managing the voices [presented after each endorsed 

item, return to previous rating scale]  

___________________________________________________________________________ 
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SECTION F 

EMA Evening Questionnaire  

The following questions will be presented on the smartphone touch screen within the 

last waking hour of the participant’s day, each day for the initial 6 day EMA monitoring 

period. The items are rated on a 7-point Likert scale (1-strongly disagree; 4- neither agree 

nor disagree; 7-strongly agree).   

Instructions  

Please answer each of the following question about how you’ve been doing today. 

1. Today, I have felt distressed by the voice/s  

2. Today, it was hard for me to do things because of the voice/s 

3. Today, I was distracted by the voice/s 

4. Today, I noticed some things that made the voice/s better or worse 

5. Today, I did things to try to make the voice/s better 

6. Today, I have been coping with the voice/s 

7. Today, I have been capable of managing the voice/s 

 

 

EMI Items  

The EMI period begins after the second session and continues until the fourth session. 

There are four separate aspects to the smartphone EMI component: 1) morning reminder; 2) 

five daily reminders of coping strategies; 3) coping strategy reminders initiated by the 

participant; 4) evening questionnaire.  

Morning reminders 

The following questions will be presented on the smartphone touch screen within the 

first waking hour of the participant’s day, each day between each intervention session:  

1. Good morning! If your voices bother you today, use the app to remind you of your 

coping strategies.  

2. We recommend using the app up to five times a day, but feel free to use it as often as 

you like! 

3. If you are having trouble using the app, take a look at the help guide or give the 

research team a call.  

Daily coping strategy reminders 
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The following instructions are examples of what might be presented on the 

smartphone touch screen when the participant receives a notification (5 times a day) or opens 

the app themselves. The wording will be determined by the participant and the therapist in the 

prior session:   

1. You chose the following coping strategies to help you cope with the voice/s. Give 

them a go if the voice/s are bothering you!  

2. Relax! For two minutes, breath in and out slowly, focusing on your breath. 

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

4. Tune into the world! Notice five things around you that you weren’t aware of. 

Evening EMA items  

The following questions will be presented on the smartphone touch screen within the 

last waking hour of the participant’s day, each day between each intervention session. 

Statement items are rated on a 7-point Likert scale (0-not at all; 3-moderately; 6-very much).   

Use of coping strategies 

1. Did you use any of the following coping strategies today to cope with the voice/s? 

a. Relax! For two minutes, breath in and out slowly, focusing on your breath. 

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

c. Tune into the world! Notice five things around you that you weren’t aware of. 

d. Did not use coping strategies  

IF RATED (a) OR (b) OR (c) TO THE ABOVE:  

2. I found the strategy (specify) effective in coping with the voice/s.  

IF RATED (d) TO THE ABOVE:  

      2. What was the reason you did not use any coping strategies?  

a. I was too busy 

b. I didn’t think it would be helpful  

c. I was too distressed  

d. The voice/s weren’t bothering me enough  

e. I didn’t want to  

f. I forgot 

Daily coping and use of app 

3. Today, the app has helped me cope with the voices  

4. Today, I have been feeling distressed by the voice/s  
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5. Today, it was hard for me to do things because of the voice/s 

6. Today, I was distracted by the voice/s 

7. Today, I noticed some things that made the voice/s more or less intense  

8. Today, I did things to try to make the voice/s better 

9. Today, I have been coping with the voice/s 
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9. Chapter Nine: Publication Four 

The trial protocol outlined in chapter eight was implemented successfully over a 12-

month period between March, 2017 and March, 2018. This chapter presents the findings of 

this study, which is currently under review at the time of this submission. The ‘Author 

Indication Form’, which details the nature and extent of the candidate and co-authors’ 

contributions to this empirical paper, is included in Appendix III. The results of this study 

will be presented in an accepted symposium at the ISRII conference in New Zealand, 2019. 

The complete citation of the publication and conference presentation are as follows: 

Bell, I. H., Fielding-Smith, S. F., Hayward, M., Rossell, S. L., Lim, M. H., Farhall, J., & 

Thomas, N. (under review). Pilot randomised controlled trial of a brief coping-

focused intervention for hearing voices blended with smartphone-based ecological 

momentary assessment and intervention (SAVVy): feasibility, acceptability and 

preliminary clinical outcomes. 

Bell, I. H., Fielding-Smith, S. F., Hayward, M., Rossell, S. L., Lim, M. H., Farhall, J., 

Thomas, N (2019). Ecological momentary assessment and intervention in a blended 

psychological treatment for hearing voices. In Thomas, N. (Chair) Harnessing 

Innovations in Digital Technology to Drive Recovery and Support People 

Experiencing Psychosis. Accepted symposium presentation at International Society 

for Research on Internet Interventions (ISRII) conference, ISRII 2019: The Next 

Generation, Auckland New Zealand  
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1. Introduction   

Psychological interventions, particularly cognitive behavioural therapy for psychosis 

(CBTp; Farhall & Thomas, 2013; Turkington, Kingdon, & Weiden, 2008), are recommended 

as a core component of treatment for hearing voices, or auditory verbal hallucinations 

(Galletly et al., 2016; NICE, 2010). However, effects sizes of CBTp are modest (Jauhar et al., 

2014; van der Gaag, Valmaggia & Smit, 2014), access is generally limited, and the treatment 

is costly and complex to deliver (Berry & Haddock, 2008; Schizophrenia Commission, 2012; 

Haddock et al., 2014; Ince, Haddock, & Tai, 2016).  

Smartphones applications (apps) have unique capabilities that may provide novel and 

innovative ways to improve the effectiveness and reach of psychological treatments for 

psychosis (Bakker, Kazantzis, Rickwood, & Rickard, 2016; Price et al., 2014; Proudfoot, 

2013; Treisman et al., 2016). Ownership of smartphones is wide spread in psychosis 

populations (Firth et al., 2015) and research has shown that these technologies can assist in 

illness self-management, reduce symptoms and their impact, minimise relapse, and promote 

physical health (Alvarez-Jimenez et al., 2014; Bell, Lim, Rossell, & Thomas, 2017; Firth & 

Torous, 2015). Further, individuals with psychosis appear interested in using them regularly 

for their mental health (Bucci, Morris, et al., 2018; Gay, Torous, Joseph, Pandya, & 

Duckworth, 2016; Torous, Friedman, & Keshavan, 2014).  

Ecological momentary interventions (EMIs; Heron & Smyth, 2010) make use of 

smartphone technology to provide support in daily life by sending electronic prompts that 

encourage therapeutic behaviours in the moment they are needed. When used in conjunction 

with standard therapy, EMI might promote generalisation of intervention strategies to daily 

life. This is a potentially important capability for psychosis where cognitive and motivational 

difficulties are common (Fioravanti, Bianchi, & Cinti, 2012; Johansen et al., 2011) and 

treatment engagement can be low (Dixon, Holoshitz, & Nossel, 2016; Johansen et al., 2011). 

Studies have demonstrated the broad application of EMI in psychosis treatment, with support 

for feasibility, acceptability and promise for improving clinical outcomes (Bell et al., 2017).  

Ecological momentary assessment (EMA; Shiffman, Stone, & Hufford, 2008) is a 

related approach which uses smartphone apps to deliver questionnaires in daily life at 

repeated intervals across several days. Greater reliability and ecological validity are afforded 

through measurement of phenomenon in the moment, in natural environments (Shiffman et 

al., 2008; Stone, Shiffman, Atienza, & Nebeling, 2007). Further, repeated measurement 

allows for the examination of temporal relationships between variables (Ebner-Priemer & 

Trull, 2009). Findings have supported the feasibility and reliability of using EMA in 
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psychosis populations (Brenner & Ben-Zeev, 2014; Granholm, Loh, & Swendsen, 2008; 

Palmier-Claus et al., 2012), however little research has investigated its use in clinical 

treatment (Bell et al., 2017; McDevitt-Murphy, Luciano, & Zakarian, 2018).  

EMA and EMI (EMA/I) may be useful within blended therapies for psychosis, 

involving the combined used of digital technologies with standard face-to-face therapies. In 

other clinical populations, studies have shown that these approaches may lead to more potent 

interventions (Erbe, Eichert, Riper, & Ebert, 2017). It may be possible to adapt existing 

evidence-based treatments to incorporate technologies such as EMA/I to support therapeutic 

components. In the context of voice-hearing experiences, one such candidate therapy is 

coping strategy enhancement (CSE; Tarrier, 1992; Tarrier, Harwood, Yusopoff, Beckett, & 

Baker, 1990).  

CSE is an idiographic, CBT-based psychological therapy aiming to improve coping 

with psychotic symptoms (Tarrier, 1992; Tarrier et al., 1990). Functional analysis is used to 

identify antecedents and responses to symptoms, which then informs the identification and 

subsequent implementation of individualised coping strategies. Trials have supported the 

clinical benefit of CSE approaches (Tarrier et al., 1993; Tarrier et al., 1998; Yusupoff & 

Tarrier, 1996), including in a brief format over four sessions targeting voices specifically 

(Hayward, Jones, Berry, & Strauss, 2017; Paulik, Jones, & Hayward, 2018).  

Conceivably, such an approach may be enhanced by incorporating EMA to assist in 

initial functional analysis, providing data on variation in voices and related variables, and 

EMI prompts of individualised coping strategies may promote more consistent use of these in 

daily life. This highly novel application of EMA/I was the subject of this research, which 

aimed to examine the feasibility, acceptability and estimated clinical effects of a brief 

intervention which blended EMA/I with standard face-to-face therapy to improve coping with 

hearing voices [Smartphone-Assisted coping focused interVention for Voices (SAVVy)]. The 

development of the intervention and a case illustration is reported in Bell et al. (2018a).   

2. Methods  

Reporting followed CONSORT guidelines (supplementary) and ethical approval was 

provided by the Alfred Hospital Ethics Committee (project 440/16). The trial was 

prospectively registered (ACTRN12617000348358) and the study protocol was published 

before recruitment ended (Bell et al., 2018b).   
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2.1. Study design  

A single-blind, parallel group, pilot RCT with a 1:1 allocation ratio to the SAVVy 

intervention plus treatment-as-usual (TAU) or TAU alone. TAU typically included standard 

care provided by a clinical team, including medication and case management. Trained 

researchers blind to treatment allocation completed assessments at pre-randomisation and 

approximately 8 weeks following randomisation. An independent researcher randomly 

allocated participants to groups used minimisation procedure using QMinim online software. 

Minimisation was used to balance continuous vs non-continuous voices across groups 

[Psychotic Symptom Rating Scales-Auditory Hallucinations (PSYRATS-AH; Haddock, 

McCarron, Tarrier, & Faragher, 1999) item 1 score ≤3 versus 4], a variable which may be 

influenced by EMA/I.  

2.2. Participants  

Thirty-four adult participants were recruited through referrals to a specialist Voices 

Clinic and wider advertising to clinical services and consumer groups, between March, 2017 

and January, 2018. The sample size was based on published guidelines (Julious, 2005; Sim & 

Lewis, 2012; Teare et al., 2014) and is consistent with similar recent pilot RCTs with this 

population (Bucci, et al., 2018; Hazell, Hayward, Cavanagh, Jones, & Strauss, 2017). 

Eligibility criteria were: (1) over the age of 18 years; (2) proficient English language; (3) 

experiencing current, frequent (4+ times per week, or if less, lasting at least 1 hour at a time) 

and distressing (score 1+ on amount of distress item of PSYRATS-AH (Haddock et al., 1999) 

voices for at least six months; (4) comfortable using a smartphone or willing to learn. 

Exclusion criteria were (1) unable to provide informed consent; (2) intellectual disability 

(estimated IQ <70, measured by the Wechsler Test of Adult Reading (WTAR; Wechsler, 

2001); (3) initiation of a new antipsychotic medication within the previous 8 weeks; (4) 

voices solely substance-related; (5) distress or agitation displayed during baseline assessment; 

and (6) requiring active crisis management.  

2.3. Measures  

Baseline measures included basic demographic and clinical information (e.g. 

medication dosages); use and familiarity with technology; Mini-International 

Neuropsychiatric Interview (Sheehan et al., 1998) for DSM-5 mental disorders; Structured 

Clinical Interview for DSM-5 (First, Williams, Karg, & Spitzer, 2015) for borderline 

personality disorder diagnosis; Scale for the Assessment of Negative Symptoms (SANS; 

Andreasen, 1989); and Wechsler Test of Adult Reading (WTAR; Wechsler, 2001) to estimate 

intellectual ability.  
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Feasibility was the primary outcome measure, focusing on: completion rates of the 

EMA questionnaires (completers defined as having completed over 33% of the total number 

of EMA questionnaires), proportion of participants for whom EMA-based feedback 

summaries were produced; proportion of EMI reminders viewed; trial uptake and attrition; 

and fidelity to the intervention protocol (proportion of therapy checklist items endorsed by 

therapists as completed).  

Acceptability was measured using a feedback questionnaire designed for the study. 

Participants completed the Credibility and Expectancy Questionnaire (CEQ; Devilly & 

Borkovec, 2000) after the informed consent procedure, of which the Credibility subscale was 

used to measure pre-conceived perceptions of the intervention credibility. Treatment group 

participants completed the Working Alliance Inventory – Short Revised (WAI-SR; Hatcher 

& Gillaspy, 2006) in relation to their rapport with the therapist.  

The primary clinical outcome was PSYRATS-AH total score (Haddock et al., 1999). 

Secondary clinical outcomes included Depression, Anxiety and Stress Scale-21 total score 

(DASS-21; Lovibond & Lovibond, 1995) and the Subjective Experiences of Psychosis Scale 

–Negative Impact Subscale total score (SEPS; Gillian Haddock et al., 2011). Process 

measures included two visual analogue scales (VAS) to assess (1) confidence in coping with 

voices day-to-day, and (2) awareness of patterns in voices, and two multiple choice items 

measuring the frequency of use of coping strategies and the number of strategies used.  

2.4. Intervention  

Details of the development and a case study illustrating the delivery of the 

intervention are reported elsewhere (Bell et al., 2018a). A depiction of the intervention 

procedure is displayed in Figure 1. The intervention was split into two phases involving 

initial assessment and EMA monitoring for functional analysis, which informed the second 

phase involving identifying and implementing individualised coping strategies which were 

supported by personalised EMI reminders in daily life. An existing app called MovisensXS 

was used for the purpose of the trial. Participants were lent a smartphone if they did not 

already have a compatible Android phone (necessary to run the app).  
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Figure 1. Intervention procedure   

 

Following the first session involving an introduction and training in how to use the 

smartphone app, participants completed six days of EMA monitoring involving the 

completion of a 39-item questionnaire (supplementary 2), ten times per day. EMA items 

measured common antecedents to voices (e.g. mood, anxiety), voice-related variables (i.e. 

intensity, distress, impact), and coping responses to the voices (e.g. listening to music, 

arguing with the voices). EMA items were determined based on an iterative approach 

involving reviews of the EMA literature on psychotic symptoms and coping with voices, 

feedback from lived experience consultants, researchers and clinicians in the field, and an 

initial pilot study (Bell et al., 2018a). This EMA period facilitated self-monitoring of voices, 

and provided data that was then statistically analysed using time-lagged multiple regressions 

to identify variables associated with fluctuations in voice intensity (see Bell et al., 2018a, 

2018b). Summary statistics of questionnaires completion rates, voice intensity and distress, 

and coping strategies used were also computed. In line with recommendations in the 

literature, this feedback analysis was conducted if participants completed at least 33% of the 

total number of EMA surveys (Delespaul, 1995; Palmier-Claus et al., 2011). A simple, lay-
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person summary of this analysis was provided to participants in the second session, which 

was discussed in an exploratory manner to inform functional analysis of the voices. This 

functional analysis was used to identify alternative responses to the voices which may 

interrupt problematic maintenance cycles associated with their activity and improve overall 

coping. Individual coping strategies were worded as short sentences by the participant and 

programmed into the app. Participants then received five personalised EMI prompts per day 

for the following ten days after session two and were able to view their reminders on-

demand. Eight evening EMA questions were used to monitor changes in the voices and 

helpfulness of the coping strategies, with feedback of this information then reviewed in 

session three and coping strategies could be updated if needed. This was followed by a 

further ten-day EMI period and evening EMA questions, with the final session involving a 

review and ending of the intervention.  

2.5. Analysis  

Feasibility and acceptability results are reported descriptively. Clinical outcomes were 

analysed on an intention-to-treat basis using all available data. Missing cases were treated as 

missing at random with a small number of individual missing data points (<5%) imputed 

using an expectation-maximization method and multiple imputation used for the three 

missing outcome cases (pooled aggregate of 50 iterations; Enders, 2001; Tabachnick & 

Fidell, 2007). Clinical outcomes are presented as pooled means and standard deviations, with 

Hedges’ g formula used to calculate standardised effect sizes and associated 95% confidence 

intervals (Durlak, 2009). Effect sizes for all variables were coded so that positive values 

reflected changes favouring the treatment group. In line with our planned analysis, analysis of 

covariance (ANCOVA) was used to test for differences between treatment and control group 

scores on all clinical outcome and process measures at the outcome timepoint, controlling for 

baseline scores. For the two ordinal measures of frequency and number of coping strategies 

used, Wilcoxon Sign Ranks Test were used to compare pre-post changes within each group. 

All outcome analyses were conducted using IBM SPSS Statistics Version 25 (SPSS Inc). 

EMA and EMI feasibility statistics and EMA-derived feedback analysis within the 

intervention were conducted using Stata Version 14.1 (StataCorp., 2015).  

3. Results 

3.1. Sample characteristics  

Demographic and clinical characteristics of both groups are provided in Table 1. 

Group comparisons revealed significantly higher SANS scores in the control compared to 

treatment group (F(1,32)=7.86, p<.01), with no other differences identified.  
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Table 1. Demographic and Clinical Characteristics of each group.  

Variable SAVVy + TAU 

(n=17) 

TAU 

(n=17) 

Age M(SD) 39.12 (10.64) 42.59 (10.64) 

Gender (%Female) 64.7% 47.1% 

Marital status n(%)   

Single 70.6% 64.7% 

Divorced 5.9% 17.6% 

Defacto 5.9% 11.8% 

Married  5.9% 0% 

Separated  11.8% 0% 

Country of birth n(%)   

Australia 76.5% 82.4% 

Central/South America 0% 5.9% 

UK or Europe 5.9% 0% 

New Zealand 5.9% 0% 

India or Asia Subcontinent  5.9% 5.9% 

South East Asia 0% 5.9% 

Middle East  5.9% 0% 

Ethnicity n(%)   

Australian 70.6% 94.1% 

New Zealander  5.9% 0% 

British or Irish 11.6% 0% 

Greek  5.9%  5.9% 

Other 5.9% 0% 

Primary language n(%)   

English  100% 100% 

Level of education n(%)   

Year 10 or less 11.8% 23.5% 

Year 11/12  41.2% 17.6% 

Diploma  17.6% 23.5% 

Bachelor’s degree 17.6%  23.5% 

Post graduate diploma/Graduate 

Certificate 
0% 5.9% 

Current employment n(%)   

Employed full time 5.9% 11.8% 

Employed part time   0% 11.8% 

Casually employed  11.8% 11.8% 

Unemployed  41.2%  47.1% 
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Student  29.4% 5.9% 

Volunteer  0% 11.8% 

Home duties  11.8% 0% 

Primary diagnosis n(%)   

Bipolar Disorder w psychotic feat. 11.8% 17.7% 

Major Depression w psychotic feat. 0% 5.9% 

Schizoaffective Disorder    29.4% 47.1% 

Schizophrenia   52.9% 23.5% 

Schizophreniform  0% 5.9% 

Unspecified Schizophrenia 

Spectrum Disorder  
5.9% 0% 

SANS M(SD) 8.82 (6.36)* 17.58 (11.21)* 

Chlorpromazine equivalence M(SD) 519.06 (419.97) 296.73 (385.29) 

WTAR M(SD) 103.35 (14.45) 99.18 (8.61) 

Owns a smartphone n(%) 94.1% 70.6% 

Has internet access n(%) 97% 100% 

Use of internet (median)   More than once per 

day (58.8%)  

More than once per 

day (47.1%) 

Confidence using apps M(SD)a 
5.76 (1.79) 4.06 (2.28) 

Note: *significant difference between groups; aConfidence using apps was measured on a 7-

point Likert type scale from 1(very unconfident) to 7(very confident) 

 

3.2. Feasibility  

Figure 2 displays the CONSORT flow diagram. Of those screened for eligibility, there 

was a 34% uptake into the trial. Data were available for 31 (91%) participants at post-

treatment, with 3 participants lost to follow-up (2 control, 1 treatment) and no withdrawals. 

Of the 17 participants in the treatment group, 13 completed all four sessions. Two stated they 

could no longer find time for participation (one attending three sessions and the other one 

session), and the two remaining participants discontinued sessions due to worsening in 

mental health precluding their ability to attend appointments (one attending three sessions 

and the other one session). These reasons were judged as factors external to the trial and 

unrelated to the intervention. Group comparisons did not reveal any significant differences 

between those who did and did not drop out on any demographic or clinical variables, or 

confidence using smartphones (p>.05). Ninety percent of therapy checklist items were 

endorsed as completed across the four sessions.   
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Figure 2. CONSORT flow diagram.  

 

Two participants discontinued therapy during the EMA monitoring period, and 

another experienced a technological issue with the smartphone alerts, and was therefore 

excluded from EMA/I completion analysis. Across the remaining 14 participants, the average 

completion rate of the daytime EMA questionnaires was 72%. One-hundred percent of 

participants reached the minimum 33% completion rate criteria necessary to produce the 

EMA-derived feedback. Unplanned Pearson’s correlation analyses did not reveal any 

significant relationships (p>.05) between completion rates and confidence in using 

smartphone apps, nor any demographic or clinical variable. Completion rates of evening 

EMA questionnaires across the intervention was 74%. Scheduled EMI reminders were 

viewed on average 2.5 times per day, and 1.5 times per day when user-initiated (one 

participant was excluded due to technical issues resulting in additional EMI reminders).  

3.4. Acceptability  

Table 2 displays the average responses to each item of the satisfaction questionnaire. 

Overall, responses reflected good satisfaction across all elements of the intervention, with 

100% of treatment group participants agreeing that they would recommend it to other people 

who hear voices. Open feedback was minimal, but largely positive, with all verbatim 
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responses displayed in Table 3. The average WAI-SR item score (range 1–5) was 4.33 

(SD=0.55), suggesting that participants developed positive working alliances with the 

therapist. The average CEQ scores of the 3-item Credibility subscale (range 1-9) were 7.5 (S 

=1.56) for the perceived logic of the therapy, 6.68 (SD=1.53) for the perceived success of the 

therapy, and 6.56 (SD=2.21) for the confidence in recommending the therapy to others. Mean 

scores on the CEQ and WAI-SR were similar to those reported in other trials in analogous 

populations (Gaudiano et al., 2015; Webb, Kertz, Bigda-Peyton, & Björgvinsson, 2013; 

White et al., 2011).  

 

Table 2. Means and standard deviations of item responses to the satisfaction survey  

Item and range   M SD 

1(strongly disagree) to 5(strongly agree)   

1. Overall, the smartphone app was easy to use 4.43 0.94 

2. Monitoring my voice/s using the app helped me to 

understand more about these experiences   

4.21 0.70 

3. The questions in the app were easy to understand  4.50 0.65 

4. The coping strategy reminders were useful to help me 

cope with my voice/s 

4.29 0.61 

5. It was useful to discuss the smartphone feedback in 

therapy 

4.57 0.51 

6. The feedback about the coping strategies was useful 4.50 0.65 

7. The feedback about patterns in my voice/s was helpful in 

understanding my experiences 

 

4.43 0.65 

8. I found the therapy helpful overall  4.50 0.65 

9. I would recommend this intervention to other people with 

voice-hearing experiences  

4.64 0.50 

1(not often enough) to 5(too often)   

10. The number of beeps from the app were…  3.36 0.84 

11. The number of coping strategy reminders from the app 

were… 

3.21 0.58 

1(not enough) to 5(too many)   

12. The number of sessions were… 3.21 0.58 
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Table 3. Verbatim open feedback from participants.  

Negative Positive 

Just the problems with the phone and the 

app in the second stage. Became a bit 

tedious.a 

The initial number of prompts in the first 

week was a little annoying 

It required a lot of time and effort. Which is 

okay but its been a busy time of the year for 

the first time in many years and I found it 

hard to focus on everything and keep upb  

Discussing what I am talking, getting 

confused at times about my past 

When it beeped at inappropriate times, 

middle of writing an email or at church 

Thanks to this study I now realise I can have 

a better and more happy, stress-free and 

peaceful life if I can take a good look 

objectively at the experience of the voices 

and work out some constructive ways of 

dealing with them. 

It helped me to control my voices and to 

make me feel better about myself 

It helped me to make a connection between 

the voices and my own thoughts and 

feelings. It reminded me to take care of 

myself. 

Identifying triggers and patterns was helpful 

in terms of understanding my voices, how to 

cope with them, and the discussion I had 

with the therapist 

I could talk about the voices and they could 

understand how I was feeling 

Collaboratively exploring new ways to 

understand my negative self-sabotaging 

voice and how it can and does affect me in 

daily activities 

Good to discuss what I experience with 

someone who understands. 

