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ABSTRACT 

Unusual visual experiences (UVE) include a range of visual perceptual experiences, 

ranging from misperceptions through to visual hallucinations. Despite the awareness that 

unusual sensory experiences (USE) occur in multiple modalities in non-clinical 

populations, investigations thus far have been confined primarily to exploring unusual 

auditory experiences (UAE), notably auditory verbal hallucinations, and general 

hallucination-proneness. Consequently, there is a paucity of research on UVE, and 

knowledge about the underlying cognitive mechanisms is extremely limited. There are also 

limited options regarding appropriate measurement of UVE and USE in different 

modalities. The overall objective of the research reported in this thesis was to address these 

significant gaps in knowledge by creating a questionnaire to more effectively measure UVE 

and other modalities of USE in non-clinical populations, and also by exploring the role of a 

range of perceptual and cognitive factors in UVE. The research also explored how the 

profile of UVE results compared to the profiles for other modalities, and how associations 

with perceptual and cognitive factors were impacted by common co-existing factors, such 

as mood and delusional ideation. Chapter One reviews the relevant theoretical and 

empirical background from both non-clinical and clinical populations that informed the 

investigations in this thesis.  

Chapter Two reports on the development and validation of the Multi-Modality 

Unusual Sensory Experiences Questionnaire (MUSEQ). This 43-item scale that measures 

the frequency of USE in six different modalities (auditory, visual, olfactory, gustatory, 

bodily sensations, and sensed presence) was found to have good psychometric properties. 

Confirmatory factor analyses in both the scale development and test-retest samples 

provided support for a bifactor model, comprising of a large shared general factor and six 
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modality-specific factors. The creation of the MUSEQ provided the foundation for 

measurement of UVE in the research reported in Chapters Three and Four. 

Chapter Three investigated the role of visual processing and intentional inhibition in 

UVE in a non-clinical student sample, and compared these results to those for UAE and 

other modalities. Participants completed a range of modality-specific (visual acuity, 

contrast sensitivity, and object recognition) and modality-independent (temporal processing 

and intentional inhibition) experimental tasks, as well as measures of mood and delusional 

ideation. Contrary to expectations, higher UVE scores were not specifically associated with 

poorer acuity, contrast sensitivity, temporal processing, object recognition, or intentional 

inhibition. Rather, higher levels of unusual sensory experiences generally were associated 

with an atypical ‘top-down’ information processing style, comprising poorer ability to 

judge the temporal order of visual stimuli, earlier and accurate object recognition, and a 

conservative response bias during image encoding and learning. Higher levels of delusional 

ideation and mood problems contributed to this pattern of processing. 

The final empirical chapter (Chapter Four) explored the impact of meta-cognitive 

beliefs and cognitive biases on non-clinical UVE. It also investigated how the associations 

of these variables with UVE compared to the associations with UAE and delusional 

ideation, while controlling for co-existing factors. Meta-cognitive beliefs and biases were 

found to play a minor role in USE, and appear to be more closely related to delusional 

ideation and mood. The cognitive factors that were uniquely related to USE (lower 

cognitive confidence and heightened attention to threat) are modality-independent and 

mostly differ to those related to delusional ideation (negative beliefs about the 

uncontrollability and danger of thoughts and the need to control thoughts, heightened 

attention to threat, and greater external attribution).  
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Overall, the findings of this thesis suggest that non-clinical UVE have a unique 

profile which seems different from the profile for VH in clinical populations. However 

there was some evidence for a continuum with psychosis in regard to a shift to atypical 

information processing, and findings appear to support models that emphasise the role of 

top-down factors in non-clinical USE (e.g., perceptual inference models). Furthermore, the 

findings provide some evidence for modality-independent processes across different 

modalities of non-clinical USE. Chapter Five comprises the general discussion which 

addresses these overall conclusions. The contributions and broader implications of the 

findings in the thesis are also outlined, followed by recommendations for future research. 
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             “Every act of perception, is to some degree an act of creation…” 
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Page | 1  

FOREWORD TO CHAPTER ONE 

 This first chapter provides an overview of the relevant theoretical and empirical 

background pertaining to the topic under investigation in this thesis. Specifically, the first 

section outlines the epidemiological and phenomenological characteristics of both clinical 

visual hallucinations and non-clinical unusual visual experiences. It also reviews how such 

phenomena are typically assessed in non-clinical populations, and how the psychosis 

continuum model and transdiagnostic framework informed the investigations in this thesis. 

The subsequent sections then summarise the cognitive models and factors found to underlie 

clinical visual hallucinations and other phenomena which may contribute to our 

understanding of non-clinical unusual visual experiences, including non-clinical unusual 

auditory experiences and hallucination-proneness. For the factors reviewed, the extent to 

which they have been investigated in relation to non-clinical unusual visual experiences is 

explored. The final section presents the aims and general outline of the thesis. 
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CHAPTER 1 

General Introduction 

_________________________________________________________________________ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Page | 3  

Hallucinations 

Hallucinations have long attracted scientific curiosity and challenged philosophical 

thinking. Who experiences them? What are the underlying causes? Do they indicate mental 

illness? What do such experiences mean for the concept of a shared reality or 

consciousness? Why are some hallucinations distressing and others comforting? The term 

‘hallucination’ stems from the Latin verb halucinari (or alucinari), meaning to be absent 

minded or wander mentally (Blom, 2009). Following the rise in scientific thinking in the 

17th century, these phenomena were first referred to in the medical literature in 1838 by 

French psychiatrist Jean-Étinenne-Dominique Esquirol (Blom, 2009; Peyroux & Franck, 

2013). In modern terminology, hallucinations are defined as percepts experienced during a 

waking state in the absence of appropriate environmental stimuli (Blom, 2009). They occur 

in numerous sensory modalities (i.e., forms) and domains of internal/external awareness, 

including auditory, visual, olfactory, gustatory, bodily sensations, sensed presence, pain, 

vestibular, kinaesthetic, cenesthetic, and sexual (Blom, 2013). Hallucinations can occur in 

one modality alone, but can also be multi-modal in nature (i.e., hallucinating in more than 

one modality serially or simultaneously) (Lim, Hoek, Deen, Blom, & GROUP 

Investigators, 2016).  

The progression of scientific research into clinical hallucinations has, over time, led 

to an erroneous stereotype, especially in many Western cultures, that these phenomena 

signal underlying psychopathology and result from mental illnesses such as schizophrenia. 

However, research since the 19th century has provided evidence that hallucinations also 

occur in the general population. In 1886, Edmund Gurney published the first systematic 

survey (‘Phantasms of the Living’) of ‘telepathic’ hallucinations in the general population 

in England (Gurney, Myers, & Podmore, 1886). Gurney also initiated the Society of 

Psychical Research’s ‘Census of Hallucinations’ (published by Sidgwick, Johnson, Myers, 
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Podmore, & Sidgwick, 1894); a large-scale international replication of his survey in 17,000 

‘sane’ individuals (Sommer, 2011). This research provided significant evidence that 

hallucinations do occur in the general population, and resulted in a significant shift in the 

understanding of these phenomena; specifically, that they do not solely occur in individuals 

with clinical disorders and diseases. Research into hallucinations in the general population 

has experienced a revival in the last few decades (Ohayon, 2000; Tien, 1991), showing that 

hallucinations do occur in otherwise healthy individuals who are not help-seeking and who 

do not meet the criteria for psychosis (Johns et al., 2014; McGrath et al., 2015; Pignon et 

al., 2018; Waters, Blom, Jardri, Hugdahl, & Sommer, 2018). Such individuals can be 

broadly considered as part of the ‘non-clinical’ population, with this term usually used with 

reference to individuals without a diagnosed history of psychotic illness. Non-clinical 

research has also gained acceleration due to the question of whether there exists common 

mechanistic pathways between these experiences and clinical hallucinations (which may 

hold potential predictive value for future risk of psychosis), or whether they are ultimately 

different phenomena. This thesis focuses on unusual visual experiences (UVE) (including 

hallucinations) in non-clinical populations, which have received minimal attention in the 

empirical literature. 

Visual Hallucinations and Unusual Visual Experiences  

Definition and Thesis Terminology 

Visual hallucinations (VH) can be defined as visual percepts during a waking state 

that have the character of veridical perception (i.e., accurately represent reality), but which 

occur in the absence of a relevant external stimulus (Waters et al., 2014). VH can generally 

be classified as simple (e.g., unformed dots, lines, and flashes) or complex (e.g., formed 

people, objects, and animals) (Collerton, Dudley, & Mosimann, 2012). However, 
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perception is a complex subjective process, and the boundaries of perception cannot be 

easily defined or measured (Collerton et al., 2016; Dror, 2005). Given that humans are 

continuously processing and integrating information from the environment, VH (or ‘false’ 

perceptions) are not always easily distinguishable from other UVE such as illusions and 

misperceptions, which are distortions of stimuli present in the environment (Uchiyama et 

al., 2015). This same principle applies across modalities. Therefore, for the purpose of this 

thesis, VH is considered within the spectrum of UVE. When referring to the clinical 

literature, the term VH will be used in line with the usual clinical terminology, whereas 

UVE will be used with reference to non-clinical populations. The same frame of reference 

will be used for non-clinical unusual auditory experiences (UAE), and unusual sensory 

experiences (USE) generally, with the latter referring to all modalities (see page xi for a 

glossary of acronyms). 

VH in Clinical Populations  

Prevalence and phenomenology. VH occur in a range of clinical populations, but 

are most common in neurodegenerative disease, eye disease, and psychiatric disorders such 

as psychosis and schizophrenia. An examination of the prevalence and phenomenology of 

VH in these populations is helpful as it showcases that VH have a range of 

phenomenological features and occur at variable rates in different disorders (which are 

seemingly unrelated). Thus, VH are not exclusive to any one disorder or condition. The 

prevalence and phenomenology of VH in these populations is reviewed below. 

Parkinson’s disease. The prevalence of VH in Parkinson’s disease is estimated 

between 22 and 50% (Fénelon & Alves, 2010; Urwyler et al., 2016), and at 76% in Lewy 

body dementia (Urwyler et al., 2016). VH in Parkinson’s disease typically comprise of 

complex (i.e., formed) people (alive or deceased), animals, and objects, which are 
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somewhat repetitive in nature (Fénelon, Mahieux, Huon, & Ziégler, 2000; Waters et al., 

2014). While these experiences are typically perceived as veridical and involuntary, they 

are not often associated with distress (Waters et al., 2014). Similarly, VH in dementia are 

not often distressing, and tend to be of animals, objects/machines, faces, and unfamiliar 

small people (Mosimann et al., 2006; Waters et al., 2014).  

Eye disease. In eye disease (especially Charles Bonnet Syndrome), between 10 and 

60% of individuals experience VH, depending on the degree of visual loss (ffytche, 2009;  

Urwyler et al., 2016; Waters et al., 2014). Compared to neurodegenerative disease, VH in 

eye disease are typically simple in nature (e.g., unformed dots, shapes), followed by 

hallucinations of animals, people, patterns (e.g., kaleidoscope-type patterns), faces, 

landscapes, and inanimate objects (Vukicevic & Fitzmaurice, 2008; Waters et al., 2014). 

They are only appraised as negative in about one-third of cases, and are generally not 

perceived as real (Waters et al., 2014).  

Psychosis. In schizophrenia, VH occur with a mean prevalence of 27% (similar to 

Parkinson’s disease), with estimates varying from 4% to 65% (Waters et al., 2014). As 

reviewed by Waters et al. (2014), VH in psychosis are often perceived as veridical, life-

sized, three-dimensional, and solid, with their origin in the external world. They can be 

dynamic or static, with complex VH being more common than simple VH. Specifically, 

VH often comprise of people, objects, faces, animals, strange events (e.g., fire), and visions 

of religious or mystical figures. Unlike VH in neurodegenerative diseases and eye disease, 

VH in psychosis are often frightening in content. They can include both positive and 

negative content, however a lack of feeling of control over the content is specific to VH in 

psychosis, which can be associated with distress (Waters et al., 2014).  

Across clinical populations generally, the content of VH can be influenced by other 

factors such as gender, culture, and context (Collerton et al., 2016). For example, across eye 
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disease, Lewy body dementia, and Parkinson’s disease populations, females are more likely 

to report hallucinating children or family members, while males report hallucinating objects 

(e.g., machines) more often (Urwyler et al., 2016). While there are individual variations, 

such phenomena in clinical populations tend to last for a few minutes and occur a few times 

a day at most, with longer-lasting episodes typically associated with drug intoxication or 

delirium (Collerton et al., 2016; Collerton, Perry, & McKeith, 2005). While not all VH are 

distressing, they are generally associated with more severe levels of psychopathology, 

poorer treatment outcome, and a need for care (Clark, Waters, Vatskalis, & Jablensky, 

2017; Waters et al., 2014). Overall, perhaps because VH are highly prevalent in the 

conditions and disorders described above, many of the theoretical models of VH have been 

derived from research in these populations. Consequently, it is helpful to use these models 

and the associated literature to develop an understanding of UVE in non-clinical 

populations. 

UVE in Non-Clinical Populations 

Prevalence. Table 1 presents a summary of the studies that have measured the 

prevalence of UVE in the general population, and also provides the estimated prevalence of 

other modalities for comparison. It is important to note that some general population 

studies have not always screened for a history of psychosis or provided separate prevalence 

rates for individuals with no history (i.e., non-clinical) versus those with a history (e.g., 

Kessler et al., 2005; Ohayon, 2000; Pechey & Halligan, 2012; Pignon et al., 2018). Despite 

the prevalence of UVE and USE in other modalities (see Table 1), most research has 

focused on the auditory modality (particularly auditory verbal hallucinations) in non-

clinical populations (see Baumeister, Sedgwick, Howes, & Peters, 2017; Waters et al., 

2012). This focus on the auditory modality is arguably an artefact of the comparison of 
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Table 1 

Prevalence of Unusual Experiences in the General Population Across Multiple Modalities  

Modality Estimated Prevalence Studies 

Visual 3-15% Kessler et al., 2005; McGrath et 

al., 2015; Ohayon, 2000; Pechey 

& Halligan, 2012; Pignon et al., 

2018; Shevlin et al., 2007; Tien, 

1991; Waters et al., 2014 (review) 

Auditory 2.5-15% Beaven, Read, & Cartwright, 2011 

(review); Kessler et al., 2005; 

Kråkvik et al., 2015; McGrath et 

al., 2015; Ohayon, 2000; Pechey 

& Halligan, 2012; Pignon et al., 

2018; Shevlin et al., 2007; Tien, 

1991 

Bodily 

Sensations 

3-7% Ohayon, 2000; Shevlin et al., 

2007; Tien 1991 

Olfactory 3-9% Ohayon, 2000; Tien, 1991 

Gustatory 1% Ohayon, 2000 

Sensed Presence Limited research, but 30-60% 

in bereaved individuals 

Castelnovo et al., 2015 (review) 

 

non-clinical USE to those experienced by individuals with psychosis and schizophrenia 

spectrum disorder, in which auditory hallucinations were, until recently, considered a 

hallmark of these disorders (Waters et al., 2018). However, it has been suggested that too 

much diagnostic and predictive weight has been placed on the presence of auditory 

hallucinations (Upthegrove et al., 2016). This is especially the case, given that UVE may be 

more common than unusual auditory, olfactory, gustatory, and bodily/somatic 

hallucinations in non-clinical populations (see Table 1). Some studies have indeed found 
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that UVE were more common than UAE in the general population (Kessler et al., 2005; 

McGrath et al., 2015; Ohayon, 2000; Peters et al., 2016; Shevlin, Dorahy, & Adamson, 

2007; Tien, 1991). This emphasises the need for further investigation of UVE. 

Phenomenology. Only a handful of studies have sought phenomenological 

descriptions of UVE in the general population. Reported misperceptions include seeing 

shadows as threatening objects, strange shapes, other people’s faces appearing different, 

and one’s reflection in a mirror not appearing to be oneself (Chapman, Edell, & Chapman, 

1980; Kelleher, Harley, Murtagh, & Cannon, 2011; Stanghellini, Langer, Ambrosini, & 

Cangas, 2012). Complex VH include seeing people (e.g., strangers, or deceased relatives in 

grief and widowhood), faces, animals, physical objects (e.g., cars), and aliens (Castelnovo, 

Cavallotti, Gambini, & D’Agostino, 2015; Chapman et al., 1980; Kelleher et al., 2011; 

Líndal, Stefánsson, & Stefánsson, 1994). Psychotic-like experiences (including VH) in the 

general population are typically vivid and relatively transient experiences that remit over 

time in about 80% of individuals (Linscott & van Os, 2013). They are often single or 

isolated phenomena, or may occur in the context of a current stressor (e.g., mourning) 

(Stanghellini et al., 2012). While for 20% of individuals these experiences may be more 

persistent and distressing, approximately 7% will develop a psychotic disorder (Linscott & 

van Os, 2013). The majority of these experiences could potentially be due to an 

undiagnosed medical condition (e.g., epilepsy, eye disease) or prodromal psychosis, as 

studies tend to only screen for psychotic disorder. However, other factors have been found 

to be associated with an increased rate of UVE in non-clinical populations, including sleep 

problems (Ohayon, 2000; Reeve, Emsley, Sheaves, & Freeman, 2017; Reeve, Sheaves, & 

Freeman, 2015), psychosocial stressors (e.g., bereavement; Castelnovo et al., 2015, and 

bullying; Morrison & Petersen, 2003), religious practices (Lindhal, Kaplan, Winget, & 
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Britton, 2014), and drug use (Ohayon, 2000; Rognli, Bramness, Skurtveit, & Bukten, 

2017). Cultural factors also play a role, with VH being more prevalent in developing 

countries in comparison to Western cultures (Luhrmann, 2011). Such differences in 

reported rates may be due to the appraisal and beliefs attached to experiencing such 

phenomena. For example, VH is some cultures may be associated with stigma (i.e., 

believed to indicate mental illness), while in other cultures and religious groups VH (or 

‘visions’) hold significant meaning and spiritual value (see Larøi et al., 2014). 

Assessment. The increasing interest in non-clinical USE has brought into 

consideration the importance of having specific and psychometrically sound measures of 

these phenomena. While clinician-rated assessments and/or structured (or semi-structured) 

interview formats are typically used to assess hallucinations in clinical populations (for 

review of VH measures see Aynsworth, Collerton, & Dudley, 2017), self-report 

questionnaires are typically used in the general population. In comparison to the clinical 

literature, there currently exists no specific measure of VH for non-clinical populations. 

Instead, epidemiological survey studies in the general population tend to assess UVE using 

single screening questions from standardised interview schedules similar to “Have you seen 

things/people/objects that others did not see?” (e.g., McGrath et al., 2015; Ohayon, 2000; 

Pignon et al., 2018). In experimental studies of non-clinical USE, studies frequently utilise 

self-report measures which assess ‘unusual experiences’ or ‘hallucination-proneness’. The 

former is a category which includes a mix of constructs and experiences relating to 

schizotypy more generally (i.e., hallucinations, delusional ideation, and paranoia). The 

latter refers to a person’s predisposition to hallucinations, and can include items pertaining 

to other factors generally associated with higher levels of hallucinations, such as intrusive 

thoughts, daydreaming, and fantasy-proneness.  
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The Oxford-Liverpool Inventory of Feelings and Experiences (O-LIFE; Mason, 

Claridge, & Jackson, 1995; Mason, Linney, & Claridge, 2005), Launay-Slade Hallucination 

Scale (LSHS; Launay & Slade, 1981), and Cardiff Anomalous Perceptions Scale (CAPS; 

Bell, Halligan, & Ellis, 2006) are the most commonly used measures of USE and 

hallucination-proneness in non-clinical populations. The O-LIFE possesses an ‘unusual 

experiences’ subscale, but this is not specific to USE. The most commonly used scale to 

assess hallucination-proneness is the LSHS (for revised versions see Kråkvik et al., 2015; 

Larøi, Marczewski, & Van der Linden 2004; Larøi & Van der Linden, 2005a; Morrison, 

Wells, & Nothard, 2000). The revised versions of the LSHS include more items than the 

original version, with extra items pertaining to different modalities of USE (i.e., auditory, 

visual, olfactory, tactile, and sensed presence). Despite this, the scale is limited in its 

coverage of USE in different modalities and the inclusion of items in the scale relating to 

other constructs (e.g., daydreaming and intrusive thoughts). An issue associated with this is 

that conclusions about auditory hallucinations are occasionally made using a total 

hallucination-proneness measure from the LSHS (e.g., Jones & Fernyhough, 2006).  