I tended to be able to notice when the voices 

were getting worse or better 

A good reminder about time passing, to eat, 

do something 

Detecting patterns in the voices 

There was nothing I didn't like, it was all 

good and I had the support to cope with the 

voices 
aparticipant experienced a technical issue with the smartphone app; bparticipant dropped out 

due to conflicting study and work commitments during the trial  
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3.5. Clinical outcomes  

Scores on all clinical outcome and process measures for both groups at baseline and 

outcome timepoints are displayed in Table 4. Moderate effect sizes favouring the treatment 

group were observed for PSYRATS-AH total score with a trend towards significant 

difference between groups (F(1,31)=3.00, p=.09). Small, non-significant effects favouring the 

treatment group for the SEPS negative impact subscale (F(1,31)=0.55, p=.46), and very 

small, non-significant effects favouring the control group on DASS-21 scores (F(1,31)=1.87, 

p=.18), were observed. A very large effect favouring the treatment group was observed for 

the VAS coping with voices item and differences between groups were significant 

(F(1,31)=23.59, p <.001). Similarly, the VAS awareness of patterns in voices item was also 

significantly different between groups (F(1,31)=5.40, p <.05), with a moderate effect size. 

Analyses with significant group differences were run again with SANS as an additional 

covariate. Group differences for the VAS coping with voices item remained significant 

((F(1,30)=27.03, p<.001), but was no longer significant for the VAS awareness of patterns in 

voices item (F(1,30)=2.90, p=.09). Wilcoxon Signed Ranks tests indicated a marginally 

significant pre-post increase in the number of coping strategies (Z =-1.89, p=.06), but not the 

frequency of their use (Z =-0.37, p=.71), in the treatment group. There were no changes in the 

control group on the number of coping strategies (Z= -0.36, p=.72) nor frequency of their use 

(Z= -0.24, p=.81). Unplanned Pearson’s correlations were run to examine whether confidence 

in using smartphone apps was related to any scores on clinical or process measures within the 

treatment group at the outcome time point, with none reaching significance (p>.05). 

Sensitivity analyses were conducted which revealed minimal differences in the above 

analyses between imputed and non-imputed data sets (Thabane et al., 2013).  

Figure 3 displays box plots of PSYRATS-AH change scores in each group. There was 

an outlier in the treatment group representing a pre-post increase (i.e. worsening) in 

PSYRATS-AH total score. A review of assessment recordings and a follow-up qualitative 

interview indicated this was likely to be due to an external life event occurring around the 

time of the outcome assessment. A sensitivity analysis excluding this individual resulted in 

the effect on PSYRATS-AH becoming significant [(F(1,30)=6.36, p <.05; Hedges g=0.61, 

95% CI= -0.07,1.33], with other results remaining the same.  
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Figure 3. Pre-post change scores on PSYRATS-AH for treatment and control groups  
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Table 4. Summary statistics and effects on clinical measures for each group  
 SAVVy + TAU 

(n=17) 

TAU 

(n=17) 

Hedges g  95% Confidence 

Intervals 
Measure   Baseline 

Mean (SD)  

Outcome 

Mean (SD) 

Baseline  

Mean (SD) 

Outcome 

Mean (SD) 

  

PSYRATS Total  28.47 (4.87) 25.89 (6.37) 28.76 (4.41) 29.47 (6.45) 0.55 -0.14, 1.23 

SEPS Negative Impact 

Subscale  

91.24 (28.03) 83.08 (26.00) 95.88 (23.44) 90.59 (22.53) 0.30 -0.37, 0.98 

DASS-21 Overall  58.24 (32.77) 65.61 (28.30) 65.88 (32.14) 60.11 (31.88) -0.18 -0.85, 0.50 

Coping items        

 1. Confidence in 

coping  

56.00 (30.83) 65.77 (21.90) 55.76 (23.02) 33.24 (22.05) 1.45*** 0.69, 2.20 

 2. Understanding of 

voices  

53.53 (33.40) 72.63 (23.03) 53.18 (27.37) 56.39 (28.35) 0.61** -0.07, 1.30 

  Median (IQR) Median (IQR) Median (IQR) Median (IQR)   

 3. Frequency of 

coping strategy 

use*  

3 (2-4) 4 (3-4) 3 (2-4) 2 (2-4)   

 4. Number of 

coping strategies*  

2 (2-3) 3 (3-4) 1 (2-3) 2 (2-3)   

Note.  Means and standard deviations incorporate pooled imputations; ***p<.001; **p<.01; *p<.05  
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3.6. Adverse events 

Two events classed as serious adverse events (hospital admissions) according to the 

Australian National Health & Medical Research Council ([NHMRC], 2007) were reported–

one from the treatment group and other from control. A review concluded these were 

unrelated to the trial or intervention. 

4. Discussion  

The findings of this study support the feasibility and acceptability of a brief coping-

focused intervention for distressing voice-hearing experiences which blended standard face-

to-face psychological therapy with EMA/I between session. Completion rates of the EMA 

questionnaires were high, leading to the production of EMA-derived feedback in all 

attempted cases, and there was good engagement with both prompted and user-initiated EMI 

coping reminders. Despite minor technological issues, feedback regarding different aspects of 

the intervention was largely positive. These findings extend digital mental health research in 

psychosis by demonstrating that smartphone technologies can support standard face-to-face 

therapies; otherwise known as blended therapy (Erbe et al., 2017).  

Research has demonstrated that EMI can support independent self-management of 

psychosis (Bell et al., 2017; Bucci, et al., 2018; Schlosser et al., 2018). Our findings suggest 

that personalised EMI reminders of tailored self-management strategies determined during 

therapy may support the generalisation of these strategies into daily life. Participants were 

engaged with these EMI reminders and feedback suggested they were helpful. It is 

conceivable that personalised EMI reminders may be a simple and useful technology for 

other psychological treatment approaches. Future developments may involve more 

streamlined programming of EMI content and the use of context-aware systems to determine 

the timing and nature of tailored EMI prompts (Bakker et al., 2016; Burns et al., 2011; Price 

et al., 2014; Proudfoot, 2013).  

A significant novelty of this study is the analysis of within-person EMA data to 

inform clinical formulation in psychological therapy. No other study has examined this 

application of EMA in psychosis, despite considerable interest (Ebner-Priemer & Trull, 2009; 

Firth & Torous, 2015; McDevitt-Murphy et al., 2018; Myin-Germeys, Klippel, Steinhart, & 

Reininghaus, 2016; Oorschot, Lataster, Thewissen, Wichers, & Myin-Germeys, 2012; Trull 

& Ebner-Priemer, 2009). Although one case experienced a technological issue whereby the 

alerts were not consistently received, the overall high completion rate of the EMA 

questionnaires led to the production of EMA-derived feedback in all attempted cases. This, 

alongside predominantly positive feedback from participants, supports the feasibility and 
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acceptability of this approach. The high level of engagement with both EMA and EMI 

components are consistent with other similar studies (Ben-Zeev et al., 2014; Berkel, Ferreira, 

& Kostakos, 2017; Bucci, et al., 2018; Firth & Torous, 2015; Kumar et al., 2018), although 

recent findings suggest naturalistic engagement with apps may be lower (Torous et al., 2017). 

Notably, one participant who dropped out commented on the effort involved in the 

intervention, suggesting this approach may be more difficult for those with limited time. 

Whilst we did not find evidence of a relationship between the characteristics of the sample 

and engagement with, nor effects of, the intervention, further research in this area would be 

beneficial to identify what works best and for whom (Michie, Yardley, West, Patrick, & 

Greaves, 2017; Ritterband, Andersson, Christensen, Carlbring, & Cuijpers, 2006).  

It is hoped that this study, being the first of its kind, spurs further research exploring 

different statistical and methodological approaches to conducting within-person analysis of 

EMA data for clinical purposes. We used regression analyses and summary statistics, 

however other statistical approaches, such as network analysis (Bringmann et al., 2013), 

machine learning (Burns et al., 2011) or dynamic factor modelling (Fisher, 2015), may also 

be appropriate (Barnett, Torous, Staples, Keshavan, & Onnela, 2018; Myin-Germeys et al., 

2016). Automated analyses which produce simple, accurate, meaningful and engaging data 

visualisations, possibly in real time, would also be beneficial. Further research should also 

explore the most appropriate EMA sampling schedule for different clinical purposes and the 

development of validated EMA scales (Firth & Torous, 2015).   

Although only a pilot trial, post-intervention effects were in a direction favouring the 

treatment group for the primary clinical outcome of overall severity of voices, and to a lesser 

extent the secondary outcome of negative impact of the voices, but not emotional distress. 

More proximal, process, measures indicated statistically significant improvements favouring 

the treatment group in coping with voices, awareness of factors influencing voices, and close 

to significant increase in the number (but not frequency) of coping strategies used. These 

findings suggest this intervention holds promise for reducing the overall severity of voices 

and their negative impact, possibly occurring via the process of improved coping and 

understanding of voices. The very large effects observed on the measure of confidence in 

coping with voices provides proof-of-concept evidence for the mechanisms of the 

intervention. As these processes were targeted directly by EMA/I, this suggests the 

technology component was of benefit. These effects appear consistent with prior trials of 

CSE-based interventions (Hayward et al., 2017; Paulik et al., 2018; Tarrier et al., 1993; 

Tarrier et al., 1998; Yusupoff & Tarrier, 1996), however direct comparisons are limited due 
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to variations in methodology. Notably, one participant within the treatment group showed a 

worsening in the primary outcome measure which may have lowered our conservative 

estimate of the average effect size. Whilst our investigation suggested an external life event 

was the main contributing factor, this highlights caution in ensuring adverse events are 

considered in any larger scale trialling, an area possibly neglected in CBT for psychosis 

research (Morrison, 2018).  

The following limitations should be recognised. Firstly, it is unclear if the effects of 

the intervention were maintained as there was no follow-up time-point. Secondly, the 

intervention contained multiple components, limiting inferences regarding specific 

therapeutic mechanisms. A future trial should carefully consider an active comparison group 

(e.g., Bucci, Barrowclough, et al., 2018), including the recently highlighted digital placebo 

effect (Torous & Firth, 2016). Dismantling studies to isolate the active ingredients of digital 

interventions may assist in refining the features which yield maximum benefits, whilst 

improving our understanding of the mechanisms which drive them (Collins, Murphy, & 

Strecher, 2007; Michie et al., 2017). Thirdly, the small sample size limits generalisability and 

clearly a fully powered trial is needed to determine clinical efficacy. Fourth, group difference 

in negative symptoms at baseline were observed, however it is noted that subsequent analyses 

controlling for this variable resulted in only minor changes. 

The current study demonstrates the clinical potential of EMA/I as tools within 

blended therapies for psychotic experiences. This justifies potential further development of a 

purpose-built mobile app with evaluation in a full scale RCT to determine efficacy, and 

potentially investigations within other psychological treatment approaches and clinical 

populations.   
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PART III: GENERAL DISCUSSION   

 

  



  

 

190 

 

10.  Chapter Ten: General Discussion  

10.1. Overview of thesis aims  

The overall aim of this thesis was to examine the therapeutic application of ecological 

momentary assessment (EMA) and ecological momentary intervention (EMI) as tools within 

standard psychological therapy for distressing voice hearing experiences. The combination of 

digital technologies with face-to-face therapies in this way has been referred to as blended 

therapy (Erbe et al., 2017). Currently, there are few studies which have examined this type of 

therapeutic approach, with none to date on voice hearing experiences specifically. As these 

experiences are commonly distressing, impairing, and frequently observed within a number 

of psychiatric conditions (Johns et al., 2014; Larøi et al., 2012; Sommer et al., 2012), there is 

a need to develop effective and accessible treatments. Whilst psychological therapies form an 

integral part of the treatment and management of voice hearing experiences (Thomas et al., 

2014), particularly cognitive behavioural therapy for psychosis (CBTp; Fowler et al., 1995; 

Douglas Turkington, Kingdon, & Weiden, 2008), their effects can be small (Bighelli et al., 

2018; Jauhar et al., 2014; Wykes, 2004). Furthermore, due to their complexity and the 

expertise necessary for their effective delivery, a large proportion of those who might benefit 

from these approaches are not able to access them (Berry & Haddock, 2008; Schizophrenia 

Commission, 2012; Ince et al., 2016; Kohn et al., 2004; Kreyenbuhl et al., 2009). Using 

digital technologies in conjunction with standard psychological treatment has potential to 

support and enhance therapeutic components and promote independent self-management by 

providing support in daily life (Bakker et al., 2016; Boschen & Casey, 2008; Price et al., 

2014).  

It was theorised that EMA and EMI (EMA/I) may be suitable tools within a blended 

therapeutic approach due to their demonstrated capacity to enhance assessment and promote 

self-management of psychotic experiences. EMA has traditionally been used as a research 

tool to assess fluctuations in experiences in daily life as well as examining the temporal 

relationships between variables over time. As voice hearing experiences are discrete, 

recognisable events that display moment-to-moment variation, with identifiable variables 

known to influence this, the use of EMA to inform functional analytic formulation was 

considered a promising focus of investigation. Further, EMI has been used to prompt the use 

of self-management strategies in daily life, with the potential to tailor EMI content based on 

preferences identified within therapy sessions. Coping approaches to voices, including coping 

strategy enhancement (CSE; Tarrier, 1992; Tarrier et al., 1990), which utilises functional 
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analysis to identify tailored self-management strategies for psychotic experiences, were a 

logical platform in which to investigate these capabilities. On this basis, an intervention 

approach was developed and investigated, the overall aim being to evaluate feasibility and 

acceptability, as well as a preliminary examination of clinical outcomes. Below is a summary 

and integration of the key findings from this investigation, followed by a discussion of the 

limitations, implications, and directions for future research.  

10.2. Summary of findings  

The primary research methodology employed to examine the overall aim of this thesis 

was a pilot randomised controlled trial (RCT; Lancaster et al., 2004; Thabane et al., 2010). 

This method is commonly used at early stages in the evaluation of new treatments, focusing 

on the feasibility, acceptability, and preliminary estimations of efficacy. Given the primary 

interest of this research was to establish if it was possible, useful, acceptable, and potentially 

beneficial to utilise EMA/I within a psychological treatment for voices, a pilot RCT design 

was considered appropriate. Although clinical efficacy was an outcome of interest, the small 

scale of the pilot RCT meant that this was preliminary, not definitive.  

Three stages were employed in this research. Firstly, prior to the development of the 

intervention, the first publication of this thesis involved a systematic review to identify 

existing studies on the use of EMA/I in the treatment of psychotic disorders. The main 

findings of this review indicated that this research is at an early stage, with a small number of 

studies demonstrating that EMA/I can be feasible and acceptable to use in this population for 

a variety of purposes, and that there was some potential for improving clinical outcomes. On 

this basis, the second stage of the research involved the development of a prototype of the 

intervention, which was initially subject to a small pilot study in order to test-run the 

procedures. This also provided an opportunity to gain feedback from participants about key 

components of the intervention and refine the EMA items used within the initial monitoring 

period. The findings of the piloting were mixed, with an important outcome indicating that 

the smartphone app chosen to run the EMA/I components at the time was insufficiently 

stable, requiring changes to a new app in the subsequent pilot RCT. Key learning from this 

stage was that small pilot studies such as this are a valuable part of the process of evaluating 

any new technology, even if the platform has been previously established and tested. Whilst 

feedback from participants was generally positive, suggestions led to some refinements in the 

next stage of the research. As an output from this pilot study, a case was selected which 

provided a thorough illustration of how the approach might be utilised in practice. This was 
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the subject of the second thesis publication and contributed to an initial evaluation of 

feasibility and acceptability.  

The final stage of this research was the pilot RCT, which was reported in the third 

(trial protocol) and fourth (outcomes) thesis publications. The main findings of this study 

were that the intervention was found to be feasible and acceptable. In terms of feasibility, 

participants completed a sufficient number of EMA questionnaires in order for EMA-derived 

feedback to be produced. Acceptability results suggested that these components of the 

intervention were valuable for participants and there were no negative experiences reported. 

During sessions, personalised EMI reminders were coded for each participant, which were 

subsequently viewed on average daily via prompts and when initiated by the user. This 

suggested there was good engagement with this aspect of the intervention, and acceptability 

feedback was similarly positive. Additional acceptability indices suggested the intervention 

was perceived to be credible, there did not appear to be a negative impact on the working 

alliance developed with the therapist, and experiences of the intervention as a whole were 

positive. Most but not all participants completed the intervention, though the number of 

dropouts are consistent with intervention trials involving this population (Bighelli et al., 

2018; Lincoln & Peters, 2018). Although serious adverse events occurred during the course 

of the study in both groups, these appeared unrelated to the trial or intervention. Preliminary 

clinical outcomes were analysed, with overall findings suggesting the approach shows 

promise for reducing the overall severity of voices and their negative impact, but potentially 

not emotional distress. Process measures showed very good sensitivity to change, revealing 

large and medium effects for confidence in coping with the voices and awareness of patterns 

within the voices, respectively, and there was an increase in the number, but not frequency, of 

coping strategies used in the treatment group following the intervention. This provides some 

support for a possible therapeutic mechanism whereby improvements to voices and their 

impact may arise through coping with these experiences more effectively and gaining an 

awareness of factors that influence them in daily life. Together, these findings justify ongoing 

investigation into the clinical application of EMA/I in the psychological treatment of hearing 

voices, and potentially other mental health difficulties.  

10.2.1. Additional findings from qualitative study  

In addition to the studies reported in this thesis, a further project in this research 

program was conducted by a Clinical Psychology Master’s student (Moore, 2018). This 

involved a qualitative examination of participants’ experiences of the intervention. The 

method and results of the unpublished thesis is provided in Appendix V and the findings are 
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briefly summarised here as they are informative in interpreting results of the studies reported 

in this thesis. Twelve of the 17 participants who were allocated to the intervention agreed to 

be interviewed, including one participant who dropped out following the second session. 

Interviews focused on examining themes within overall experiences, and more specifically in 

relation to the EMA/I components. Thematic analysis of interviews produced a synthesis of 

themes generated from participant responses. The themes highlighted nuanced experiences 

that were not possible to capture using quantitative methodology, thus providing an important 

supplement to the findings of the pilot RCT.  

The first theme, digital technology enhances therapy, reflected that participants found 

the involvement of the technology helped to fast-track the rapport they developed with the 

therapist, the support they felt from this relationship, and the positive effects of the treatment. 

The second theme was not as bothered by voices, which reflected tangible changes in the 

voice hearing experiences that were seen as being connected to the intervention components. 

In particular, participants described a process of learning about their voices which was 

facilitated by the EMA components, greater perceived power or control over the voices 

through greater understanding and developing more effective responses to them, and some 

participants reported a reduction in the frequency and distress of the voices over the course of 

the intervention. The third theme, face-to-face sessions vital, highlighted that the inclusion of 

therapeutic contact was essential, enabling the processes of normalisation, validation, and 

human connection. The blending of face-to-face and digital components was reported as 

valuable and complementary, in particular for linking the therapeutic context to the outside 

world, promoting engagement and utilisation of therapeutic strategies, and ensuring 

participants understood how to use the technology effectively.  Finally, the fourth theme was 

preference for different phases of digital technology. This theme reflected that not all 

participants experienced the different components of the interventions the same way. Within 

this and other themes, feedback regarding preferences and experiences varied to some degree. 

Not all experiences were uniformly positive, with some participants reporting some irritation 

with the EMA alerts or EMI reminders, some technological issues, and in some cases, 

participants reported that their voices increased during the monitoring period. However, 

overall participants reported that they gained value from participating in the intervention and 

that is was a useful adjunct to standard therapy, supporting the findings of the pilot RCT.  
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10.3. Findings in context of prior research  

10.3.1. EMA in clinical treatment of psychosis  

Very few studies have examined the use of EMA as a tool within psychological 

treatment. Existing research has focused primarily on the validity and reliability of EMA as a 

research tool for assessing momentary experiences in natural environments (Berkel et al., 

2017; Myin-Germeys, Delespaul, & van Os, 2003; Oorschot et al., 2009). A key question 

pertaining to the feasibility of the approach has been whether individuals would be willing to 

complete the EMA questionnaires throughout their daily life. A considerable amount of prior 

research has indicated that people diagnosed with a psychiatric disorder are willing and able 

to engage with EMA protocols, supporting the feasibility of the approach (Brenner & Ben-

Zeev, 2014; Granholm et al., 2008; Johnson et al., 2009; Kimhy et al., 2006; Moitra et al., 

2017; Palmier-Claus et al., 2012). Reviews of EMA literature have generally found that 

around two thirds of the total number of questionnaires are typically completed (Berkel et al., 

2017; Oorschot et al., 2009). A review of smartphone apps for schizophrenia by Firth and 

Torous (2015) found a similar completion rate of daily questionnaires, as did the systematic 

review presented in chapter five. The average completion rate was 72% in the current study, 

which is in line with this literature. Further, all participants who completed the EMA 

monitoring period reached the 33% minimum completion rate in order to produce the EMA-

derived feedback. This criterion was based on guidelines within the literature which suggest 

this is the minimum amount of data needed to sufficiently represent typical daily experiences 

(Palmier‐Claus et al., 2011). It bears noting that this criterion was met despite the relatively 

intense EMA protocol, with a large number of items per questionnaire. Findings did not 

suggest this had an adverse effect on participants, though some commented that the alerts 

were bothersome at times. Notably, participants in the qualitative study who described some 

burden from the EMA alerts also described them as therapeutically valuable. This is 

important when considering the meaning of negative experiences reported during 

psychological therapy, which is not a passive process and the results of which are often 

attributed to positive change (Kilbride et al., 2013). Together, these findings suggest that 

individuals with voice hearing experiences may be willing and able to complete EMA 

monitoring for clinical purposes and this can be a valuable addition to psychological 

treatment. 

One participant who dropped out noted the difficulty in meeting the expectations of 

the intervention due to the competing demands on her time. This participant commenced full-

time university study towards the beginning of the trial and reported that attending 
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appointments was the most difficult demand, not the EMA/I components. However, this 

participant also reported that her study schedule meant that she was often unable to complete 

the EMA questionnaires, though the 33% cut-off criteria was met overall. Having a larger 

number of alerts may in fact be beneficial for those with busier schedules by affording greater 

opportunity for missed alerts, which was the rationale for selecting a more frequent EMA 

schedule on the basis of recommendations from Kimhy et al. (2012). This also suggests that 

those with competing time commitments may still be able to engage in EMA monitoring, 

though this presents a statistical consideration as missed alerts are unlikely to be missing at 

random, limiting the representativeness of the data. Further, the choice of EMA schedule 

requires balanced consideration of the clinical purpose and potential burden on the individual. 

In this study, a short, intense schedule of EMA alerts was used as the purpose was for 

examining fluctuations in momentary experiences to inform clinical formulation. Research 

into the use of EMA for ongoing clinical monitoring have employed less intense schedules 

over longer periods of time. A recent study by Eisner et al. (2018) evaluated an app whereby 

users completed weekly EMA items about basic symptoms that were theorised to predict 

relapse over six months. Findings pertaining to feasibility are yet to be reported, however an 

initial qualitative study supported the acceptability of this model of EMA. The relative 

benefits of different schedules have not yet been subject to research, and will require 

psychometric and pragmatic considerations.  

Acceptability ratings and themes from the qualitative study suggested that the EMA 

monitoring and EMA-derived feedback were considered useful and possibly therapeutically 

beneficial for participants. Both processes appeared to provide a valuable basis for learning 

about experiences and facilitated connection and communication with the therapist. Research 

on the clinical application of EMA in psychosis has been primarily limited to its combined 

use with EMI in order to tailor intervention strategies based on responses to preceding EMA 

items (e.g., Ben-Zeev et al., 2014; Bucci, Barrowclough, et al., 2018). Other studies have 

inferred the clinical potential of EMA by examining its uses for things like relapse prediction 

(e.g., Ben-Zeev et al., 2017; Eisner et al., 2018), an assessment tool for clinical profiling 

(Barnett, Torous, Staples, Sandoval, et al., 2018), or as a remote illness monitoring tool 

(Komatsu et al., 2013; Španiel, Novák, Motlová, Hrdlička, & Höschl, 2007; Španiel et al., 

2008). Two recent studies examined the use of a computerised “dashboard” for summarising 

daily and weekly EMA responses completed on a smartphone app by individuals with early 

psychosis, which could be viewed by case managers (Kumar et al., 2018; Niendam et al., 

2018). Both studies found evidence for feasibility, though EMA completion rates differed 
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depending on whether incentives were provided (66%; Niendam et al., 2018) or not (40%; 

Kumar et al., 2018), with technical difficulties encountered in the latter potentially 

contributing to this. Notably, the EMA completion rates of the current pilot RCT were 

comparable to this and other studies which have incentivised compliance (Bucci et al., 2018; 

Palmier-Claus et al., 2012), which is an encouraging indicator of engagement. However, real-

world engagement with smartphone apps outside the context of research has been found to be 

lower (Baumel & Kane, 2018; Fleming et al., 2018; Torous, Nicholas, et al., 2018; Torous, 

Patrick Staples, et al., 2017), suggesting that the current findings may not be replicated in 

naturalistic settings. The addition of a therapist or e-support coach has been shown to 

increase engagement (Baumeister, Reichler, Munzinger, & Lin, 2014), suggesting blended 

therapy approaches may help to address this barrier. This was supported by the findings of 

the qualitative study, with participants describing the involvement of the therapist as 

important for establishing and maintaining their use of the app.   

The use of EMA-derived feedback for psychological therapy has been examined by a 

small number of studies in clinical populations outside of psychosis. An RCT conducted by 

Kramer et al. (2014) examined the effects of providing EMA-derived feedback of 

personalised patterns in affect states to individuals with clinical depression. The approach 

was found to be feasible and acceptable, and clinical outcomes indicated a linear decrease in 

depressive symptoms in the feedback group following the intervention, which was not 

observed in the EMA-monitoring only or control conditions. A follow-up study by Simons et 

al. (2015) found that the intervention also led to significant increases in self-empowerment, 

which was proposed as a potential therapeutic mechanism. It was theorised that by providing 

participants with information about their mental health, they may be empowered to make 

more informed decisions and engage in shared decision making. This was mirrored by 

themes in the qualitative study of the current research, with participants reporting the process 

of receiving feedback and discussing this with the therapist strengthened rapport, facilitated 

the sharing of personal experiences, and led to new understanding that initiated behavioural 

change. Similarly, acceptability ratings from the pilot RCT showed participants agreed that 

the EMA monitoring and feedback in-session helped increase their understanding of the 

voices. This was also reflected in the process measures, which showed increases in awareness 

of voices and confidence in coping. Supporting these findings, a qualitative study by Aref-

Adib et al. (2016) found that by using digital technologies to access information about mental 

health, people with psychosis can experience a greater sense of empowerment and control 

over their lives. Interestingly, the choice to share and discuss online information with 
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clinicians was seen to be influenced by the power imbalance within the therapeutic 

relationship. In circumstances where this relationship embraced a more open and equal 

partnership, the information was discussed more willingly, offering important opportunities 

to initiate dialogue and share decision making. This suggests that therapeutic style may an 

important factor in making best use of digital technologies within blended therapies.   

Kroeze et al. (2017) conducted network analysis of individual EMA data in a single 

case study of a 67-year-old woman with treatment resistant depression and anxiety. Similar to 

the case illustration presented in chapter seven, the EMA-derived feedback initiated valuable 

discussions regarding the interactions between symptoms and experiences, and facilitated 

insight and learning. In this study, the patterns identified from the analysis were informative 

for selecting an appropriate intervention and helped the participant to overcome previous 

concerns regarding the approach. Clearly further empirical research is needed on the specific 

clinical benefits of EMA monitoring and EMA-derived feedback during clinical treatment, 

however the findings of these studies and the current research suggest that these approaches 

can be therapeutically valuable.  

10.3.2. EMI in clinical treatment of psychosis  

The systematic review conducted as part of this thesis highlighted the early stage of 

EMA/I research in psychosis. Although some studies have been published since the review 

was conducted, there remain very few in the context of psychosis. Bucci et al. (2018) 

conducted a pilot RCT of a CBT-based smartphone app for early psychosis, finding the app 

feasible and acceptable, with preliminary clinical outcomes showing promise for improving 

psychotic symptoms and mood. Schlosser et al. (2018) developed and evaluated a 

smartphone app to improve motivation and quality of life in young people diagnosed with 

schizophrenia. Findings from the RCT showed improvement to motivation in the treatment 

group in comparison to control, as well as secondary measures of depression, defeatist 

beliefs, and self-efficacy, but not for psychotic symptom severity, quality of life, or 

functioning. These studies, as well as those included in the systematic review (Ben-Zeev et 

al., 2014; Depp et al., 2010; Granholm et al., 2011; Pijnenborg et al., 2010; Sablier et al., 

2012), focused on the independent use of EMI-based technologies. The current research was 

novel in that the EMI prompts were tailored based on individualised self-management 

strategies determined during psychological therapy sessions. This makes comparison to the 

aforementioned trials challenging, however the viewing rates of the EMI reminders, both 

prompted and initiated by the user, are comparative to similar trials. The use of personalised 

EMI within a blended therapy has not been examined in the context of psychosis and presents 
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as important opportunity to enhance engagement and uptake of intervention strategies in 

daily life by linking these to the outside world. As research has shown that many people 

diagnosed with a psychiatric condition own a smartphone and are interested in using them for 

mental health support (Firth et al., 2015; Gay et al., 2016; Torous, Friedman, & Keshavan, 

2014), there is potential to leverage these devices to deliver and reinforce psychological 

interventions in daily life (Clough & Casey, 2015).  

10.3.3. Blended therapies for psychosis  

Whilst some studies have been conducted on the use of digital tools to support routine 

psychiatric services for psychosis such as case management (e.g., Kumar et al., 2018; 

Niendam et al., 2018) and psychiatry (e.g., Komatsu et al., 2013; Španiel et al., 2012), very 

little research has examined how these tools may be harnessed within psychological 

treatment. Blended psychological therapies have been studied in other clinical populations, 

many of which involved use of technology to deliver some therapeutic components 

independent from the clinician (Erbe et al., 2017). The use of digital technology in the current 

research, namely to enhance within-session clinical formulation and support generalisation of 

strategies to daily life using tailored prompts, has not been subject to research. The findings 

of this study suggest that this blended approach presents some unique and important 

opportunities.  

A very recent RCT using a combined sample of 255 participants with bipolar disorder 

and schizophrenia compared the effects of a single intervention session combined with either 

a CBT-based app or EMA self-monitoring app, with treatment-as-usual (TAU; Depp, 

Perivoliotis, Holden, Dorr, & Granholm, 2018). The focus of this trial was on clinical 

outcomes, with both groups who used the app showing significant but small improvements in 

overall symptom measures relative to the TAU group. Subgroup analysis showed that the 

effects were large for the bipolar group immediately following the intervention, however this 

was negligible at 24 weeks follow-up. Comparatively, the schizophrenia group showed 

negligible effects immediately following the intervention, which increased to moderate 

effects at the follow-up time point. This finding suggests that individuals with different 

mental health profiles will understandably respond differently to digital interventions, 

highlighting a need to carefully consider sample characteristics in digital health research. 

Reporting of feasibility and acceptability results was minimal, however average completion 

rates of prompted modules was reported as 68.7% for the CBT app and 66.2% for the EMA 

self-monitoring app, which is similar to the current findings.  
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Kimhy and Corcoran (2008) conducted a case study to examine the use of a 

smartphone app to facilitate homework completion in a CBTp treatment for a woman with 

ultra-high risk of psychosis. The app was found to increase compliance with homework and 

facilitated engagement with therapeutic material outside of the session. Similarly, the use of 

EMA/I in the current research was also found to be of use for bridging the gap between the 

therapeutic context and daily life. Further, feedback regarding the length of the intervention, 

combined with the positive effects for most individuals, are in line with recent research 

finding that psychological interventions for psychosis may be delivered effectively in a brief, 

low intensity format (Hazell et al., 2016). Given the complexity and costs of current CBTp, 

these findings have important implications for improving access to psychological treatment. 

Importantly, the findings of the qualitative study of this research suggested that the 

involvement of a therapist was critical to the therapy itself and the technology supported 

different therapeutic components. Supporting this, the findings of the pilot RCT indicate that 

a good therapeutic alliance was established. These findings suggest that the technology and 

face-to-face components were complementary to one another. This aligns with a study 

conducted by Williams et al. (2018), which found that watching videos of people with lived 

experience together with a peer worker facilitated the sharing of personal experiences that 

helped to establish a meaningful connection with the worker. Similarly, the aforementioned 

study by Aref-Adib et al. (2016) found that accessing and sharing online information online 

with a clinician can be an empowering process and can facilitate a productive therapeutic 

relationship involving shared decision making. The results of the current research also 

indicated that the participants perceived the intervention to be credible, logical, and possibly 

useful prior to commencing. Together, these findings support the acceptability of blended 

therapies for psychosis and suggest that both digital and human-facing components can 

support one another by facilitating the communication of personal experiences, developing a 

shared understanding, fostering rapport, and the sharing and implementing decisions about 

therapeutic strategies.  

A recent qualitative study by Bucci et al. (2018) examined the views of people with 

early psychosis on the use of digital technologies for mental health care. Attitudes and 

preferences were mixed, though there was general convergence on the importance for 

technology to supplement, not replace, traditional face-to-face services. This perspective 

seems to align with those shared by many mental health professionals, who tend to feel 

strongly about the need for ongoing clinician involvement (Berry et al., 2017). Thus, there 

seems to be support for the types of blended therapies investigated in the current research, 
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justifying a need for ongoing research and development. However, the benefits of using 

digital technologies independent of mental health professionals have also been noted, 

including for promoting a sense of control over experiences which can increase 

empowerment, a feeling of safeness to openly and honestly disclose personal information, 

and financial savings (Aref-Adib et al., 2016; Berry et al., 2017; J. Torous, et al., 2018). 

Different uses of digital technologies are likely to be received by clients and clinicians 

in different ways. To be feasible for implementation, technologies need to be time efficient 

and offer added benefit to the therapeutic process. The current intervention required statistical 

analysis and production of EMA-derived feedback for each participant, which may be 

prohibitively time consuming and complex in clinical practice. In future iterations of the 

technology, a more streamlined process would be required for the intervention to be feasible 

to implement. There is also a need to consider the role and responsibility of the clinician in 

monitoring and responding to the information being recorded, which can be complex to 

understand and indicate a need for immediate intervention.  

From the perspective of the client, Aref-Adib et al. (2016) highlight the power 

imbalance that technologies may introduce into the therapeutic dynamic. The use of EMA in 

the current study was aimed at facilitating shared exploration of voice hearing experiences in 

order to collaboratively identify ways of managing these more effectively. This was well 

received by participants, with findings of the qualitative study indicating that many 

participants felt the monitoring made then feel more supported and connected to the therapist. 

Considering most of the current research into EMA for clinical purposes has focused on 

remote illness monitoring for identifying signs of relapse (e.g., Barnett, Torous, Staples, 

Sandoval, et al., 2018; Ben-Zeev et al., 2017; Eisner et al., 2018; Španiel et al., 2012), there is 

a need to consider how this may be achieved in an empowering, rather than paternalistic, 

way. Further, some individuals may mistrust technology or have concerns about being 

monitored. Whilst Berry et al. (2016) did not find evidence that such beliefs can affect the 

acceptability of digital interventions, this has been understudied and these individuals may be 

underrepresented within participant samples (Mohr, Lyon, et al., 2017; Scollon et al., 2009). 

Considering these potential issues, there may be an important role for blended therapies in 

establishing a collaborative working relationship between client and clinician that can 

together share decisions about how technologies may be utilised within treatment.  

 

 

 



  

 

201 

 

10.3.4. Clinical outcomes  

Previous research has provided evidence for the clinical benefits of coping-focused 

therapies for voice hearing experiences. CSE is an approach developed by Tarrier and 

Colleagues (Tarrier, 1992; Tarrier et al., 1990) which informed the basic framework of the 

intervention developed and evaluated in the current research. Initial clinical trials of CSE 

indicated the approach can improve symptoms of psychosis, though outcomes related to 

voice hearing experiences specifically were less promising (Tarrier, Beckett, et al., 1993; 

Tarrier et al., 2001; Tarrier et al., 1999; Tarrier et al., 1998; Yusupoff & Tarrier, 1996). More 

recently, Hayward et al. (2017) adapted the original CSE approach to a four-session format 

which targeted voices specifically, the effects of which were examined in the context of a 

service evaluation. Pre-post effect sizes were small to medium for distress (d = 0.39) and 

frequency (d = 0.31) items of the Psychotic Symptoms Rating Scale – Auditory 

Hallucinations subscale (PSYRATS-AH; Haddock et al., 1999). The current study 

demonstrated moderate between group differences on PSYRATS-AH total scores at the post 

assessment timepoint (Hedges g = 0.55). Paulik et al. (2018) conducted analyses to examine 

the predictors of treatment effects in the sample of Hayward et al. (2017). Findings indicated 

that a higher baseline level of emotional distress was associated with poorer outcomes, 

especially if there were higher levels of voice-related distress. Notably, those with higher 

levels of voice-related distress were also more likely to drop out of the treatment. 

Differences in methodology make it difficult to compare effect sizes across trials, 

particularly given the use of different outcome measures, and Hayward et al. (2017) was a 

pre-post trial using a help-seeking sample of service users. Further, given the small sample 

size of the current research, the power to detect true clinical effects and the generalisability of 

the findings are limited. Nonetheless, it may be speculated that this digitally supported coping 

intervention had some positive effects on voice hearing experiences, which are at least 

consistent with prior research.  

Given the findings of Paulik et al. (2018), it would be valuable to examine predictors 

of treatment effects in the current intervention within a larger sample, particularly to 

determine whether the involvement of technology had an impact on potential therapeutic 

barriers. Notably, Thomas et al. (2011) examined predictors of treatment effects in the 

context of a service delivering formulation-based CBTp for hearing voices. Findings 

indicated that the severity of negative symptoms was associated with less improvement on 

overall voice severity. Further research is needed to examine potential reasons for this, 

however it could be worth investigating whether the involvement of digital technologies, 
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particularly those designed to improve motivation and goal achievement (e.g., Sablier et al., 

2012; Schlosser et al., 2018), may help to address this barrier to therapeutic efficacy. In 

relation to this, due to differences in the severity of negative symptoms between groups at 

baseline in the current pilot RCT, this measure was added as an additional covariate within 

statistically significant analyses. Whilst this did not have an influence on the effects of 

improved coping with voices, the measure of awareness of voice patterns was no longer 

significant. This may be due to the reduction in power by adding a second covariate, 

particularly since the effect size on this measure was initially moderate. However, it is also 

possible that more severe negative symptoms may limit the improvement in awareness of 

factors influencing voices as a result of the intervention. A larger trial could more thoroughly 

investigate this finding. Further research to identify predictors of treatment effects may 

inform who the approach might be most suitable for or how it might need to be adapted 

depending on certain factors.   

The secondary measures of coping quality and understanding of voices were more 

proximal outcomes aligning with the intervention aims, which provide some added 

knowledge regarding the potential therapeutic processes associated with coping-focused 

interventions for voices. The preliminary findings indicated significant increases in 

confidence in coping, awareness of factors influencing voices, and the number of coping 

strategies used, but not the frequency at which they were used. These possible therapeutic 

processes of change may be understood through behavioural change models, which suggest 

awareness and understanding of experiences acts as a precursor to changes in behaviour, 

which can build self-efficacy (DiClemente & Prochaska, 1998; Prochaska & Velicer, 1997; 

Prochaska, 2013). Notably, increases in the number of coping strategies used and their 

effectiveness were observed in an initial trial of CSE compared to a problem solving 

intervention (Tarrier et al., 1993), though again differences in methodologies make 

comparisons with the current trial limited. In considering the stress-appraisal-coping model 

of hearing voices (SACMOV model; Farhall, 2005), the tangible increase in coping observed 

in this intervention may have been precipitated by changes in appraisals relating to coping 

resources and their predicted impact, and potentially those relating to the voices (e.g., their 

potential to induce harm). It is conceivable that through EMA self-monitoring, EMA-derived 

feedback, and discussing with the therapist to inform functional analysis, changes in 

appraisals may occur through understanding of the contingencies associated with voice 

activity, including relevant antecedents and responses. Subsequently, developing new ways 

of coping with the voices and monitoring their effects may give rise to learning about the 
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potential effects of different strategies on the voices, leading to a greater level of confidence 

in the ability to cope and a larger number of coping strategies from which to choose from in 

different circumstances. This is in line with early research showing that the efficacy of coping 

with hearing voices is less dependent on the nature of the strategy used, but more on 

awareness of factors which trigger the voices and having a repertoire of strategies which are 

applied systematically (Falloon & Talbot, 1981; Tarrier, 1987). Clearly this is a speculative 

theoretical explanation due to the limited sample size and method of analysis, with further 

investigation warranted. Such a theory may be tested using trial optimisation designs 

discussed later in this chapter, involving the factorial testing of different therapeutic 

components to determine comparative effects (Collins et al., 2007). For example, comparing 

groups randomised to receive different types or number of strategies in various combinations. 

Another approach may be to examine the relationship between these variables and the effects 

of the intervention, such as whether a greater number of strategies or awareness of voices 

triggers is associated with more positive outcomes.  

10.4. Strengths and limitations  

The research conducted as part of this thesis was approached by carefully considering 

its design and methodology via reference to the literature, consultation, and pre-planning. 

This included consideration of previously used EMA and EMI methodologies, and literature 

on antecedents of voices and coping. Guidelines were followed, including the PRISMA 

guidelines for the systematic review (Liberati et al., 2009), the SPIRIT checklist for the trial 

protocol (Chan et al., 2013), the CONSORT guidelines for the pilot RCTs (Eldridge et al., 

2016; Schulz et al., 2010), and researchers were trained in accordance with Good Clinical 

Practice. Additionally, the candidate consulted with a collaborative research team with 

expertise in digital technologies and in psychological treatments for voices, and with lived 

experience consultants throughout the research process, and initial piloting of the intervention 

was used to carefully test procedures.  Overall, the research was conducted to provide as 

thorough an examination of an innovative intervention that was possible within the resources 

and timeframe available and early stage of research experience of the candidate. The resultant 

work is consistent with the standard of research in this area published in quality international 

journals.  

Nonetheless, limitations are inevitable, and careful consideration of these informs a 

balanced interpretation of the findings. The following are key limitations in this research, 

which have also been highlighted within the individual publications.  
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10.4.1. Single post-intervention timepoint  

A major limitation of the current pilot RCT is the lack of a follow-up time point to 

establish if the effects of the intervention were maintained. It is important for any treatment 

to establish the maintenance of benefits beyond the end of treatment. The current research 

was primarily focused on feasibility and acceptability, with only preliminary analysis of 

clinical outcomes which are clearly limited in terms of any possible conclusions that could be 

drawn. Given this, combined with limited resources and time constraints, a decision was 

made not to include a follow-up time point. The broader literature on psychological 

interventions for psychosis has also suffered from this limitation, with many studies including 

only very brief or no follow-up time points (Hazell et al., 2016; Lincoln & Peters, 2018; 

Turner et al., 2014). Early trials of CSE indicated that the intervention led to maintained 

improvements in symptom severity (Tarrier et al., 1993), as have broader coping 

interventions for voices (e.g., Buccheri et al., 2007). Similarly, digital interventions for 

psychosis with CBT and coping components have also demonstrated capacity for long-term 

benefits (Bucci et al., 2018; Rotondi et al., 2010). Themes from the qualitative study 

suggested that participants described new ways of understanding their voices that led to 

tangible changes in their routine responses to them, which could conceivably lead to durable 

change. However, participants also described active processes related to the therapeutic 

experience, such as their rapport with the therapist and feeling supported by the app, which 

may represent a more transient change factor. It could be speculated that the current 

intervention has potential to induce lasting effects, though clearly further research is needed. 

Although it is not known whether the effects of the current intervention would persist, 

this raises another issue about what can be done to promote the maintenance of benefits. In 

considering this more broadly, there may be a role for digital technology in supporting 

ongoing benefits beyond the end of a therapy, perhaps utilising an app such as in Bucci et al. 

(2018) which could be accessed on demand when needed. As psychosis is often transient and 

episodic in nature (Lally et al., 2017), it may be complementary to provide access to digital 

interventions alongside long-term clinical services. Episodic use of these interventions might 

a useful tool for early intervention to prevent transition to full relapse, or potentially for 

monitoring early signs of this transition so that escalated clinical support can be provided 

when needed.    

10.4.2. Sample size  

Small sample sizes are limited because they reduce the chances of detecting true 

effects, which can result in Type I and Type II error, and have low reproducibility (Button et 



  

 

205 

 

al., 2013). Type II error can result directly from small sample sizes due to a lack of power, 

and both types of error can result indirectly from unreliable effect estimates. This is a 

scientific problem in terms of the reliability and validity of the findings, as well as an ethical 

consideration in avoiding inefficiency and wastefulness of unreliable research. As it is known 

that statistically significant findings are more likely to be published than null results, 

otherwise known as publication bias¸ there is inherent pressure on researchers to produce 

publications that present only these types of findings (Franco, Malhotra, & ovits, 2014). 

Unfortunately, practices driven by this pressure include employing flexible research designs 

and analyses that can shape the findings to appear more promising (Simmons, Nelson, & 

sohn, 2011). In the context of clinical trials research, this has been partly addressed through 

increasing expectations for the pre-registration and publication of study protocols that clearly 

outline the methodologies and aims according to strict guidelines (e.g., Chan et al., 2013; 

Schulz et al., 2010) prior to any analysis being conducted (Basu et al., 2017). As such, 

researchers are held to their original aims and transparent methodology, enabling scrutiny at 

the stage of publishing the final outcomes. This is one important way in which the current 

research addressed this potential source of bias. Guidelines pertaining to the design of pilot 

RCTs were followed closely, and the target sample size was chosen based upon 

recommendations within the literature (Julious, 2005; Sim & Lewis, 2012; Teare et al., 2014) 

and in accordance with the standard in this research area (Ben-Zeev et al., 2014; Bucci et al., 

2015; Hayward et al., 2017; Hazell et al., 2017). Careful consideration was paid to the aims 

that can be achieved using the pilot RCT design, particularly the limitations pertaining to 

statistical power for outcome analysis and generalisability of the results beyond the 

immediate sample. The framing of the findings has reflected these limitations, describing the 

results as preliminary, focusing on feasibility and acceptability, and reporting of confidence 

intervals, as opposed to null-hypothesis testing of outcomes. The blinding of data entry as 

well as the reporting of sensitivity analyses were also strengths in the analysis. Whilst this 

protects again bias and ensures transparency in reporting, it does not overcome the inherent 

possibility that the findings may not be reproducible in a wider sample, particularly the 

estimated effects of the clinical outcomes.   

10.4.3. Pilot RCTs  

Another issue which is related to the above limitation involves the definition, aims 

and methodology employed in the pilot RCT design. The methodological characteristics of 

studies employing this design have been found to vary considerably (Billingham et al., 2013), 

possibly due to a lack of consistent recommendations within the literature (Julious, 2005; Lee 
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et al., 2014; Leon, Davis, & Kraemer, 2011; Teare et al., 2014; Whitehead et al., 2014). Two 

primary sources of inconsistency relate to the appropriate reporting of clinical outcomes and 

sample size recommendations. As explained above, although power analysis is not used to 

inform the target sample size of pilot RCTs, justification is still needed (Thabane et al., 

2010). There has been no consensus reached on exactly how this decision should be made. 

For a related reason, hypothesis testing is not possible in underpowered trials, and thus the 

interpretation of clinical effects is complex (Kraemer et al., 2006). The findings of the current 

research are a very good example of why this is the case.  

There is always a degree of variation between data points when measuring naturally 

occurring phenomenon, the distribution of which conforms to a normal curve when the 

sample size is sufficiently large (Field, 2013). This variation is important for statistical 

analyses, which typically utilise predictive models to test hypotheses about the data, such as 

whether there is a difference in mean scores between groups. These statistical models assume 

that variance originates from one of two sources: the effect of the independent variable, or 

error (Field, 2013). Error can arise from numerous sources, including internal bias within the 

design, or interactions between measured variables and factors outside the research. For 

example, the death of a loved one is likely to cause an increase in depressive symptoms 

irrespective of the effects of a treatment for depression. In large sample sizes, the degree of 

variation becomes smaller as the distribution moves closer to the true population, effectively 

cancelling out sources of error. This leads to more accurate estimates of the population 

effects, indicated by narrower confidence intervals. In other words, as the sample grows 

larger, the influence of random error is reduced, increasing confidence that the observed 

effect is true. In contrast, smaller samples are subject to a higher amount of error variance, 

causing confidence intervals to become wider as parameter estimates become more easily 

influenced by this variation. This was observed in the current pilot RCT, in which one 

individual demonstrated a large pre-post increase in scores on the primary clinical outcome 

measure. To examine possible causes of this, recordings of the assessments and a follow-up 

qualitative interview were examined, during which the participant reported a link between 

external life stressors in the days prior to the outcome assessment and a consequential 

worsening of the voices. Outside of this, the participant described very positive experiences 

with the intervention. Such stressors are external to the intervention and are thus a source of 

error. This level of investigation was important in order to establish that the intervention itself 

did not cause the worsening in symptoms, which would have potentially indicated a need to 

halt continuation of the trial (NHMRC, 2007). In very large sample sizes, the distribution of 
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these types of external life events becomes balanced across groups, therefore reducing their 

effect. However, due to the small sample size employed in this pilot RCT, this case had a 

considerable influence on the treatment group effect. For transparency, this was reported in 

the results and depicted within a box plot figure. All analyses were run again without this 

case (i.e. sensitivity analysis; Thabane et al., 2013), showing the effect size of the primary 

clinical outcome increase and the significance level reached. However, as this case was a 

valid part of the population, and to produce a more conservative estimate of effects, the final 

reported effect sizes included this case. This was considered important to report for 

transparency reasons, particularly given recent research identifying a lack of adverse event 

monitoring and reporting in clinical trials of CBTp for psychosis (Morrison, 2018).  