The CAPS (Bell et al., 2006) partially addresses the issue of breadth of coverage, 

with the scale being developed to assess a range of perceptual anomalies in different 

sensory modalities (including visual). However, the anomalies covered in this scale are 

grouped according to dimensions including changes in sensory intensity, thought echo, and 

sensory experiences from an unexplained source, rather than by different modalities. 

Furthermore, the CAPS does not possess a precise frequency response scale associated with 

these experiences, which limits researchers’ ability to determine how often such 

experiences may occur. Overall, there is currently limited means of systematically and 

sensitively measuring the frequency of UVE and USE in other modalities in non-clinical 

populations. This poses issues for investigating potential similarities and differences 
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between the modalities regarding underlying mechanisms and associated factors. 

Development of a more comprehensive and systematic measure to assess UVE and other 

modalities will therefore provide opportunities to enhance knowledge about these 

phenomena by offering an appropriate means of measurement.   

Summary. There is evidence to suggest that UVE may be more common than UAE 

and other modalities of USE in non-clinical populations. Thus, the lack of research into 

modalities other than the auditory domain in non-clinical populations is a significant gap in 

the literature. In addition, there is a need for more specific and systematic measures of UVE 

and other modalities of USE in non-clinical populations. 

The Psychosis Continuum  

The observation that USE occur in the general population has led to increasing 

interest in how they may (or may not) share phenomenological and mechanistic similarities 

with hallucinations experienced in clinical populations. Such investigations are based on 

the psychosis continuum model (Johns & van Os, 2001), according to which the psychosis 

phenotype extends into the general population with clinical psychosis at the extreme (van 

Os & Linscott, 2012). The continuum can be viewed in one of two ways. One view is that 

the symptoms found in psychosis (hallucinations and delusions) are found in the general 

population, with the presence of disorder and help-seeking related to other factors, such as 

the frequency and intrusiveness of symptoms, degree of conviction, preoccupation, distress, 

comorbidities, coping style, and socio-cultural factors (Johns & van Os, 2001; van Os, 

Linscott, Myin-Germeys, Delespaul, & Krabbendam, 2009). The other view is that the 

symptoms and associated aetiology found in psychosis are assumed to be present and 

measureable at an attenuated (or “lesser”) levels in the general population (Johns & van Os, 

2001; van Os et al., 2009), which is frequently assumed in non-clinical studies and 
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associated with terms like “psychosis-proneness”, “schizotypy”  and “psychotic-like 

symptoms”. The continuum model overall assumes that the presence of psychotic 

symptoms does not necessarily equate to disorder, and that the prevalence of these 

symptoms can be much higher that the prevalence of clinical disorder (Johns & van Os, 

2001; van Os et al., 2009). While some have queried and debated the continuum model 

(Kaymaz & van Os, 2010; Lawrie, Hall, McIntosh, Owens, & Johnstone, 2010), or the 

ways in which it has been explored (David, 2010), the existing literature provides support 

for this model (for review see DeRosse & Karlsgodt, 2015).  

Extending on the continuum model, the psychosis-proneness-persistence-

impairment model (van Os et al., 2009) suggests that while the developmental expression 

of psychosis-proneness is mostly transitory in nature, psychotic-like experiences may 

become increasingly persistent and lead to impairment through biological and 

psychological sensitisation (i.e., interaction between genetic risk and environmental 

exposure) (Linscott & van Os, 2013; van Os et al., 2009). Indeed, there is evidence that 

other factors such as affective dysregulation and cognitive alterations co-occur and interact 

in non-clinical individuals who report psychotic experiences, which, if persistent over time, 

may indicate increased risk for onset of disorder in the future (van Os & Linscott, 2012). In 

regard to non-clinical experiences, van Os and Reininghaus (2016) suggested that the 

evidence points to two underlying constructs: (i) a specific phenotypic expression of 

attenuated psychotic symptoms (hallucinations and delusions) that falls on a distribution, 

and (ii) a group of fundamental transphenotypic associations between different 

psychopathology domains (positive symptoms, negative symptoms, affective symptoms, 

and disorganisation symptoms). Overall, the continuum model and the psychosis-
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proneness-persistence-impairment model provide a useful foundation from which to 

explore potential underlying mechanisms of non-clinical UVE. 

Transdiagnostic Approach 

In addition to the psychosis continuum model, a transdiagnostic approach has been 

useful in providing clues as to what processes may be responsible for UVE that are 

common to a range of disorders. For example, drawing on knowledge from other 

populations that experience VH (e.g., eye disease, neurodegenerative disease, psychosis) 

may help inform research directions for non-clinical UVE. Such an approach is supported 

by a recent review by Waters and Fernyhough (2017), which found that non-clinical 

hallucinations appear to share a notable amount of overlap with similar phenomena 

experienced in other populations, including psychiatric conditions, medical and 

neurological conditions, and alcohol-related conditions. 

Summary: Theoretical Framework of Thesis 

 Together, the continuum model and transdiagnostic approach provide a theoretical 

grounding for exploring underlying mechanisms and causal factors for non-clinical UVE. 

These theoretical approaches will inform the current thesis in regard to what factors are 

under investigation. Specifically, based on the psychosis continuum model, this thesis 

assumes that UVE and their associated phenotype occur on a continuum with clinical VH in 

the general population. However, in light of transdiagnostic approaches, this thesis does not 

confine the continuum to psychotic disorder. Instead, for investigative purposes, it will 

consider the possibility that non-clinical UVE may share attenuated aetiological similarities 

to VH experienced in other clinical populations. 
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Theoretical Models and Cognitive Factors Associated With VH and UVE 

Existing explanatory cognitive models of VH have been developed primarily in 

neurodegenerative disease and eye disease populations (very little theoretical work has 

been conducted in relation to VH in psychosis). Historically, these models tend to 

emphasise the role of a particular level of processing over another. For example, some 

emphasise the role of early visual processing and subsequent input (or lack of) from the 

retina to the brain (data-driven or ‘bottom up’), while other models propose a primary role 

of higher-order cognitive factors (e.g., memory, attention, and perceptual expectations) and 

how these influence lower-level perception (‘top-down’) (Straughan, Collerton, & Bruce, 

2016). However, contemporary theories acknowledge that perception is a constructive 

process, and that bottom-up and top-down factors have a dynamic complex relationship and 

do not occur in isolation (Straughan et al., 2016). In addition to these models, the existing 

literature on schizophrenia, non-clinical auditory hallucinations, and hallucination-

proneness can also provide guidance to potential underlying mechanisms of UVE from a 

transdiagnostic and modality-independent perspective. Evidence suggests that there may be 

modality-specific factors associated with VH (i.e., in the visual domain), but also that there 

may be generalised cognitive factors that underlie USE independent of modality. 

Investigating modality-specific versus modality-independent contributions is important for 

understanding the aetiology of these experiences and how different modalities may be 

related. The following sections will outline the current literature, models, and frameworks 

associated with VH that may help inform what mechanisms underlie non-clinical UVE, and 

outline the limited information on what is known so far about these phenomena. 
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Modality-Specific Factors 

 The following sections will review factors specific to the visual domain that have 

been implicated in clinical VH, including visual processing and visual attention, and the 

models associated with these processes. The current state of knowledge regarding modality-

specific factors in non-clinical UVE is then reviewed. 

Visual processing. Models of VH in eye disease and Parkinson’s disease have 

implicated the role of poor visual processing. One of the most prominent theories in the 

literature on Charles Bonnet Syndrome (eye disease with intact cognitive ability) is 

deafferentiation theory. Generally, this theory proposes that interruption to peripheral 

sensory nerve fibres results in a loss of sensory input to the occipital cortex 

(deafferentiation), provoking hyperexcitability of the affected neurons and the spontaneous 

‘release’ of previously stored perceptions into conscious awareness (i.e., VH) (Burke, 2002; 

Cogan, 1973). Based on this theory, there is a dose-response relationship between degree of 

visual loss and complexity of VH (Bernardin et al., 2017). This theory has led to 

investigations into the role of sensory processing impairments (i.e., vision or hearing 

problems) in hallucinations, given these impairments interrupt sensory input and may be 

considered an indirect measure of deafferentiation (Bernardin et al., 2017).  

In clinical populations, the role of early visual processes such as visual acuity (VA) 

and contrast sensitivity (CS) has been implicated in VH. VA refers to the ability to 

discriminate fine detail (i.e., clarity of vision) at high contrast, while CS is the ability to 

detect subtle changes and differences in patterns and shading (i.e., how much contrast a 

person needs to discriminate between objects and surrounding areas). Both VA and CS 

problems have been found to be two of the strongest predictors of VH in eye disease 

(ffytche, 2009; Jackson, Bassett, Nirmalan, & Sayre, 2007). Other clinical populations that 
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experience VH have also been found to show VA and/or CS problems, including 

individuals with psychotic disorders (Cadenhead, Dobkins, McGovern, & Shafer, 2013; 

Kantrowitz, Butler, Schecter, Silipo, & Javitt, 2009; Skottun & Skoyles, 2007; Smith, 

Pantelis, McGrath, Tangas, & Copolov, 1997; Viertiö et al., 2007; but see Kéri & Benedek, 

2007; Kiss, Fábián, Benedek, & Kéri, 2010) and neurodegenerative disease (Archibald, 

Clarke, Mosimann, & Burn, 2011; Chapman, Dickinson, McKeith, & Ballard, 1999; 

Diederich et al., 1998; Holroyd, Currie, & Wooten, 2001; Lin et al., 2015; Matsui et al., 

2006; Pieri, Diederich, Raman, & Goetz, 2000; but see Gallagher et al., 2011; Kopal et al., 

2015). A recent review by Bernardin et al. (2017) found that functional and structural 

abnormalities of the retina are common in eye disease, neurodegenerative disease, and 

psychosis, and should be considered in cognitive models of VH. Of particular note, the 

authors propose that CS measures should be used to explore retinal involvement in VH, 

given that CS can reflect retinal abnormalities measured using ophthalmologic medical 

imagery techniques (e.g., electroretinogram; see Langheinrich et al., 2000).  

On a broader level, deafferentiation theory and the role of sensory processing in 

hallucinations is supported by numerous studies showing that sensory deprivation can lead 

to hallucinations, especially in individuals who are considered more prone to such 

phenomena (e.g., Daniel, Lovatt, & Mason, 2014; Daniel & Mason, 2015; Lloyd, Lewis, 

Payne, & Wilson, 2012; Mason & Brady, 2009; Merabet et al., 2004). Furthermore, hearing 

impairment has been found to be associated with an increased risk of psychosis (Linszen, 

Brouwer, Heringa, & Sommer, 2016), again emphasising that sensory processing may be 

an important consideration in models of hallucinations. Indeed, Waters and Fernyhough 

(2017) found that vision or hearing loss was a shared vulnerability factor for hallucinations 

across individuals with schizophrenia, neurodegenerative disease, neurological conditions, 

and ultra-high-risk groups. Despite this, given that not all individuals with eye disease, 
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neurodegenerative disease, psychotic disorder, or poorer low-level vision experience VH, 

changes in bottom-up processing do not appear sufficient to account for VH (Collerton et 

al., 2005; Fénelon et al., 2000; ffytche, 2009). Furthermore, VH produced by visual 

dysfunctions are typically of the unformed (simple) types, which does not explain how 

complex (formed) VH experiences occur (ffytche, 2009). 

Despite the prominence of visual processing difficulties in models of clinical VH, 

there is a paucity of research on the possible role of these factors in non-clinical UVE. Only 

four studies have somewhat explored visual processing and possible links to non-clinical 

UVE. Using electroencephalography, Schwartzman, Maravic, Kranczioch, and Barnes 

(2008) found that non-clinical individuals who were prone to UVE showed abnormal early 

visual processing in response to degraded visual input (due to disruption of their low-level 

visual processes) compared to those with low proneness to UVE. Another study was by 

Pearson et al. (2016), however this study focused on inducing a visual illusion (as a proxy 

for a VH) in healthy participants and did not measure individual history (or frequency) of 

UVE. Their findings showed that a visual flicker could induce VH, suggesting these 

phenomena share similar mechanistic properties to normal sensory perception. On a 

broader level, and not specific to early visual processing, Coy and Hutton (2012) conducted 

a study on facial affect recognition in non-clinical individuals prone to UVE. The authors 

found that those who were highly prone to UVE were more likely to misperceive neutral 

faces as threatening (angry) in an emotion detection task, compared to a low proneness 

group. It remains unclear as to whether modality-specific factors such as poorer VA and CS 

may play a role in non-clinical UVE. 

Visual attention. Attentional factors – specifically visual attention, play a primary 

role in existing models of VH in neurodegenerative disease (Collerton et al., 2005; 
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Diederich, Goetz, & Stebbins, 2005; Shine, Halliday, Naismith, & Lewis, 2011). Visual 

attention is a cognitive process which allows focus on a particular aspect of the 

environment, rather than the scene as a whole (Greene, 2005). It is proposed that VH occur 

when a deficit in attentional processes, and thus visual focus, leads to ambiguity in visual 

information (Barnes, Boubert, Harris, Lee, & David, 2003). In such circumstances, 

individuals are more likely to rely on previously stored imagery schema activated by the 

visual cortex to resolve the ambiguity. This process is influenced by psychological 

expectations and biases, and results in conscious perception of complex imagery 

(Grossberg, 2000; Kastner & Ungerleider, 2001).  

Numerous studies show that individuals with Parkinson’s disease and VH 

(including those with dementia) exhibit significant deficits in visual attention compared to 

individuals with Parkinson’s disease without VH (e.g., Bronnick, Emre, Tekin, Haugen, & 

Aarsland, 2011; Koerts et al., 2010; Meppelink, Koerts, Borg, Leenders, & van Laar, 2008). 

These individuals also perform more poorly on other tasks relying on visual attention such 

as facial, object, and spatial perception (Barnes et al., 2003; Koerts et al., 2010). Of further 

relevance, individuals with Parkinson’s disease and VH have previously shown they can 

make VH disappear if they focus their visual attention on the phenomenon (Diederich, 

Pieri, & Goetz, 2003). A longitudinal study by Muller, O’Callaghan, Walton, Shine, and 

Lewis (2017) found that individuals with Parkinson’s disease who went on to develop VH 

at follow-up had attentional impairments at baseline compared to those who did not 

develop VH, suggesting these impairments may play a role in the early development of VH. 

It could be argued however that such impairments may be specific to neurodegenerative 

pathology. For example, neuroimaging studies indicate that individuals with different types 

of neurodegenerative disease who experience VH show grey matter loss (and subsequent 
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disruption) in fronto-parietal regions (Pezzoli, Cagnin, Bandmann, & Venneri, 2017), 

which play a primary role in visual attention (Parks & Madden, 2013). They also show 

disrupted functional connectivity in the Default Mode Network (Pezzoli et al., 2017), which 

is a neural network usually active in the resting state that is typically associated with 

periods of self-referential internal thought during which knowledge and memory retrieval 

occurs (Shine et al., 2014). These findings are overall consistent with visual attention 

deficits.  

In addition to neurodegenerative disease populations, visual attention impairments 

have also been found in those experiencing complex VH in eye disease (Graham et al., 

2011), and in individuals with high levels of schizotypal traits in the non-clinical 

population (Fuggetta, Bennett, & Duke, 2015). However, it has been argued by Onofrj et al. 

(2013) that difficulties in attention cannot fully explain VH, as VH are not found in other 

disorders associated with attentional difficulties (e.g., attention deficit hyperactivity 

disorder). In line with this, neuroimaging studies indicate that the fronto-parietal networks 

have not been found to play a major role in VH in schizophrenia populations (Amad et al., 

2014; Ford et al., 2014; Oertel et al., 2007). In addition, a study by Van Ommen et al. 

(2016) did not find deficits on visual attention tasks in individuals with psychosis who 

experienced VH. Thus, findings regarding the role of visual attention across different 

populations that experience VH are inconsistent, and it is unclear whether it may play a role 

in non-clinical UVE. 

Integrated visual processing and attention models. Other models of VH 

developed from neurodegenerative research acknowledge that VH most likely involve an 

interaction between both bottom-up (e.g., early visual processing) and top-down (e.g,. 

attention) processes (Straughan et al., 2016). In Collerton et al.’s (2005) Perception and 
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Attention Deficit model, recurrent complex VH are proposed to be the result of a 

combination of impaired visual perception and attention. Specifically, the model details that 

proto-objects, which are abstract memory-based object representations that lie just below 

conscious awareness, are activated by top-down expectations based on stored visual 

representations in memory. Incoming visual sensory inputs are thought to activate a number 

of different proto-objects, which compete for further processing and are selected to enter 

conscious awareness depending on either bottom-up processing biases (e.g., salient 

physical properties of stimuli) or top-down processing biases (e.g., expectancies or object 

familiarity) (Bernardin et al., 2017; Collerton et al., 2005). Typically, in normal vision, the 

selection of an appropriate proto-object in a visual scene occurs via this process and 

efficient attentional binding. However, the model proposes that VH occur when there is 

attentional binding to an incorrect proto-object within a visual scene, due to poor visual 

processing and attention. It has been proposed that this combination of impairments tends 

to manifest clinically as poor object attention and perception, which can result in poor 

object recognition (Collerton et al., 2005; Graham et al., 2011). Overall, Collerton et al.’s 

model therefore specifies that the simultaneous presence of impairments in both visual 

processing and attention (bottom-up and top-down factors) is necessary for the occurrence 

of VH, and cannot occur if only one of these impairments exists. However, as the model 

was intended to address complex VH, it is not as applicable to the experience of simple VH 

(ffytche, 2005; Makin et al., 2013). 

In another interactive model, Diederich et al. (2005) propose that dysfunctional 

filtering and gating of external perception, which occurs due to visual pathway and 

processing deficits (i.e., partial visual deprivation), leads to the release of  internally-

generated images into conscious awareness (Bernardin et al., 2017). Following this, poor 
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reality monitoring leads to the erroneous attribution of these images to external factors, 

resulting in VH (Diederich et al., 2005). Another model proposed by Shine et al., (2011, 

2014), the Attention Network Dysfunction model, implicates the role of the following 

neural networks : (i) Dorsal Attention Network (top-down; processing of information 

during goal-oriented tasks), (ii) Ventral Attention Network (bottom-up; processes salient 

environmental information, is involved with voluntary stimuli-driven attention, and 

coordinates Dorsal Attention Network and Default Mode Network activations), and (iii) 

Default Mode Network (as previously described) (Bernardin et al., 2017; Shine et al., 

2014). The model specifies that VH may occur when the Dorsal Attention Network is not 

activated in the presence of ambiguous percepts, resulting in a reliance on the other two 

networks. This interferes with being able to automatically retrieve information from 

memory and makes incoming stimuli oversalient, resulting in significant meaning being 

attached to the ambiguous percept and the experience of VH (Bernardin et al., 2017).  

 Overall, these three models outlined essentially propose that VH reflect some form 

of impairment in visual processing (bottom-up) and top-down factors, which results in 

difficulty perceiving a correct image within a scene, and which, in turn, results in the 

release or intrusion of an incorrect image into conscious awareness (Straughan et al., 2016). 

In addition to the existing evidence for the possible role of visual processing and attention 

difficulties in VH outlined in previous sections, there is evidence to support the 

combination of both bottom-up and top-down impairments in VH in Parkinson’s disease 

(Gallagher et al., 2011; Koerts et al., 2010) and dementia (Makin et al., 2013). However, 

Van Ommen et al. (2016) did not find support for combined deficits underlying VH in a 

psychosis sample. VH have also been considered within a perceptual inference framework 

(see O’Callaghan, Kveraga, Shine, Adams Jr, & Bar, 2017), where hallucinations are 
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thought to result from placing excessive weight on priors (expectations or predictions) 

rather than on incoming sensory input (Fletcher & Frith, 2009; Friston, 2005; Jardri & 

Denéve, 2013; Powers III, Kelley, & Corlett, 2016). Such models place more of an 

emphasis on top-down factors in hallucinations, but acknowledge that accurate perception 

is the result of a balance between how much weight is placed on incoming sensory input 

versus top-down expectations (O’Callaghan et al., 2017). There is some evidence to support 

perceptual inference models of hallucinations in non-clinical samples (Davies, Teufel, & 

Fletcher, 2017; Powers, Mathys, & Corlett, 2017; Teufel et al., 2015), however there has 

been little investigation into the possibility of combined bottom-up and top-down 

difficulties. 

Summary and relevance to thesis. The clinical VH literature and models of VH 

suggest that modality-specific changes in visual processing and attention may play a 

primary role in these phenomena. Despite this, there are no existing studies exploring the 

possible link between non-clinical UVE and VA, CS, visual attention, or factors thought to 

be influenced by a combination of poorer visual processing and attention (e.g., object 

recognition). Thus, there is a large gap in knowledge regarding whether modality-specific 

factors associated with clinical VH are also related to non-clinical UVE. It was therefore of 

interest in this thesis to explore whether these factors may be implicated in UVE. 