Taken together, this was an important learning process in recognising the limitations 

of pilot studies for examining clinical effects. It has been argued that significance testing 

should not be included in pilot studies and instead, observation of the effect sizes and 

confidence intervals should be the primary focus (Arain et al., 2010; Lancaster et al., 2004; 

Lee et al., 2014), or simply not to estimate effects at all because the chance of Type I or Type 

II error is too high (Leon et al., 2011). In considering the former recommendation, these 

parameter estimates are also influenced by variation within the sample. Whilst confidence 

intervals provide some indication of the reliability of the effects, due to the small sample, the 

chances of finding different intervals upon replication is high. This is concerning as pilot 

RCTs can have inflated effects, which may provide an inaccurate representation of the 

evidence (Kraemer et al., 2006; Lincoln & Peters, 2018). It was interesting to note that no 

other pilot RCT during literature searches mentioned influential cases, though it is highly 

probable that they are a common statistical encounter. On the basis of the current findings, 

future research should report on such data and consider any influence on the analysis. Taken 

together, the key knowledge gained from this process is that whilst effect size estimates 

provide some indication of the effects of an intervention at pilot stages, they are inherently 

unreliable and require considerable caution during interpretation. This also emphasises the 

importance of basing evaluations of efficacy on full-scale RCTs that are fully powered to 

detect effects, and the transparent reporting of all findings regardless of statistical 

significance (Button et al., 2013; Franco et al., 2014; Simmons et al., 2011).  

10.4.4. Multi-component intervention 

Complex psychological interventions with multiple potential active ingredients are a 

challenge for clinical research. As discussed earlier in this thesis, research on CBTp has yet 

to provide a clear understanding of the therapeutic mechanisms underlying its effects (Tarrier 
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& Wykes, 2004; Thomas, 2015). CBTp contains numerous components, which may all 

operate differently, and this may vary between people. Clinical trials are often conducted 

with heterogenous samples and hence introduce another source of potential variability within 

outcomes. Being mindful of these limitations, the current research designed a targeted 

intervention within a well-defined population of people who shared the same experiences. 

Further, process measures were included in order to examine potential therapeutic 

mechanisms associated with the intervention effects. However, whilst the focus on enhancing 

coping isolated one of a number of CBTp components for voices (Thomas et al., 2014), the 

use of novel technology meant that the SAVVy intervention ultimately contained a number of 

active therapeutic ingredients, including EMA monitoring, EMA-defined feedback, EMI 

prompts, therapeutic contact, and use of a smartphone app. It is conceivable that a number of 

these components may have led to the effects observed. Interestingly, the findings of the 

qualitative study indicated that the perceived therapeutic benefit of different intervention 

components varied between people, highlighting a further point of complexity when trying to 

disentangle the results. This will be discussed later in this chapter, however it bears mention 

in relation to the current research that it is not possible to clearly determine what aspects of 

this treatment can be attributed to specific effects. As previously mentioned, a future trial 

with a carefully considered control group, possibly using a dismantling or factorial design, 

may assist in identifying which elements of the intervention contribute to therapeutic effects 

and how (Collins et al., 2007; Michie et al., 2017; Ritterband et al., 2006; Torous & Firth, 

2016). 

10.4.5. Level of consultation   

Although the involvement of lived experience consultants was incorporated across 

several stages in the research process, it would have been valuable to conduct additional 

research on user perspectives prior to testing. For example, focus groups may have yielded 

valuable feedback that could have informed the intervention design. Initial consultation can 

also form part of a needs assessment, providing a stronger justification for the research and 

sharing insights that can inform new developments (Ben-Zeev et al., 2013). Further, it would 

have been beneficial to consult with clinicians to gain perspectives about the approach in the 

context of service delivery. Typically it is beneficial for more extensive user consultations to 

be incorporated earlier in the research process (Maguire, 2001; van Gemert-Pijnen et al., 

2011), which can improve usability, acceptability, and engagement with digital health 

technologies (Hardy et al., 2018; Mohr, Lyon, et al., 2017; Yardley et al., 2015; Yardley et 

al., 2016). Given the early stage of this research and timeline of the thesis, the focus was on 
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testing the prototype and principles of the approach, from which future technologies may be 

developed and refined with the end user in mind. The findings of the current research suggest 

an investment in such future development is justified. 

10.4.6. Intervention design 

Although the intervention was designed carefully with guidance from the digital 

mental health literature (Kimhy et al., 2012; Palmier‐Claus et al., 2011), there are many gaps 

in this relatively new area of research. Decisions regarding the EMA component were largely 

derived from literature on its use in a research context. As few research studies have 

examined the clinical application of EMA for the treatment of mental health conditions, it is 

unclear how readily transferable these principles are. A related limitation is the lack of 

standardised EMA scales, necessitating the development of items specifically for this 

research, with only basic psychometric analysis run on a limited amount of data. This is a 

common issue within this research area (Firth & Torous, 2015; Myin‐Germeys et al., 2018). 

The feedback analysis itself was purely exploratory and reflected a limited sample of 

experiences that may not have been representative of everyday life beyond the six-day 

monitoring period. The use of standardised beta coefficients to determine predictors for the 

EMA-derived feedback appeared to be a valuable addition to functional analytic formulation, 

however other approaches may be more suitable (Barnett, Torous, Staples, Keshavan, & 

Onnela, 2018). Further, the presentation of this feedback within a written form may not have 

been the clearest representation of the information, though again, there is little guidance on 

this within the literature. Finally, the EMI reminders and schedule appeared to be feasible and 

acceptable, however it is possible that other variants may have yielded different effects. 

Novel methods for optimising such designs are available (Collins et al., 2007), but were 

beyond the scope of this research. Some of these will be discussed later in this chapter. 

10.4.7. Potential sources of bias  

In the context of clinical trials research, bias can occur at multiple points (Schulz et 

al., 2010; Smith & Noble, 2014), including in the selection of participants, the response of 

participants to treatment allocation (e.g., the placebo effect), differences in interactions 

between researchers and participants in either group, certain participants being lost to follow-

up, assessment ratings being influenced by group allocation, and the selective reporting of 

outcomes. As outlined in chapter six, the design, conduct and reporting of the pilot RCT 

aimed to control for many of these potential biases. Nonetheless, there remained a few 

potential sources of bias which may have influenced the results.  
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Firstly, it was not possible to control for the participants’ awareness of what group 

they were allocated to (as in a double-blind trial). This can result in the influence of 

expectation on treatment response, akin to a kind of placebo effect. Similarly, there has been 

recent recognition of the potential for a digital placebo effect (Torous & Firth, 2016), 

whereby the involvement of technology within a treatment may lead to expectations for 

positive benefits. The Hawthorn Effect, observed as the alteration of behaviour or effect 

caused by the attention received when enrolled in a research study, has also been highlighted 

as a major source of bias in psychological intervention research (Jauhar et al., 2014). 

Similarly, participants were aware that the aim of the intervention was to improve coping 

with voices, which may have led them to conform to the expectation that they would 

demonstrate these benefits within outcomes (otherwise known as demand characteristics). 

These biases can confound the meaningful effects of a treatment and are thus typically 

resolved through masking of participants to their treatment allocation or through the use of 

well-designed control groups. It was not possible to shield participants from the knowledge 

they were receiving a treatment, as is commonly difficult in psychological intervention 

research, nor was there an active control group. Another source of bias may have been the 

three cases who dropped out of the trial for whom no follow-up data was available. Although 

robust statistical methods were used to impute these missing cases, and statistically there was 

no basis to conclude they were not missing at random, it is possible that these cases differed 

in their experiences of the intervention and/or had a different trajectory of improvement.  

There were also clearly issues related to the external validity of the research 

(Rothwell, 2005). This included the limited setting of the study and research context, the role 

of a highly invested therapist who was heavily involved in other aspects of the trial, inclusion 

and exclusion criteria limiting the sample to people with persisting, relatively high frequency 

voices across multiple diagnoses, many of whom had participated in multiple research 

projects in the past, and the demographic characteristics showing an underrepresentation of 

minority ethnic groups. Similarly, as mentioned previously, a common issue in research 

involves the specific characteristics of participants willing to take part in the research (Mohr, 

Weingardt, et al., 2017; Scollon et al., 2009). For example, the use of a smartphone for self-

monitoring may not appeal to individuals with heightened concerns about technology. As 

such, certain individuals may be underrepresented in digital health research.  

A final limitation concerns intervention fidelity. Demonstrating that an intervention 

was delivered as planned is necessary to ensure confidence in the relation between the 

intervention and its effects; an aspect of internal validity (Horner, Rew & Torres, 2006). To 
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ensure fidelity in the current research, a detailed therapy manual was designed alongside a 

fidelity checklist that was rated by the therapist following each session. The therapist was 

also supervised regularly by the principle investigator, who has extensive experience in the 

type of therapy being delivered and in conducting clinical trials. Whilst the therapist-rated 

checklist indicated a high level of within-session adherence to the therapy protocol, a more 

standard measure completed by an independent rater based on session recordings would 

reduce the chance of bias (Horner, Rew & Torres, 2006). Further, the therapist was also at an 

early stage of training and therefore limited in experience. It is a strength of the current study 

that measures were taken to promote intervention fidelity, particularly given this is 

infrequently reported in pilot trials, however a future trial in a larger sample would benefit 

from more thorough procedures. These potential sources of bias, combined with the small 

sample size, are cautions in considering the generalisability of the findings beyond the 

immediate research.  

10.5. Clinical implications and future directions  

The findings of this research contribute to the establishment of an evidence base for 

the therapeutic use of digital technologies in the treatment of people experiencing severe 

mental health difficulties (Alvarez-Jimenez et al., 2014; Donker et al., 2013; Ebert et al., 

2018; Naslund et al., 2015; O’Hanlon et al., 2016). Currently, specific evidence for the 

clinical use of EMA/I in psychosis is limited, and there is a need for further research before 

clinicians may comfortably recommend digital technologies within treatment. This is largely 

due to the lack of large-scale clinical trials, however there has been some progress recently 

(Depp et al., 2018; Schlosser et al., 2018). Clearly this is a rapidly advancing area of research 

that will likely see considerable technological developments over the following decades. The 

current research findings contribute to this advancement by demonstrating that EMA/I may 

be used as blended tools within psychological therapy of distressing psychotic experiences.  

10.5.1. EMA as a clinical tool 

In the current research, EMA was used to facilitate self-monitoring of voices and 

inform functional analytic formulation of these experiences through analysis and feedback of 

patterns within individual EMA data. Given the central role of assessment and formulation 

within psychological therapy, the opportunity to utilise EMA as a tool to accurately, reliably, 

and conveniently measure and monitor clinically relevant phenomenon is important (Bakker 

et al., 2016; McDevitt-Murphy et al., 2018; Scollon et al., 2009). Idiographic treatment 

approaches involve the assessment of individual level variation that is used to tailor 

intervention approaches (Haynes et al., 2009). Functional analysis is a type of idiographic 
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assessment due to the assessment of individual contingencies associated with fluctuations in 

symptoms. Fisher and Boswell (2016) and Fisher (2015) described how EMA can be used as 

an idiographic assessment tool by capturing the dynamic interplay between variables over 

time, elucidating patterns relevant for clinical decision making. This potential application of 

EMA has also been mentioned within a number of reviews (Bakker et al., 2016; Ebner-

Priemer & Trull, 2009; Fisher, 2015; Fisher & Boswell, 2016; McDevitt-Murphy et al., 2018; 

Trull & Ebner-Priemer, 2009; van Os et al., 2017), however has never been the subject of 

investigation in psychosis.  The current research provides further support for this use of EMA 

by demonstrating that the method can be used to identify predictors of fluctuations in voice 

intensity in order to inform the tailoring of person-specific intervention strategies. This 

approach has considerable clinical potential and should be subject to further research.  

Voice hearing is well suited to the current clinical application of EMA as these 

experiences are distinctly recognisable and show individualised, momentary variation which 

is readily influenced by variables that can be measured using EMA, such as context and 

mood. This approach may be applicable to other clinical presentations, though may not be 

appropriate in some cases. Symptoms of mood and anxiety disorders are known to interact 

with internal (e.g., thoughts) and external (e.g., social context) that might be captured using 

EMA (aan het Rot, Hogenelst, & Schoevers, 2012). Capturing the behavioural contingencies 

associated with increases or decreases in depression or anxiety may help elucidate functional 

relationships that are informative for treatment. Research has shown that retrospective reports 

of mood are particularly influenced by current affect states (Sato & Kawahara, 2011), 

suggesting EMA may be a more reliable assessment method. However, EMA will be less 

appropriate for the assessment of clinical variables that do not show momentary variability, 

or in cases where individuals are not able to reliably reflect on experiences. In certain mental 

states, such as during manic or psychotic episodes, reflection, or even engagement with a 

smartphone app, may be difficult. This would be particularly relevant for longer EMA 

questionnaires, such as the one used in the current study, which requires some sustained 

concentration and meta-cognitive skill, which can be impaired in psychosis (Lysaker et al., 

2013). Some mental health concerns, such as delusional beliefs, may be less easily captured 

using EMA items. However, research has supported the reliability and validity of EMA as a 

methodology for measuring psychotic experiences, including for delusions (Ben-Zeev et al., 

2012; Brenner & Ben-Zeev, 2014; Granholm et al., 2008; Kimhy et al., 2006). Satisfactory 

concurrence between EMA self-report and clinician rated measures has been found 

(Granholm et al., 2008; Kimhy et al., 2006; Palmier-Claus et al., 2012), although the 
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psychometric properties of these EMA scales have not been well established and some 

symptoms are less easily captured. For example, one study by Palmier-Claus et al. (2012) 

found that EMA self-report and clinician rated symptoms of observable behaviours, such as 

cognitive disorganisation or hostility, were not significantly related. Finally, those with more 

distinct and recognisable antecedents and responses may not require the sensitivity offered by 

EMA. For example, specific phobias usually present with a fairly clear formulation. As is 

emphasised elsewhere in this discussion, there is a need for research to develop 

psychometrically validated EMA scales before these can be used for clinical purposes.  

Further research is needed on the best method of analysing within-person EMA data. 

The aforementioned study by Kroeze et al. (2017) used a similar approach to analysing 

within-person EMA feedback for a woman with persisting anxiety and depression. Using 

network analysis, the interconnection between symptoms and context revealed meaningful 

and relevant information that was used as a basis for formulation and treatment planning. The 

current intervention used a series of multiple regression analyses to elucidate predictors of 

voice intensity, as well as basic summary statistics akin to those used by Kramer et al. (2014). 

Whilst this did reveal meaningful patterns and was reported by participants to be valuable, 

further research is needed to establish the most appropriate statistical methods for such 

analysis. For example, Barnett et al. (2018) highlights the need to consider the high 

correlations between momentary assessment variables necessitating analyses that do not 

assume independence, the redundancy of many items suggesting dimension reduction 

methods are appropriate, methods of handling missing data, and the need to correct for 

multiple analyses. It would also be valuable to examine how best to communicate this 

information to people. Kroeze et al. (2017) used network graphs to depict interrelationship 

between variables and the current research used simplified written summaries. These 

methods may be difficult to interpret for some individuals, particularly those with cognitive 

difficulties, which are common in psychotic disorders (Fioravanti et al., 2012). The design of 

engaging visualisations may be an effective way of communicating complex statistical 

relationships clearly and effectively. For example, the temporal relationships between 

variables using EMA may be represented using animated visualisations that can depict 

changes over time (Ward, Grinstein, & Keim, 2015). Such research would necessitate 

collaborative efforts within multidisciplinary teams, perhaps including those with expertise in 

the field of computer-human interface (Poole, 2013).  

In the absence of any validated scales to assess momentary experiences, basic 

questions pertaining to the reliability and validity of EMA measures remain unanswered 
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(Scollon et al., 2009). To reduce participant burden, it would be useful to optimise the 

number of EMA items needed for different clinical purposes in order to ensure all relevant 

information is being captured for each individual. In the current intervention, EMA items 

were selected on the basis of prior literature and expert feedback. However, only a select 

number of variables ended up being relevant for each participant’s feedback, highlighting 

how such patterns are highly individualised and thus justifying the idiographic approach. 

Another potential model may be to identify sets of variables during initial face-to-face 

assessments and include only the most relevant for monitoring, enabling a more tailored 

approach. As suggested by one participant, passive sensors might also be used to measure 

some relevant variables such as location, actigraphy, and speech, reducing the requirement 

for active participant responses. For example, a pilot study by Barnett et al. (2018) 

demonstrated how passive data collected via a mobile device could be used to predict relapse 

in a small number of participants diagnosed with schizophrenia.  

Further, the design of EMA protocols has been largely informed by research 

guidelines involving group-level analyses with specific hypothesis-driven aims. Research has 

yet to establish guidelines for the design of EMA protocols for clinical purposes, which will 

clearly depend on the nature and goal of the intervention. For example, some studies have 

utilised weekly EMA monitoring over longer periods of time (e.g., 12 months; Ben-Zeev et 

al., 2017; Eisner et al., 2018) versus shorter, more intensive protocols used in the current 

research for more micro-level assessment. It would be beneficial for research to examine the 

statistical considerations which may inform decisions about the design of EMA protocols for 

different clinical purposes.   

10.5.2. Scaling up and implementation 

There is a strong sense of optimism within the digital mental health literature, largely 

focusing on the benefits that technologies may bring to mental health treatment. Some have 

highlighted a general overemphasis on positive findings (Firth & Torous, 2018). It is 

important that researchers and clinicians maintain a level of scepticism when considering this 

field as a whole. There are indeed many gaps that need to be addressed before technologies 

can be confidently accepted as part of routine clinical care. For example, there appears to be a 

lack of focus on the potential adverse events or negative side effects of digital technologies, 

which future trials should monitor closely. Further, as research progresses in establishing 

feasibility and acceptability, a shift towards efficacy and effectiveness should occur (Torous, 

2018).  
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Whilst evidence from clinical trials of digital interventions has generally been 

positive, the implementation of these interventions within routine services has been less 

promising (Luxton et al., 2011; Mohr, Lyon, et al., 2017; Mohr et al., 2018; Mohr, 

Weingardt, et al., 2017). Within real-world settings, research has found that the use of digital 

mental health technologies is lower than in research contexts (Baumel & Kane, 2018; Torous, 

Nicholas, et al., 2018; Torous, Patrick Staples, et al., 2017), and it is unclear how best to 

integrate these within routine clinical care systems. Along these lines, the attitudes, 

preferences, and concerns from mental health professionals need to be understood and 

acknowledged in order to address barriers to implementation (Berry et al., 2017). Those with 

lived experience should also be involved throughout this process, whom are experts in their 

own lives and are therefore best placed to advise about the most relevant uses of 

technologies. Mohr, Lyon, et al. (2017) suggests the reasons for the gap between research and 

practice is related to the slow pace of the research process, a lack of consideration for 

important design principles, and biased samples consisting of technologically motivated 

participants. Some potential solutions have been suggested, including the combined 

evaluation of efficacy and implementation with a hybrid trial design model (Curran, Bauer, 

Mittman, Pyne, & Stetler, 2012; Mohr, Lyon, et al., 2017; Mohr, Weingardt, et al., 2017). 

Some other designs to account for this issue will be discussed later in this chapter in the 

context of future directions within digital health research.  

10.5.3. Cost-effectiveness and optimisation of blended therapies 

It is promising to note that cost-effectiveness evaluations of digital technologies are 

being incorporated into the research process (e.g., Kenter et al., 2015), however clearly 

further work in this area is needed. This is particularly important since one of the primary 

promises of digital mental health technology is to reduce the cost and burden on mental 

health systems. If the development and delivery of these technologies are to be justified, there 

needs to be clearly demonstrated benefits over and above what is already available. In the 

context of the current intervention, it would be beneficial to conduct a trial comparing the 

blended approach to a condition in which the technology was not incorporated to determine 

what, if any, added benefits exist. Theoretically, these benefits might include more effective 

generalisation of therapeutic skill to daily life through EMI prompts, as well as making the 

therapeutic process more efficient and collaborative. Participants in the qualitative study 

reported the technology assisted in fast-tracking both rapport and the effects of the treatment, 

as well as providing a more focused point of discussion within therapy sessions. This 

suggests that the technology may make the therapy more efficient, requiring less time and 
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also enriching the therapeutic process. Blended therapies have been promised as a means of 

making standard therapies more potent and efficient, requiring less time and resources to 

deliver. Whilst the finding of the qualitative study supports this, well-designed trials are also 

needed to establish the evidence of this claim. More research is also needed to examine the 

long-term uses of different technologies, with most trials currently limited to short-term 

follow-ups, or in the case of the current research, no follow-up at all. 

Some research has demonstrated that the costs of blended therapies are in fact higher 

than standard care. Kenter et al. (2015) conducted an observational study in which 

individuals who had received blended therapy were compared to those who received standard 

care. This was a naturalistic study without appropriate controls in place, however findings 

indicated that those who received the blended therapy also received a larger number of face-

to-face sessions, and outcomes did not differ to those receiving standard care only. These 

findings are limited as this was not a randomised controlled trial with appropriate balancing 

across groups and randomised allocation, however the findings do suggest that in naturalistic 

settings, the involvement of digital technology may not serve to reduce therapist contact or 

lead to larger treatment effects.  

Kenter et al. (2015) and a review on blended therapies by Erbe et al. (2017) highlight 

additional considerations for the implementation of blended therapies. Firstly, the training 

and skills required for blended therapy are different to that of standard care, with a limited 

number of clinicians currently available with this specialist training. For these reasons, 

researchers such as Torous, Chan, et al. (2017) have argued that there is a need for specialist 

training courses to qualify clinicians in the use of digital technologies for mental health. 

Notably, a systematic review by Baumeister et al. (2014) found that the level of qualification 

of e-coaches did not influence outcomes in guided internet interventions, though these 

interventions tend to be more structured and therefore may not require considerable training 

to support. This does raise the question of whether some digital intervention might be 

delivered effectively with less training required, though this will clearly depend on the nature 

of the intervention, the role of therapist within it, and the needs of the individual. For 

example, the current intervention involved functional analysis, which is a complex clinical 

formulation technique that requires some expertise. Further, producing the EMA-derived 

feedback and linking this to the functional analysis was also complex and required some 

clinical and statistical experience. These requirements suggest some training and expertise 

would be required to successfully deliver this type of intervention.  
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 More guidance is also needed on the methods and uses of different technologies 

within blended therapy, with Kenter et al. (2015) finding this varies greatly in practice. For 

example, some technologies may replace entire aspects of a therapy and others may be used 

as an adjunct or supportive tool. The current intervention employed EMA/I in line with the 

latter alternative, showing that these technologies may be used to complement, rather than 

replace, therapeutic components. Finally, the definition of a blended therapy would benefit 

from further consideration. Research has demonstrated that the addition of ‘guidance’ within 

digital interventions tends to result in more promising outcomes relative to those which are 

‘unguided’, although this may depend on the condition (Baumeister et al., 2014). The 

involvement of some therapeutic contact with a real person seems to be valuable, however it 

is unclear at what point this involvement becomes a formal part of the intervention itself as 

opposed to simply supporting or motivating engagement. It would be worth disentangling the 

continuum of guided to fully blended therapies, which may inform what type and ‘dose’ of 

involvement is needed. Baumeister et al. highlight that the dose-response relationship 

between guidance (or possible therapist involvement in the case of blended therapies) and 

treatment effect may not be linear, suggesting that different combinations of digital 

technologies and face-to-face contact may be needed at different stages. Qualitative feedback 

from the current research supported this notion, with participants indicating that the EMI 

prompts were less effective over time as they came to be used automatically. This is 

important for considering the mechanisms through which such prompting may lead to 

therapeutic effects, possibly via reinforcement of new behavioural responses in memory. In 

considering the possible non-linear relationship of EMI dosage, future technologies may 

benefit from being more adaptive and flexible, such that individuals and clinicians may tailor 

the technology and human-contact components depending on individual needs at the time, 

similar to how psychopharmacological medication is commonly adjusted (Swen et al., 2011). 

In line with this, research has demonstrated that digital interventions which use tailoring tend 

to be more effective (Morrison et al., 2012). 

10.5.4. Ethical considerations 

As outlined in chapter four, there are ethical considerations involved in the use of 

digital technology in mental health care. Concerns from patients and clinicians seem to 

converge on issues relating to privacy, confidentiality, and credibility (Berry et al., 2017; 

Bucci, Morris, et al., 2018; Dennison, Morrison, Conway, & Yardley, 2013; Torous, 

Wisniewski, et al., 2018). Some of these concerns are particularly relevant to EMA/I 

technologies. EMA is capable of capturing moment-to-moment changes in mental state, 
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which on occasion may indicate the need for crisis intervention. The development of EMIs 

capable of providing instantaneous interventions in these moments would be valuable, 

however in the case of non-synchronous interventions such as the current research, 

alternative procedures are necessary. This places additional pressure on the clinicians who 

have access to this information, with a need to ensure clients have clear expectations about 

response times and are not reliant on the technology for crisis support (Luxton et al., 2011; 

Luxton, June, & Kinn, 2011). Individuals will also understandably have preferences about 

how their personal EMA data should be accessed and used under certain circumstances. With 

many existing technologies being run by commercial companies with vested interest in using 

personal data, caution is clearly warranted (Kotz et al., 2016; Sunyaev et al., 2014). 

Additionally, the evidence base for the vast majority of currently available technologies is 

lacking, some of which have been found to include inaccurate or even harmful information 

(Larsen et al., 2016). EMA/I-based interventions should be held to the same standard as other 

technologies, using theory-driven design, thorough empirical evaluation, and clear ethical 

consideration. These issues are all part of an evolving discussion within the mental health 

literature, with many highlighting the need to establish explicit standards and regulations 

(Armontrout et al., 2016; Kotz et al., 2016; Michie et al., 2017; Torous et al., 2018). A 

recently published article by Torous et al. (2019) calls for a consensus to be reached amongst 

key stakeholders on universal standards for digital mental health technologies that centres on 

data security, usability, effectiveness, and integration within existing health information 

systems.  

10.6. Research implications, considerations, and future directions  

Evidenced by the substantial increase in the number of studies published in the field 

of digital health research over the last two decades, it is clear that this is an important area for 

the future of mental health care (Andersson, 2018). Whilst this promise has been recognised, 

there is a lot of ground yet to be covered. The International Society for Research on Internet 

Interventions (ISRII) was developed in 2004 as an international body aiming to promote the 

development and testing of digital technologies, with a research agenda established in 2006 

to identify key aims and directions for future research (Ritterband et al., 2006). Similarly, in 

2015, a workshop bringing together 42 key stakeholders across four countries summarised 

key issues in the digital health field and agreed on recommendations for future research 

(Michie et al., 2017). The outcomes from these two initiatives converge on a number of 

central themes, which are summarised in Table 10.1. Over the remaining sections of this 
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chapter, future directions most relevant to the current research are discussed, as well as some 

broader issues related to the field of digital health research.  

 

Table 10.1. Overview of key directions for the future of digital health research 

Key direction   

1. Continue to develop the evidence base of digital interventions in terms of cost-

effectiveness and efficacy 

2. Promote collaboration and multidisciplinary research 

3. Establish research methods to maintain pace with technological developments 

4. Establish the reliability and validity of internet delivered assessments  

5. Conduct research to understand and promote engagement with digital health 

technologies  

6. Determine and dismantle the mechanisms of change associated with different digital 

interventions and use this to optimise the design  

7. Identify which interventions work best and for whom 

8. Establish formal ethical regulation and governance  

  

10.6.1. Exploring the potential of EMA and EMI 

In addition to the use of EMA and EMI as vehicles for delivering treatment, there are 

additional potential applications of these technologies which warrant future research. The 

findings of the current research demonstrate how EMA can assist in identifying 

individualised symptom profiles which can be relevant for tailoring interventions. This 

suggests that EMA is a useful tool for idiographic treatment approaches (Haynes et al., 2009). 

An extension of this is the use of EMA as an assessment tool within personalised medicine 

research. The introduction of the Research Domain Criteria (RDoC; Insel et al., 2010) 

framework highlights the emergent shift away from nomothetic approaches to studying 

mental illness. Torous, Onnela, and Keshavan (2017) explains how the collection of 

individual momentary assessment data via mobile devices could help to better characterise 

mental illness through the development of digital phenotypes. This concept centres on the 

recognition that the symptoms of mental health conditions are temporally dynamic, 

contextually driven, and socially modulated. Mobile devices are capable of capturing a large 

amount of relevant data that could be used to identify individualised patterns in these 

variables, providing insight into the mechanisms underlying these conditions. In this rapidly 
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advancing research area, it is critical that research works towards developing such 

technologies in a way that ensures they are reliable, valid, and safe, the outcomes of which 

should demonstrate consistent replication across independent samples and have practical 

application. 

The ability for EMA to identify mechanisms underlying experiences and how these 

change over time make the technology well suited to assessing outcomes and mechanisms of 

change in clinical trials (Moskowitz & Young, 2006; Myin‐Germeys et al., 2018). This 

application of EMA has not been well recognised, with little existing research using the 

method for this purpose. An example was provided by Granholm et al. (2011), who 

developed one of the first EMI interventions for psychosis. Because the intervention involved 

the completion of EMA questionnaires to tailor EMI prompts on a daily basis, it was possible 

to examine the trajectory of changes in EMA data over time. Statistical models were 

constructed which examined the effect of ‘day’ as a predictor of daily EMA variables, 

including medication adherence, socialisation, auditory hallucinations, and associated 

cognitions. An example finding was that with each additional day of treatment, there was a 

statistically significant increase in the odds of reporting the absence of voices, and the rate of 

this decrease was similar to that of being less bothered by the voices. Similarly, there was a 

reduction in the odds of reporting the voices as being uncontrollable and all-knowing over 

time. This contributes to the evaluation of the intervention by demonstrating a dose-response 

relationship between the level of exposure to the therapy and its effects on key outcomes, as 

well as identifying potential processes associated with changes in clinical outcomes. Such 

analyses have potential to answer more nuanced questions about the mechanisms of a 

treatment, including how the effect changes over time, what this is influenced by, and what 

mechanisms drive it. Notably, a similar analysis could also be used on data from the current 

intervention as participants completed identical EMA questionnaires each evening of the 

intervention. This data was limited to those within the treatment group and the issue of 

missing data needs to be considered, however this may be the basis for an interesting 

additional publication arising from the current research.  

EMA/I may work as complimentary technologies in the development of intervention 

causalist models. An eloquent example of the interventionist causal approach has been 

demonstrated by Freeman (2011). Initial research was conducted to test theoretical 

mechanisms underlying delusions (e.g., Freeman & Garety, 1999), which then informed the 

development of interventions which targeted them. The interventions were then empirically 

tested within RCTs, focusing on outcomes related to symptoms and the associated 
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mechanisms. Impressively, this allows for causal inferences to be drawn given the 

experimental manipulation of a proposed causal mechanism (e.g., worry) through an 

intervention (e.g., CBTp-based worry reduction intervention) and testing the consequential 

effect on the proposed outcome of the mechanism (e.g., paranoid delusions; Foster et al., 

2010). This simple demonstration of hypothesis-driven research has led to significant 

advances in the treatment of delusions, with Freeman and colleagues now testing these 

therapies using virtual reality technology with some promising results (Freeman et al., 2016). 

Reininghaus, Depp, and Myin-Germeys (2015) extend this model to a micro-level in what the 

authors term ecological interventionist causal models. This involves the use of EMI to target 

specific theoretical mechanisms in the moment they occur and test the outcomes of this 

intervention in real time. This offers the added benefit of testing the proposed mechanisms in 

ecologically valid contexts using methods with a high degree of temporal sensitivity that can 

establish the time-order sequence of events; a necessary step in determining causation. 

Further, the method is readily scalable given the ubiquity of mobile devices, enabling the 

roll-out of widely available, evidence-based interventions that are well tailored to specific 

clinical presentations and allow for the simultaneous testing of theoretical mechanisms.  

Ecological interventionist causal models might also be applied at the individual level 

with psychological therapy to examine responses to interventions and use this to adapt the 

treatment over time (Myin‐Germeys et al., 2018; Trull & Ebner-Priemer, 2009). Identifying 

cause and effect relationships on an individual level might offer an extremely tailored 

intervention approach. This concept might be applied to the concept of N-of-1 clinical trials, 

which involve the empirical optimisation of an intervention for a single individual based on 

randomised trialling of different evidence-based options (Lillie et al., 2011). These trial 

designs have been proposed as an alternative to standard, group-level RCTs which can result 

in overgeneralisation of treatments for individual patients based on a questionable “one size 

fits all” assumption. This model shares similarities to the MOST and SMART models 

discussed in the next section (Collins et al., 2007), however the concept is applied at the 

individual, rather than group, level.  

The current intervention provides a basic example of how this might work through the 

combined use of EMA for assessment and trialling of different intervention strategies using 

EMI. Firstly, EMA self-monitoring provides insight into the effect of different behavioural 

responses and antecedents on the target symptom, informing tailored selection of appropriate 

intervention strategies. Different intervention strategies are then trialled, and their effects on 

the target symptom are monitored and reviewed based on the data collected (i.e. feedback of 
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evening EMA items). The combined use of EMA and EMI in this way provide a means of 

potentially optimising the intervention by trialling different approaches and monitoring their 

outcomes. This concept is not new to psychological therapy, where routine monitoring is 

typically used to evaluate and adapt treatment plans. Self-monitoring has been described as a 

core component of cognitive behavioural therapies, giving rise to an ethos of collaborative 

empiricism which is used to understand and examine feelings, thoughts, and behaviours, in 

order to plan, implement, and fine-tune interventions (Cohen et al., 2013). The automation of 

self-monitoring using EMA and the potential to empirically test the effects of an intervention 

using statistical analysis could be a very valuable extension, particularly given many 

assessment methods lack reliability, ecological validity, and temporal sensitivity (Shiffman et 

al., 2008; van Os et al., 2017). This is an exciting application of EMA/I that deserves further 

investigation, possibly including the development of more automated systems that could 

incorporate algorithms to inform clinical decision making based on the data collected.   

10.6.2. Methods for evaluating digital interventions  

The pace of technological innovation is extremely rapid, which consumers have come 

to expect and rely on in their day-to-day lives. Given the typical ‘bench to bedside’ life cycle 

of medical research is around 17 years (Morris, Wooding, & Grant, 2011), these timelines are 

highly incompatible. The current pilot phase research took four years to complete, after 

which it is necessary to establish efficacy, effectiveness, and ultimately implementation. The 

time, costs, and resources necessary to conduct these studies are enormous. There has been 

growing momentum behind the need to establish novel methodologies which may incorporate 

more flexibility in the development and evaluation process. Some of these alternative models 

of evaluation are discussed below in considering the future direction of this research.  

Mohr et al. (2015) explains that current RCT methodologies are based on a “lock 

down model” of determining the effects of a fixed intervention. This is appropriate for 

interventions with a potentially long “shelf life”, however is less appropriate for digital 

interventions which evolve rapidly. This evolution affords great potential to design digital 

health interventions that are more relevant, useful, accessible, and effective. As such, digital 

mental health technologies need to be agile and flexible to allow for continuous updates and 

improvements (Kumar et al., 2013; Mohr et al., 2015; Mohr, Weingardt, et al., 2017). Those 

unable to keep up with the fast pace are likely to become irrelevant and therefore unpopular 

amongst users. Mohr et al. (2015) recommends that RCTs be used to test the principles of 

digital interventions as opposed to the specific technologies. Referred to as Trials of 

Intervention Principles, the findings may be more generalisable to other researchers, 
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clinicians, designers, and developers. It can be confidently said that the current intervention is 

an example of this approach, which utilised an existing technology to test the principle of 

using EMA/I for specific purposes within a blended therapy for voices. Mohr et al. (2015) 

outlines a framework termed the Behavioral Intervention Technology Model (BIT Model) 

which operationalises how the principles should be determined and subsequently evaluated. 

A priori criteria should be used to define the aims of the intervention (e.g., improve 

awareness), behaviour change strategies employed (e.g., self-monitoring), and the elements 

which support the delivery (e.g., EMA). Based on this model, a next stage of the current 

research may involve optimisation of a smartphone app built-for-purpose, the basic 

characteristics of which may change over the course of the research as new knowledge arises. 

However, the core principles of the intervention should remain fixed and in line with the 

original definition.  

Multiphase Optimization Strategy (MOST) and the Sequential Multiple Assignment 

Randomized Trial (SMART) have also been proposed as alternative methods for developing 

and evaluating digital interventions (Collins et al., 2007). The MOST model is based on the 

recognition that interventions typically contain multiple active components, the effects of 

which offer important information that can be used to adapt and refine the design. The model 

uses a phased-based approach which is depicted in Figure 10.1. The first phase involves 

identifying and testing different components to determine their relevant effects. The second 

phase involves building a basic ‘draft’ of the intervention and examining the optimum levels 

of intervention components. Both of these two phases involve randomised experimentations 

whereby users are randomly allocated to receive different components and levels in different 

combination, otherwise known as a factorial design. Informed by the findings of these initial 

steps, a final intervention is produced which is then subject to a standard RCT evaluation as 

the third phase. This iterative approach can be used to refine and optimise interventions 

through several stages, theoretically leading to more effective, potent interventions.  
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Figure 10.1. Outline of the Multiphase Optimization Strategy (MOST), incorporating the 

Sequential Multiple Assignment Randomized Trial (SMART), from Collins et al. (2007) 

 

The SMART model (Collins et al., 2007) can be combined with the MOST model and 

uses a similar principle of randomised experimentation, but applied to a particular type of 

intervention called time-varying adaptive interventions. These interventions involve the 

adaptation of interventions based on time-variant tailoring variables. Typically, this involves 

the assessment of a predictor variable across time (e.g., level of motivation) which is used to 

tailor the appropriate intervention. A typical EMI using branching logic is an example of this, 

involving the prompting of specific intervention strategies dependent on preceding 

momentary assessments. The SMART model tests the different decision rules and sequences 

used to tailor different interventions by randomising participants to receive these in different 

order and measuring the predictor at the same time, optimising which intervention works best 

at what level of the predictor. As with the MOST model, the final intervention is then subject 

to a standard RCT evaluation. These approaches challenge the conventional RCT design by 

considering the need to empirically test, refine, and adapt digital interventions to optimise the 

potential benefits prior to conducting a large-scale clinical trial. However, they are naturally 

complex and require exponentially large sample sizes given the number of conditions 

required to compare different factors.    
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10.6.3. The control group  

As mentioned elsewhere in this chapter, the selection of an appropriate control group 

is critical within clinical trials. Different control groups can help isolate active components 

and answer important questions about the comparative benefits of different interventions. 

However, there are competing demands in this regard. Treatment-as-usual control groups are 

useful for establishing the cost-effectiveness of treatments and generally offer more statistical 

power, however what constitutes ‘routine care’ is highly variable and thus rarely a stable 

comparison (Löfholm, Brännström, Olsson, & Hansson, 2013). Tarrier and Wykes (2004) 

highlights the need to include active control groups to account for non-specific factors in 

psychological therapy, such as supportive counselling or befriending. Torous and Firth 

(2016) argues for the importance of controlling for the digital placebo effect by incorporating 

control groups that also use some form of technology. A demonstration of this is provided by 

Bucci et al. (2018), who compared the effects of a CBT-based app for early psychosis to 

EMA self-monitoring on a similar app. This helped to isolate whether the treatment effects 

were simply attributed to the use of an app, or something specific to CBTp.  

Another angle relevant to the implementation of these types of interventions is the use 

of control groups which receive a comparative treatment. As previously mentioned, it is 

important to establish whether there are any added benefits in spending time, money, and 

resources on the development and use of technologies for mental health care. For example, a 

future trial of the current intervention should consider using a control group whereby CSE is 

delivered without the existence of the app to determine if the app provides any added benefit 

in terms of cost saving and clinical effects. This may also help identify what EMA/I 

technology is contributing to the treatment. Another possibility is the use of different 

conditions to dismantle the active components of digital interventions (Michie et al., 2017). 

New methodologies such as MOST or SMART (Collins et al., 2007) may provide a means of 

deconstructing and controlling for different components using randomised experimental 

factorial designs. Clearly no single research study is able to answer all of these questions, 

however it is worth considering alternative designs other than the standard treatment-as-usual 

control group to answer more nuanced questions about the effects of digital interventions as 

the field proceeds beyond establishing feasibility and acceptability.  

10.6.4. Refining the pilot RCT 

Another consideration for future research concerns clarifying the definition and scope 

of a pilot RCT, including its distinction from the similar feasibility trial (Arain et al., 2010; 

Thabane et al., 2010). Whilst it is consistently advised that neither pilot nor feasibility trials 
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are sufficiently powered to assess efficacy (Whitehead et al., 2014), they are otherwise poorly 

differentiated. Generally, a feasibility trial is conducted at an earlier phase than the pilot 

RCT, typically employing a pre-post design without a control group. The focus is more so on 

evaluating initial parameters needed to design the main trial, including determining safety 

and estimating effects. Pilot RCTs are conducted at the last stage before commencing the 

full-scale trial and focus on testing of the trial procedures, affording a stricter methodology 

than feasibility studies. Clearly there is considerable overlap between the aims of these trial 

designs, and it is questionable whether both are needed in all cases, with some using the 

terms interchangeably (Thabane et al., 2010).  

The current study was labelled as a pilot RCT and confidently conforms to the 

guidelines on these types of studies (Eldridge et al., 2016). However, a major aim was to 

establish the feasibility of the intervention approach, as opposed to testing the protocol of a 

future definitive trial. As discussed in chapter six, the digital health literature has employed 

the pilot RCT methodology as a robust method of examining the feasibility and acceptability 

of different technological approaches. It would be worth considering how these aims align 

with current definitions, since in many cases these trials do not lead to subsequent full-scale 

RCTs. In many cases, the aim of these trials is to establish the principles, or “proof of 

concept” (Bucci et al., 2018), behind the use of a technology, as opposed to producing a fixed 

intervention (Mohr et al., 2015). Given the likelihood that new methods of developing and 

evaluating digital interventions will become common practice (Michie et al., 2017), 

considering how these definitions apply would be valuable. As has been mentioned elsewhere 

in this discussion, the slow pace of traditional research runs the risk of digital health 

technologies becoming outdated by the time their evidence base has been established. This 

issue has been considered by health services in the United Kingdom for example, resulting in 

the development of the Evidence Standards Framework for Digital Health (Greaves et al., 

2018). The framework provides a hierarchical classification of required evidence depending 

on the nature and aims of the given technology, however those for the purpose of diagnosis 

and treatment are held to the same standards as other evidence-based treatments, implying 

these are still subject to the standard length of multi-phased treatment evaluations (e.g., 

Moore et al., 2015).  

10.6.5. Determining what works and for whom  

One of the running themes throughout this thesis has concerned a focus on the 

individual, exemplified by the design of an idiographic intervention and ongoing discussion 

surrounding the limitations of nomothetic research approaches (Beltz et al., 2016). It is well 
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known that individual variation in treatment response is common, making it difficult to 

clinically apply the results of RCTs which aggregate average responses across subjects 

(Persons & Silberschatz, 1998). This variation was demonstrated in the current research by 

the variability in treatment response and the existence of an outlier. To return to an issue 

discussed early on in this thesis, perhaps one of the reasons for the limited effects of CBTp 

could be because the treatment works differently for different people (Tarrier & Wykes, 

2004). In the absence of appropriate subgroup analyses, those who respond positively or 

negatively to the treatment might cancel one another out, with resulting effect sizes 

somewhere in the middle. It is arguable that research needs to more effectively focus on 

questions of what works, for whom, and why. These are complex questions which require 

careful methodological considerations, some of which are discussed below.  

When conducted properly, subgroup analyses can help to identify characteristics 

associated with different treatment responses (Assmann, Pocock, Enos, & Kasten, 2000). 

This method involves the identification of subgroups of individuals based on their response to 

a treatment and comparing them on well-defined baseline characteristics. Similar statistical 

methods such as cluster analysis may also be appropriate, which involves grouping 

individuals who share a high degree of similarity on specific variables (e.g., Windgassen, 

Moss-Morris, Goldsmith, & Chalder, 2018). Moderator analysis can be used to identify 

specific variables which influence treatment responses, and mediation analysis can help 

elucidate the processes by which change occurs (Laurenceau, Hayes, & Feldman, 2007). It 

would be valuable to conduct hypotheses-driven research to test theories about these sorts of 

variables and their effects. For example, it might be hypothesised that an EMI-based 

intervention which prompts users to take their medication may be more effective for 

individuals with memory difficulties. This variable could then be entered as a moderator 

within the treatment effect model to test whether it had any influence on the effect. Such 

knowledge can be informative when selecting appropriate interventions based on initial 

assessment of relevant factors within clinical practice.  

Research which continues to establish predictors of engagement and treatment 

response to digital interventions will be incredibly valuable for informing how to optimise the 

design and use of different technologies within different populations. For example, Achtyes 

et al. (2018) found that use of a smartphone app for self-management of psychosis following 

hospital discharge tended to be higher in women, people over the age of 35 years, and those 

with at least a high school diploma. Further research to understand the reasons for this may 

assist in tailoring interventions to promote engagement. Notably however, an ongoing issue 
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with this research concerns the definition of engagement, which is actually a multifaceted, 

complex construct requiring clarification within the literature (Perski, Blandford, West, & 

Michie, 2016).  

Given a large amount of data is collected for a single individual, momentary 

assessment and other real-time data collection methods may also play a role in helping to 

understand which digital technologies might work best for whom. Machine learning and 

other analytic methods involving big data might be able to build profiles to characterise 

different patterns of engagement and treatment response, assisting to identify those which are 

more or less likely to benefit from a specific type or form of intervention. A further 

application might be to examine predictors of differences between individual treatment 

response by analysing within-person variability in EMA-based outcome data. This variability 

may identify different trajectories associated with the treatment effects across different 

individuals. Such an approach may help explain, for example, the finding of Depp et al. 

(2018), where the immediate and delayed effects of a digital intervention differed depending 

on schizophrenia or bipolar disorder diagnoses. Finally, as previously mentioned, trials which 

conduct more nuanced evaluations of different aspects of treatments will help to optimise 

interventions for different people (Webb et al., 2010). Although large sample sizes are 

needed for this type of research, the widespread use and availability of digital technologies 

offers a readily scalable platform for collecting data and testing different interventions, 

making such novel methodologies feasible. 

The suitability of specific technologies for different people and purposes may also 

change over time. The concept of clinical staging and stepped care models have been 

introduced to mental health literature over the past few decades, allowing for the tailoring of 

interventions based on the stage and severity of the condition (Bower & Gilbody, 2005; 

McGorry, Hickie, Yung, Pantelis, & Jackson, 2006). In the context of psychotic disorders, 

this has led to the identification of ultra high risk and early psychosis states, with the 

consequential roll-out of early intervention services aiming to intervene in the illness 

trajectory (Agius, Goh, Ulhaq, & McGorry, 2010). It is conceivable that digital tools such as 

EMA could play a role in characterising clinical stages through digital phenotyping (Torous 

et al., 2017) and EMI might be used to deliver tailored interventions at different stages. 

Additionally, there may be a role for digital interventions in identifying very early signs of at-

risk states, for delivering and increasing access to early interventions, and for managing 

ongoing signs of relapse in the case of persisting conditions. For example, Alvarez-Jimenez 

et al. (2013) developed an online platform for promoting social wellbeing in people with 
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early psychosis. Connecting to others who share similar experiences at this early stage might 

reduce the fear and stigma that can drive distress and worsen symptoms. These potential 

applications of EMA/I are important avenues for future research.  

10.6.6. Transdiagnostic research  

A final direction for future research involves continued investigation using 

transdiagnostic samples of individuals who share similar experiences. As outlined in chapter 

two, voice hearing is commonly observed across a number of psychiatric conditions and in 

the general population (Beavan et al., 2011; Sommer et al., 2012; Waters & Fernyhough, 

2016). In fact, many mental disorders show considerable symptomatic overlap (Galatzer-

Levy & Bryant, 2013; Kessler et al., 2005), underpinning growing critiques of the DSM-5 

classification system (Faravelli et al., 2012; Insel et al., 2010). Research has shown that voice 

hearing experiences share similarities across different diagnostic classes (Waters & 

Fernyhough, 2016), questioning the empirical validity of restricting samples to specific 

diagnoses. Further, designing treatments which focus on voices specifically, rather than for 

disorders like schizophrenia, are likely to be less heterogeneous in terms of the population, 

the intervention, and clinical outcomes (Bentall et al., 1988; Lincoln & Peters, 2018; Thomas 

et al., 2014). However, very little research has examined whether diagnosis has a moderating 

effect on treatment response within transdiagnostic clinical trials of interventions for voices, 

suggesting further research is needed. Further, more research is needed to establish whether 

transdiagnostic treatment approaches are superior to those which are disorder-specific. Such 

research would benefit from clearer definitions of the proposed therapeutic mechanisms 

underlying the intervention based on symptom-specific models, and testing these empirically 

using appropriate outcome and process measures (Thomas et al., 2014).  

Notably, whilst focusing on symptoms has the promise of stronger empirically 

validity and reduced heterogeneity, voice hearing is also not a homogenous experience 

(Nayani & David, 1996). Further, there are likely to be a number of different underlying 

mechanisms driving voices (Waters et al., 2006), with further subcategorization possibly 

necessary. For example, research has suggested that there may be different subtypes of voices 

(McCarthy-Jones et al., 2014), with potentially different causes and responses to treatment 

(Thomas et al., 2014). Thus, heterogeneity at the symptom level is also possible. This once 

again highlights the common theme across this thesis; it seems clear that the future of 

psychiatric research should pay closer attention to the nuances of individual difference.  
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10.7. Summary and conclusion  

This research has been the first to examine the therapeutic application of EMA/I in a 

blended therapy for distressing voice hearing experiences. An intervention was developed to 

test this approach which involved several iterative stages, including a systematic review, 

lived experience consultation, and initial piloting and testing, followed by a pilot RCT to 

evaluate feasibility, acceptability, and preliminary clinical efficacy. The findings of this 

research demonstrated that it is possible to use EMA/I technology in this way with 

individuals with distressing psychotic experiences, with feedback from participants 

suggesting the intervention was well tolerated and seen as beneficial and credible, and 

preliminary clinical effects indicate the approach has promise for improving voice-related 

outcomes and coping. It is hoped that this research demonstrates the important potential of 

EMA/I to support and enhance existing psychological therapies, providing a foundation from 

which future research can be conducted to more thoroughly evaluate these capabilities. 