Specifically, VA, CS, and object recognition were selected for investigation, with the latter 

proposed to reflect a combination of poor visual processing and attention. 

Modality-Independent Factors 

In addition to the modality-specific factors described above (i.e., specific to the 

visual modality and VH), a number of cognitive domains and processes, which are not 

specifically tied to sensory modalities, have been investigated in the hallucination literature. 
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The role of cognitive factors in VH is of interest given that individuals in populations in 

which VH are common, such as Parkinson’s disease and schizophrenia, commonly exhibit 

cognitive changes and impairments (e.g., Fioravanti, Bianchi, & Cinti, 2012; Muller et al., 

2017). On a broader level, studies have also found that young people reporting psychotic 

experiences show neurocognitive changes compared to those who do not experience these 

phenomena (Barnett et al., 2012; Blanchard et al., 2010; Kelleher, Clarke, Rawdon, 

Murphy, & Cannon, 2013; Kelleher et al., 2015). However, VH can occur in individuals 

(e.g., eye disease populations) with seemingly intact performance on global cognitive 

functioning tests, arguing against the role of generalized cognitive deficits (Graham et al., 

2011). This suggests that other cognitive processes may be involved in UVE, which may be 

common across different modalities of USE. Modality-independent factors that have been 

explored in relation to other populations and constructs (e.g., psychosis, schizophrenia, 

non-clinical UAE, and hallucination-proneness) may help inform our understanding of 

cognitive factors underlying UVE. Such factors include temporal processing, inhibition, 

and higher-order information processing and beliefs (e.g., meta-cognitive beliefs [MCB] 

and cognitive biases). The following sections will outline what is known about these factors 

in the VH and broader hallucination literature, and what is known about these factors in the 

non-clinical UVE literature. 

Temporal processing. Temporal processing refers to the encoding and integration 

of information. It plays an important role when integrating incoming sensory stimuli within 

a restricted timeframe, with the rate reflecting an individual’s efficiency in this process. 

Temporal processing is also crucial in allowing accurate judgments regarding the order and 

relationship of stimuli and information, including being able to identify the source of 

stimuli in the environment. Efficient temporal processing is therefore important in 
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facilitating perceptual coherence, appropriate allocation of attentional resources, and in 

making causal inferences about one’s environment (Foucher, Lacambre, Pham, Giersch, & 

Elliott, 2007; Ivry & Schlerf, 2008). It has been suggested that abnormalities in temporal 

processing may be a potential causal factor for hallucinations and other psychotic 

symptoms (Stevenson et al., 2017; Waters, 2013). This has been tested using experimental 

tasks which typically require individuals to either judge whether stimuli appear at the same 

or different times (i.e., simultaneity judgment), or report which stimulus appears first (e.g., 

two circles presented serially at a certain time interval). On such tasks, abnormalities in 

temporal processing are therefore evident by difficulties integrating stimuli together or by 

requiring a longer separation of stimuli to make accurate discrimination judgements 

(Foucher et al., 2007).  

While few studies have focused on VH specifically, there is evidence of temporal 

processing abnormalities in populations that experience VH. For example, studies have 

frequently reported that individuals with schizophrenia exhibited timing deficits in temporal 

order judgement tasks (Capa, Duval, Blaison, & Giersch, 2014; Davalos, Kisley, & Ross, 

2003; de Boer-Schellekens, Stekelenburg, Maes, Van Gool, & Vroomen, 2014; Foucher et 

al., 2007; Giersch et al., 2009; Stevenson et al., 2017; Zhou et al., 2018). Stevenson et al. 

(2017) specifically found that such temporal processing deficits were linked to the severity 

of hallucinations in their schizophrenia sample. At a broader level, there is also evidence 

that individuals with psychosis may have abnormalities in visual temporal processing 

(Schmidt, McFarland, Ahmed, McDonald, & Elliott, 2011). In addition, individuals with a 

larger temporal binding window (i.e., larger range of temporal offsets over which stimuli 

are bound together) are more likely to report psychotic-like symptoms (Graham, Martin-

Iverson, & Waters, 2015) and have an increased susceptibility to audio-visual illusions 
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(Stevenson, Zemtsov, & Wallace, 2012). Taken together, this evidence suggests that 

abnormalities in temporal processing may play a role in USE generally, but no studies have 

yet explored this in relation to UVE. 

Inhibition. Inhibition is an important prefrontal executive control function that is 

involved with various other important cognitive processes (e.g., memory, attention, 

language, and learning) and behaviour (Jardri et al., 2016). Cognitive inhibition is primarily 

concerned with the ability to supress irrelevant information (e.g., memories or thoughts) 

and resist interference from other competing stimuli in order to make goal-directed 

responses (Badcock & Hugdahl, 2014; Jardri et al., 2016). This type of cognitive control is 

important in being able to resolve cognitive conflict in regard to competing bottom-up and 

top-down responses (Badcock & Hugdahl, 2014). It has been proposed that impairments in 

inhibition may lead to the intrusion of irrelevant cognitive material into awareness, which is 

thought to explain the unintended and intrusive nature of hallucinations in clinical 

populations (de Leede-Smith & Barkus, 2013; Jardri et al., 2016). In support of this view, a 

review of neuroimaging hallucination research by Zmigrod, Garrison, Carr, and Simons 

(2016) found that in studies exploring auditory verbal hallucinations, there was significant 

cross-study evidence of atypical activation in the left hippocampus and parahippocampal 

gyrus, which are areas that play a role in memory encoding and retrieval.  

With relevance to VH, impairments in inhibition have been found to be associated 

with VH in neurodegenerative disease (Barnes & Boubert, 2008; Boubert & Barnes, 2015; 

Sanchez-Castaneda et al., 2010). In other hallucination research, studies on auditory 

hallucinations in schizophrenia and non-clinical populations have typically focused on a 

subtype of cognitive inhibition called intentional inhibition. This subtype is a post-stimulus 

process referring to the ability to inhibit intrusive memories or thoughts that have been 
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experienced previously (de Leede-Smith & Barkus, 2013). Deficits in intentional inhibition 

have been linked to hallucinations in Alzheimer’s disease (El Haj, Gallouj, Dehon, Roche, 

& Larøi, 2018) and auditory hallucinations in schizophrenia (e.g., Badcock, Waters, 

Maybery, & Michie, 2005; Soriano, Jiménez, Román, & Bajo, 2009; Waters, Badcock, 

Maybery, & Michie, 2003; Waters, Badcock, Michie, & Maybery, 2006). In addition, 

individuals who are highly prone to hallucinations in the general population have shown 

poorer intentional inhibition on a task requiring the inhibition of currently irrelevant (but 

previously relevant) memories (Badcock, Mahfouda, & Maybery, 2015; Paulik, Badcock, 

& Maybery, 2007). However, hallucinations in non-clinical populations are generally 

perceived as more controllable (Daalman et al., 2011), and the evidence for poorer 

inhibition in non-clinical populations is mixed (Paulik et al., 2007). Despite this, the role of 

difficulties in intentional inhibition in non-clinical hallucinations is supported by studies 

suggesting that rumination, intrusive thoughts and memories, and thought suppression are 

associated with auditory hallucinations and hallucination-proneness (Brébrion, Larøi, & 

Van der Linden, 2010; Jones & Fernyhough, 2006, 2009; Smailes, Meins, & Fernyhough, 

2015). Overall, the evidence suggests that inhibition may be a cognitive factor underlying 

hallucinations across populations, but further investigation is needed to explore this in 

UVE. 

Meta-cognitive beliefs and cognitive biases. The role of higher-order information 

processing and beliefs has been extensively explored in regard to hallucinations and 

psychotic symptoms, with a focus on MCB and cognitive biases. Meta-cognition generally 

refers to any cognitive or knowledge process (e.g., beliefs, strategies) involved in the 

monitoring, control, or interpretation of one’s thinking (Wells & Cartwright-Hatton, 2004). 

Specifically, MCB, which are beliefs about one’s thought processes, were originally 
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implicated in psychopathology in Wells and Matthews’ (1996) Self-Regulatory Executive 

Function (S-REF) model. This model essentially proposes that unhelpful emotion 

regulation strategies and MCB result in the biased processing of threatening stimuli 

(Sellers, Varese, Wells, & Morrison, 2017). Specifically, it suggests that vulnerability to 

psychological dysfunction, and the maintenance of symptoms and distress, is linked to a 

‘cognitive attentional syndrome’, which is characterised by rumination and worry, 

heightened self-focused attention, attempts to control thoughts/events, and monitoring for 

threat. This syndrome is proposed to come about via the presence of both positive (e.g., 

belief in the usefulness of worry, rumination, and threat monitoring) and negative (e.g., 

belief that certain thoughts are uncontrollable or dangerous) MCB (Wells, 2009). While 

negative MCB are thought to link to distress, the presence of both positive and negative 

beliefs is thought to be associated with greater psychopathology (Wells, 2000). MCB are 

thought to be a transdiagnostic contributor to psychopathology and implicated across a 

range of disorders (Hagen, Solem, Opstad, Hansen, & Hagen, 2017). This position is 

supported by findings of the role of MCB in depression (Solem, Hagen, Hoksnes, & 

Hjemdal, 2016; Yilmaz, Gençöz, & Wells, 2015), anxiety (e.g., Gkika, Wittkowski, & 

Wells, 2018; Ryum et al., 2017; Wells, 1995), and psychosis (Austin et al., 2015; Morrison 

& Wells, 2003; Sellers, Wells, & Morrison, 2018). 

A meta-cognitive model of auditory hallucinations has also been proposed, which 

suggests that hallucinations occur when intrusive thoughts are misattributed to an external 

source in the context of dysfunctional MCB (e.g., need to control thoughts), and then 

maintained via negative affect and cognitive-behavioural responses (Morrison, 2001; 

Morrison, Haddock, & Tarrier, 1995). In non-clinical samples, dysfunctional MCB have 

been linked to higher levels of USE (Cangas, Errasti, García-Montes, Alvarez, & Ruiz, 
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2006; Collignon, Van der Linden, & Larøi, 2005; García-Montes, Cangas, Pérez-Álvarez, 

Fidalgo, & Gutiérrez, 2006; Gawęda, Cichoń, & Szczepanowski, 2015; Goldstone, Farhall, 

Thomas, & Ong, 2013; Larøi & Van der Linden, 2005b; Morrison et al., 2000; Morrison, 

Wells, & Nothard, 2002), and also delusional ideation (Goldstone et al., 2013; Larøi & Van 

der Linden, 2005b; Stainsby & Lovell, 2014). There exists significantly less research on 

meta-cognition in non-clinical UVE in particular. A few studies have found that higher 

levels of UVE are associated with particular MCB, including positive beliefs about unusual 

experiences (Morrison et al., 2000), positive beliefs about worry as a coping mechanism 

(Larøi & Van der Linden, 2005b; Morrison et al., 2002), poorer confidence in one’s 

memory and attention (Cangas et al., 2006; García-Montes et al., 2006; Morrison & 

Petersen, 2003), a tendency to monitor one’s thoughts (Morrison & Petersen, 2003), and 

negative beliefs about the uncontrollability and danger of thoughts (Cangas et al., 2006; 

Larøi & Van der Linden, 2005b; Morrison et al., 2002). There is also evidence that negative 

MCB are linked to distress in individuals who experience visions (Warlow, 2015), but this 

study was not specific to non-clinical UVE. Lastly, UVE have also been found to be related 

to higher levels of trauma-related cognition (e.g., negative cognitions about the world and 

dissociation) (Morrison & Petersen, 2003). 

 While MCB would be assumed to be generalised across modalities, a couple of 

studies have found differences between different modalities of USE (Morrison et al., 2002; 

Morrison & Petersen, 2003), warranting further investigation into whether atypical meta-

cognition is a modality-independent factor. Despite the frequent finding of an association 

between hallucination-proneness and dysfunctional MCB, studies have found that MCB, 

particularly negative, may actually be more closely related to delusion-proneness 

(Goldstone et al., 2013; Stainsby & Lovell, 2014). It has also been suggested that MCB 
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may actually be related to psychological distress or general levels of psychopathology in 

psychosis and non-clinical populations (Brett, Johns, Peters, & McGuire, 2009; Cotter, 

Yung, Carney, & Drake, 2017; Hill, Varese, Jackson, & Linden, 2012; Oosterhout, 

Krabbendam, Smeets, & van der Gaag, 2013; Sellers et al., 2017; Sun, Zhu, & So, 2017). A 

review by Varese and Bentall (2011) indeed found that hallucinations had little association 

with MCB when controlling for co-existing mood symptoms, suggesting that the failure of 

earlier studies to control for co-existing factors may have led to erroneous conclusions and 

mixed findings regarding the role of meta-cognition in USE. 

Linking to MCB, another type of information processing explored in the context of 

USE is cognitive biases. Biases are distortions in the way information is processed, with the 

most commonly explored including: external attribution (misattributing an internal 

cognitive event to an external source; also considered under ‘source monitoring’ ability), 

jumping to conclusions (i.e., making hasty decisions without sufficient information), belief 

inflexibility (tendency to hold on to a belief in light of contradictory evidence), and 

attention to threat (tendency to preferentially process threatening information) biases.  

Studies have found that higher levels of dysfunctional cognitive biases are 

associated with psychotic-like experiences generally in healthy individuals (Gawęda et al., 

2018; Gawęda, Prochwicz, & Cella, 2015; but see Ward, Peters, Jackson, Day, & Garety, 

2017) and higher levels of schizotypal traits (Sacks, de Mamani, & Garcia, 2012). Biases 

have been extensively explored in the delusion literature, with higher levels of delusional 

ideation found to be linked to higher levels of biases in non-clinical populations (Allen, 

Freeman, Johns, & McGuire, 2006; Arguedas, Green, Langdon, & Coltheart, 2006; Menon 

et al., 2013; Prochwicz & Kłosowska, 2017; Warman & Martin, 2006; Woodward, Buchy, 

Moritz, & Liotti, 2007). In regard to non-clinical USE, associations have been found 
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between higher levels of USE and external attribution (Brookwell, Bentall, & Varese, 2013; 

Morrison & Haddock, 1997; but see Garrison et al., 2017), attention to threat (Dudley et al., 

2014), and jumping to conclusions (Ochoa et al., 2014). However, there are inconsistencies 

in findings, with Daalman, Sommer, Derks, and Peters (2013) showing that healthy voice 

hearers did not differ from healthy controls on a range of cognitive biases. As with meta-

cognition, the consideration of other co-existing factors such as mood is important in 

investigations of cognitive biases, as mood problems are also associated with distortions in 

information processing (e.g., Bar-Haim, Lamy, Pergamin, Bakermans-Kranenburg, & Van 

IJzendoorn, 2007; Everaert et al., 2017). There currently exists only one study relevant to 

cognitive biases in UVE. Aynsworth, Nemat, Collerton, Smailes, and Dudley (2017) 

explored the relationship of UVE with vivid imagery and reality monitoring in individuals 

with psychosis and university students who were either high or low in UVE proneness. The 

authors found that those with high proneness to UVE showed higher levels of vivid 

imagery and reality-monitoring difficulties compared to those with low proneness. 

Specifically, higher levels of UVE were associated with a greater tendency to misattribute 

internal visual experiences to external images, which is a form of cognitive bias. Overall, 

the role of cognitive biases in UVE remains unclear, and no studies have explored whether 

the assumption that such biases are modality-independent is valid. It was therefore of 

interest in this thesis to explore the role of higher-order information processing and beliefs 

(i.e., MCB and cognitive biases) in UVE. 

Additional studies of modality-independent factors in non-clinical UVE. In 

addition to those few studies described above that explored the association between meta-

cognition and cognitive biases in UVE, there exists only one other study of modality-

indepdent cognitive factors in UVE. Maravic da Silva (2013) explored the continuum 
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theory in a healthy sample and a Parkinson’s disease sample, comparing those who were 

prone to UVE to those low in proneness. In the healthy sample, there were no differences 

between the low and high UVE proneness groups in visual memory, visual imagery, or 

executive functioning performance. However, the high proneness group did exhibit higher 

levels of a range of other factors such as fantasy-proneness, thought monitoring, sleep 

problems, and social compliancy. These factors are outside of the scope of this thesis and 

will not be explored. However, it is clear that there is minimal research on modality-

independent factors underlying UVE. 

Summary and relevance to thesis. Overall, in regard to modality-independent 

factors, there is extremely limited, or an absence of, research into the possible role of 

temporal processing, inhibition, and cognitive biases in non-clinical UVE. In addition, the 

existing studies on meta-cognition have yielded mixed and inconsistent findings. The 

limited literature available on UVE makes it difficult to draw conclusions on modality-

specific or modality-independent processes (e.g., comparisons to UAE), or compare these 

phenomena to VH experienced in other populations. It was therefore of interest in this 

thesis to explore modality-independent factors underlying UVE, and compare the findings 

with other modalities of USE. Based on the available literature describe above, factors 

chosen for investigation were temporal processing, inhibition, MCB, and cognitive biases. 

Co-Existing Factors That Warrant Consideration 

 When exploring potential mechanisms underlying UVE, it is important to take into 

consideration other factors or experiences that commonly co-exist with these phenomena. 

This increases the ability to detect underlying cognitive processes specific to UVE, 

compared to processes that may be present due to associated factors and shared underlying 
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mechanisms. Three factors to consider include other modalities of USE, delusional 

ideation, and mood problems (i.e., negative affect), which will be briefly reviewed below. 

Other Modalities of USE 

The importance of exploring additional modalities is highlighted by the fact that 

USE in one modality are typically associated with experiences in other modalities, 

suggesting shared underlying mechanisms. For example, healthy voices hearers experience 

hallucinations in other modalities, including the visual, olfactory, gustatory, and tactile 

modalities (Sommer et al., 2010). In psychosis populations, VH typically co-occur with 

hallucinations in other modalities, and rarely occur in the absence of auditory hallucinations 

in both clinical (Bracha, Wolkowitz, Lohr, Karson, & Bigelow, 1989; Clark et al., 2017; 

McCarthy-Jones et al., 2017; Mueser, Bellack, & Brady, 1990) and non-clinical (Sommer 

et al., 2010) populations. Furthermore, Lim et al. (2016) found that in individuals with 

schizophrenia spectrum disorder, the presence of auditory hallucinations may lower the 

threshold for developing hallucinations in other modalities, particularly VH. Thus, it has 

become increasingly apparent that the exploration of other modalities of USE is an 

important avenue for research in order to understand modality-specific and modality-

independent processes underlying these phenomena.  

In terms of perceptual and cognitive mechanisms, few studies have tried to 

differentiate the unique and general associations with such processes between different 

modalities. In non-clinical populations, the only area in which this has received attention is 

meta-cognition, with a handful of studies including UVE alongside UAE in their analyses 

(García-Montes et al., 2006; Larøi & Van der Linden, 2005b; Morrison et al., 2000, 2002; 

Morrison & Petersen, 2003). As discussed in the previous meta-cognition section, some of 

these studies found UVE and UAE were associated with similar meta-cognition beliefs, 
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while a couple of other investigations found differences. It is often assumed that because 

USE in different modalities correlate highly, that they have similar underlying processes. 

However, there is actually little evidence to support this claim. It also remains unclear as to 

whether modality-specific factors are implicated in USE, which may be important in 

understanding why such phenomena actually occur in different modalities. Given the 

apparent importance of such investigations, this thesis will explore modality-specific and 

modality-independent processes in relation to UVE. This can be explored in two ways (i) 

exploring the role of modality-specific (i.e., in the visual domain) and modality-

independent factors in UVE, and (ii) comparing the cognitive profiles of UVE to that of 

unusual experiences in other modalities. These approaches will be further described and 

explored in the experimental chapters. 

Delusional Ideation 

 Delusions are also thought to occur in the general population along a continuum of 

normality, varying in the degree of preoccupation, conviction, and associated distress 

(Peters, Joseph, & Garety, 1999). There is evidence that delusions and hallucinations (or 

USE) frequently co-exist or correlate highly in both psychosis (Bilder, Mukherjee, Rieder, 

& Pandurangi, 1985; Kimhy, Goetz, Yale, Corcoran, & Malaspina, 2005; Peralta, de Leon, 

& Cuesta, 1992) and non-clinical populations (Larøi & Van Der Linden, 2005a; Pechey & 

Halligan, 2012; Stainsby & Lovell, 2014; Varghese, Scott, & McGrath, 2008). The 

combined presence of these experiences (‘hallucinatory-delusional state’), rather than in 

isolation, has been linked to more affective symptoms, poorer general health, persistent 

psychotic-like phenomena, and a greater risk for psychotic disorder (Nuevo, van Os, 

Arango, Chatterji, & Ayuso-Mateos, 2013; Smeets et al., 2012). Furthermore, Pignon et al. 