Whilst this particular investigation was limited to voices hearing experiences, it is 

conceivable that this approach may also be applied to other clinical experiences. As 

highlighted in this discussion, there are many relevant avenues for future research, 

particularly in continuing to establish the clinical efficacy of EMA/I and other digital 

technologies in the context of clinical treatment, until which time a cautiously optimistic 

attitude should remain. Given the rapid pace of developments in the digital health field, 

hopefully future research can build on the current findings to assist in developing more 

effective, accessible, and empowering treatments for those individuals who need them.  
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Chapter 27: The therapeutic use of digital technologies in psychosis 

Imogen H. Bell, Michelle H. Lim, & Neil Thomas  

Abstract  

Ownership and regular use of digital technologies such as smartphones is growing 

increasingly prevalent in people experiencing severe mental illness such as psychosis. Mobile 

devices such as smartphones, computer-based applications, and online programs or websites 

have unique capabilities which show promise for enhancing and supporting current 

psychological treatments for psychosis. Clinicians might soon be able to utilise these 

technologies to improve engagement and delivery of standard interventions, help clients self-

manage their symptoms and monitor clinical changes outside of therapy sessions, and 

develop more tailored treatments using advanced methods of assessment. This chapter 

provides an overview of the current research in digital technologies for the psychological 

treatment of people with a psychotic disorder, including discussion of barriers and facilitators 

to engagement, limitations of the current literature, and the ethical implications of utilising 

these technologies in clinical practice.  

Keywords  

Digital health, e-mental health, mHealth, psychosis, treatment   

Definitions of Key Terms  

Digital Mental Health or eMental Health refers to the use of technology in the context of 

mental health care and research. 

Ecological momentary assessment, or experience sampling, involves the use of mobile 

devices to assess phenomena in real-time, in daily life.  

Ecological momentary intervention involves the real time delivery of therapeutic prompts 

or reminders within daily life via mobile devices. 

Ambulatory assessment uses passive sensors to capture real-time data. 
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Digital phenotype is a term referring to unique patterns of individual data collected from 

digital sources.  

Digital placebo effect refers to the influence of expectation on the therapeutic benefits of 

digital technology, rather than the technology itself   

Learning Outcomes  

• Understand ways in which digital technology can be used in the clinical care of 

people experiencing psychosis  

• Develop a critical appreciation of the evidence-base involving the use of digital 

technology in psychosis  

• Understand barriers and issues associated with using digital technology for treatment 

of psychosis, including relevant ethical considerations  

1. Introduction 

Digital technology is advancing at an exponential rate. Within the field of mental 

health, this expansion has led to the development of digital tools and applications capable of 

improving current available treatments. For people with persisting and recurring mental 

health conditions such as psychosis, evidence suggests that these technologies may offer 

opportunities to enhance these treatments and support self-management in daily life 

(O’Hanlon et al., 2016; Treisman et al., 2016). Despite stereotypes that people with psychosis 

typically do not use digital technologies (Williams, Fossey, Farhall, Foley, & Thomas, 2018), 

current evidence suggests this population is interested in using them for mental health (Firth 

et al., 2015; Thomas et al., 2016). Although these developments are promising, there remain 

barriers to successful implementation of digital technology in the field of mental health, and 

questions regarding how to select and use applications across different clinical populations 

remain to be answered. 

{Insert side bar here} 
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The evidence shows that people with psychosis are interested in using technology for their 

mental health. 

This chapter provides an overview of potential applications of digital technology in 

the psychological treatment of psychotic conditions, including a summary of currently 

available and potential future technologies. State of the art research is reviewed, along-side 

discussion of the current evidence base, and barriers and issues related to the use of 

technology in this clinical population. 

2. Types of digital technologies  

Digital technology is an umbrella term referring to electronic devices or applications 

capable of recording, storing, and processing information in digital form, including 

computers, mobile devices, and the internet. The use of these technologies in the context of 

mental health care and research is often referred to broadly as digital mental health or e-

mental health (Lal & Adair, 2014).  

{insert side bar here} 

The use of technology in the context of mental health care and research is referred to as 

digital mental health or e-mental health. 

A list of major technologies with accompanying definitions and an example use in 

psychosis is detailed in Table 27.1. 

TABLE 27.1. TYPES, DEFINITIONS AND POTENTIAL USES OF DIGITAL 

TECHNOLOGIES IN PSYCHOSIS   

Technology type   Definition  Potential use  

Smartphones  Hand-held personal computer 

capable of running applications 

and connecting to the internet  

Coping strategy reminders sent via 

specialised application (app)  

Tablets  Large touch screen personal 

computer  

Tool for sharing multimedia-based 

psychoeducation material  



 
4 

A Clinical Introduction to Psychosis: Foundations for Clinical and Neuropsychologists                                    
Ed. J.C. Badcock & G. Paulik-White 

SMS and text 

messaging  

The use of mobile devices to send 

and receive short text, image or 

audio messages 

Daily text message reminders of 

goals and therapeutic strategies  

Email  Asynchronous method of 

transmitting text-based 

communication between 

computers  

Weekly emails to people 

completing an online self-help 

program for psychosis to promote 

engagement and discuss progress  

Blogs and podcasts  Regularly updated webpage or 

audio recordings sharing 

information in an informal format  

Weekly podcast by a person with 

lived experience sharing stories of 

recovery  

Computer-based 

applications  

Software programs run on 

personal computers such as PC or 

MacBook  

Software program delivering 

computer-based cognitive 

behavioural therapy for psychosis 

on a personal computer   

Websites  Online ‘pages’ viewed via the 

internet  

Remote access to information 

about a mental health condition  

Wearables and sensors  Devices worn on the person 

which passively record 

physiological data  

Smartwatch which passively 

monitors the level of activity in 

someone experiencing negative 

symptoms to monitor the outcomes 

of a behavioural activation 

treatment  

Virtual reality  An immersive and interactive 

virtual environment involving 

three-dimensional simulation  

Exposure therapy involving 

increasing levels of social 

interactions within virtual 

environments to treat paranoia  

Augmented reality  Superimposing computer-

generated images on to real-world 

environments   

The use of visual cues within a 

real-world environment to prompt 

adaptive behavioural responses  

Avatars  Visual representation of a person 

or entity  

Creation of avatars to represent the 

identity of an individual’s voice 

hearing experiences  
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Telehealth  Provision of healthcare remotely 

via telecommunication  

Providing supportive counselling 

via the telephone  

Videoconferencing  Remote simultaneous 

communication via audio and 

video streaming   

Providing face-to-face counselling 

to a geographically isolated person  

 

Social media and 

forums  

Communication and sharing of 

information with others via online 

communities   

Social media page for members 

who hear voices to share advice, 

experiences and provide support 

for one another  

Online chat and 

instant messaging 

A form of immediate text-based 

online communication  

24-hour chat service providing 

supportive counselling or advice 

for people in crisis  

 

3. Use of digital technology amongst people with psychosis  

There is growing research showing that people diagnosed with a psychotic disorder 

are able to use digital technology for their mental health care and many find them helpful for 

this purpose (Alvarez-Jimenez et al., 2014; Batra et al., 2017; Berry et al., 2016). Further, at 

the time of writing, estimates of smartphone ownership is around 80% among people with 

psychosis, with the vast majority using technology such as this on a daily basis (Firth et al., 

2015; Gay, Torous, Joseph, Pandya, & Duckworth, 2016).  

{insert side bar here}  

Research has shown that most people diagnosed with a psychotic disorder own a smartphone 

and use technology on a daily basis for their mental health.  

These findings challenge early presumptions that people with severe mental illness 

are unable to benefit from advances in digital mental health, although barriers to adoption of 
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technology adoption exist (Communities and Local Government, 2008) and there remains a 

significant minority still yet to fully engage (Robotham, Satkunanathan, Doughty, & Wykes, 

2016).  

4. Benefits and use of technology in psychosis populations  

Whilst psychological interventions for psychosis such as cognitive behavioural 

therapy (CBT) can be effective, there remain a number of key challenges in meeting need. 

First, effect sizes for CBT for psychosis suggest it provides relatively modest incremental 

improvements to recovery (Jauhar et al., 2014; van der Gaag, Valmaggia, & Smit, 2014) and 

alternative intervention modalities have shown a similar range effects (e.g. Brand, McEnery, 

Rossell, Bendall, & Thomas, 2017; Louise, Fitzpatrick, Strauss, Rossell, & Thomas, 2017). 

To improve the effectiveness of psychological therapy, there may be benefits in capitalising 

on opportunities to increase the potency of interventions via supportive use of digital 

technologies. As is reviewed below, these technologies have been used successfully in 

psychosis populations and show promise for improving clinical outcomes and recovery.  

{insert side bar here} 

Benefits of digital technology in psychological treatment include fostering self-management, 

supporting generalisation to day-to-day life, enhancing intervention exposure, and increasing 

access. 

Second, the availability of therapists to provide psychological therapies to persons 

with psychosis is limited (Kohn, Saxena, Levav, & Saraceno, 2004; Kreyenbuhl, Nossel, & 

Dixon, 2009), so there are benefits in developing ways of enabling a larger number of people 

to access them beyond standard face-to-face delivery formats (Thomas, 2015). As well as 

including fully self-guided interventions, this might include blending independent digital 

resource use with face-to-face therapy to maximise intervention exposure. 

{insert side bar here}  
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People with psychosis may benefit directly from digital technology by improving access to 

clinical care and providing additional support in daily life  

Due to growing recognition of the role of digital technology in healthcare delivery, it 

is likely that service users as well as providers will grow to use new technologies more and 

more in routine treatment. Understanding how digital technology can be used in routine 

clinical care is likely to soon form a fundamental part of training in mental health fields and 

be established as an ongoing professional responsibility (Torous, Chan, Luo, Boland & Hilty, 

2017). To aid in this, the following section provides a brief overview of current digital 

technologies which have been investigated and hold potential in the treatment of psychotic 

conditions, with relevant examples provided where possible to illustrate the varying 

application of different technologies.  

5. Specific uses of digital technology for psychosis treatment and management 

5.1.Clinical assessment  

Assessment plays an important role in all areas of psychological practice, from initial 

case conceptualisations to monitoring the outcomes of treatment. Digital technology has 

unique capabilities which may improve the quality and extend the benefit of assessment 

during treatment.  

{Insert side bar here} 

Digital technology can be used to administer, score, and assist with interpreting clinical 

assessments. 

5.1.1. Digital tools for assessment in session  

Tablets and computer-based tools can provide a digital platform to administer and 

score psychometric tests and assessments in session. This may offer a more user-friendly and 

convenient way of conducting assessments for both clinician and client, and can reduce the 

likelihood of scoring errors through automated report summaries. Engaging and stimulating 
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designs may also enhance user experience to promote richer and more reliable data. For 

example, researchers have developed an assessment tool in the form of a mobile app for 

children which uses a customisable avatar character with developmentally appropriate 

language to help identify and characterise hallucinatory experiences across different sensory 

modalities and differentiate them from more typical imaginary experiences (Demeulemeester 

et al., 2015).  

Smartphone apps and computer-based tools can be used to assist with screening for 

psychotic disorders and identifying evidence-based treatments using automatic algorithms. 

One example is the freely available OPCRIT+ computer-based program (Rucker et al., 2011) 

which has been used primarily as a research tool, offering checklists of symptoms pertaining 

to psychiatric conditions with automatic diagnostic algorithms. The system is now being used 

within services of the National Health Service in the UK, and has shown good diagnostic 

reliability and validity (Brittain, Stahl, Rucker, Kawadler, & Schumann, 2013). These 

technologies have broad applications beyond psychosis; however, they may be particularly 

beneficial in complex presentations where accurate diagnosis is challenging.   

5.1.2. Real-time, real-world assessment  

Ecological momentary assessment (EMA), also known as experience sampling 

methodology (ESM), has been a major development in the e-mental health field with 

important clinical utility in psychosis (Shiffman, Stone, & Hufford, 2008; Trull & Ebner-

Priemer, 2009).  

{insert side bar here}  

Ecological momentary assessment, or experience sampling, involves real-time assessment 

in the person’s natural environments. Data is assessed in the moment, and hence reduces 

retrospective bias.   
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EMA involves the repeated real-time measurement of variables such as symptoms, 

thoughts, behaviours and context, in their natural environment. Typically, this occurs through 

specialist smartphone apps which deliver several alerts per day over several days requesting 

the user to complete identical surveys asking about current or very recent experiences. Survey 

responses are usually uploaded to a secure online server that can be accessed remotely by the 

researcher or clinician.  

EMA has been used as a research tool in psychosis for decades (Oorschot, Kwapil, 

Delespaul, & Myin-Germeys, 2009), however more recently its clinical utility has been 

recognised (Bell, Lim, Rossell, & Thomas, 2017; Myin-Germeys et al., 2009; Trull & Ebner-

Priemer, 2009). This includes the ability to capture and measure phenomena more accurately 

in natural environments and in real time, which can overcome recall bias and increase the 

reliability of the data (Piasecki, Hufford, Solhan, & Trull, 2007; Stone et al., 1998). This is 

particularly important in psychosis where memory impairments are common and heightened 

emotional reactivity can shape retrospective self-report (Ben-Zeev, McHugo, Xie, Dobbins, 

& Young, 2012; Jacobsen et al., 2018; Myin-Germeys, van Os, Schwartz, Stone, & 

Delespaul, 2001). EMA data can also capture phenomena in their natural environment, 

affording greater ecological validity, and sensitivity to the relationship between clinical 

variables and the context in which they occur. Finally, as EMA involves repeat measurement 

over several days, it is possible to examine how variables interact not only in the moment but 

also over time.  

Because a large amount of information is captured for a single person, EMA has been 

used to examine dynamic patterns in symptoms on an individual basis (Oorschot, Lataster, 

Thewissen, Wichers, & Myin-Germeys, 2012). Figure 27.1 shows how EMA can be used to 

track nuanced relationships between clinical variables, in this case delusions and 

hallucinations (Oorschot et al., 2012). As these relationships tend to differ between people, 
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the use of EMA to develop more individualised formulations could inform more tailored 

interventions.  

[Insert figure 27.1. about here]  

EMA has also been used to inform functional analysis, which is a formulation method 

examining how symptoms are maintained by understanding their antecedents and 

consequences. In research conducted by the authors (Bell et al., 2018), EMA has been 

feasible for self-monitoring voice hearing experiences and other variables such as mood and 

coping responses. Our protocol has involved conducting monitoring over a 6-day period, after 

which an individual client’s data is analysed statistically to identify predictors of fluctuations 

in the intensity of their voices over time. A summary of this information is then taken by the 

therapist to the following session with the client, and used as part of a collaborative 

discussion about patterns in their voices. This source of data is discussed along-side the 

client’s own observations, and the therapist’s knowledge of common patterns for other people 

who hear voices. A functional analysis of the client’s voices is built, leading to the selection 

of specific coping strategies (in line with traditional methods described by Tarrier, 1992). To 

encourage successful use of these strategies, personalised reminders were sent to the person 

via the app between remaining sessions. This is referred to as an ecological momentary 

intervention, discussed later in this chapter. Box 27.1 provides an example of this use of 

EMA with a hypothetical client experiencing distressing voices.  

 

[Insert Textbox 27.1 about here]  
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BOX 27.1: ECOLOGICAL MOMENTARY ASSESSMENT TO ASSIST IN FUNCTIONAL 
ANALYSIS OF VOICES  

Sally experienced critical and commanding voices throughout the day, which 

seemed to come out of nowhere and made it hard to concentrate when she was at work. 

To help understand more about what was contributing to the voices, Sally’s psychologist 

asked if she would be willing to complete some monitoring using a smartphone app. The 

therapist explained that by monitoring when the voices happened and some other things 

that might be happening at the same time, they might think of some better ways of 

managing them.  

Sally agreed to the monitoring and after some help learning how to use the app, 

she answered 10 short surveys each day for 6 days outside of her therapy sessions. During 

this monitoring, Sally started to notice some patterns in her voices. They were much 

worse when she was on the way to work and seemed to be more critical when she was 

around other people. In the next session, Sally’s therapist had some feedback from the 

monitoring which seemed to fit with her own experience. The feedback showed that her 

voices tended to be worse in the mornings and when she was around other people. The 

feedback also found that when she responded to the voices by doing what they told her to 

do, they tended to become worse later on and she felt more anxious. When discussing this 

with her therapist, it became clearer that her voices seemed to be reflecting her feelings of 

insecurity around her workmates, which was particularly bad in the mornings when she 

would worry about how her work performance might be judged during the day. Sally 

realised that by avoiding going near other people because the voices told her to, she was 

making herself more anxious.  

Sally and her therapist came up with some ways of managing her anxiety better 

using breathing techniques and worked on improving Sally’s confidence at work by 

engaging more with her workmates and recognising her achievements.  
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Our observations have been that providing feedback of EMA data promoted 

awareness and learning both during and outside of session. These fit with findings that the 

use of EMA is feasible and acceptable amongst people with psychotic experiences and can be 

used in a clinical setting (Granholm, Loh, & Swendsen, 2008; Johnson et al., 2009; Kimhy et 

al., 2006; Palmier-Claus et al., 2012). Such tools can be informative for eliciting fruitful 

discussion about experiences, however clinicians should be cautious of the potential for over 

interpreting data obtained from a limited sample of experiences. This underlines the 

importance of using such tools as part of a collaborative discussion about experiences. 

{Insert side bar here} 

Research has found that EMA monitoring of psychotic experiences is feasible and acceptable, 

however clinical interpretation of the data requires caution.  

5.1.3. Passive sensors for assessment  

It is also possible to collect data in real time using sensors which can track changes in 

physiological or environmental states passively, that is, without the person’s awareness, using 

ambulatory assessment technologies such as smart watches. For example, Ben-Zeev et al. 

(2017) created an app to collect a combination of both active (EMA surveys three times per 

week) and passive (multimodal behavioural sensing such as physical activity, device use, and 

speech) data from users to identify predictors of hospitalisation. A small trial with five 

participants who were hospitalised whilst using the system over 12 months found unique 

patterns within the data which varied between individuals, highlighting the utility of mobile 

technology for identifying clinically significant changes on a person-by-person basis.  

{Insert side bar here} 

Ambulatory assessment uses passive sensors to capture real-time data. 

5.1.4. Digital technology to better characterise psychotic phenomena  
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Amid dissatisfaction with traditional diagnostic schemes such as DSM-5 (American 

Psychiatric Association, 2013) in characterising the heterogeneous and overlapping landscape 

of mental health experiences, digital technology has been proposed as an alternative means of 

characterising individual differences in mental health based on more personalised, 

contextually sensitive information (Torous, Onnela, & Keshavan, 2017; Van Os, Delespaul, 

Wigman, Myin-Germeys, & Wichers, 2013). For example, Torous, Kiang, Lorme, and 

Onnela (2016) designed an app to collect a wide variety of active and passive momentary 

data, with an individualised digital phenotype of the user then presented visually on a web-

based system, including patterns in symptoms and related information. In the near future, 

clinicians might utilise apps such as this to record data of individual clients to better 

characterise their experiences, inform more personalised treatments, and monitor changes in 

illness states.  

{Insert side bar here} 

A digital phenotype is a term referring to unique patterns of individual momentary 

assessment data collected from digital devices in natural environments.  

5.2.Symptom monitoring and relapse prevention 

Digital technology can be used to monitor symptoms and other clinically relevant 

information, which can provide a basis for illness self-management, clinician tracking of 

individual treatment response, and identifying potential need for escalated intervention.   

5.2.1. Digital dairies  

In psychosis treatment, diaries can be a useful tool to promote reflection on 

experiences in the moment (Cohen, Edmunds, Brodman, Benjamin, & Kendall, 2013) and 

allow recording of important information that may not be readily recalled in sessions. 

However, amongst people with psychosis, completing homework tasks such as diaries can be 

challenging (Dunn, Morrison, & Bentall, 2002). Digital diaries may offer a means of 
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overcoming this through automated reminders to complete diary entries on the device, 

allowing more accurate, quicker and secure recordings (Dale & Hagen, 2007).  

General mood diary apps are at a more advanced phase of development compared to 

technologies specific for psychosis. Many of these apps have additional integrated functions 

like visualisations of mood diary entries, space for text-based journal entries, and suggestions 

for coping with emotions. In the general population, the use of these apps has been associated 

with improvements in mood, potentially through a mechanism involving increased emotional 

self-awareness (Bakker & Rickard, 2018). A simpler alternative could be the use of local 

smartphone apps such as calendars, notes and reminders to record experiences.  

5.2.2. Monitoring signs of relapse  

A common role of psychologists is to assess, monitor and respond to signs of risk. 

However, in traditional services where clients are usually seen weekly at a maximum, 

changes in risk are difficult to detect and often missed. Through remote capturing of risk-

related information via digital devices, the clinician and client can better identify and respond 

to early warning signs.  

{insert side bar here}  

Mobile devices can be used to track and respond to early warning signs of relapse or risk.  

Researchers have developed specific apps to monitor and track early warning signs of 

relapse. One example was an app that was developed in collaboration with service users, 

carers, and clinicians, which allows the user to monitor their mental health status and 

communicate signs of relapse to their treatment team. The team employed a stepped 

intervention approach, whereby minor worsening in illness-related variables triggers 

therapeutic messages designed to reduce relapse risk, and more severe changes leads to 

alerting of key clinicians and a nominated carer. The app is currently undergoing pilot 

evaluation, with no published findings at this time. A more automated system of monitoring 
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early warning signs was developed by Španiel et al. (2012), involving remote monitoring of 

symptoms, with automated alerts sent to psychiatrists to increase medication in those deemed 

at risk. Although the system reduced hospitalisation rates, concerns were raised by 

psychiatrists who felt a more personalised approach to intervention involving medication was 

needed. Further, information regarding user experiences in this study was not recorded, 

which is important given the ethical implications of collecting personal data from patients 

regarding their mental health.  

5.3.Symptom self-management  

There has been growing emphasis on more user-led, empowering approaches to 

mental health treatment, with digital technology at the forefront of new developments in this 

area. This has been largely led by consumer movements that have argued for more person-

centred, recovery-focused models of care, and there is evidence supporting the clinical 

benefit of shifting to such models.  

5.3.1. Websites and self-directed programs  

There are now countless websites targeting mental health, many of which are 

specifically relevant for psychosis. These platforms vary from basic text-based information 

pages to forums allowing the sharing of information between users. Certain information 

kiosks  are now being placed at services to allow immediate access to health information via 

digital devices such as tablet computers within clinical waiting rooms. These devices can also 

be used to collect basic information to streamline processes and reduce wait times.  

Self-directed programs provide a means of delivering structured interventions over the 

internet or using computers. Gottlieb, Romeo, Penn, Mueser, and Chiko (2013) developed a 

computerised skills-based CBT program targeting improved coping with hearing voices.  The 

program uses text, video, audio, and interactive exercises to deliver materials on self-

monitoring, coping enhancement, cognitive therapy skills, and relapse prevention. Findings 
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from two small studies (Gottlieb et al., 2013; Gottlieb et al., 2017) indicated good 

engagement and satisfaction with the program, which was accessed on computers at a local 

service. Improved clinical outcomes indicated that users of the program enhanced social 

functioning, although a larger trial is needed.  

Other technologies involve the provision of information via the internet, which might 

be used autonomously or as a service aid, such as the Australian Department of Health Head 

to Health website (https://headtohealth.gov.au/) which provides a directory of digital 

resources and services relating to mental health. Websites run by peers offer some 

particularly well-developed sites at this time. In Australia, probably the most widely used 

moderated forums for severe mental illness include SANE Australia’s online forum which 

contain a number of active peer communities. For more specific issues in psychosis, for 

example those who report voice hearing experiences, the Intervoice website 

(http://www.intervoiceonline.org/) and local Hearing Voices Network websites may be 

useful. These digital platforms are aimed to empower people with lived experience of hearing 

voices through sharing information and facilitating peer to peer support.  

Specialised smartphone apps can also provide information and deliver interventions 

on-demand, facilitating independent self-management of mental health. A review by Firth 

and Torous (2015) identified five smartphone apps for psychosis, with broad aims from 

symptom monitoring or self-management, to increase physical activity amongst people with 

psychiatric disorders, including schizophrenia (Aschbrenner et al., 2015; Ben-Zeev et al., 

2014; Macias et al., 2015; Naslund, Aschbrenner, Barre, & Bartels, 2015; Palmier-Claus et 

al., 2012). Firth and Torous (2015) concluded that overall people with psychosis are willing 

and able to use apps safely to achieve specific aims.  

5.3.2. Momentary interventions 

https://headtohealth.gov.au/
http://www.intervoiceonline.org/
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A particular area of development for smartphone apps has been extending the 

application of the regular prompting used in ecological momentary assessment to deliver 

therapeutic interventions, termed ecological momentary intervention (EMI; Heron & Smyth, 

2010). In EMIs prompts may be simple, such as the scheduled medication reminders, or 

complex depending on certain contexts or responses to preceding items. For example, 

someone who reports that they are hearing voices may be presented with a different EMI 

prompt (e.g. a coping statement) versus if they are not hearing voices (e.g. a motivational 

statement).  

{insert side bar here}  

Ecological momentary intervention involves the real time delivery of therapeutic prompts or 

reminders within daily life via mobile devices. 

The use of EMI has been subject to some research in psychosis, with support for 

feasibility, acceptability, and potential for improving clinical outcomes (Bell et al., 2017). 

Ben-Zeev et al. (2014) developed an app that involves individual tailoring of intervention 

components with different therapeutic targets. Participants select intervention domains, with 

targeted EMI prompts based on CBT principles sent to them daily depending on if they 

reported experiencing symptoms or related concerns. Feedback from users was largely 

positive, with reports that the app helped them feel supported and was easy to use. 

Researchers have also developed and evaluated an EMI-based smartphone app for early 

psychosis (Bucci et al., 2018). The app delivers theory-driven therapeutic material which can 

be accessed on-demand, in addition to EMI prompts using branching logic depending on if 

the person is experiencing symptoms. Participants complete questions a few times per day, 

with EMI prompts focusing on cognitive appraisals, belief conviction, emotions and 

associated behaviours. A preliminary evaluation suggested that young people with early 

psychosis were highly satisfied with the app and there were clinical benefits over and above 
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simple monitoring of symptoms, though a larger trial is currently underway to more 

definitively determine clinical benefits.  

5.4.Using technology to enhance standard interventions  

Digital technology can also be used in conjunction with standard psychological 

therapy, either as the primary therapeutic modality or as a tool to enhance the treatment. One 

example discussed earlier involved the provision of feedback of EMA data to inform 

functional analysis in-session (Bell et al., 2018).  

5.4.1. Video material 

Another example is the use of multimedia material (e.g., videos) to enhance 

communication of information to people with psychosis during session. Video may have 

potential advantages of providing engaging material and promoting discussion about topics 

that may be difficult to elicit via Socratic dialogue alone. In promoting recovery, use of 

videos of people with lived experience sharing their stories of recovery can provide material 

that it would not be possible for the therapist to present themselves. These sorts of videos can 

be popular. The TED Talk by Eleanor Longden called ‘The Voices in My Head’, for 

example, has had several million views. Thomas and colleagues (2016) have found that  

multimedia material using people with lived experience of psychosis has been a feasible and 

acceptable way to prompt discussion about recovery, with clients feeling that these enhanced 

their sessions with their workers . Furthermore, results from a qualitative study indicated that 

people often felt that videos of others discussing their own recovery made them feel less 

alone, and more inspired and hopeful about their own recovery (Williams et al., 2018).   

5.4.2. Augmented and virtual reality 

The use of augmented reality (AR) and virtual reality (VR) are two promising areas of 

development which have received some attention in psychosis treatment. The most common 

use of VR in mental health has been in exposure therapy, with VR enabling clients to enter 
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anxiety-provoking environments in a controlled way to promote habituation (Freeman et al., 

2017). In psychosis, VR has had particular applications to paranoia, with avatars being used 

within virtual environments to represent threatening or rejecting others (Freeman et al., 

2016).  A review of the literature on VR for psychosis conducted by Rus-Calafell, Garety, 

Sason, Craig, and Valmaggia (2018) found that it has been used broadly for things such as 

assessment of cognition (e.g. Sorkin, Weinshall, Modai, & Peled, 2006) or cognitive 

remediation (e.g. Chan, Ngai, Leung, & Wong, 2010), exposure therapy (e.g. Pot-Kolder et 

al., 2018), and skills training (e.g. Park et al., 2011). Across these studies, VR was found to 

be safe and acceptable for people with psychosis, and RCTs have shown that the technology 

can lead to improved outcomes such as reducing paranoia through graded exposure in virtual 

environments (Freeman et al., 2016; Pot-Kolder et al., 2018). A particular advantage of this 

technology is enabling people to engage in exposure tasks efficiently and whilst in a safe 

environment, which can be more tolerable than real-life exposure, and appears to lead to 

larger reductions in anxiety compared to non-exposure based therapies (Freeman et al., 

2017). 

Another application has been the use of avatars for the treatment of psychosis, such as 

for hearing voices (Craig et al., 2018; Leff, Williams, Huckvale, Arbuthnot, & Leff, 2013). 

One study involved the creation of a digital character representing a client’s persecutory 

voices. The therapist then personifies the voice of the character, facilitating dialogue between 

the client and their voice, whilst at the same time guiding them in seeking more adaptive, 

assertive interactions which grow more effective over time. Findings from an RCT of this 

novel intervention found it was safe, feasible, and acceptable, with wide-spread 

improvements in outcomes related to voices compared with supportive counselling, however 

these were not maintained at 6 months follow up.  

5.5.Improving cognition and supporting daily functioning  
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A major area of development has been the use of digital technology for enhancing 

cognition or compensating for cognitive deficits. Many of the more complex technologies 

have been adapted from the literature on cognitive remediation in schizophrenia, which offer 

computer-based platforms for delivering traditional treatment components. This was one of 

the first uses of digital technology, and meta-analysis has supported some benefit in 

psychosis, particularly for improving social cognition (Grynszpan et al., 2011).  

Other studies have examined the independent use of digital technologies targeting 

cognition or functioning in psychosis. Schlosser et al. (2018) evaluated an app that was 

designed to enhance motivation, reinforce goal achievement, and provide social network 

working. Findings from an RCT indicated that  participants were overall very satisfied with 

the app and had a good level of engagement. Clinical outcomes were also positive, showing 

improvements in depression, defeatist beliefs, self-efficacy and motivation, which were 

maintained at three month follow up.  

5.6.Facilitating social relationships  

Social networking, from shared interest groups to dating sites, are already common 

place within the general population (Lee, Noh, & Koo, 2013) and have been used extensively 

in those with problematic anxiety and depression (Seabrook, Kern, & Rickard, 2016). 

Individuals with psychosis presentations demonstrate difficulties with social anhedonia and 

social cognition (Couture, Penn, & Roberts, 2006; Kwapil, 1998), report more impoverished 

social networks and lower social support (Gayer-Anderson & Morgan, 2013; MacDonald, 

Sauer, Howie, & Albiston, 2005) and are vulnerable to experiencing distressing levels of 

loneliness (Lim, Gleeson, Alvarez-Jimenez, & Penn, 2018). However, even in those with 

impoverished social networks, digital interventions can be used to connect like-minded 

people, promote social confidence, and facilitate peer support. A digital intervention that can 

allow young people to access evidence-based health information and also provide a safe 
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online environment which allows them to interact with their peers would therefore be highly 

valuable (Alvarez-Jimenez et al., 2014).   

6. Immediate uses of technology in psychosis treatment  

Although research is at an early stage, some digital technologies are available now for 

clinicians interested in using them with their clients experiencing psychosis. These include:  

• Use of basic smartphone functions, e.g., electronic notes as a means of 

recording experiences, calendar scheduling or reminders for daily activities or 

support 

• SMS or phone support outside of session 

• Secure video conferencing systems for remote access to therapy  

• Stress management, relaxation or mindfulness apps 

• Websites for information on psychosis and accessing services or supports  

• Forums and social media to promote peer interaction  

The following sections highlights some of the issues for consideration in terms of the 

overall quality of evidence and  the use of these technologies with individuals with psychosis. 

7. Clinical issues and cautions  

7.1.Evidence base of current digital technologies  

The literature to date on digital technology for mental health is at its infancy, with 

limited investigations undertaken to establish effectiveness and safety. This research is 

currently dominated by pilot studies with small sample sizes, limiting inferences beyond the 

immediate research setting. Nonetheless, findings from these studies do suggest that digital 

technologies hold the potential to benefit people with psychosis, though further research is 

clearly needed before conclusions can be drawn.  

Although it is likely that more validated technologies will become more widely 

available, there remain challenges ahead. For example, little is known about how to best 
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integrate digital technology within current clinical care models. It is not simply about how 

digital technology can benefit the individual with psychosis, but also how it can be used and 

delivered by the services in which these individuals are embedded (Lim & Penn, 2018). This 

is particularly relevant for complex or highly novel digital interventions, such as the 

promising avatar-based intervention for voices (Craig et al., 2018; Leff et al., 2013), where 

the potential for so called digital placebo effect has been proposed, and implementation in 

standard practice may present challenges (Torous & Firth, 2016). Client confidence and the 

competency of the practitioner delivering these interventions is also likely to influence 

treatment response. As such, it is important to develop appropriate models of training to 

establish and maintain the professional competency of those delivering services involving 

technology (e.g. Torous et al., 2017). Furthermore, it is important to understand more about 

the attitudes of mental health workers to using these technologies in their clinical work; a 

factor which will certainly influence the uptake and emphasis placed on using them within 

current treatment models. Research has shown that whilst clinicians are optimistic about the 

potential for technology in mental health care, they are also understandably cautious for a 

variety of reasons, including the limited evidence base of current technologies and the 

importance of these complimenting, not replacing, traditional roles (Berry, Bucci & Lobban, 

2017). 

{insert side bar here}  

Currently little is known about how best to implement digital technologies within mental 

health services, and many clinicians remain cautious of the readiness of these technologies 

for immediate use in clinical settings  

There is also a need for further research to better understand the limitations of 

particular types of digital technologies and their use in psychosis. For example, the collection 

of ecological momentary assessment data to inform digital phenotypes, remotely monitor 
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risk, and aid in formulation is clearly promising, however questions remain as to what 

information needs to be collected, via what means, and how best to interpret it. Other 

limitations include the reliability of information from digital resources, such websites and 

information-based apps. A demonstration of this caution was highlighted by Larsen, 

Nicholas, and Christensen (2016), who systematically reviewed available apps targeting 

suicide prevention, finding that very few adhered to evidence-based guidelines, and some 

even provided dangerous recommendations such as taking drugs to cope with suicidal 

ideation. Finally, it is important to further examine the preferences and perspectives of 

different clinical populations in using these technologies. In doing so, there would be benefit 

in conducting collaborative research that involves key stakeholders, particularly those with 

lived experience, in the development and ongoing evaluation process (Brett et al., 2014).  

7.2.Barriers to technology adoption for psychosis  

Barriers to technology adoption by persons with psychosis include both illness-related 

factors (e.g., negative symptoms) and social factors related to living with disability (e.g., 

lacking sufficient income to afford a data plan). A summary of these, based on analyses by 

Community and Local Governments (2008) and Rotondi, Spring, Hanusa, Eack, & Haas, 

(2017), and empirical data from Villagonzalo et al. (in prep), is presented in Table 27.2. 

There will be significant individual differences in these variables indicating their importance 

as considerations in an individualised treatment plan, most of which can be overcome with 

support.  

TABLE 27.2. BARRIERS AND FACILITATORS TO ENGAGEMENT WITH 

DIGITAL TECHNOLOGY IN PSYCHOSIS  

Variable Potential barrier Potential strategies 

Social 
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Older age Cohort effect of less 

familiarity with computers, 

leading to less confidence 

and skill development. 

Coaching in basic internet 

use for mental health. 

Linkages with courses. 

Extended unemployment 

Fewer years of education 

Lower prior opportunity for 

skill development via daily 

use of technology 

Coaching in internet use for 

mental health. Linkages with 

courses. 

Income (lower) Difficulties affording devices 

and data plans 

Identify WIFI hotspots in 

neighbourhood and wifi 

availability in services 

Lack of access to 

computer/internet at home 

Use inconvenient. Consider mobile phone use. 

Identify locations to access 

computers. 

Poor reading literacy Difficulties understanding 

written content 

Consider use of video 

streaming sites. 

Poor English language Difficulties understanding 

English language content 

Coaching in finding 

resources in native language 

and/or use of translation 

functions. 

Clinical 

Negative symptoms Reduced self-initiation of use Link usage to daily routines. 

Use of automated prompts. 

Include the passive 

capabilities to reduce need 

for active input.  

Cognitive impairments 

Disorganisation symptoms 

Difficulties sustaining and 

focusing attention. 

Identify simple sites. 

Declutter and organise 

smartphone home-screen and 

computer desktop. 

Use simple mode available 

on some smartphones. 

Ideas of reference and 

paranoia 

Internet material seen as 

salient to paranoid ideas 

Coach in evaluating 

robustness and 
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trustworthiness of internet 

sites and information. 

Disagreement with or 

unawareness of having 

mental health problems 

Not relating to, or feeling 

invalidated by, illness-

focused content 

Identification of sites and 

resources with non-

othering/nonmedical 

language. 

 

Despite the apparent interest amongst those with psychosis in using digital 

technologies for daily mental health care, research shows that generally engagement and 

ongoing use with these technologies is low. A naturalistic study by Torous et al (2017) 

examined usage rates amongst 622 people who downloaded a publicly available smartphone 

app for schizophrenia. They found a small subset of individuals continued to use the app 

regularly, however the vast majority of users did not continue to engage beyond a few times. 

This study is important as most of the current research on engagement has been conducted in 

the context of clinical trials, which tend to show higher levels of engagement than is observed 

in naturalistic settings (Fleming et al., 2018).  

{insert side bar here}  

Long term engagement with digital technologies is low amongst people with psychosis  

A review of engagement with mental health smartphone apps was conducted by 

Torous, Nicholas, Larsen, Firth, & Christensen (2018). The authors highlight the low rate of 

engagement across different mental and physical health conditions and suggest this may be 

due to several factors, including apps not being user-friendly or designed specifically for 

users, having no guarantees for privacy or security, being unhelpful in crisis situations, and 

people perceiving them to be untrustworthy or unreliable. These factors reflect the early stage 

of this research area, where the evidence regarding user preferences and appropriate designs 

is still being established, and there is a lack of oversight to protect users from unsavoury 

commercial practices. Furthermore, little is known about the various cultural factors that 
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might affect engagement with these technologies, with the majority of current research being 

conducted in Western countries. These factors are likely to vary depending on the individual, 

making it a challenge to develop technologies that suit every need.  

7.3.Ethical issues  

Although the underlying principles remain the same, the ethical landscape of clinical 

practice changes with the introduction of digital technology. Issues related to data security 

and privacy, technological issues, responding to remote indicators of risk, ownership of data 

collected through commercial apps, and dealing with inequality regarding access and costs of 

the technology, are all relevant considerations for clinicians. Further, clinicians have a 

professional responsibility to ensure the information and services provided to their clients are 

evidence-based, which is clearly an ongoing issue in the field e-mental health. A thorough 

review of these issues is provided by Bauer et al (2017), with major areas of caution 

highlighted below.  

7.3.1. Security, privacy and confidentiality  

Digital technologies are a relatively new frontier for health care. As such, various 

regulatory bodies remain behind in dealing with the issues they present for maintaining 

appropriate standards. Amongst users, one of the primary concerns has been around 

maintaining privacy, which has been substantiated by research. A study by Sunyaev, Dehling, 

Taylor and Mandl (2014) identified 35 000 health-related apps, among which only 30.5% of 

the most frequently rated had a form of privacy policy, and the majority of these were poorly 

worded and insufficiently transparent.  

Another related issue is that of data security. Devices such as smartphones or 

smartwatches are often lost or stolen, leaving the user’s data exposed. Although such risks 

can be minimised by training clients to take appropriate security measures, such as passcode 

protections and secure handling of devices outside the home, it is difficult to ensure these 
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cautions are being enacted. Furthermore, even the most secure of databases have been subject 

to hacking or use by third parties for questionable practices. As such, it is not possible to 

ensure total security with a high degree of certainty, although the better technologies do 

provide some assurances which are typically detailed when signing up to use the product.  

Before digital technologies are widely implemented in clinical settings, it is critical that 

sufficient measures are established to protect users. This has been the topic of a number of 

review articles which reflect some movement towards the regulation of health-related 

technologies (Armontrout, Torous, Fisher, Drogin, & Gutheil, 2016; Kotz, Gunter, Kumar, & 

Weiner, 2016; Torous et al., 2018). Consistent standards and independent regulation would 

assist clinicians in their decision making and ultimately protect the consumer, however until 

these further developments processes occur, it is still largely up to the resourceful clinician to 

decide which technologies are safe, effective and meet professional standards.  

7.3.2. Decision making  

Not all individuals will readily adopt and engage with digital interventions. As with 

all decisions regarding appropriate treatment, a thorough assessment and formulation should 

inform the choice of whether to involve digital technology in the treatment of people with 

psychosis. This should be in line with the client’s own goals for treatments and take in to 

account available options, their evidence base, and client’s capabilities (e.g., technological 

competency, risk issues). Clinicians should also work flexibly and respectfully with their 

clients when raising the possibility of using digital technology during treatment. Put simply, 

technology should be offered, not prescribed, to clients and discussed in terms of their 

concerns, potential benefits and reasons for its use. Clinicians should ensure that adequate 

consent and assistance is provided in the use of any technology in the provision of treatment, 

and engagement should be monitored with appropriate adaptation or discontinuation where 
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necessary. Box 27.2. provides an example of how this may be undertaken for a trainee 

psychologist who is working with an elderly man diagnosed with schizophrenia.  

 [Insert Textbox 27.2. about here] 

To assist clinicians in the evaluation and selection of smartphone apps for clinical 

treatment,, the American Psychiatric Association (APA) developed the App Evaluation 

Model (see Torous et al., 2018). The model uses a hierarchical framework of factors to 

consider when discussing and making decisions about the use of specific apps in mental 

health treatment. At this time, the model provides a useful heuristic for decision making, 

however as this area evolves, research may give rise to new resources and novel solutions. 

Further guidance for clinicians on strategies for evaluating and selecting health-related apps 

is provided in Boudreaux et al (2014).  
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In addition to relevant research literature, one of the best resources for clinicians to 

refer to are the relevant ethical guidelines under which they practice, many of which have 

developed specific resources for the use of technology in psychological practice. For 

example, guidelines on the use of e-mental health technologies have been produced by 

BOX 27.2. Working ethically with digital technology  

Harry was a 68-year-old man who had a long-standing history of psychotic 

episodes, which regularly resulted in hospitalisation. He sought help from a clinical 

psychologist to find better ways of managing his symptoms and stay out of hospital.  

In the first session, his psychologist suggested using a smartphone app which 

helped to monitor his symptoms and had the option of sending alerts to his key clinician if 

his condition worsened. Harry was very concerned about this device monitoring him and 

immediately rejected the idea. He also wasn’t very confident using apps, though he did 

own a basic smartphone. The psychologist seemed genuinely interested in some of the 

reasons for Harry’s concerns, so Harry explained that he did not want to be taken to 

hospital at any moment if he wasn’t feeling well. After talking this through, the 

psychologist explained that Harry could choose whether or not he wanted his key 

clinician to be alerted about how he was doing. The psychologist showed Harry the app 

and explained how it worked, highlighting different places where he could customise it to 

do what he wanted. Harry particularly liked the part which sent him encouraging 

messages. The psychologist also told Harry about how other people had found the app 

helpful for keeping track of how they were doing, but she also said that not all people 

have found it useful. Harry and his psychologist decided to give it a go for a week to see 

if it was helpful and discuss whether to keep using it in the next session. Harry felt 

reassured that he could stop using it at any time and that he could choose when and how 

he used it.  

In the next session, Harry explained to the psychologist that he had used the app 

for a couple of days but after that it became annoying to him. Harry was surprised when 

his psychologist didn’t challenge him to keep using the app and instead they talked about 

some other ways to achieve his goals. This made Harry feel respected and in control of his 

treatment decisions, which made him more motivated and supported. 
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national representative bodies, including the Australian Psychological Society (2011), 

American Psychiatric Association (2013), and The British Psychological Society (2009). 

Specialist professional development initiatives are also available, many of which are offered 

for free online (e.g. eMHprac http://www.emhprac.org.au/training/).  

8. Future Directions  

Digital technology will continue to advance and grow increasingly more involved in 

mental health care. For people with psychosis, this offers opportunities to access new avenues 

of treatment which may ultimately improve their lives. As early career psychologists continue 

to develop their clinical skills and learn new ways of working with their clients, it would 

benefit them to maintain awareness of how digital technology might be used to enhance their 

clinical practice. This will involve maintaining familiarity with new developments as they 

arise and their evidence base, as well as an understanding of the evolving practical and ethical 

issues relevant to this unique client group.  

Further reading 

Bauer, M., Glenn, T., Monteith, S., Bauer, R., Whybrow, P. C., & Geddes, J. (2017). Ethical 

perspectives on recommending digital technology for patients with mental illness. 

International Journal of Bipolar Disorders, 5(1), 6. 

O’Hanlon, P., Aref-Adib, G., Fonseca, A., Lloyd-Evans, B., Osborn, D., & Johnson, S. 

(2016). Tomorrow’s world: current developments in the therapeutic use of technology 

for psychosis. British Journal of Psychiatry Advances, 22(5), 301-310. 

Treisman, G. J., Jayaram, G., Margolis, R. L., Pearlson, G. D., Schmidt, C. W., Mihelish, G. 

L., ... & Misiuta, I. E. (2016). Perspectives on the Use of eHealth in the Management 

of Patients With Schizophrenia. The Journal of Nervous and Mental Disease, 204(8), 

620. 

http://www.emhprac.org.au/training/
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Torous, J. B., Chan, S. R., Gipson, S. Y. M. T., Kim, J. W., Nguyen, T. Q., Luo, J., & Wang, 

P. (2018). A hierarchical framework for evaluation and informed decision making 

regarding smartphone apps for clinical care. Psychiatric Services, 69(5), 498-500. 

Quiz questions 

1. There is sufficient evidence to start using mobile apps in the clinical care of 

people with psychosis  

a. True  

b. False  

c. There is some evidence, but more research is needed  

d. There is sufficient evidence, but their use should be considered on a case 

by case basis  

2. People diagnosed with a psychotic condition are likely to:  

a. Own a smartphone  

b. Not own a smartphone  

c. Use the internet regularly  

d. A and C  

3. Clinicians should be cautious of using digital technology in their treatment of 

clients with psychosis because:  

a. Clients may feel uncomfortable or unfamiliar with technology   

b. The evidence base is still developing  

c. There are unique ethical issues involved  

d. All of the above  

4. When introducing the idea of using a particular technology with clients who 

experiences psychosis, it is important to first:  
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a. Check that the technology has been sufficiently researched in this 

population  

b. Critically evaluate the technology and use it yourself  

c. Make them download and try it  

d. A and B  

5. The majority of the apps available for mental health care have sufficient evidence 

base and targeted evaluations in psychosis 

a. True  

b. False  
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Chapter 2: Method 

     The methodology of the SAVVy trial, a pilot random controlled trial 

(RCT), is described in detail by Bell et al., (2018). In brief, the overall study 

involved a two arm randomized controlled feasibility trial, comparing a 

four-session smartphone-supported coping intervention versus treatment as 

usual (TAU) alone. Quantitative measures were completed at two time 

points: prior to, and two months following, randomization. The outcomes of 

this pilot RCT will be reported elsewhere. For this nested study, participants 

in the intervention arm were invited to take part in a separate qualitative 

interview following completion of the two-month measures. 

 

SAVVy Intervention 

     The intervention involved four semi-manualised face-to-face counselling 

sessions with smartphone application monitoring and support between 

sessions. This procedure is outlined in Figure 1. 
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    Figure 1. SAVVy intervention overview. Reprinted from “Smartphone-

based	ecological	momentary	assessment	and	intervention	in	a	coping-

focused	intervention	for	hearing	voices	(SAVVy):	study	protocol	for	a	

pilot	randomised	controlled	trial,”	by	I.	H.	Bell	et	al.,	2018,	Trials,	19,	

262.	Copyright	[2018]	by	I.	H.	Bell.	Reprinted	with	permission.	 

      

     In the first face-to-face session the participant met with the clinician and 

was oriented to the overall intervention including how to use the 

application. The smartphone monitoring (EMA phase) occurred between 
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therapy sessions 1 and 2. During EMA participants monitored their voice 

hearing experience at 10 random time points across six consecutive days. 

When prompted, participants completed surveys that enquired about their 

experience at that time point. Questions covered different triggers to voices 

(e.g. mood, social context, focus of attention), severity of voices, and 

various responses to the voices (e.g. talking to the voices, using distraction).  

All data inputted to the smartphone application was accessible by the 

clinician, who then analysed the data to identify factors which influencing 

changes in voice intensity. This was then summarized as feedback and 

discussed in the therapy sessions. This discussion, along with patterns 

noticed by the participant during the monitoring period, contributed to the 

functional analysis of voice activity. From this, personalised coping 

strategies were collaboratively developed during the second session and 

embedded into the mobile device as prompts or reminders to be used in the 

EMI phase. The EMI phase ran between sessions 2 to 3 and 3 to 4, with 

session three offering an opportunity to reflect on and adapt the strategies if 

needed. Participants received coping strategy prompts five times a day and 

at the conclusion of these days were asked to reflect on how their day had 

been. The final therapy session reflected on the program and included 

discussions pertaining to maintenance or continued support via the offer of 

further therapy at the Voices Clinic.   
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Qualitative Study 

     The current study focused on exploring each participant’s experience of 

SAVVy using a qualitative research design. This methodology was chosen 

as it is well suited to the exploration of participants’ perspectives and 

understandings of therapy (Braun & Clarke, 2006; Smith, 1995). Ethical 

approval for the qualitative component of the study was obtained from the 

Human Research Ethics Committee (HREC) as part of the overall SAVVy 

research project. 