(2018) found that hallucinations, delusions, and the co-occurrence of these experiences, 
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were associated with the same sociodemographic correlates in the general population. In 

psychosis populations, positive symptoms (i.e., hallucinations and delusions) are associated 

with similar underlying neural regions (Goghari, Sponheim, & MacDonald III, 2010). 

There is also evidence to support the continuity of the positive dimension of schizotypy 

between healthy controls and individuals with schizophrenia or schizoaffective disorder 

diagnoses (Thomas et al., 2018). The finding that these phenomena frequently co-exist has 

led to suggestions that they may share similar underlying cognitive mechanisms (Larøi & 

Woodward, 2007). For example, Morrison (2001) proposed that dysregulation in cognition 

may underlie both hallucinations and delusions, which is supported by findings that both 

USE and delusional ideation are associated with dysfunctional MCB and cognitive biases 

(e.g., Dudley et al., 2014; Goldstone et al., 2013; Larøi & Van der Linden, 2005b; 

Prochwicz & Kłosowska, 2017; Stainsby & Lovell, 2014). Further, it has been suggested 

that factors found to be related to USE may in fact be due to the failure of studies to control 

for delusional ideation and other co-existing factors (Varese & Bentall, 2011). Thus, when 

exploring potential cognitive factors underlying UVE, considering the role of delusional 

ideation appears crucial in being able to understand the unique and similar mechanisms 

associated with these phenomena. 

Mood Problems 

Mood problems, or negative affect, is another factor that requires consideration in 

investigations of USE. Higher levels of mood problems (i.e., depression, anxiety, and 

stress) and emotional disturbance are consistently found to be associated with USE and 

delusional ideation in non-clinical populations (Allen et al., 2005; Cella, Cooper, Dymond, 

& Reed, 2008; Gawęda, Holas, & Kokoszka, 2012; Paulik, Badcock, & Maybery, 2006; 

Preti, Bonventre, Ledda, Petretto, & Masala, 2007; Scott et al., 2009; Stainsby & Lovell, 
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2014; van't Wout, Aleman, Kessels, Larøi, & Kahn, 2004). In a large general population 

study by Pignon et al. (2018), the presence of hallucinations and delusions was found to be 

associated with a range of non-psychotic disorders, including depressive and anxiety 

disorders. Indeed, Wigman et al. (2012) found that individuals with depressive or anxiety 

disorders were at least twice as likely to report psychotic-like symptoms compared to those 

without these disorders. It has also been found that psychotic-like experiences and mood 

problems in teenagers are better explained together by a single dimension of ‘common 

mental distress’, rather than separate dimensions (Stochl et al., 2015). Some studies have 

found different patterns of associations between types of psychotic-like symptoms and 

mood problems. For example, Cangas et al. (2006) found depression was associated with 

UVE but not UAE. Despite this, there is evidence that psychotic-like experiences may be 

causally related to increased levels of affective disturbance, with a possible bidirectional 

dose-dependent relationship (van Rossum, Dominguez, Lieb, Wittchen, & van Os, 2011). 

This is supported by the finding that individuals who experience higher levels of 

hallucinations and depression simultaneously are more likely to go on to develop a 

psychotic disorder, compared to those with psychotic-like experiences and no depressed 

mood (Krabbendam et al., 2005). Not surprisingly, good emotional well-being has therefore 

been identified as a protective factor against persistent psychotic-like experiences (Peters et 

al., 2016).  

Given the high degree of co-existence between mood symptoms and psychotic-like 

experiences, affective dysregulation has been acknowledged in previous cognitive models 

of psychotic-like experiences (e.g., Garety, Kuipers, Fowler, Freeman, & Bebbington, 

2001; Morrison, 2001) and is now central to transdiagnostic models of psychosis and the 

psychosis phenotype in the general population (van Os & Reininghaus, 2016). It has indeed 
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been emphasised that psychotic and neurotic disorders and experiences may share similar 

underlying contributing and maintaining factors (Freeman & Garety, 2003), which is 

important given that both are associated with neurocognitive changes. Overall, this 

evidence highlights the extreme importance of considering the influence of mood when 

investigating possible underlying cognitive processes in non-clinical UVE. 

Summary 

Given the high degree of co-existence between different modalities of USE, mood, 

and delusional ideation, it is crucial to consider the role of these factors in the investigation 

of perceptual and cognitive factors underlying UVE. This may include controlling for these 

variables and/or comparing the unique and shared cognitive profiles for these phenomena to 

deepen our understanding of their aetiology. 

Thesis Aims and Structure 

Drawing on the psychosis continuum model and the empirical literature reviewed 

above, it appears that modality-specific (i.e., VA, CS, and object recognition) and modality-

independent (i.e., temporal processing, cognitive inhibition, and higher-order information 

processing and beliefs) may play a role in non-clinical UVE. Despite this, it is clear that 

there exists significant gaps regarding the current knowledge about non-clinical UVE.  

These include: (i) a need for a non-clinical self-report scale that allows specific 

measurement of UVE and other USE in different sensory modalities, and (ii) a lack of 

research exploring the underlying perceptual, cognitive, and higher-order information 

processing factors (e.g., MCB and cognitive biases) in non-clinical UVE. Addressing these 

gaps bears importance for determining whether such phenomena share any similarities to 

VH in clinical populations and specifically, further our understanding about whether 
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particular cognitive factors associated with these phenomena may increase possible risk for 

disorders (such as psychosis) or need for care. 

In addition, the possibility of modality-specific and modality-independent 

processess is an additional area of consideration which has typically received little 

attention. This idea can be explored in two ways in regard to UVE: (i) whether UVE are 

impacted by modality-specific and modality-independent factors, and (ii) how the results of 

the visual modality compare to other modalities of USE. 

Based on these gaps in the literature, and considering the role of co-existing factors, 

the three general aims of this thesis were: 

1. To develop and validate a new self-report measure (Multi-Modality Unusual 

Sensory Experiences Questionnaire; MUSEQ) to allow better assessment of the 

frequency of UVE, and USE in other modalities, in non-clinical populations. 

(Chapter Two) 

2. Investigate the role of a range of perceptual and cognitive processes in UVE, 

based on what is known about VH in clinical populations, non-clinical UAE, 

and hallucination-proneness. This included investigating both modality-specific 

factors (VA, CS, and object recognition) and modality-independent factors 

(temporal processing and intentional inhibition). (Chapter Three) 

3. Explore how MCB and cognitive biases are related to non-clinical UVE. 

(Chapter Four) 

A secondary aim relating to aims two and three was to explore how common co-

existing factors (i.e., mood problems and delusional ideation) influence the relationships 

between the cognitive factors and UVE, and how the pattern of associations with these 

factors for the visual modality compare to those of other modalities. 
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This thesis comprises five chapters, with the three empirical chapters (Chapters 

Two, Three and Four) presented in journal article format. Following this introductory 

chapter, Chapter Two reports on the development and validation of a new scale, called the 

Multi-Modality Unusual Sensory Experiences Questionnaire. This scale forms the 

foundation for measuring UVE and USE in other modalities in the two experimental 

chapters (Chapters Three and Four).  

Chapter Three reports on an investigation into the role of VA, CS, temporal 

processing, object recognition, and intentional inhibition in non-clinical UVE, and explores 

the possible role that mood and delusional ideation play in these associations. It also 

compares findings in the visual modality with the results for the auditory modality and 

‘other modalities’ (olfactory, gustatory, bodily sensations, sensed presence), to allow 

exploration of modality-specific versus modality-independent hypotheses. Chapter Four 

investigates the association of MCB and cognitive biases with non-clinical UVE while 

controlling for mood and delusional ideation, and also compares the results to those for the 

auditory modality and for delusional ideation.  

Lastly, Chapter Five, the General Discussion, briefly summarises the aims and key 

findings of this thesis. It explores the contributions of the findings to the literature, and the 

broader implications for both future experimental work and theoretical models of non-

clinical UVE. The limitations and strengths of the thesis are considered, and possible 

avenues for future research are discussed.  
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FOREWORD TO CHAPTER TWO 

The next chapter is the first empirical paper in this thesis. It reports on the 

development of the Multi-Modality Unusual Sensory Experiences Questionnaire 

(MUSEQ). This 43-item scale assesses six modalities of unusual sensory experiences 

(auditory, visual, olfactory, gustatory, bodily sensations, and sensed presence) in non-

clinical populations. The creation of the MUSEQ is used to screen for unusual visual 

experiences and other modalities of unusual experiences in subsequent chapters (Chapters 

Three and Four). 
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Abstract 

Hallucinations and other unusual sensory experiences (USE) can occur in all modalities in 

the general population. Yet, the existing literature is dominated by investigations into 

auditory hallucinations (‘voices’), while other modalities remain under-researched. 

Furthermore, there is a paucity of measures which can systematically assess different 

modalities, which limits our ability to detect individual and group differences across 

modalities. The current study explored such differences using a new scale, the Multi-

Modality Unusual Sensory Experiences Questionnaire (MUSEQ). The MUSEQ is a 43-

item self-report measure which assesses USE in six modalities: auditory, visual, olfactory, 

gustatory, bodily sensations, and sensed presence. Scale development and validation 

involved a total of 1300 participants, which included: 513 students and community 

members for initial development, 32 individuals with schizophrenia spectrum disorder or 

bipolar disorder for validation, 659 students for factor replication, and 96 students for test-

retest reliability. Confirmatory factor analyses showed that a correlated-factors model and 

bifactor model yielded acceptable model fit, while a unidimensional model fitted poorly. 

These findings were confirmed in the replication sample. Results showed contributions 

from a general common factor, as well as modality-specific factors. The latter accounted 

for less variance than the general factor, but could still detect theoretically meaningful 

group differences. The MUSEQ showed good reliability, construct validity, and could 

discriminate non-clinical and clinical groups. The MUSEQ offers a reliable means of 

measuring hallucinations and other USE in six different modalities. 
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Introduction 

The assessment and classification of psychopathology and other psychological 

constructs is historically categorical in nature. Some mental experiences, however, can 

occur on a continuum ranging from subthreshold levels in the general population to acute 

symptoms in clinical groups, and this observation has led to the exploration of symptom 

dimensions. In particular, the psychosis continuum theory (Johns & van Os, 2001) suggests 

that the positive symptoms of psychosis (i.e., hallucinations and delusions) can exist at 

attenuated levels in the general population without being associated with distress or a loss 

of contact with reality that might warrant a need for treatment (Brett, Peters, & McGuire, 

2015; Preti et al., 2014; Waters, Blom, Jardri, Hugdahl, & Sommer, 2018).  

Although the psychosis continuum model is debated (Kaymaz & van Os, 2010; 

Lawrie, Hall, McIntosh, Owens, & Johnstone, 2010), there is overwhelming evidence that 

people in the general population report a range of hallucinations and other unusual sensory 

experiences (USE) (see McGrath et al., 2015; Nuevo et al., 2010; Pechey & Halligan, 

2012). In this report, the term USE refers to a range of phenomena such as hallucinations 

and misperceptions where there is discrepancy between what is perceived and what actually 

exists in the real world. It is sometimes difficult to precisely distinguish hallucinations from 

other perceptual experiences given that perception is subjective and complex (Dror, 2005), 

and there is no clear-cut distinction between categories of experiences. Nonetheless, 

hallucinations are often defined as waking experiences which have the character of 

veridical perceptions, but are elicited in the absence of a relevant external stimulus. 

Misperceptions refer to experiences (images, sounds, etc.) whose relationship to stimuli in 

the outside world is distorted or changed in some way.  
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Studies of USE in the general population typically focus on hallucinations. 

Epidemiological studies estimate a lifetime prevalence of approximately 5% - 30% 

(Kråkvik et al., 2015; Linscott & van Os, 2013; McGrath et al., 2015; Peters et al., 2016). 

For about 80% of individuals who experience psychotic-like experiences (including 

hallucinations), these are transient experiences that tend to remit over time (Linscott & van 

Os, 2013). In the remaining 20%, symptoms are persistent and distressing, and 

approximately 7% may go on to develop a psychotic disorder (Linscott & van Os, 2013). 

Studies tend to screen community participants for psychiatric disorders, but it is possible 

that these experiences are related to prodromal psychosis, an undiagnosed medical 

condition (e.g., disease of the sensory organs), or other disorders (e.g., sleep disorders). 

 The auditory and visual modalities are the most commonly investigated, although 

investigators often tend to focus exclusively on one modality. The other sensory modalities 

however require further attention. USE can occur in different modalities (e.g., auditory, 

visual, olfactory, gustatory, and bodily sensations), as shown in a broad variety of clinical 

conditions (e.g., schizophrenia and other psychosis, neurodegenerative diseases, eye 

disease, and temporal lobe epilepsy) (see Ford & Almeida, 2014; Larøi, Raballo, & Bell, 

2014; Lewandowski, DePaola, Camsari, Cohen, & Ongur, 2009; Stephane, Starkstein, & 

Pahissa, 2014; Waters et al., 2014). Different modalities of USE have also been reported in 

the general population (Ohayon, 2000; Peters et al., 2016; Tien, 1991). Lifetime prevalence 

rates of auditory hallucinations range between 2.5% and 15% (e.g., Beaven, Read, & 

Cartwright, 2011; Kråkvik et al., 2015; McGrath et al., 2015). Similarly, visual experiences 

are relatively common with lifetime estimates ranging between 3% and 15%, and these 

prevalence rates escalate rapidly in association with increased age, visual loss, social 

isolation, and sleep deprivation (McGrath et al., 2015; Ohayon, 2000; Peters et al., 2016; 
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Tien, 1991). Studies also suggest non-negligible lifetime estimates of olfactory 

hallucinations in approximately 3-9% of the population (García-Ptacek, Azorín, Salmador, 

Cuadrado, & Porta-Etessam, 2013; Ohayon, 2000), gustatory hallucinations in 1% 

(Ohayon, 2000), and bodily/somatic hallucinations in 3-7% (Ohayon, 2000; Peters et al., 

2016; Shevlin, Dorahy, & Adamson, 2007). Peters et al. (2016) even suggest that bodily 

and olfactory hallucinations may be more common in the general community than in 

psychosis. Sensed presence is another sensory domain which is underreported. Despite 

limited research, existing evidence suggests that the lifetime prevalence of sensed presence 

experiences may be as high as 30-60% in selected (e.g., bereaved) populations (Castelnovo, 

Cavallotti, Gambini, & D’Agostino, 2015).  

Given the existence of USE in multiple sensory domains, comprehensive and 

sensitive assessment scales are required, although currently lacking. The development of a 

comprehensive and accurate measure of USE in different modalities is critical to furthering 

our understanding of these phenomena, and of their relation to other psychological 

constructs and mental health outcomes. Until now, the presence and frequency of 

hallucinations and other USE in the general population have been assessed rather broadly. 

For example, scales such as the Oxford-Liverpool Inventory of Feelings and Experiences 

(O-LIFE; Mason, Claridge, & Jackson, 1995; Mason, Linney, & Claridge, 2005) which 

targets the schizotypy personality construct, assess unusual experiences via items relating to 

daydreaming, magical thinking, and paranoia. This limits the subscale’s utility in 

examining specific perceptual changes.  

The Launay-Slade Hallucination Scale (LSHS; Launay & Slade, 1981) and its 

revisions (e.g., Revised Hallucination Scale; Morrison, Wells, & Nothard, 2000; LSHS-

Modified; Larøi, Marczewski, & Van der Linden 2004; LSHS-Modified-II [LSHS-M-II]; 

Larøi & Van der Linden, 2005), are the most commonly used measures of hallucination 
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“proneness”. Recent versions of the LSHS (e.g., LSHS-M-II) target hallucinations in 

various modalities (auditory, visual, olfactory, tactile, and sensed presence) (Kråkvik et al., 

2015; Larøi & Van der Linden, 2005). However, these modalities are not assessed in detail 

(i.e., one or two items per modality) and the scale was developed without theoretical 

underpinnings except to build on the notion of ‘proneness’, which does not have a clear 

definition or meaning. If the focus of research is on particular aspects of hallucinations in 

the community, the development of a more internally consistent scale is required.  

A more detailed focus on perceptual anomalies was achieved with the Cardiff 

Anomalous Perception Scale (CAPS; Bell, Halligan, & Ellis, 2006). The CAPS assesses a 

range of perceptual anomalies in different modalities, but these are grouped into different 

phenomenological dimensions (e.g., changes in sensory intensity, sensory experience from 

an unexplained source, and thought echo) rather than by modality. Precise frequency labels 

are also lacking, which limits the assessment of frequency and persistence of symptoms 

which can signal a transition into a psychotic state (Dominguez, Wichers, Lieb, Wittchen, 

& van Os, 2011; Stefanis et al., 2002). In summary, no measure is yet available to 

systematically explore the frequency of hallucination and USE in different modalities. The 

first aim of this study was therefore to create a scale that assesses USE in the six most 

common sensory modalities.  

Scale development and validation, however, is not a simple task, particularly if 

different factors/modalities are thought to be separable. The ability to accurately measure 

USE in different modalities is dependent on the statistical separability of these experiences. 

Principal components analyses and exploratory methods were previously used to guide 

scale development (e.g., in the creation of the CAPS). These methods can be helpful for 

item reduction, although there is no a priori expectation regarding how items may be 

related.  
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One question to consider is whether USE are better explained by a single general 

“proneness” or “hallucination” factor, or whether the different modalities are sufficiently 

unique to lead to individual differences. Previous findings have indicated significant 

correlations between hallucinations in different modalities within the same individuals 

(e.g., Bell et al., 2006; Larøi & Van der Linden, 2005; Launay & Slade, 1981; 

Lewandowski et al., 2009; Morrison et al., 2000; Preti et al., 2014). However, evidence 

from phenomenological and neurobiological studies also indicates that USE can be 

differentiated at the modality level (Jardri, Thomas, Delmaire, Delion, & Pins, 2013; Larøi, 

2006; Waters, Connors, & Langdon, 2014; Weiss & Heckers, 1999), such that individuals 

may only ever experience hallucinations in one modality. Since both approaches appear 

valid, we put forward a third possibility which incorporates both views, and which proposes 

one large general factor as well as unique variance from different modalities. 

This hybrid approach has support from other domains of psychology. For example, 

Lahey et al. (2012) proposed that high correlations between dimensions of general 

psychopathology (externalizing, internalizing, and thought disorder) may be reflective of a 

general factor representing an individual’s predisposition to developing psychopathology, 

but with additional separate factors which act to shape this vulnerability into a specific 

symptom manifestation. Statistical methods which employ confirmatory factor analysis 

using a bifactor modelling approach (e.g., Caspi et al., 2014; Laceulle, Vollebergh, & 

Ormel, 2015; Waldman, Poore, van Hulle, Rathouz, & Lahey, 2016) also support this 

model.  

A bifactor modelling approach assessing for the presence of a general factor and 

(typically correlated) domain-specific latent factors has also been used successfully in 

psychosis research by Reininghaus, Priebe, and Bentall (2013). Their findings 

demonstrated the presence of a general psychosis factor as well as individual symptom 



Page | 88 

dimensions. This has been replicated in a general population sample (Shevlin, McElroy, 

Bentall, Reininghaus, & Murphy, 2016). Interpretations of what the general factor 

represents include a general risk or common etiology, associated distress or impairment, or 

a level of symptom acuity (Caspi et al., 2014; Lahey et al., 2012, Waldman et al., 2016).   

This hierarchical structure is yet to be explored in relation to different sensory 

modalities of USE, and to do so is of great importance in furthering our understanding of 

the commonalities and separability of these phenomena. It also allows us to explore 

conceptual issues relating to modality-specific versus generalised deficits. Indeed, the 

nature of hallucinations in individuals with psychosis, in which the presence of 

hallucinations in the auditory and visual modalities increases the chance of additional 

hallucinations (e.g., tactile and olfactory) (see Clark, Waters, Vatskalis, & Jablensky, 2017; 

Lim, Hoek, Deen, Blom, & GROUP Investigators, 2016), suggests related but potentially 

differentiable “vulnerability” mechanisms.  

Notwithstanding the possibility of a general USE factor, evidence exists of 

independent sensory contributions. Examples include schizophrenia spectrum disorders, 

which are characterized predominantly by auditory hallucinations in contrast to other 

medical conditions and psychiatric disorders, in which visual hallucinations are more 

common (Lewandowski et al., 2009; Waters, Collerton et al., 2014). Another example 

includes an overrepresentation of visual hallucinations in developing countries compared to 

Western cultures (Luhrmann, 2011). Yet another example is that of the role of childhood 

trauma impacting on the specific modality of USE, with tactile hallucinations being linked 

to physical abuse and visual hallucinations with neglect (Shevlin et al., 2007). Factors 

which serve to accentuate the expression of one modality over another therefore appear to 

include neurobiological mechanisms, culture, and psychosocial factors. 
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Such findings indicate that USE should be characterized by multiple sensory 

dimensions, and also indicate the importance of assessing both a general factor and 

individual modalities. Confirmatory approaches are preferred in scale development where 

theoretical knowledge anticipates a relationship between items (Ten Holt, van Duijn, & 

Boomsma, 2010). Exploratory approaches, by contrast, do not allow for the testing of 

multidimensionality or higher-order constructs which may result in an inappropriate 

solution (McGartland Rubio, Berg-Weger, & Tebb, 2001). The second aim of this study 

was therefore to perform a series of confirmatory factor analyses to assess the factor 

structure of the new scale. Specifically, we aimed to test alternative models of the factorial 

structure of USE as a way of exploring their potential separability at the modality level. 

In summary, existing measures of USE have contributed to a rich body of 

knowledge but are limited in their ability to systematically assess different modalities. 

Approaches towards scale development also need to be more systematic and theoretically 

guided to validly measure USE in their respective modalities. Specifically, the possibility 

of a model structure comprising a general factor and modality-specific factors is yet to be 

explored regarding USE. Therefore, the aims of the current study were to:  

1. Create a scale that separately assesses USE in six common sensory modalities, 

and 

2. Evaluate the psychometric properties of this scale, while testing alternative 

factor structure models to explore the contribution of general and specific 

factors. 

We report on the development and psychometric properties of the resulting scale, 

called the Multi-Modality Unusual Sensory Experiences Questionnaire (MUSEQ). The 

development of the MUSEQ was theory-driven with a priori hypotheses regarding the 

relationship between modalities. Specifically, it was hypothesised that all items (and 



Page | 90 

modalities) would be positively related to each other, but still be separable into modality-

specific domains. Results regarding the factorial structure are checked in a replication 

sample. 

Method 

Participants 

Non-clinical. Six-hundred and sixteen participants took part in the initial scale 

development study. Forty participants were excluded due to incomplete questionnaires. 

Recruitment targeted students (N = 298) and non-student general community volunteers (N 

= 215) aged 17 and above. Students were recruited via an undergraduate student pool at the 

University of Western Australia and through research and social media websites (Call for 

Participants, Psychological Research on the Net, Online Psychology Research UK, The 

Inquisitive Mind, PsyResearch, Social Psychology Network, Intervoice, U3A Online, 

Facebook, Find Participants, and CrowdFlower). The community sample was also obtained 

via these websites. To ensure endorsed USE were not due to other psychiatric and 

neurological conditions, exclusion criteria included a self-reported history of diagnosed 

schizophrenia spectrum disorder or bipolar disorder (N = 31), epilepsy (N = 10), 

neurodegenerative disease (N = 4), and traumatic brain injury associated with loss of 

consciousness (N = 18).  

The final sample comprised 513 participants (386 female, 127 male), with a mean 

age of 27.75 years (SD = 13.28, range 17-76; N = 489). Participants were drawn from 

Australia (48.7%), United States of America/Canada (42.8%), United Kingdom (5.3%), and 

other countries (3.2%), with most obtaining an education level of high school or greater 

(High School 53.4%; Tertiary Studies 37.0%; other 9.6%). Participants who were not 

students (N = 215) predominantly worked full-time (50.2%), followed by part-time work 
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(20%), unemployment (14%), retirement (8.4%), casual work (5.6%), and volunteering 

(1.9%). Reported marital status was as follows: Single (69.4%), Married (14.8%), De Facto 

(9.9%), Divorced (4.3%), and Widowed (1.6%). Religious affiliations were: Atheism 

(44.8%), Christianity (39.4%), Buddhism (2.9%), Islam (2.3%), Judaism (1.2%), Hinduism 

(1.0%), other (6.2%), and undisclosed (2.1%). 

Clinical. Thirty-two individuals (20 female, 12 male) with schizophrenia spectrum 

disorder (N = 10) or bipolar disorder (N = 14) completed the MUSEQ (age M = 34.17 

years, SD = 13.09, range 18-67) for validation purposes. Participants reported their 

diagnosis was made by a medical or mental health practitioner. A subset of eight 

participants chose not to disclose which of these two diagnostic categories pertained to 

them. Recruitment occurred via outpatient hospital clinics (N = 6) and online research 

websites (as above).  

Replication and test-retest samples. Two additional samples were recruited via 

the undergraduate student pool at the University of Western Australia. Applying the same 

exclusion criteria as used for the original sample, 659 students (438 female, 221 male, M 

age = 20.92 years, SD = 5.58, range 16-71) were used to test the replicability of the factor 

structure. A further 96 students (68 female, 27 male, 1 “other”; M age = 19.82 years, SD = 

4.49, range 17-41) completed the MUSEQ at two time points (6 months apart) to determine 

test-retest reliability.  

Questionnaires 

Demographic and health questionnaire. The non-clinical sample (N = 513) 

completed 13 questions relating to demographic information (e.g., age, gender, education 

level, and marital status). There were also 10 questions covering lifetime medical history 
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(sleep disorder, epilepsy, traumatic head injury, neurodegenerative disease), mental health 

history (including schizophrenia spectrum disorder and bipolar disorder), and sensory-

related conditions or experiences (eye problems/disease not including glasses/contact 

prescriptions, ear/nose/throat problems, and synaesthesia). The year of diagnosis was 

requested for any questions positively endorsed (where applicable). 

Cardiff Anomalous Perception Scale (CAPS). The CAPS (Bell et al., 2006) is a 

32-item self-report measure that assesses a range of perceptual anomalies (e.g., sensory 

intensity, sensory flooding, and hallucinations) on a dichotomous “Yes” or “No” scale. If 

items are positively endorsed, participants are required to rate the distress (‘Not at all 

distressing’ to ‘Very distressing’), intrusiveness (‘Not at all distracting’ to ‘Completely 

intrusive’), and frequency (‘Happens hardly at all’ to ‘Happens all the time’) associated 

with that experience on a 1-5 Likert scale. Total scores range from 0 to 32 (for the 

dichotomous responses) and subscale scores range from 0 to 160 (for the 5-point 

responses). 

Launay-Slade Hallucination Scale-Modified-II (LSHS-M-II). The LSHS-M-II 

(Larøi & Van der Linden, 2005) is a 16-item self-report scale assessing hallucination-

proneness. This study used Larøi and Van der Linden’s (2005) adaptation of the scale, but 

excluded the follow-up questions. Items are rated on a 5-point Likert scale (0: “Certainly 

does not apply to me” to 4: “Certainly applies to me”). Potential scores range from 0-60. 

Oxford-Liverpool Inventory of Feelings and Experiences – Short Version (O-

LIFE-S). The O-LIFE-S (Mason et al., 2005) is a 43-item self-report measure of 

schizotypal traits. We utilised three subscales: unusual experiences (UE; 12 items), 

cognitive disorganisation (CD; 11 items), and introvertive anhedonia (IA; 10 items). Items 
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are rated on a dichotomous “Yes” or “No” scale, and potential scores range from zero to the 

total number of items in each subscale.  

Scale Development 

Item creation. The objective of the item creation stage was to identify a range of 

questions to assess USE according to a continuum structure. This included items ranging 

from the most frequent phenomena (likely to be strongly endorsed) through to ‘borderland’-

like perceptual experiences, which are experienced as external and non-self (i.e., akin to 

clinical phenomena). This continuum was informed by theoretical work which describes the 

qualitative ranges in consciousness and subjectivity that occur in schizotypy, the prodrome 

phase of psychosis, and in some organic, medical, or affective states (Jansson, 2014; Meehl, 

1962). 

An extensive review was conducted of scales and interviews that assess 

hallucination-proneness, delusional ideation, psychosis-proneness, schizotypy, perceptual 

anomalies, and hallucinations in different clinical groups (see Table 1). Items were selected 

in six modalities (auditory, visual, olfactory, gustatory, bodily sensations, and sensed 

presence). This review resulted in a list of 82 items, which were used as a foundation to 

create the new scale items.  

With the exception of sensed presence, items in each modality were created to 

encompass a range of experiences corresponding with the following general continuum 

structure: item 1 = broad subclinical sensory experiences (e.g., senses playing tricks), item 

2 = changes in perceptual intensity, item 3 = internal events become externalised, item 4 = 

misperceptions, and item 5 (and above) = hallucinations (having a non-self origin). 

Consultation was sought with an expert in the field throughout the scale development 

process to confirm item suitability.
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Table 1 

Scales and Assessment Measures Reviewed During Development of the MUSEQ 

 

 

Self-Report Scales Clinical  Interview Schedules/ Clinician-Rated Assessment 

 

Cardiff Anomalous Perception 

Scale  

(Bell et al., 2006) 

 

Community Assessment of 

Psychic Experiences 

(Stefanis et al., 2002) 
 

Launay-Slade Hallucination Scale 

(Launay & Slade, 1981) 

 

Revised Hallucination Scale 

(Morrison et al., 2000) 

 

Launay-Slade Hallucination Scale-

Modified 

(Larøi et al., 2004) 
 

Launay-Slade Hallucination Scale- 

Modified-II 

(Larøi & Van der Linden, 2005) 
 

Magical Ideation Scale 

(Eckbald & Chapman, 1983) 

 

Oxford-Liverpool Inventory of 

Feelings and Experiences 

(Mason et al., 1995; Mason et al., 

2005) 
 

Perceptual Abberation Scale 

(Chapman, Chapman, & Raulin 

1978) 

 

Peters et al. Delusions Inventory 

(Peters, Joseph, & Garety, 1999) 

 

Schizotypal Personality 

Questionnaire-Brief 

(Raine & Benishay, 1995) 
 

Self-Rated Visual Hallucination 

Questionnaire for Parkinson’s 

Disease 

(Barnes & David, 2001) 

 

 

Columbia University Scale for Psychopathology in 

Alzheimer’s Disease 

(Devanand et al., 1992) 

 

Examination of Anomalous Self-Experience  

(Parnas et al., 2005) 

 

Geriatric Mental State Schedule 

(Copeland et al., 1976) 

 

Institute of Psychiatry Visual Hallucinations Interview 

(Santhouse, Howard, & ffytche, 2000) 

 

Mental Health Research Institute Unusual Perceptions 

Schedule 

(Copolov & Carter, 1995) 

 

Neuropsychiatric Inventory 

(Cummings et al., 1994) 

 

North-East Visual Hallucinations Interview 

(Mosimann et al., 2008) 

 

Olfactory Hallucinations Phenomenological Survey 

(Stevenson, Langdon, & McGuire, 2011) 

 

Parkinson’s Psychosis Questionnaire 

(Brandstaedter et al., 2005) 

 

Present State Examination 

(Wing, Cooper, & Sartorius, 1974) 

 

Psychotic Symptom Rating Scales 

(Haddock, McCarron, Tarrier, & Faragher 1999) 

 

Queens Square Visual Hallucination Inventory 

(Williams, Warren, & Lees, 2008) 

 

Scale for Olfactory Hallucinations 

(Kwapil, Chapman, Chapman, & Miller, 1996) 

 

Scale for the Assessment of Positive Symptoms 

(Andreasen, 1984) 

 

Scale for the Assessment of Positive Symptoms of 

Parkinson’s Disease 

(Voss et al., 2013) 
 

Schedules for Clinical Assessment in 

Neuropsychiatry 

(Wing et al., 1990) 

 

Semi-Structured Interview About Visions in 

Psychiatric Patients 

(Gauntlett-Gilbert & Kuipers, 2005) 
 

Semi-Structured Interview on Complex Visual 

Hallucinations for Charles Bonnet Syndrome 

(Teunisse, Zitman, Cruysberg, Hoefnagels, & 

Verbeek, 1996) 
 

Structured Interview for Assessing Perceptual 

Anomalies 

(Bunney et al., 1999) 
 

University of Miami Parkinson’s Disease 

Hallucination Questionnaire 

(Papapetropoulos et al., 2008) 

P
ag

e | 9
4
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Item selection. A brief exploratory factor analysis was initially conducted on each 

subscale separately (one-factor) to aid with item selection analysis. Following Osborne and 

Costello’s (2009) guidelines, item analysis involved checking items had appropriate 

communalities (> .40) and strong factor loadings (> .50) within their respective subscale. 

Only one bodily sensation item, which related to feeling vibration on one’s body with no 

apparent stimulus, was removed due to a low communality and weak factor loading. All 

other items had adequate communalities, and medium to strong (.40 - .79) factor loadings 

within their respective subscales. The items were piloted with participants from the general 

population (N = 8) who provided feedback on their relevance, phrasing, and 

comprehensibility. 

The final scale comprised 43 questions organised across six modality subscales: 

auditory (7 items), visual (8 items), olfactory (8 items), gustatory (8 items), bodily 

sensations (8 items), and sensed presence (4 items) (see Table 2). Items are rated on a 5-

point Likert scale that targets the frequency of USE, specifically adapted for a non-clinical 

population (0 = Never [Never Happened]; 1 = Hardly Ever [Once or twice in my life]; 2 = 

Rarely [Once or twice a year]; 3 = Occasionally [A few times a year]; 4 = Frequently [At 

least monthly]. The MUSEQ is available online (see Supplementary Table 4). 

Procedure 

Participants anonymously completed the self-report questionnaires on Qualtrics 

software accessed via a secure internet hyperlink, or via hard copy administration. The non-

clinical sample (N = 513) completed the MUSEQ, O-LIFE-S, LSHS-M-II, and CAPS, 

whereas the clinical sample (N = 32), replication sample (N = 659), and test-retest sample 

(N = 96) completed the MUSEQ only. This study and its protocols were approved by the  
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Table 2 

Final MUSEQ Items 

There have been times when… 

 

Auditory 

A1. My ears have played tricks on me 

A2. Sounds were louder than they normally would be 

A3. I thought of a song and could almost hear it with distinct clarity 

A4. I was in a crowd or with other people and heard my name being called, only to find that I was mistaken 

A5. I have heard my phone ring then found that it wasn’t ringing at all  

A6. I could hear sounds, music, or noises that other people could not hear 

A7. I have heard a person’s voice and then found that no-one was there 

Visual 

V1. My eyes have played tricks on me 

V2. I found that lights or colours seem brighter or more intense than they normally would be 

V3. I thought of people, objects, or landscapes, and could almost see their image in front of my eyes  

V4. I have looked at a patterned object (e.g., wallpaper, curtains, tiled floor) and a figure or face has emerged  

V5. I have seen lights, flashes, or other shapes that other people could not see  

V6. I looked at an object and it transformed itself before my eyes into something else 

V7. I saw a brief image of an object, animal, or person pass me by in my peripheral vision, but when I looked there 

was nothing there 

V8. I saw people, faces, or animals, and then found that nothing was there 

  

Olfactory 

O1. My nose (sense of smell) has played tricks on me 

O2. I thought that everyday smells were unusually strong 

O3. I thought of a smell and I could almost smell it for real 

O4. Common smells seemed unusually different 

O5. I noticed the smell of smoke, burning, or gas when there was nothing there 

O6. I have suddenly been struck by an unpleasant or disgusting smell that no-one else could smell 

O7. I have suddenly been struck by a very pleasant smell that no-one else could smell 

O8. I have been struck with the smell of odd things which I interpreted as death, colours, or ghosts 

 

Gustatory 

G1. My sense of taste has played tricks on me 

G2. I thought that food or drink tasted stronger than it normally would 

G3. I thought of a taste and found that I could taste it in my mouth as if it was real 

G4. I ate the same food as another person and thought it tasted off, but the other person did not seem to think so 

G5. I have consumed food or drink and it tasted like something completely different 

G6. I had nothing in my mouth but I suddenly tasted something very confusing which faded very quickly 

G7. I had nothing in my mouth but I suddenly tasted something unpleasant which was really persistent 

G8. I had nothing in my mouth but I suddenly tasted something very pleasant which was really persistent 

 

Bodily Sensations 

BS1. My body senses have played tricks on me 

BS2. I found my skin to be more sensitive to cold, heat, or touch than usual 

BS3. I thought of a touch or other sensations on my skin and almost felt it on my skin 

BS4. I have experienced the sensation that my body (or part of my body) was different in shape or size 

BS5. I could feel burning, tingling, scraping, or heat on my skin, although there was nothing causing it 

BS6. I have felt things moving or crawling on or under my skin 

BS7. I have experienced the sensation that something was pressing on my skin, or that I was holding an object in 

my hand, but then found there was nothing there 

BS8. I have felt someone or something touching me, but when I turned to look there was nothing there 

 

Sensed Presence 

SP1. I felt the presence of someone, even though I could not see them (e.g., behind me, or in another room) 

SP2. I have felt an unseen evil presence around me 

SP3. I have felt an unseen angelic presence around me 

SP4. I have felt the presence of a relative or friend who has passed away  
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Human Research Ethics Committee of the University of Western Australia. All participants 

provided written informed consent prior to their participation. 

Statistical Analyses 

A series of confirmatory factor analyses were performed using MPlus 7 (Muthén & 

Muthén, 1998-2012) in the original sample (N = 513) in order to assess the factor structure 

of the new scale. Due to the non-normal and ordinal nature of the data, analyses were based 

on polychoric correlations, and a weighted least squares means and variance adjusted 

(WLSMV) estimation was used (Brown, 2015). For the purposes of factor identification, all 

latent variable variances in the model were constrained to 1, except the second-order 

model. The second-order model first-order factors were scaled by constraining a loading 

from each to 1. Model comparisons were facilitated by testing a series of four progressively 

more complex models that have been frequently used in studies examining the structure of 

hierarchical constructs (e.g., Caspi et al., 2014; Laceulle et al., 2015; Reininghaus et al., 

2013):  

(i) One-factor model: Tested the hypothesis that all items are influenced by a 

general factor and are unidimensional (see Figure 1 Model A). 

(ii) Second-order (higher-order) model: Tested the hypothesis that the covariance 

between the modality-specific latent factors is explained by a higher-order  

general latent factor. In this model, there is no direct relationship between the 

general factor and individual items; rather, the relationship is indirectly 

mediated by the modality-specific latent factors (see Figure 1 Model B). 

(iii) Bifactor model: Tested the hypothesis that all items load onto both a general 

factor and one of the six modality-specific factors (see Figure 1 Model C). For 

example, all auditory items load onto the general factor and the auditory latent 
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factor, but no other modality-specific factor. This model specifies a general 

factor that may reflect what is common between the items, while also being able 

to simultaneously test the unique variance associated with each modality factor. 

Thus, the model allows both the general factor and specific modality factors to 

have direct influence on the items, but unlike the second-order model, the 

specific modality factors do not mediate the influence of the general factor. 

(iv) Correlated-factors (six-factor) model: Tested the hypothesis that each modality 

forms a latent factor, with each factor influencing a subset of USE in the 

respective modality (see Figure 1 Model D). This model assumes that the latent 

modality factors may be correlated. 

These four models were re-tested in the replication sample. 

Acceptable model fit was determined using the following criteria: a relative chi-

square statistic < 3, root mean square error of approximation (RMSEA) values < .08 (good 

absolute close-fit < .05), and comparative fit index (CFI) and Tucker-Lewis Index (TLI) 

values > .90 (good incremental close-fit > .95) (Schweizer, 2010). Model comparisons were 

based on the degree of practical improvement in the models, as determined by a TLI 

difference of .10 or greater (Gignac, 2016). The use of a bifactor model also provided the 

opportunity to calculate omega subscale (ωs) and omega hierarchical (ωh) coefficients. The 

ωs measures the degree to which the subscales are reliable and interpretable after 

controlling for the general factor, while the (ωh) represents the degree to which the general 

factor can be interpreted as reflective of a single common construct while controlling for 

the modality factors (Reise, Bonifay, & Haviland, 2013; Zinbarg, Revelle, Yovel, & Li, 

2005). There are currently no specific guidelines for interpreting ωs and ωh coefficients, but 
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Figure 1. Confirmatory Factor Analysis Models. Model A – One-Factor Model; Model B – 

Second-Order Model; Model C – Bifactor Model; Model D – Correlated-Factors Model. 

 

Gignac and Kretzschmar (2017) proposed relative values of < .20 (relatively small), .20-.30 

(typical), and > .30 (relatively large) for ωs based on a quantitative survey of the published 

literature. 