 

Recruitment 

     Participants were recruited via referral from the Voices Clinic in 

Melbourne, Australia, through wider advertisements on internet websites 

(e.g. Facebook, Gumtree), and posters at relevant mental health 

organisations. On completing all components of the SAVVY trial, 

participants were invited to participate in the qualitative component of the 

research. Consent was provided in written form at the outset of the trial and 

verbally attained at the commencement of the qualitative interview.  

 

Participants  

     All participants included in the current qualitative study had been 

randomized to receive the SAVVy intervention over eight weeks. The 

qualitative interviews were conducted with 12/17 (71%) of SAVVy 
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participants who were purposively selected between June 2017 and March 

2018. All participants were told about the qualitative interview, including 

those who did not complete the intervention, so as to gather views from 

those who potentially dropped out due to negative experiences. The five 

participants who did not take part were either did not respond to the primary 

researcher’s invitation to participate, were unavailable, or cancelled their 

interview and were unable to reschedule. Three male and nine female 

participants, were aged 25 to 60, with diagnoses of schizophrenia (n = 8) or 

schizoaffective disorder (n = 4), which was confirmed using the M.I.N.I. 

International Neuropsychiatric Interview (M.I.N.I. 7.0; Sheehan et al., 1998) 

for Axis I mental disorders. 

 

Data collection 

     A semi-structured interview was selected as the data collection tool due 

to its capacity for gathering in-depth descriptive data (Hill and Lambert, 

2004). Interview questions were developed into an interview guide 

(Appendix) by the primary researcher (EM), drawing on literature about the 

lived experience of psychosis and with input from the research team (NT, 

IHB, AW). The semi-structured nature of the interview provided direction 

within the interview to answer the research questions, while permitting 

flexibility to further explore a participant’s responses and follow-up ideas 

from one interview to the next (Smith, 1995).  
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     Interviews were conducted by a clinical psychology masters student 

(EM) under the supervision of researchers (NT, AW & IB), with specialist 

knowledge on distressing voices (NT), qualitative research methodology 

(AW), and PhD candidate running the SAVVy trial. The interview was 

conducted within two weeks of the participant completing the intervention, 

except for one participant who was interviewed one month after completing 

the trial. The researcher phoned all available participants randomized to the 

SAVVy therapy and arranged a time suitable to either meet them in person 

or speak via the phone about their experience in the program. Five of the 

participants elected to conduct the interview over the telephone, and seven 

met the interviewer face-to-face at the clinic where they’d attended for the 

SAVVy intervention. Interviews lasted between 40-75 minutes, with an 

average of 54 minutes, and were audio recorded. Interview participants 

received a $30 gift card for their time.  

 

Data Analysis 

     Qualitative analysis was conducted and occurred concurrently with data 

collection. The analysis followed the six key steps of thematic analysis 

identified by Braun and Clarke (2006). Interviews were transcribed 

verbatim by the researcher and subsequently read and re-read multiple 

times. Data initially was coded line-by-line, at its most basic level of 
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segmentation (e.g. phrase, content, intent) to ensure all content was coded 

whether it was significant or not (Braun & Clarke, 2006). The codes were 

then grouped into categories. Identifying important categories that capture 

key aspects of the experience as discussed by the participants followed. 

Concurrent memos were written to help define the category, allowing 

reflection on recurring and contrasting codes, which were subsequently 

followed up in questions that emerged in one interview to the next 

interview. This process was repeated iteratively to identify the themes that 

best captured the essential quality of what was found in the data.  

 

     This process was undertaken by the lead researcher (EM). Throughout 

the analyses process, EM engaged in continual reflective practice that 

involved an awareness of how gender, professional and personal 

perspectives may influence theme development (Berger, 2015). This 

included discussion with other researchers during supervision meetings. 

Preliminary themes emerged and through a process of continual analysis 

they were modified and refined. This process resulted in some initial themes 

being dropped based on relevance to the research questions, the richness of 

the data, and the frequency of the theme (Smith & Osborn, 2003).  
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Quality Assurance 

     Establishing the trustworthiness and accuracy of the data was achieved 

via the adoption of a number of procedures recommended by Hill and 

Lambert (2004) for qualitative researchers. The primary researcher [EM] 

met with a panel of people with lived experience of mental ill-health at 

Swinburne University of Technology in the developmental stage of the 

semi-structured interview to receive feedback and recommendations for 

improvement. The primary researcher [EM] transcribed interviews to 

maximise familiarity with the data at each stage of the coding process. The 

primary researcher [EM] coded data and brought queries to regular review 

meetings with three supervising staff; one highly experienced in qualitative 

research [AW], the second the lead researcher of the SAVVy trial [IB], and 

the third an expert in psychological treatment for psychosis [NT].  The data 

analysis was discussed and reviewed to confirm codes and themes and to 

reduce researcher bias. Findings will be made available to participants of the 

qualitative research once completed.  
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Chapter 3: Results 
 

     Qualitative analysis of the interviews with 12 participants generated four 

overarching themes relevant to the research questions, with each theme 

consisting of a number of subthemes (see Table 1 for summary). The 

themes were Digital technology enhances therapy;  “Not as bothered by 

voices”; Face-to-face sessions vital; and Variable preference for 

different phases of digital technology. 
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Table 1. Table of themes and subthemes  

Theme Subtheme 

1. Therapy experience changed 

by digital technology  

1.1 “Fast-tracked” rapport 

1.2. “Fast-tracks treatment” 

1.3. “More supported”  

2. “Not as bothered by voices” 2.1. Increased personal understanding  

2.2. Improved control over experience 

2.3. Change in voice symptoms 

3. Valuing face-to-face 

component 

3.1. Clinician qualities important 

3.2. Face-to-face component essential 

3.3 Challenges of meeting with the 

clinician 

4. Preference for difference 

phases of the digital technology 
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Theme 1: Therapy experience changed by digital technology 

     The theme refers to the aspects of the therapy experience that were 

different to “traditional” psychological therapies for people who hear voices 

by the inclusion of digital technology. Three differences were identified: 

fast tracked rapport, fast tracked treatment and being more supported. 
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     Subtheme 1.1: “Fast-tracked” rapport.  

     Participants reported that the data they inputted to the digital technology 

influenced the speed of developing a therapeutic relationship with the 

clinician, as exemplified by Participant 6: 

 

“Due to the nature of the app, it allows from that therapist-client 

relationship to develop a lot faster”.  

 

     Faster rapport was facilitated by participants perceiving that the clinician 

developed greater understanding about their symptoms from the data 

accrued through their daily monitoring and reflections.  Participants spoke 

about the clinician knowing more about their voice hearing experience 

because of the application, indicating that they had “more insight to this 

condition as well I’d say, because of the print out (data)” [P9]. Ways in 

which the clinician’s understanding increased included learning about 

patterns in their voices, common triggers, severity of the experience, or the 

impact the voices had on the person’s daily functioning, as reflected by 

participant 9 who said that the application helped the clinician “better 

understand how frequently I am hearing the voices and how distressed I am 

by them”.  
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     Another factor said to contribute to “fast tracked” rapport with the 

clinician was the feeling that the data gave credibility to what participants 

were sharing in therapy, and made them feel more “believed”. One 

participant described finding comfort when they recalled the therapist 

referring to the data and saying to her “I know you’re telling the truth” [P2]. 

Likewise, many of the participants perceived that the data that the clinician 

could access corroborated their own reports of their symptoms between 

sessions.  

 

     Subtheme 1.2: “Fast-tracks treatment” 

     Feeling more able to communicate their voice hearing experiences 

contributed to participants experiencing the SAVVy intervention as “fast 

track treatment”, as expressed by participant 9:   

 

“Fast tracks treatment because it shows you things to work on”…. 

“its getting insight quicker. And then you make progress faster” 

[P9].  

 

     Contributing to this experience was a general sense that the digital 

technology resource feasibly integrated into their daily lives, participant 6 

reflecting "people do tend to carry their phones around with them all the 

time, so it makes sense.”  
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     Several participants described how usually they found it difficult to 

communicate their voice hearing experience to others articulately and 

accurately. One participant shared: 

 

“I find it really hard to recall what exactly they’ve been saying, or 

what has been bothering me the most” [P7]. 

 

     Those who had engaged in prior talking therapies for their voices 

expressed how in comparison, their SAVVy therapy experience was 

enhanced by the combined face-to-face sessions and the digital technology. 

Participant 6 explained: 

 

 “The app, that kind of information building is happening 

quicker”….”you are not wasting half the session collecting background 

information”…. and “digitally it is so much easier to track, and 

compare and contrast different themes, different triggers, different 

coping mechanisms”. 

 

     In a further contrast to previous experiences, participants commented 

that using the application to track their voice hearing experience and 

complete daily reflections enhanced their ability to recall and communicate 
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their voice hearing symptoms. An aspect of this was a shift towards a 

perceived shared responsibility around recalling information about their 

lived experience “because that information [data] is accessed by the 

psychologist before the session I feel like it takes a lot of pressure off.” [P6] 

With the ability to review data that captures a person’s momentary 

experience between face-to-face sessions, there was a sense that the 

clinician could better facilitate the participant’s capacity to access memories 

of their lived experience from one session to the next.  Participant six 

expressed that the “onus, or responsibility, is on the therapist. So that if 

someone does forget, it (data) is there” [P6].  

 

     The monitoring phase that participants attributed to “fast tracking” 

rapport was conducted over a period of six days. Participant’s said that it 

“took me a couple of days to get used to” [P2]; was “tedious towards the 

end” but overall was “manageable” [P6]. Participant 6 shared: 

 

"In the moment it [monitoring] was a bit annoying" but at the “same 

token it was worth it because the, the amount of data we got was 

meaningful. And it meant that, you know, it [treatment] could be 

specifically tailored to me”. 
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     Only one participant expressed a desire to not have the application 

available on their own personal device due to paranoia symptoms, sharing 

that “I couldn’t write it even in my phone... the information was going on a 

program, it wasn’t kept in my phone.” [P11] making her engagement with 

the EMA/I more acceptable.  

 

     Subtheme 1.3: “More supported” 

     A common experience among participants from the regular interaction 

with the application was a sense of being “more supported” between 

sessions with the clinician.  They described the application as a “useful sort 

of lifeline to have there” [P1], and as “something outside of therapy hours 

that was a positive thing for me” [P3].   

 

     Two factors contributed to participants’ experience of being more 

supported. First, the randomized monitoring of their voices (EMA), coping 

strategies reminders and daily reflections (EMI) reportedly contributed to an 

increased sense of connection as mirrored in the following quotes: 

 

“Even when you were sitting there feeling lonely and it [the app] 

would go off and it would make you feel special” [P2] 

 

 “I didn’t feel isolated in my voices” [P3] 
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“Loneliness is a big part of my life, so it’s like, you know. I am 

always on my own. But it [the app] is something that interrupts and 

its like checking in. Which is a very rare thing in my day” [P8] 

 

     Individuals who had these experiences noted they were aware that they 

were not interacting directly with a person in these moments. However, this 

did not lessen their sense of being supported, as Participant 3 indicated: “it 

was comforting cos I thought, even though it was like a machine, I felt that 

someone was interested in what was going on for me” [P3]. Participant 11 

went further: 

 

“I knew she [therapist] was the one who was going to read the 

information. And it sort of felt every night that, almost like she was 

tucking me into bed. I didn’t feel like I was being a statistic. I was a 

person. And I was talking to a person. okay it was via a machine and 

she wouldn’t get it for another week, but I never thought about it as 

she wouldn’t get it for another week. It was, as I said, like telling 

[therapist], this is how my day has been. Good night.” 

 

     Second, participants expressed that being supported by the digital 

technology was associated with calmness and also promoted personal 
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reflection when the prompts would sound, as reflected in the following 

quotes: 

 

“It made me better each time I used the app. Each time it went off it 

comforted me and just made me think about me and who I was. As a 

person, not just what umm… my enemies or family might think of 

me” [P10] 

  

“I’d be sitting there and the app would go off. I’d be having a bad 

day and I’d be typing in and I’d be thinking ‘what is making the 

voices worse today or what’s started the voices bad today?’ And just 

by going through the app it would relax me” [P2] 

 

     While most participants shared the experience of feeling more supported, 

p6 had a different experience, stating that they “didn’t feel that it [the app], 

lessened my isolation”. 

 

Theme 2: “Not as bothered by voices” 

     Theme two, “Not as bothered by voices” refers to the consequences of 

the SAVVy therapy experience that continued outside the context of the 

therapy sessions. The three sub-themes identified, reflect changes 
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participants reported in the relationship they had with their voices, which 

they attributed to the intervention.  

 

     Subtheme 2.1: Changes to personal understanding  

     Participants noted having positive experiences of the blended therapy 

and spoke about tangible improvements, participant 1 recalling “tracking 

taught (them) new things”. Personal understanding about their symptoms 

and voice hearing experience improved, as the below quotes highlight:  

 

"I got a bit out of it which was good in terms of tracking patterns 

and triggers and all that sort of stuff.” Learning that "the activities 

that I was doing, whether or not that worsened the symptoms or 

made them less intense.” [P6] 

 

"Whether the voices were coming from internally or externally. I 

had never thought of that before." [P3] 

 

"I could understand when they were worse and not, and better" [P7] 

 

     Beyond learning about triggers and patterns, Participant 11 also 

commented that tracking their symptoms deepened their understanding of 

their voice experiences overall: 
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“Was an eye opener because what I, what I was thinking was just 

random, um actually did fall into a bit of a pattern. Such that we 

found in fact that one of the interventions was being counter-

productive. So that was really interesting. Because I didn’t have any 

sense of that at the time”. 

 

     While the majority of participants reported welcome changes in their 

voice hearing experience, participant 11 found the targeted intervention:  

 

"Was very confronting for the voices….at the start it was the novelty 

‘oh you are going to take notice of us are you? And you’re going to 

take notice every time’ that was a big difference". 

 

     Her voices seemingly changed “in a negative way. In that they have 

gotten stronger,” but she questioned “are they (voices) stronger or am I 

giving them more attention?” This same person also noted that since 

completing the trial the voices were “actually trying harder to be heard and 

listened to”.  

 

 

 



EXPERIENCES	OF	A	BLENDED	THERAPY	FOR	VOICES
	 	 34	
	

     Subtheme 2.2: Improved control over experience 

     The power participants had over their experience changed. They 

attributed this change to a shift occurring in how they appraised their voices, 

which was evident in the growing acceptance participants experienced, as 

the following quotes highlight: 

 

“I’m willing to accept that I'm probably going to hear them [voices] 

for the rest of my life but it doesn't mean it can, it has to control me 

forever.” [P6] 

 

“It’s a lot of feeling like, I don’t know, feeling like um just 

acceptance. So just like, not being angry with everything. At myself 

or the voice. Just being very calm. So I am just reacting differently. 

I’m not like um, sort of dwelling on them”. [P12] 

 

     The process of reducing the voices’ power involved reevaluating the 

voices. Participants questioning and challenging the ways they had 

previously thought about their voices facilitated this process, and is 

reflected below:  

 

"I am just kind of thinking, 'where is the evidence?' in terms of what 

they are saying" … "that clarity isn’t, doesn't happen every time I 
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hear the voices. But knowing that it can is actually quite 

empowering. Knowing that I do, I can kind of not control them but 

control my investment in them, there is a difference". [P6] 

 

"I don't have a need to um take full notice of everything that comes 

into my head". [P3] 

 

 “I’ve learnt not to battle with the voices…[not to] argue with them” 

[P5] 

 

     For others, their grasp of what they needed to do to improve their 

experience of hearing voices included “learn[ing] which strategies may 

help the most” [P1??] and recognising that they had to:  

 

 "Become more disciplined about um intervening when I'm feeling 

very distressed, instead of sort of sitting there and letting it 

overwhelm me, I sort of become proactive about doing something 

therapeutic." [P1] 

 

"Now I know what specifically triggers the worsening of the voices, I 

can kind of preempt, um prepare so that they don't affect me as bad 

as they have been. [P6] 
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     Subtheme 2.3: Change in voice symptoms 

     Most participants noted some change in their voice symptoms. 

Participant 2 indicated a reduction in the frequency of their voices from 

“seven to five days, to once” weekly. Some perceived the reduced 

frequency to be associated with decreased distress as reflected by: 

 

“They are probably less frequent”. “They don’t bother me as much. 

They still disturb me sometimes but I’m getting used to them now.” 

[P7] 

 

Voices are "a lot less prominent"…  and when using coping 

strategies the experience "wasn’t as intense", finding  “moments of 

peace and joy." [P3] 

 

     Participant 5 reported that the voice(s) were “like less loud, but they are 

still there.” While participant 2 said the content had changed "its not talking 

about me as much. It’s talking about other people or other things going on 

around me".  
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Theme 3: Valuing the face-to-face component 

     Theme three acknowledges that all participants spoke about the face-to-

face sessions being a vital component of the therapy experience, even if 

they highly valued the digital technology component. Having the space to 

speak openly was expressed as being valuable in and of itself.  

 

     Subtheme 3.1: Clinician qualities important  

     Clinician qualities were integral in participants engaging in both face-to-

face sessions and the digital technology. The clinician was said to be 

understanding, inviting to talk to, and non-judgmental as represented in the 

following quotes:  

 

"She was caring and she showed that, you know, we have to go 

through this, me and you, and that was really a good sign"…” She 

knew what she was doing. To me, she looked professional.” [P4] 

 

"I found it easy to just talk to her"…"she was really understanding, 

very caring and understanding and listened. [P5] 

 

"It was a really good experience, very positive. At no stage did the 

clinician make me feel uncomfortable or anything like that. [P6] 
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"Connection with clinician was good. I found her really supportive". 

[P7] 

 

     Subtheme 3.2: Face-to-face component essential  

     Participants spoke about their experience of treatment benefiting from 

the face-to-face element commenting “you know you can’t have the app by 

itself, I think face-to-face made it more helpful” [P4], and “it would be too 

hard to cope with” [P5] if there was no face-to-face element. Feedback 

provided in-session assisted participants in making sense of their 

experience, “I think it was really good because I sort of saw on paper what 

was going on. So rather than just thinking about it and going in circles in 

my mind.” [P12]  

 

     The data the clinician accessed from participant’s completion of EMA/I 

informed the feedback provided and was an essential factor in orienting the 

focus of work within face-to-face sessions. Receiving personalised, data 

driven, feedback was experienced as new insight into their lived experience. 

Participant 3 shared:  

 

"Nice that um what I was doing could actually explain to me what 

was going on for me". The feedback "made sense to my lived 

experience"...."cos she had evidence of what was going on.”  
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     For many, the face-to-face sessions were integral in learning about the 

patterns that the data revealed, with some being surprised that there were 

new understandings to be gained from the monitoring at all:  

 

"I do remember being a bit surprised at what came up, and there 

were other things that I was like 'oh ok. That makes sense.” [P6] 

 

     One participant, who had a contrasting experience, “there wasn't a real 

clear pattern that emerged. It was still good. It was still really good talking 

to [clinician] about the voices though because I hadn't talked to anyone 

about the voices before". [P7] 

 

     Participants said the data-driven feedback was “a new experience. The 

counsellor gave me an objective opinion of what was actually happening for 

me” [P3]. The objective perspective on the participant’s subjective 

experience instilled confidence in the participants that what they were self-

reporting in session was reflected in their data: "I was talking to her about 

my week, she'd (clinician) go 'that's exactly what got down on your page’".. 

"it makes you feel special, you feel wanted. You feel like someone is really 

listening to you". [Participant 2] 
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     Subtheme 3.3: Challenges of meeting with the clinician 

     While the majority of participants spoke about the face-to-face therapy 

favourably, Participant 5 reported having no prior experience of talking 

therapies and that she felt "scared" and "overwhelmed" because "I didn't 

know what to spect when I came in" and reported seeing the clinician made 

her "mainly scared about the voices, if the voices were really strong and 

they'd tell me to harm myself".  

 

     Another participant (3) shared that "I found it very tiring discussing what 

was going on for me"… “it was mentally draining"…."just being focused 

mentally for an extended period of time". When asked how they managed 

this, they said "I actually just carried on”…”I actually did feel good 

afterwards". 

  

     For those that spoke about having challenges, the therapy experience 

remained important for them to make sense of their experiences and for 

support or motivation to continue with the program. Participant 5 expressed 

having found the monitoring phase challenging but said " I came here 

(clinic) really distressed and leaving the actual therapist at the end, I felt a 

little easier about it because I'd talked about it”.  
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Theme 4: Preference for different phases of digital technology 

     In contrast to participants all valuing the face-to face component of the 

intervention, theme four captures the variability in what participants found 

useful in the digital components of the therapy. The applications 

components were not uniformly needed to experience improvements.  

 

     Subtheme 4.1: Monitoring most useful for learning about voices 

     Some participants noticed their greatest learning and insight came about 

due to the monitoring (EMA). Participant 7 found answering questions 

about her distress to be useful, sharing: 

 

"I found the first part (EMA) the most useful though. Answering 

questions about how distressed I was and all that. All those 

questions, that was probably most helpful, the monitoring phase. It 

just made me, it kept me aware of where I was at during the day and 

how I was coping.”  

 

     Monitoring improved comprehension about the impact the voices were 

having, participant 2 sharing that "the questions they ask, you learn, you 

learn how bad you are effected by it, the voices". Likewise, participant 1 

found the actual process of “rating how I felt each day, helped me learn 

when the voices were most problematic.” Engaging and responding to the 
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monitoring questions helped participant 12 consider her momentary 

experience from “an outsiders perspective, rather than me thinking about 

me all the time. So it made me think,. ‘oh this is what’s happening right 

now’”. As well as being useful, engaging with the monitoring technology 

“was actually fun answering the questions"..."it occupies your mind"... 

"gives you something to do” [P2].  

 

     The importance of the monitoring phase to these participants was not 

affected by their voice hearing experiences while being monitored. 

Participant 7 shared that monitoring "didn't make the voices worse" while 

participant 2 found that "the voices calmed down a bit. Like I said, it 

occupies the mind." While this was the more common experience, others 

noticed an increased presence or awareness? of their voices, reflected in the 

following quotes: 

 

"They (voices) were getting louder but I was doing my best to ignore 

them"… "So, while I was monitoring them I was aware of them but 

not very often engaging with them. So they didn’t quite like that but 

they liked that I was monitoring them." [P11] 
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     These participants, despite experiencing increased voice presence and 

hostility noted that they were able to persist and engage with the monitoring 

because they saw value in the data contributing to their treatment.  

 

     Subtheme 4.2: Coping reminders “worked wonders for me”  

     The coping reminders that were part of the EMI phase included random 

coping strategy prompts, sent five times a day, and a daily reflection at the 

end of a given day. Two aspects of the coping reminders stood out for 

participants. First, was that they were personalised and second was that they 

assisted with motivation outside of face-to-face sessions.  

 

     Participants spoke favourably about being involved in the tailoring of the 

coping strategy reminders, participant 3 noting that the experience "was 

good because it was all about me. It wasn't like general. It was more 

personalised." The personalization of coping strategies was important 

because "it was actually things that I knew I could do, or I had done 

previously, and they did work for me."   

 

     Despite the reminders being personalised there seemed to be variability 

in the participants’ preference for how often they received them, and when 

they received them. The participants who valued the random nature of the 

reminders welcomed the opportunity to stop and check-in with themselves, 
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participant 6 sharing "without it (reminders), I just forget. Or I get caught up 

with what I am doing and don't really engage in self-care. But with the 

prompts I do."  

 

     Other participants voiced a preference for being able to access the coping 

strategies in a self-directed manner, participant 2 said "it was really handy 

actually cos I could always flash back to my coping strategies when I 

needed to".. "on the spur of the moment you could just look up and then I 

could relax and let the weight off my shoulders (sigh), you know. And just 

breathe through it."   

 

     It also seemed important for some participants to be able to personalize 

how often they receive the reminders, because they spoke about receiving 

them for 20 days as too long a period, as reflected in the following quotes: 

 

"They were helpful to start off and then after a while I just, I sort of 

new what they were going to say so I know of remember them 

already". Coping strategy prompts "became redundant over time".. 

"the reminders were less effective as I was using them already." 

[Participant 7] 
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     Irrespective of whether people found the coping strategy reminders 

useful, participants continued to engage with the daily reflections that were 

sent to them at the end of each day during the EMI phase. Participant 6 said 

"reflecting on how the day went and kind of, it was like a…kind of like a 

debriefing"…"I felt like, like to decompress". "like I could enter the 

prompting questions and ‘ok, that's all done and dusted’."  

 

     The second aspect of this subtheme is linked to the impact 

personalization of the coping strategies has on treatment. Receiving the 

personalised prompts was perceived to enhance engagement with the 

intervention and to influence motivation, as expressed here:  

 

“I found it really helpful the reminders. Like, honestly the reminders 

sort of got me out of moods…. example was like I was really not 

motivated and stuff and I just saw a reminder telling me to go 

outside and exercise.” [Participant 12] 

 

     Only one participant said that the "the reminders" were least helpful, 

which he attributed to unexpected technology issues with the application 

which he said "got really annoying" [Participant 7].   
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