Internal consistency reliability was estimated for each of the six modality subscales 

and calculated using the Cronbach’s α coefficient. Test-retest reliability was determined 

using a Pearson’s correlation between MUSEQ scores at two time points (6 months apart).  

Convergent and discriminant validity was assessed by correlating the MUSEQ total and 

subscale scores with the LSHS-M-II, CAPS, and O-LIFE-S subscales using Pearson’s r.  

The ability of the scale to discriminate between non-clinical and clinical groups was 

measured by comparing mean differences (t-tests) on the total and subscale MUSEQ scores 
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between the non-clinical sample and clinical sample. Incremental validity was assessed 

using t-tests on the data of participants with and without a history of sleep disorder, eye 

problems/disease, and synaesthesia. These three variables were selected due to sufficient 

sample size compared to other health variables recorded during the study. These 

comparisons allow us to demonstrate the usefulness of assessing modalities separately, 

rather than measuring USE as a unidimensional construct (i.e., total score). Given the non-

normality of the data, correlation and mean difference analyses used bootstrapping (1000 

samples) to estimate the p-values and 95% confidence intervals. Descriptive and inferential 

analyses were performed using SPSS Statistics Version 22. 

Results 

Factor Structure 

One-factor model: is a unidimensional model suitable? As can be seen in Table 

3, the one-factor model (Figure 1 Model A) was associated with unacceptable levels of 

absolute (RMSEA) and incremental close-fit (CFI and TLI). Factor loadings are shown in 

Table 4. These results indicated that a unidimensional general factor was not appropriate in 

explaining the relationship between the MUSEQ items.  

Second-order model: is the covariance between modalities explained by a 

higher-order general factor? The second-order model (Figure 1 Model B) yielded 

acceptable absolute and incremental close-fit. All standardised loadings were significant (p 

< .001) and positive (see Table 4). Loadings between the general factor and the modality 

factors ranged from .70 - .91 (all p < .001). The TLI difference > .10 in favour of Model B 

versus Model A suggested practical improvement in model fit for Model B (compared to 

Model A) (see Table 3).  
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Table 3 

 

Model Fit Statistics Associated with the Confirmatory Factor Analysis Models for the 

Original and Replication Samples 

Note: Abbreviations: 2, chi-square; 2:df , relative chi-square; df, degrees of freedom; CI, 

confidence interval; CFI, Comparative Fit Index; RMSEA, root mean square error of 

approximation; TLI, Tucker-Lewis Index. 

 Original Sample (N = 513) Replication Sample (N = 659) 

Model Statistics    

Null (Baseline)   

2 21842.31 32253.55 

df 903 903 

2:df 24.19 35.72 

RMSEA 

[90% CI] 

.213 

[.194, .231] 

.230 

[.210, .249] 

CFI .000 .000 

TLI .000 .000 

A: One-Factor 

2 3851.21 4632.97 

df 860 860 

2:df 4.48 5.39 

RMSEA 

[90% CI] 

.082 

[.080, .085] 

.082 

[.079, .084] 

CFI .857 .880 

TLI .850 .874 

  B: Second-Order 

2 2136.61 2834.77 

df 854 854 

2:df 2.50 3.32 

RMSEA 

 [90% CI] 

.054 

[.051, .057] 

.059 

[.057, .062] 

CFI .939 .937 

TLI .935 .933 

  C: Bifactor 

2 1978.25 2621.57 

df 817 817 

2:df 2.42 3.21 

RMSEA 

[90% CI] 

.053 

[.050, .056] 

.058 

[.055, .060] 

CFI .945 .942 

TLI .939 .936 

  D: Correlated-Factors 

2 1978.82 2468.66 

df 845 845 

2:df 2.34 2.92 

RMSEA  

[90% CI] 

.051 

[.048, .054] 

.054 

[.052, .056] 

CFI .946 .948 

TLI .942 .945 
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Table 4 

Standardised Factor Loadings (WLSMV) for the One-Factor and Second-Order Models 

in the Original Sample (N = 513) 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

Note: Abbreviations: A, Auditory; V, Visual; O, Olfactory; G, Gustatory; BS, Bodily Sensations; SP, Sensed Presence. 

              Model A (One-Factor)  Model B (Second-Order) 

Item General  A V O G BS SP General 

A         .84 

A1 .63  .73       

A2 .61  .71       

A3 .52  .61       

A4 .50  .58       

A5 .50  .59       

A6 .65  .76       

A7 .68  .79       

V         .91 

V1 .72   .79      

V2 .67   .73      

V3 .65   .70      

V4 .62   .67      

V5 .72   .79      

V6 .71   .77      

V7 .73   .79      

V8 .76   .82      

O         .85 

O1 .67    .76     

O2 .66    .74     

O3 .63    .71     

O4 .73    .82     

O5 .64    .72     

O6 .70    .78     

O7 .74    .82     

O8 .73    .82     

G         .83 

G1 .73     .82    

G2 .70     .79    

G3 .67     .76    

G4 .66     .75    

G5 .72     .80    

G6 .74     .83    

G7 .73     .81    

G8 .79     .87    

BS         .89 

BS1 .75      .82   

BS2 .68      .75   

BS3 .70      .77   

BS4 .62      .68   

BS5 .65      .71   

BS6 .58      .64   

BS7 .76      .83   

BS8 .77      .84   

SP         .70 

SP1 .62       .85  

SP2 .60       .81  

SP3 .59       .80  

SP4 .48       .65  
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Bifactor model: can the variance be explained by both a general factor and 

modality-specific factor? The bifactor model (Figure 1 Model C) yielded acceptable 

absolute and incremental close-fit (see Table 3). All items loaded significantly (p < .001, 

item V3 p = .01) onto their respective modality factors, with the exception of item V2 on 

the visual factor (see Table 5). All items loaded significantly (p < .001) on the general 

factor, ranging from .45 to .77. There was practical improvement in model fit (TLI 

difference > .10) from Model A to C, but not from Model B to C (see Table 3). 

In order to determine the strength and importance of the modality factors in the 

bifactor model, the ωs coefficients and ωh coefficient were estimated. Modality subscales 

were associated with the following ωs estimates: auditory ωs = .26 (typical); visual ωs = .14 

(relatively small); olfactory ωs = .24 (typical); gustatory ωs = .29 (typical); bodily 

sensations ωs = .21 (typical); and sensed presence ωs = .44 (relatively large). The general 

factor was found to be associated with a ωh = .92. Thus, the subscales appear to account for 

a relatively small amount of unique variance compared to the variance explained by the 

general factor. 

The correlated-factors model: six modality-specific dimensions. As shown in 

Table 3, the correlated-factors model (Figure 1 Model D) fit the data well and was 

associated with acceptable levels of absolute and incremental close-fit. Standardised factor 

loadings (see Table 5) were all positive and significant at the p < .001 level. The 

correlations between the sensory modality factors ranged from .49 to .83, with the strongest 

correlations yielded between the visual and bodily sensations factors (r = .83), followed by 

the auditory and visual factors (r = .81). The TLI difference > .10 in favour of Model D 

from Model B suggested practical improvement in model fit for Model D compared to 

Model B (see Table 3). 
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Table 5 
Standardised Factor Loadings (WLSMV) for the Bifactor and Correlated-Factors Models 

in the Original Sample (N = 513) 
   Model C (Bifactor)              Model D (Correlated-Factors) 

Item  General A V O G BS SP A V O G BS SP 

A          .81 .68 .66 .75 .61 

A1  .61 .39      .73      

A2  .61 .26      .71      

A3  .53 .19      .61      

A4  .46 .51      .58      

A5  .48 .43      .59      

A6  .64 .42      .76      

A7  .67 .40      .79      

V           .73 .70 .83 .70 

V1  .72  .26      .78     

V2  .69  .09      .73     

V3  .66  .12      .70     

V4  .61  .32      .67     

V5  .72  .26      .79     

V6  .69  .37      .77     

V7  .70  .47      .79     

V8  .73  .49      .82     

O            .80 .73 .57 

O1  .65   .39      .76    

O2  .62   .49      .74    

O3  .62   .23      .71    

O4  .71   .35      .82    

O5  .62   .34      .72    

O6  .63   .58      .78    

O7  .68   .54      .82    

O8  .74   .16      .82    

G             .73 .49 

G1  .66    .52      .81   

G2  .61    .62      .79   

G3  .67    .22      .76   

G4  .63    .37      .75   

G5  .66    .47      .80   

G6  .69    .43      .83   

G7  .67    .44      .80   

G8  .73    .45      .87   

BS              .62 

BS1  .73     .33      .82  

BS2  .66     .36      .75  

BS3  .68     .38      .77  

BS4  .61     .30      .68  

BS5  .61     .48      .71  

BS6  .54     .41      .64  

BS7  .73     .39      .83  

BS8  .77     .24      .84  

SP               

SP1  .61      .39      .85 

SP2  .56      .63      .81 

SP3  .54      .68      .80 

SP4  .45      .51      .65 
Note: Factor loadings in bold not significant (p > .05). Abbreviations: A, Auditory; V, Visual; O, Olfactory; G, Gustatory; 

BS, Bodily Sensations; SP, Sensed Presence. 
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Direct comparisons between Model C (bifactor) and Model D (correlated-factors) 

were not possible as they are not nested models, and the WLSMV estimator does not 

provide estimations of alternative comparative fit indices (e.g., Akaike information 

criterion or Bayesian information criterion). Both models appeared to fit the data relatively 

well, with Model D being the most parsimonious model. A comparison of the specific 

modality factor loadings for Model C and Model D (see Table 5) found that, generally, 

loadings were greatly reduced when the general factor was removed in the bifactor model 

(e.g., item V1 reduced from .78 to .26). This suggested that the general factor accounted for 

a majority of the variance between USE in different modalities. However, it is important to 

note that for some items the difference was minimal (e.g., item A4 Model C = .51, Model D 

= .58 and item SP3 Model C = .68, Model D = .80), which suggests that the specific 

modality factors still account for some unique variance. 

Descriptive Statistics 

Given the findings of the factor analyses, the 43-item scale with six modality factors 

was conceptualised as the Multi-Modality Unusual Sensory Experiences Questionnaire 

MUSEQ). Summing item responses on the 0-4 Likert scale, total scores can range from 0-

172, with possible subscale scores as follows: auditory (0-28), visual (0-32), olfactory (0-

32), gustatory (0-32), bodily sensations (0-32), and sensed presence (0-16). Table 6 

presents the descriptive statistics associated with the MUSEQ for the non-clinical and 

clinical samples, as well as the LSHS-M-II, CAPS, and O-LIFE-S for the non-clinical 

sample. 

 

 



 

 

Table 6 

Non-Clinical and Clinical Descriptive Statistics for the MUSEQ and Validation Questionnaires 

 

Note: Abbreviations: MUSEQ, Multi-Modality Unusual Sensory Experiences Questionnaire; A, Auditory; V, Visual; O, Olfactory; G, Gustatory; BS, 

Bodily Sensations; SP, Sensed Presence; LSHS-M-II, Launay-Slade Hallucination Scale-Modified-II; CAPS, Cardiff Anomalous Perception Scale; D, 

Distress; I, Intrusiveness; F, Frequency; O-LIFE-S, Oxford-Liverpool Inventory of Feelings and Experiences-Short Version; UE, Unusual Experiences; 

CD, Cognitive Disorganisation; IA, Introvertive Anhedonia. 

 

Scale 

 

MUSEQ 

 

LSHS-M-II 

(N = 500) 

CAPS 

(N = 498) 

O-LIFE-S 

(N = 503) 

 Total A V O G BS SP Total Total D I F UE CD IA 

Non-Clinical 

(N = 513) 

M (SD) 50.50 

(29.94) 

12.35 

(6.14) 

10.00 

(7.21) 

7.03 

(6.17) 

6.64 

(5.97) 

10.61 

(7.52) 

3.87 

(3.44) 

21.48 

(12.61) 

5.51 

(5.31) 

12.54 

(14.71) 

13.59 

(15.77) 

11.69 

(13.86) 

3.76 

(2.74) 

4.95 

(3.18) 

2.73 

(2.17) 

Median 47 12 9 6 5 10 3 20.50 4 8 8 7 3 5 2 

Mode 28 14 5 0 0 0 0 13 0 0 0 0 2 3 2 

Min - Max 0-151 0-28 0-32 0-30 0-31 0-32 0-16 0-56 0-31 0-108 0-108 0-98 0-12 0-11 0-9 

Clinical 

(N = 32) 
               

M (SD) 79.38 

(34.28) 

18.63 

(5.90) 

15.91 

(7.99) 

11.16 

(8.71) 

9.63 

(7.80) 

16.28 

(9.17) 

7.78 

(4.34) 

- - - - - - - - 

Median 80 19 17 9 8 17 8 - - - - - - - - 

Mode 80 25 10 4 8 17 8 - - - - - - - - 

Min - Max 15-143 5-28 3-32 0-30 0-26 0-32 0-16 - - - - - - - - 
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Reliability  

Internal consistency. The MUSEQ subscales possess good internal consistency 

with Cronbach’s alpha coefficients as follows: auditory α = .82; visual α = .88; olfactory α 

= .87; gustatory α = .88; bodily sensations α = .88; sensed presence α = .77. 

Test-retest. All subscale and total scores showed acceptable test-retest correlation 

estimates at the p < .001 level: auditory r = .72; visual: r = .72; olfactory: r = .57; gustatory: 

r = .56; bodily sensations: r = .70; sensed presence: r = .69; MUSEQ total: r = .77. In the 

test-retest sample, the Cronbach’s alpha coefficients were estimated at: auditory α = .86; 

visual α = .91; olfactory α = .92; gustatory α = .93; bodily sensations α = .88; sensed 

presence α = .85. These results suggested stability of internal consistency over time.  

Validity  

Convergent and divergent validity. The MUSEQ total score and modality 

subscale scores demonstrated good convergent validity through significant positive 

correlations with other measures of USE (see Table 7). Good discriminant validity was also 

observed via small or non-significant correlations of the MUSEQ total and subscale scores 

with O-LIFE-S subscales that relate to aspects of schizotypy that are not USE (i.e., CD and 

IA).  

Non-clinical versus clinical group. Table 6 shows the descriptive statistics of the 

clinical sample. The clinical sample had significantly higher MUSEQ total scores than the 

non-clinical sample (t[543] = 5.25, p <.001, Cohen’s d [95% CI] = 0.96 [0.59, 1.32]). The 

clinical sample also had significantly higher mean scores on every modality subscale 

compared to the non-clinical sample, with moderate to strong effect sizes (auditory: t[543]  
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Table 7 

Bootstrapped Pearson Correlations Between MUSEQ Scores and the LSHS-M-II, CAPS, 

and O-LIFE-S 

Note: Abbreviations: MUSEQ, Multi-Modality Unusual Sensory Experiences 

Questionnaire; LSHS-M-II, Launay-Slade Hallucination Scale-Modified-II; CAPS, Cardiff 

Anomalous Perception Scale; O-LIFE-S, Oxford-Liverpool Inventory of Feelings and 

Experiences-Short Version; UE, Unusual Experiences; CD, Cognitive Disorganisation; IA, 

Introvertive Anhedonia. **p <.01; *p <.05; ns = not significant. 

 

= 5.63, p < .001, d [95% CI] = 1.02 [0.66, 1.39]; visual: t[543] = 4.46, p < .001, d [95% CI] 

= .81 [0.45, 1.17]; olfactory: t[543] = 3.57, p < .001, d [95% CI] = 0.65 [0.29, 1.01]; 

gustatory: t[543] = 2.69, p < .05, d [95% CI] = 0.49 [0.13, 0.85]; bodily sensations: t[543] = 

4.08, p < .01, d [95% CI] = 0.74 [0.38, 1.10]; and sensed presence: t[543] = 6.14, p < .001, 

d [95% CI] = 1.12 [0.75, 1.48]).  

Incremental validity. Participants with sleep disorder reported: sleep apnoea (n = 

18), insomnia (n = 18), night terrors (n = 2), sleep paralysis disorder (n = 1), and 

unspecified (n = 14). Those with a history of eye problems/disease (other than requiring 

glasses or contacts) reported the following: cataracts (n = 2), conjunctivitis (n = 2), 

blepharitis (n = 2), astigmatism (n = 3), floaters (n = 4), intraocular pressure (n = 2), 

                                 MUSEQ (N = 513) 

 A V O G BS SP Total 

LSHS-M-II (N = 500) .65** .71** .55** .51** .66** .60** .75** 

CAPS (N = 498) .54** .61** .56** .51** .66** .50** .69** 

O-LIFE (N = 503)        

UE .54** .60** .55** .48** .61** .63** .67** 

CD .44** .36** .28** .36** .37** .22** .43** 

IA .10* .08 ns .02 ns .08 ns .05 ns .04 ns .08 ns 
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macular degeneration (n = 2), amblyopia (n = 2), and other (e.g., cornea transplant, vitreous 

detachment, optic neuritis; n = 28). Thirty-two participants reported experiencing 

synaesthesia. 

Table 8 shows the results of the t-tests between these groups and participants 

without a history of these variables. Participants who reported a history of sleep disorder 

scored significantly higher on the olfactory and gustatory subscales compared to those who 

did not, but their scores on other subscales and total score did not significantly differ. 

Individuals with a history of eye problems/disease showed significant elevations on the 

visual and sensed presence subscales, with non-significant differences on other modalities 

or total scores. The synaesthesia group scored significantly higher on all modality subscales 

and MUSEQ total scores compared to those who did not report experiencing synaesthesia. 

The ability for the MUSEQ subscales to yield group differences on different modality 

subscales supports its novelty in contrast to existing scales, which are designed to yield a 

single overall score (i.e., equivalent to the MUSEQ total score). The MUSEQ therefore 

appears to possess good incremental validity. 

Replication Sample 

Descriptive statistics for the replication sample yielded similar results to the initial 

sample (see Supplementary Table 1). The four confirmatory factor analysis models (Figure 

1) were retested in the replication sample. As can be seen in Table 3, the pattern of model 

absolute and incremental close-fit fit indices yielded by the analyses were identical to the 

first study. Specifically, Models B to D yielded acceptable model fit, while Model A 

showed poor model fit. The correlated-factors model (Model D) showed a practical 

improvement in fit compared to the second-order model (Model B), but not from the 

bifactor model (Model C). Models B and C did not differ at the practical level (TLI 



 

Table 8 

Mean Differences on MUSEQ Subscales and Total Scores in Participants With and Without a History of Sleep Disorder, Eye Problems/Disease, and 

Synaesthesia 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: Significant group differences highlighted in bold. ** p < .01; * p < .05; 95% CI = 95% confidence interval. 

 Auditory                  Visual                       Olfactory               Gustatory              Bodily                        Sensed                        MUSEQ 

                                                                                                                                  Sensations                  Presence                      Total 

Sleep Disorder        

Yes (N = 53)    M (SD) 12.19 (6.36)                11.23 (6.50)                   9.58 (7.16)                   8.47 (6.92)                 12.08 (7.52)                   4.26 (3.77)                    57.81 (31.56) 

No (N = 457)   M (SD) 12.35 (6.13)                9.82 (7.28)                     6.73 (6.0)                     6.43 (5.83)                 10.45 (7.52)                   3.82 (3.41)                    49.60 (29.76) 

                   t-value t(508) = .18                 t(508) = 1.35                  t(508) = 3.21**           t(508) = 2.36*            t(508) = 1.49                 t(508) = .90                     t(508) = 1.89 

     Cohen’s d [95% CI] 0.03 [-0.31, 0.26]        0.20 [-0.09, 0.48]           0.47 [0.18, 0.75]          0.34 [0.06, 0.63]        0.22 [-0.07, 0.50]          0.13 [-0.16, 0.41]         0.27 [-0.01, 0.56] 

Eye Problems/Disease       

Yes (N = 47)    M (SD) 13.57 (5.10)                12.34 (7.39)                    8.45 (6.48)                   6.45 (6.21)                 11.38 (6.81)                   5.19 (4.11)                    57.38 (28.12) 

No (N = 466)   M (SD) 12.23 (6.22)                 9.77 (7.16)                     6.88 (6.12)                   6.66 (5.95)                 10.53 (7.59)                   3.73 (3.34)                    49.80 (30.06) 

                   t-value t(511) = 1.44               t(511) = 2.34*                t(511) = 1.66                t(511) = .23                t(511) = .74                   t(511) = 2.79**             t(511) = 1.66 

Cohen’s d [95% CI] 
0.22 [-0.08, 0.52]        0.36 [0.06, 0.66]             0.26 [-0.05, 0.56]         0.04 [-0.34, 0.26]      0.11 [-0.19, 0.41]           0.43 [0.13, 0.73]            0.25 [-0.05, 

0.55] 

Synaesthesia       

Yes (N = 32)    M (SD) 15.13 (6.04)                 17.13 (7.58)                    11.25 (7.40)                 9.97 (6.66)                 17.0 (7.91)                     5.03 (3.22)                   75.50 (31.98) 

No (N = 481)   M (SD) 12.17 (6.10)                 9.53 (6.94)                      6.75 (5.98)                   6.42 (5.86)                 10.19 (7.31)                   3.79 (3.44)                   48.84 (29.08) 

                  t-value t(511) = 2.66**            t(511) = 5.96**              t(511) = 4.06**            t(511) = 3.29**          t(511) = 5.08**             t(511) = 1.99*              t(511) = 4.99** 

      Cohen’s d [95% CI] 0.49 [0.13, 0.84]          1.09 [0.72, 1.45]             0.74 [0.38, 1.10]          0.60 [0.24, 0.96]         0.93 [0.56, 1.29]           0.36 [0.00, 0.72]          0.91 [0.55, 1.27] 
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difference < .10) of improvement in model fit. Again, Models C and D fit the data well, 

but Model D was the most parsimonious model. Supplementary Tables 2 and 3 show 

the factor loadings of the four models. Loadings in all four models were significant at 

the p < .001 level, with BS1 and O8 in Model C significant at p < .05. In Model D, the 

correlations between the sensory modality factors ranged from .56 to .86, with the 

strongest correlations yielded between the auditory and visual factors (r = .86), and the 

olfactory and gustatory factors (r = .86).  

The omega coefficients were again estimated for Model C. Modality subscales 

were associated with the following ωs estimates: auditory ωs = .23 (typical); visual ωs = 

.19 (relatively small); olfactory ωs = .18 (relatively small); gustatory ωs = .22 (typical); 

bodily sensations ωs = .15 (relatively small); and sensed presence ωs = .43 (relatively 

large). The ωh coefficient was .93, confirming that in comparison to the modality 

subscales, the general factor again accounted for most of the reliable variance in the 

MUSEQ items. 

Discussion 

The current study aimed to develop a reliable and valid scale that separately 

assesses USE in six different modalities (auditory, visual, olfactory, gustatory, bodily 

sensations, and sensed presence). Furthermore, it aimed to evaluate the factorial 

structure of these experiences and explore whether USE in different modalities could be 

measured separately in addition to loading onto a general factor. The development of 

the MUSEQ was theory-driven, and it was hypothesised that the items and modalities 

would be strongly related (i.e., presence of a general factor), but still uniquely 

accounting for some unique variance. 

Confirmatory factor analyses were used to assess the psychometric quality of the 

MUSEQ and explore whether USE in different modalities were statistically separable. 
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Four different models were tested: a one-factor model, second-order model, bifactor 

model, and correlated-factors model. In both the original sample and replication sample, 

the correlated-factors model and bifactor model showed similar results and yielded the 

best model fit. The second-order model also fit the data relatively well, but was 

significantly poorer than the correlated-factors model (but not the bifactor model). The 

one-factor model fitted the data poorly, suggesting that capturing all of the USE in the 

MUSEQ under one construct (i.e., a general factor) was not appropriate. All modality 

factors were positively correlated, which is consistent with previous findings (Bell et al., 

2006; Larøi & Van der Linden, 2005; Launay & Slade, 1981; Lewandowski et al., 2009; 

Morrison et al., 2000; Preti et al., 2014). 

All models except the unidimensional model fit well in absolute terms and 

yielded similar fit indices. This was expected given that the correlated-factors, second-

order, and bifactor models frequently yield overlapping fit indices despite their 

specification of different relationships between the items (see Morgan, Hodge, Wells, & 

Watkins, 2015). Morgan and colleagues (2015) suggest that approximate fit indices are 

useful, but that conceptual and substantive grounds must be used in determining which 

model most appropriately fits the data. In the current study, the bifactor model may be 

the preferred model compared to the correlated-factors model, as the latter does not 

include a general factor and attributes all the variance to the modality factors. The 

presence of a general factor, in addition to specific modality factors, is more congruent 

with the current literature on USE. For example, theoretical models of visual and 

auditory hallucinations propose a role for both specific sensory activation and general 

cognitive mechanisms (see Barnes & Boubert, 2008; Collerton, Perry, & McKeith, 

2005; Linszen, Brouwer, Heringa, & Sommer, 2016; Shine, O’Callaghan, Halliday, & 

Lewis, 2014; Waters et al., 2012).  
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Modality Subscales and Group Differences 

Relating to this latter point is the issue of whether the modality factors are viable 

as subscales, as the presence of multidimensionality does not necessarily warrant the 

creation of subscores (Reise, 2012). The omega subscale coefficients (ωs) obtained from 

the bifactor model can be considered useful indicators of a factor’s unique strength, 

independent from the general factor, and can also help determine the plausibility of 

subscales. In the current study, the ωs values obtained in both the original sample and 

replication sample were relatively low to typical in range (Gignac & Kretzschmar, 

2017), but do overlap with coefficients yielded by other psychological measures with 

strong validity (see Dombrowski, Canivez, Watkins, & Beaujean, 2015; Hull, Beaujean, 

Worrell, & Verdisco, 2010; Tiffin & Rolling, 2012). Despite the dominance of a general 

factor and low to typical ωs values, we argue that from a theoretical and conceptual 

point of view, the modality subscales in the MUSEQ still serve a unique function, as 

indicated by theoretically meaningful group differences yielded on the subscales. 

For example, the current results showed individual differences in the profile of 

USE supporting the notion of the independence of modality factors. The community 

subgroups reporting the presence of eye disease, sleep disorder, and synaesthesia, each 

yielded a unique symptom profile. Those with eye problems or disease scored 

significantly higher on the visual and sensed presence subscales (and not on the other 

subscales), consistent with visuoperceptual deficits in this group (Collerton et al., 2005; 

Schultz & Melzack, 1991; Schwartzman, Maravic, Kranczioch, & Barnes, 2008; Scott, 

Schein, Feuer, & Folstein, 2001; Vukicevic & Fitzmaurice, 2008), and findings of 

frequent positive correlations between visual experiences and sensed presence 

phenomena (Cheyne & Girard, 2007;  Fénelon, Soulas, De Langavant, Trinkler, & 

Bachoud-Lévi, 2011). The group with sleep disorder scored higher on the olfactory and 

gustatory subscales, which is in line with the reported side effects of sleep medications 
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such as zopiclone (Ohayon, 2000). Finally, individuals with synaesthesia scored 

significantly higher on all modality subscales (especially visual) consistent with a 

blurring of sensory function (Baron-Cohen & Harrison, 1997) with a predominance of 

visual experiences (Niccolai, Jennes, Stoerig, & Van Leeuwen, 2012; Novich, Cheng, & 

Eagleman, 2011).  

It is important to note that significant differences in subscale scores, but not in 

the total score, suggests that simply calculating a total score (as is the case with current 

measures of USE) would fail to identify these individual differences. Thus, modality 

subscale scores serve a unique purpose by unmasking the presence and frequency of 

these experiences. The ability to measure USE in this way may be of great value in 

future research examining individual and group differences regarding modalities. 

Taking all of our findings into consideration, our hypothesis that USE may form one 

large constellation with a common core, but with the different modalities accounting for 

some unique variance, is supported. 

What Does the General Factor Represent? 

It is also important to acknowledge the dominant general factor in our model. 

This general factor may represent what is commonly referred to as “hallucination-

proneness”, which may comprise a range of factors found in individuals with higher 

levels of USE (e.g., schizotypal traits, sensory disturbances, cognitive difficulties, low 

mood, and other sociodemographic variables). It could also potentially reflect an 

accumulation of vulnerability risk factors, based on research suggesting that the 

presence of hallucinations in one modality increases the risk of hallucinations and USE 

in other modalities (e.g., Clark et al., 2017; Lim et al., 2016). However, further 

investigation is required to determine what specifically accounts for the shared variance 

between modalities. 
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Psychometric Properties of the MUSEQ 

Regarding the MUSEQ more generally, results indicated good internal reliability 

and acceptable test-retest reliability. The test-retest results may be conservative, given 

that such analyses assumes a person’s true score remains unchanged (Vaz, Falkmer, 

Passmore, Parsons, & Andreou, 2013). Participants may have experienced additional 

experiences on the MUSEQ in the time between measurements. Both MUSEQ total and 

subscale scores yielded significant positive correlations with other measures of USE 

indicating good convergent validity. Furthermore, weak and non-significant correlations 

with the CD and IA subscales of the O-LIFE-S were expected, and indicate good 

discriminant validity. Overall, these results indicate that the MUSEQ appears to be a 

reliable and valid instrument. 

The MUSEQ also demonstrated good ability to discriminate between clinical 

and non-clinical groups. The clinical sample had significantly higher MUSEQ scores 

(all modalities and total) than the non-clinical sample, but with a degree of overlap in 

the frequency distributions. This finding supports the notion of a psychosis continuum 

(Johns & van Os, 2001), and suggests that the MUSEQ may have some applicability in 

clinical populations. It is important to acknowledge that the subjective experience 

appears to differ in a qualitative sense between clinical and non-clinical samples 

(Stanghellini, Langer, Ambrosini, & Cangas, 2012). Given the subjective nature of 

USE, however, this limitation seems applicable to all individuals, regardless of their 

level of pathology. 

Sensory Modality Findings 

Other results obtained from the MUSEQ yielded some interesting findings. At 

the modality level, auditory and visual experiences were found to be the most common, 

followed by bodily sensations. Unusual auditory experiences were slightly more 
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common than visual experiences. This outcome appears to contrast with reports that 

visual experiences may be more common than auditory experiences in the general 

population (McGrath et al., 2015; Ohayon, 2000; Peters et al., 2016; Tien, 1991). 

However, there are key differences between the current study and previous studies 

including the constructs being assessed and methodology. Specifically, the MUSEQ 

encompasses a continuum of USE, which contrasts with the standard screening 

questions in prevalence studies that are more reminiscent of clinical experiences (e.g., a 

single question asking about hearing sounds/voices, or seeing things that others do not). 

Future research may therefore be required to explore meaningful comparisons of the 

frequency rates of USE in different modalities. 

Frequency data indicated that USE resembling “hallucination” (i.e., items at the 

end of each modality subscale) occurred on a monthly to annual basis in approximately 

5% (for olfactory), 7% (gustatory), 17% (sensed presence), 27% (visual), and 33% 

(auditory and bodily sensations) of the non-clinical sample. These results are congruent 

with the lifetime prevalence rates of USE (i.e., hallucinations) in previous large-scale 

non-clinical studies (McGrath et al., 2015; Nuevo et al., 2010; Ohayon, 2000; Peters et 

al., 2016; Tien, 1991) and support suggestions that they do not necessarily indicate the 

presence of psychosis (Linscott & van Os, 2013; Waters et al., 2018). 

An additional finding of interest was the relatively high endorsement of the 

sensed presence items. Sensed presence experiences are under-researched, with most 

investigations focusing on specific populations such as the bereaved (Castelnovo et al., 

2015; Keen, Murray, & Payne, 2013; Rees, 1971), temporal lobe epilepsy (Cook & 

Persinger, 1997), and social isolation (Suedfeld & Mocellin, 1987). Despite ongoing 

debate regarding whether sensed presence experiences are illusionary, hallucinatory, or 

delusional in nature (Castelnovo et al., 2015), the current results add to the body of 
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evidence showing these types of USE occur in a non-negligible number of people in the 

general population (Braithwaite et al., 2013; Castelnovo et al., 2015). 

Limitations, Strengths, and Future Directions 

The current study possesses some limitations, one being that the predictive 

validity of the MUSEQ and its subscales was not tested (i.e., the ability for the modality 

subscales to predict external criterion above and beyond the general factor). The use of 

bifactor modelling (Model C in the current study) allows such investigations. Future 

studies may investigate the ability for the MUSEQ subscales to predict theoretically 

relevant criteria, and such research is currently being pursued by the authors. It is worth 

noting that the current finding of theoretically meaningful group differences on the 

MUSEQ subscales does provide some initial support for assessing USE in different 

modalities. 

Another limitation is that invariance testing between groups (e.g., age, 

students/non-students, and different countries) was not conducted due to insufficient 

sample size in the required subgroups. However, previous studies have found no 

significant differences in the frequency of experiences between students and general 

communities (e.g., Lincoln & Keller, 2008), or between individuals residing in 

countries of a similar socioeconomic standing (McGrath et al., 2015). One exception is 

religious beliefs, which are associated with a higher prevalence of hallucinatory 

phenomena (Pelletier-Baldelli et al., 2014; Steenhuis et al., 2016). Although of interest, 

exploring such factors was outside the scope of this study. In regard to other invariance 

factors (e.g., age), only 8.5% of the current sample were older than 50 years of age, and 

thus it is unlikely this subsample would have significantly affected the results. 

While our focus was on the six most common modalities, we are aware of other, 

less common, modalities such as proprioceptive, kinesthetic, vestibular, temporal, 
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sexual, pain, and cenesthetic (Blom, 2013). There also exists multimodal USE, in which 

the experience occurs in more than one modality simultaneously or serially (see Lim et 

al., 2016). There is no doubt that investigating such experiences would be of great 

value, but this was beyond the scope of the current study. Future adaptations of the scale 

may wish to consider these other modalities and more complex multimodal experiences, 

or include sections allowing for qualitative responses about USE in different modalities. 

The authors are currently working on the addition of other dimensions to the scale such 

as distress, intrusiveness, and impact, and testing the reliability and validity of these 

modifications. 

A strength of this study included a novel approach which explored the 

underlying structure of USE in the general population by creating a scale designed to 

investigate whether there is any use in separating out modalities at the measurement 

level. Another strength was our sample sizes, allowing sufficient exploration of USE 

and replication of our results in a separate sample. The MUSEQ also possesses 

strengths, including the ability to discriminate between different groups across 

modalities, and the use of a more precise frequency rating scale. Existing measures of 

USE calculate a total score and use response formats that do not tap into the frequency 

of unusual experiences, or which target frequency in a non-specific way. The features of 

the MUSEQ compared to the CAPS, LSHS-M-II, and O-LIFE are further demonstrated 

in Table 9. It is hoped that the current findings and the creation of the MUSEQ will aid 

further investigations of USE in the general population. 

Conclusion 

In conclusion, the MUSEQ is a reliable and valid scale that measures USE in six 

different modalities. Results suggested that a correlated-factors model and a bifactor 

model fit the data similarly well, while a one-dimensional model fitted poorly. While  
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Table 9 

Comparison of the MUSEQ, CAPS, LSHS-M-II, and O-LIFE-S Features 

Note: a Only the UE, CD, and IA subscales were used in this study (33 items); b LSHS-M-II – includes 

intrusive thoughts and vivid daydreaming; O-LIFE-S – includes magical powers, intrusive thoughts, 

cognitive disorganisation, anhedonia, and antisocial behaviour.  

Abbreviations:Analyses: EFA, Exploratory Factor Analysis; CFA, Confirmatory Factor Analysis; PCA, 

Principal Components Analysis. Modalities: A, Auditory; V, Visual; O, Olfactory; G, Gustatory; BS, 

Bodily Sensations; SP, Sensed Presence. Scales/Subscales: LSHS-M-II, Launay-Slade Hallucination 

Scale-Modified-II; CAPS, Cardiff Anomalous Perception Scale; D, Distress; I, Intrusiveness; F, 

Frequency; UE, Unusual Experiences; CD, Cognitive Disorganisation; IA, Introvertive Anhedonia; IN, 

Impulsive Nonconformity. 

 

the unique modality factors accounted for less variance than the general factor, the 

subscales were able to detect theoretically meaningful differences in groups of 

Measure 

 MUSEQ CAPS LSHS-M-II O-LIFE-S 

Focus 
 

Unusual Sensory 

Experiences 

Perceptual 

Anomalies 

Hallucination 

Proneness 

Schizotypal 

Traits 

Development 

Population 

Non-Clinical Non-Clinical Non-Clinical 

and Clinical 

Non-Clinical 

Creation Method EFA, CFA PCA PCA, Rasch 

Model 

EFA 

Items 43 32 16 43a 

Modality 

Subscales 

    

Other Symptom 

Dimensions 

  
(D, I, F) 

  
(UE, CD, IA, IN) 

Response Scale Likert 0-4 Binary (No, Yes) 

Subscales:  

Likert 1-5 

Likert 0-4 Binary (No, Yes) 

Frequency 

Ratings 

  
(Not specific time 

measurements) 

 
 

 

USE Item 

Modalities  
(Number of Items) 

A, V, O, G, BS, SP 

(7, 8, 8, 8, 8, 4) 

A, V, O, G, BS, SP 

(9, 6, 4, 3, 6, 1) 

A, V, O, BS, SP 

(5, 3, 1, 2, 1) 

A, V, O, SP 

(UE) 

(1, 2, 1, 1) 

Proneness or 

Schizotypy Items 

  
b 

  


b 

 

Other Item Types  Time perception; 

General sensory 

flooding; 

Difficulty 

distinguishing 

sensations 

Hypnagogic/ 

hypnopompic 

item targeting 

three separate 

modalities  

(not multimodal) 
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individuals with a history of eye problems/disease, sleep disorder, and synaesthesia. 

This has important implications for the measurement of USE, such that it allows greater 

specificity and better characterization of experiences while moving away from the 

commonly used, but poorly defined, construct of ‘hallucination-proneness’. It also 

indicates that ignoring experiences in commonly under-represented modalities may be 

slowing progress in understanding such phenomena. 
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Supplementary Material 

Supplementary Table 1 

Descriptive Statistics of MUSEQ for the Replication Sample 

Note: N = 659. Abbreviations: MUSEQ, Multi-Modality Unusual Sensory Experiences 

Questionnaire; A, Auditory; V, Visual; O, Olfactory; G, Gustatory; BS, Bodily 

Sensations; SP, Sensed Presence. 

 

 

 

 

 

 

 

 

 

 

 

 

 

MUSEQ 

 Total A V O G BS SP 

M  

(SD) 

43.38 

(28.69) 

12.12 

(5.97) 

9.18 

(6.96) 

5.75 

(5.74) 

5.89 

(6.05) 

7.84 

(6.41) 

2.59 

(3.10) 

Median 38 12 8 4 4 7 2 

Mode 25 11 0 0 0 0 0 

Min - 

Max 
0-143 0-27 0-32 0-32 0-32 0-30 0-16 

_______________________________________________________________________ 
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Supplementary Table 2 

Standardised Factor Loadings (WLSMV) for the One-Factor and Second-Order Models 

in the Replication Sample (N = 659) 
  Model A (One-Factor) Model B (Second-Order) 

Item  General  A V O G BS SP General 

A          .87 

A1  .61  .69       

A2  .66  .76       

A3  .55  .63       

A4  .52  .59       

A5  .52  .59       

A6  .65  .73       

A7  .73  .83       

V          .90 

V1  .69   .75      

V2  .71   .78      

V3  .62   .67      

V4  .58   .63      

V5  .76   .82      

V6  .69   .75      

V7  .74   .80      

V8  .79   .86      

O          .88 

O1  .68    .75     

O2  .73    .79     

O3  .70    .77     

O4  .81    .89     

O5  .67    .74     

O6  .79    .85     

O7  .82    .88     

O8  .71    .78     

G          .88 

G1  .74     .81    

G2  .72     .78    

G3  .71     .77    

G4  .69     .75    

G5  .75     .82    

G6  .84     .89    

G7  .86     .91    

G8  .86     .90    

BS          .92 

BS1  .75      .82   

BS2  .66      .71   

BS3  .72      .78   

BS4  .68      .74   

BS5  .67      .72   

BS6  .52      .56   

BS7  .72      .77   

BS8  .73      .79   

SP          .72 

SP1  .68       .92  

SP2  .60       .79  

SP3  .65       .85  

SP4  .47       .63  

Note: Abbreviations: A, Auditory; V, Visual; O, Olfactory; G, Gustatory; BS, Bodily 

Sensations; SP, Sensed Presence. 
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Supplementary Table 3 

Standardised Factor Loadings (WLSMV) for the Bifactor and Correlated-Factors 

Models in the Replication Sample (N = 659) 
               Model C (Bifactor)  Model D (Correlated-Factors) 

Item General A V O G BS SP  A V O G BS SP 

A          .86 .71 .67 .81 .66 

A1 .61 .31       .69      

A2 .67 .26       .76      

A3 .55 .24       .63      

A4 .49 .49       .60      

A5 .49 .48       .59      

A6 .63 .43       .73      

A7 .73 .29       .82      

V           .75 .75 .82 .69 

V1 .68  .24       .75     

V2 .71  .21       .78     

V3 .61  .26       .67     

V4 .54  .49       .63     

V5 .74  .38       .82     

V6 .66  .44       .76     

V7 .72  .36       .80     

V8 .78  .36       .86     

O            .86 .78 .56 

O1 .66   .32       .75    

O2 .70   .41       .79    

O3 .69   .30       .77    

O4 .80   .27       .88    

O5 .68   .17       .74    

O6 .70   .60       .85    

O7 .73   .54       .88    

O8 .72   .14       .78    

G             .81 .56 

G1 .72    .33       .81   

G2 .68    .42       .79   

G3 .68    .33       .77   

G4 .66    .36       .76   

G5 .72    .40       .82   

G6 .79    .41       .89   

G7 .80    .44       .91   

G8 .78    .49       .90   

BS              .70 

BS1 .77     .09       .82  

BS2 .66     .24       .71  

BS3 .72     .29       .78  

BS4 .69     .21       .74  

BS5 .66     .31       .72  

BS6 .51     .35       .56  

BS7 .69     .55       .77  

BS8 .72     .35       .79  

SP               

SP1 .69      .30       .92 

SP2 .53      .74       .79 

SP3 .59      .66       .85 

SP4 .45      .49       .63 

Note: Abbreviations: A, Auditory; V, Visual; O, Olfactory; G, Gustatory; BS, Bodily 

Sensations; SP, Sensed Presence. 
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Supplementary Table 4 

 

Multi-Modality Unusual Sensory Experiences Questionnaire (MUSEQ)  

 

We now know that both healthy people and people with medical or psychological 
conditions report having strange or unusual experiences. These experiences range from 

being very subtle to quite obvious. We want to find out more. Please answer all 

questions by placing a tick or cross ( or X) in the most appropriate response box. 

There are no right/wrong answers and your responses are kept confidential.  

  

AUDITORY  

There have 

been times 

when…  

Never  

(Never 

happened)  

Hardly Ever  

(Once or twice 

in my life)  

Rarely  

(Once or 

twice a year)  

Occasionally  

(A few times a 

year)  

Frequently  

(At least 

monthly)  

1. My ears 

have played 

tricks on me  

          

2. Sounds 

were louder 

than they 

normally 

would be  

          

3. I thought of 

a song and 

could almost 

hear it with 

distinct clarity  

          

4. I was in a 

crowd or with 

other people 

and heard my 

name being 

called, only to 

find that I was 

mistaken  

          

5. I have heard 

my phone ring 

then found 

that it wasn’t 

ringing at all    

          

6. I could hear 

sounds, music, 

or noises that 

other people 

could not hear  

          

7. I have 

heard a 

person’s 

voice and 

then found 

that no-one 

was there  
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VISUAL  

There have 

been times 

when…  

Never  

(Never 

happened)  

Hardly Ever  

(Once or twice 

in my life)  

Rarely  

(Once or 

twice a year)  

Occasionally  

(A few times a 

year)  

Frequently  

(At least 

monthly)  

8. My eyes 

have played 

tricks on me  

          

9. I found that 

lights or 

colours seem 

brighter or 

more intense 

than they 

normally 

would be  

          

10. I thought 

of people, 

objects, or 

landscapes, 

and could 

almost see 

their image in 

front of my 

eyes             

          

11. I have 
looked at a 
patterned 
object (e.g., 
wallpaper, 
curtains,  

tiled floor) 

and a figure or 

face has 

emerged    

          

12. I have 

seen lights, 

flashes, or 

other shapes 

that other 

people  

could not see                                        

          

13. I looked at 

an object and 

it transformed 

itself before 

my eyes into 

something else  
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14. I saw a 
brief image of 
an object, 
animal, or 
person pass 
me by in my 
peripheral 
vision, but 
when I looked 
there was 

nothing there  

          

15. I saw 

people, faces, 

or animals, 

and then 

found that 

nothing was  

there                                                     

          

OLFACTORY  

There have 

been times 

when…  

Never  

(Never 

happened)  

Hardly Ever  

(Once or twice 

in my life)  

Rarely  

(Once or 

twice a year)  

Occasionally  

(A few times a 

year)  

Frequently  

(At least 

monthly)  

16. My nose 

(sense of 

smell) has 

played tricks 

on me  

          

17. I thought 

that everyday 

smells were 

unusually 

strong  

          

18. I thought 

of a smell and 

I could almost 

smell it for 

real  

          

19. Common 

smells seemed  

unusually 

different  

          

20. I noticed 

the smell of 

smoke, 

burning, or 

gas when 

there was 

nothing there  

          

21. I have 

suddenly been 

struck by an 

unpleasant or 

disgusting 

smell that no-
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one else could 

smell  

22. I have 

suddenly been 

struck by a 

very pleasant 

smell that no-

one else could 

smell  

          

23. I have 

been struck 

with the smell 

of odd things 

which I 

interpreted as 

death, 

colours, or 

ghosts  

          

GUSTATORY  

There have 

been times 

when…  

Never  

(Never 

happened)  

Hardly Ever  

(Once or twice 

in my life)  

Rarely  

(Once or 

twice a year)  

Occasionally  

(A few times a 

year)  

Frequently  

(At least 

monthly)  

24. My sense 

of taste has 

played tricks 

on me  

          

25. I thought 

that food or 

drink tasted 

stronger than 

it normally 

would  

          

26. I thought 

of a taste and 

found that I 

could taste it 

in my mouth 

as if it was 

real  

          

27. I ate the 

same food as 

another person 

and thought it 

tasted off, but 

the other 

person did not 

seem to think 

so  

          

28. I have 

consumed 

food or drink 

and it tasted 

like something 
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completely 

different  

29. I had 

nothing in my 

mouth but I 

suddenly 

tasted 

something 

very confusing 

which faded 

very quickly  

          

30. I had 

nothing in my 

mouth but I 

suddenly 

tasted 

something 

unpleasant 

which was 

really 

persistent  

          

31. I had 

nothing in my 

mouth but I 

suddenly 

tasted 

something 

very pleasant 

which was 

really 

persistent  

          

BODILY SENSATIONS  

There have 

been times 

when…  

Never  

(Never 

happened)  

Hardly Ever  

(Once or twice 

in my life)  

Rarely  

(Once or 

twice a year)  

Occasionally  

(A few times a 

year)  

Frequently  

(At least 

monthly)  

32. My body 

senses have 

played tricks 

on me  

          

33. I found my 

skin to be 

more sensitive 

to cold, heat, 

or touch than 

usual  

          

34. I thought 

of a touch or 

other 

sensations on 

my skin and 

almost  

felt it on my 

skin  
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35. I have 

experienced 

the sensation 

that my body 

(or part of my 

body) was 

different in 

shape or size  

          

36. I could 

feel burning, 

tingling, 

scraping, or 

heat on my 

skin, although 

there was 

nothing 

causing it  

          

37. I have felt 

things moving 

or crawling on 

or under my 

skin  

          

38. I have 

experienced 

the sensation 

that something 

was pressing 

on my skin, or 

that I was 

holding an 

object in my 

hand, but then 

found there 

was nothing 

there  

          

39. I have felt 

someone or 

something 

touching me, 

but when I 

turned to look 

there was 

nothing there  

          

SENSED PRESENCE  
There have 

been times 

when…  

Never  

(Never 

happened)  

Hardly Ever  

(Once or twice 

in my life)  

Rarely  

(Once or 

twice a year)  

Occasionally  

(A few times a 

year)  

Frequently  

(At least 

monthly)  

40.  I felt the 

presence of 

someone, even 

though I could 

not see them 

(e.g., behind 
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me, or in 

another room)  

41. I have felt 

an unseen evil 

presence 

around me  

          

42. I have felt 

an unseen 

angelic 

presence 

around me  

          

43. I have felt 

the presence 

of a  

relative or 

friend who has 

passed away  

          

  

      

                        

Thank you for your participation, it is greatly appreciated. 
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MUSEQ Scoring Procedure  

  

The MUSEQ contains 43-items, which fall into six modality subscales. Both subscale 
total scores and a MUSEQ total score can be calculated.   

• Subscale scores are obtained by summing item responses for the respective 

      subscale.  

• Total scores are obtained by summing all subscale scores.  

  

Subscale and scoring information is as follows:  

  

AUDITORY  

Items: 7  

Minimum Score: 0  

Maximum Score: 28  

  

VISUAL  

Items: 8  

Minimum Score: 0  

Maximum Score: 32  

  

OLFACTORY  

Items: 8  

Minimum Score: 0  

Maximum Score: 32  

  

GUSTATORY  

Items: 8  

Minimum Score: 0  

Maximum Score: 32  

  

BODILY SENSATIONS  

Items: 8  

Minimum Score: 0  

Maximum Score: 32  

  

SENSED PRESENCE  

Items: 4  

Minimum Score: 0  

Maximum Score: 16  

  

MUSEQ TOTAL  

Items: 43  

Minimum Score: 0  

Maximum Score: 172  
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FOREWORD TO CHAPTER THREE 

The previous chapter indicated that the Multi-Modality Unusual Sensory 

Experiences Questionnaire (MUSEQ) was a reliable measure of unusual sensory 

experiences (USE) across six modalities in a non-clinical sample. The availability of 

such a measure provides opportunities for researchers to more systematically measure 

different modalities of USE, and also conduct comparative investigations regarding 

modality-specific and modality-independent processes.  

In the following experimental chapters, the visual subscale of the MUSEQ 

therefore provided a means to assess the frequency of unusual visual experiences 

(UVE). Specifically, the following chapter (Chapter Three) reports on an investigation 

into the role of modality-specific factors (visual acuity, contrast sensitivity, and object 

recognition) and modality-independent factors (temporal processing and intentional 

inhibition) in UVE. Using the other subscales of the MUSEQ, the study also includes 

comparisons of the results associated with UVE to those of the auditory modality and an 

‘Other Modality’ variable (summed score on olfactory, gustatory, bodily sensations, and 

sensed presence subscales), and explores the impact of mood problems and delusional 

ideation on any significant associations found. 
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Abstract 

Unusual visual experiences (UVE) in non-clinical populations have received little 

attention in comparison to unusual auditory experiences. More research is required to 

explore their underlying cognitive mechanisms and whether these mechanisms are 

modality-specific or generalised across modalities. The current study explored the 

relationship between non-clinical UVE and cognitive and perceptual processes 

previously implicated in clinical visual hallucinations, non-clinical unusual auditory 

experiences, and hallucination-proneness. Specifically, we investigated visual acuity, 

contrast sensitivity, temporal processing, object recognition, and intentional inhibition. 

Ninety-two undergraduate students completed the Multi-Modality Unusual Experiences 

Questionnaire, from which visual, auditory, and ‘Other Modalities’ (OM) scores were 

calculated. Participants also completed: (1) the Freiburg Visual Acuity and Contrast 

Test, (2) a visual temporal order judgement task, (3) a fragmented image task, (4) the 

Intentional Inhibition of Currently Irrelevant Memories task, and (5) measures of mood 

and delusional ideation. Contrary to predictions, higher UVE scores were not associated 

with poorer acuity, contrast sensitivity, temporal processing, object recognition, or 

intentional inhibition, suggesting these processes may not play a specific role in non-

clinical UVE. Instead, more frequent unusual sensory experiences generally (modality-

independent) was associated with poorer ability to judge the temporal order of visual 

stimuli, earlier and accurate object recognition, and a conservative bias during image 

encoding and learning. This style of information processing was also linked to higher 

levels of mood problems and delusional ideation, suggesting shared underlying 

mechanisms. These findings have implications for perceptual inference models that 

emphasise the role of top-down expectations, beliefs, and emotion in non-clinical 

unusual sensory experiences. 
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Introduction 

Unusual visual experiences (UVE) refers to a range of visual phenomena 

including misperceptions through to visual hallucinations (VH). Misperceptions are 

considered distortions of external stimuli, while VH are usually thought of as visual 

percepts in the absence of external stimuli. VH are typically classified into simple (e.g., 

unformed dots and flashes) or complex (e.g., landscapes and formed figures) categories 

(Collerton, Dudley, & Mosimann, 2012). However, the nature of perception is complex 

with no definitive categories of experience. Given that information is continuously 

being integrated from the environment, “false perceptions” (e.g., hallucinations) are 

difficult to distinguish from distortions of external stimuli, such as illusions and 

misperceptions (Uchiyama et al., 2015). For this reason, VH can be considered within 

the larger category of UVE. While VH are typically associated with neurodegenerative 

disease, eye disease, and psychiatric disorders such as psychosis, research has shown 

that UVE occur in the general population with lifetime prevalence estimates ranging 

between 3 and 15% (McGrath et al., 2015; Ohayon, 2000; Peters et al., 2016; Pignon et 

al., 2018; Tien, 1991; Waters et al., 2014). In non-clinical populations, these 

experiences have been found to be associated with numerous factors, such as sleep 

problems (Ohayon, 2000; Reeve, Emsley, Sheaves, & Freeman, 2017; Reeve, Sheaves, 

& Freeman, 2015), drug use (Ohayon, 2000; Rognli, Bramness, Skurtveit, & Bukten, 

2017), psychosocial stress (e.g., bereavement; Castelnovo, Cavallotti, Gambini, & 

D’Agostino, 2015), and religious practices (Lindhal, Kaplan, Winget, & Britton, 2014).  

UVE in non-clinical populations remain poorly understood. Most non-clinical 

research to date has focused on the perceptual and cognitive mechanisms underlying 

unusual auditory experiences, specifically auditory verbal hallucinations, with the 

literature pointing to deficits in perceptual and language processes, as well as 

dysfunction in executive functions like inhibition (for review see Badcock & Hugdahl, 
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2012; Baumeister, Sedgwick, Howes, & Peters, 2017; Waters et al., 2012). This priority 

has resulted in a rich literature, but has also led to a paucity of understanding about 

unusual sensory experiences (USE) in other modalities, such as UVE. There is also 

limited understanding of whether underlying mechanisms are similar across sensory 

modalities, or whether modality-specific deficits exist. Furthermore, there is increasing 

acknowledgement that USE are often multimodal (i.e., experienced in more than one 

modality simultaneously or serially) in nature (Waters & Fernyhough, 2017). While this 

has not been specifically explored in non-clinical populations, it emphasises the 

importance of exploring what mechanisms may underlie experiences in modalities other 

than the auditory modality. Research on UVE in non-clinical populations (including 

visual processing and cognitive factors) has thus far been minimal and mixed in nature. 

Table 1 presents a brief summary of the relevant studies and their findings. 

To better understand the cognitive mechanisms underlying UVE, we must draw 

on existing literature and theoretical models of VH which were developed in clinical 

disorders. Historically, models of VH tend to emphasise one particular level of 

processing over another, for example, ‘bottom-up’ (e.g., early visual processing) and/or 

‘top-down’ (e.g., higher level cognitive processes). Explanatory models of VH in eye 

disease and Parkinson’s disease have highlighted the role of impaired visual processing. 

In particular, two markers of early visual processing – visual acuity (VA) and contrast 

sensitivity (CS) – are strong predictors of VH in eye disease (ffytche, 2009). VA is a 

person’s ability to discriminate fine detail, while CS is the ability to detect subtle 

differences in patterns and shading. Impairments in VA and CS are found in populations 

that frequently experience VH, including Parkinson’s disease (Archibald, Clarke, 

Mosimann, & Burn, 2011; Diederich et al., 1998; Holroyd, Currie, & Wooten, 2001; 

Lin et al., 2015; Matsui et al., 2006; Pieri, Diederich, Raman, & Goetz, 2000; but see
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Table 1 

Summary of Research Conducted to Date on Unusual Visual Experiences in Non-Clinical Samples 

Note: Table continued on next page. Abbreviations: MCB = Meta-Cognitive Beliefs, UVE = Unusual Visual Experiences, UVE-HP = High proneness to UVE, UVE-LP = Low 

proneness to UVE * Methodology used in addition to measurements of hallucination predisposition/unusual sensory experiences.

Authors Areas of Investigation Methodology and Findings Relevant to UVE* 
Morrison, Wells, & Nothard (2000) MCB Questionnaires measuring meta-cognition, thought control strategies, paranoia, 

mood, and beliefs about unusual perceptual experiences. 

Positive beliefs about unusual perceptual experiences predicted UVE 

predisposition. 

Morrison, Wells, & Nothard (2002) MCB Questionnaires measuring meta-cognition, interpretations of voices, and anxiety. 

MCB (positive beliefs about worry and uncontrollability/danger of thoughts) 

predicted UVE. 

Morrison & Petersen (2003) Trauma-Related Events and Cognition Questionnaires measuring meta-cognition and trauma-related cognition/ 

dissociative experiences. 

MCB (poorer cognitive confidence, cognitive self-consciousness), absorption, and 

depersonalisation predicted UVE. 

Larøi & Van der Linden (2005)  

 

MCB Questionnaires measuring meta-cognition and delusional ideation. 

MCB (positive beliefs about worry and negative beliefs about 

uncontrollability/danger of thoughts) predicted UVE. 

Cangas, Errasti, García-Montes, Alvarez, & 

Ruiz (2006) 

MCB Questionnaires measuring meta-cognition, depression measure, and two 

standardised attention tests. 

MCB (poorer cognitive confidence and negative beliefs about the 

uncontrollability/danger of thoughts) and degree of attentional difficulty required 

in task predicted UVE. 

García-Montes, Cangas, Pérez-Alvarez, 

Fidalgo, & Gutiérrez (2006) 

MCB Questionnaires measuring meta-cognition, thought control strategies, and anxiety.  

MCB (poorer cognitive confidence) and thought-control strategies of worry 

predicted UVE. 

 

Schwartzman, Maravic, Kranczioch, & 

Barnes (2008) 

Early Visual Processing Electroencephalography (early visual event-related components) and face 

perception tasks. 

UVE-HP exhibited abnormal early visual processing vs. UVE-LP. 
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(Table 1 cont.)   

 

Coy & Hutton (2012) 

 

Emotion Detection 

 

Emotion detection task. 

UVE-HP showed increased tendency to misperceive neutral faces as angry (false 

positive errors) vs. UVE-LP. 

Maravic da Silva (2013) (Book-published) 

 

Early Visual Processing, Sleep Problems, 

Cognition, Personality, and Executive 

Functioning 

Standardised neuropsychological tasks, questionnaires, electroencephalography, 

and behavioural sleep measures. 

UVE-HP reported more sleep problems, higher levels of fantasy-proneness, 

thought monitoring, and social compliancy vs. UVE-LP. No group differences in 

visual memory, visual imagery, working memory, or executive functions. 

 

Early visual processing results reported in Schwartzman et al. (2008). 

Pearson et al. (2016) Visual Illusions (as proxy for VH) Visual flicker task. 

Did not assess for UVE. Focused on inducing illusions in healthy participants. 

Aynsworth, Nemat, Collerton, Smailes, & 

Dudley (2017) 

Visual Imagery and Reality Monitoring Object reality monitoring task and imagery questionnaires.  

UVE-HP exhibited reality monitoring difficulties and higher levels of vivid 

imagery vs. UVE-LP. 

Note: Abbreviations: UVE = Unusual Visual Experiences, VH = Visual hallucinations, UVE-HP = High proneness to UVE, UVE-LP = Low proneness to UVE. 
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Gallagher et al., 2011; Kopal et al., 2015), Alzheimer’s disease (Chapman, Dickinson, 

McKeith, & Ballard, 1999), and psychotic disorder (Cadenhead, Dobkins, McGovern, 

& Shafer, 2013; Kantrowitz, Butler, Schecter, Silipo, & Javitt, 2009; Skottun & 

Skoyles, 2007; Smith, Pantelis, McGrath, Tangas, & Copolov, 1997; Viertiö et al., 

2007; but see Kiss, Fábián, Benedek, & Kéri, 2010). Furthermore, the importance of 

considering the role of the retina and early visual processing in cognitive models of VH 

has recently been emphasised by Bernardin et al. (2017), who suggest that CS may be 

the most suitable measure for this purpose. Waters and Fernyhough’s (2017) systematic 

review of hallucinations across different populations also found that sensory loss (i.e., 

vision or hearing) was a vulnerability factor for these phenomena across numerous 

clinical groups (e.g., schizophrenia, ultra-high risk groups, neurodegenerative disease). 

While no studies have explored VA and CS in non-clinical UVE, a neurophysiological 

study by Schwartzman et al. (2008) found evidence of abnormal early visual processing 

in individuals prone to UVE in a non-clinical sample. 

Low-level vision impairments are, however, not sufficient to explain VH, as not 

all individuals with ophthalmological disease, neurodegenerative disease, psychosis, or 

non-normal acuity experience VH (Collerton, Perry, & McKeith, 2005; Fénelon, 

Mahieux, Huon, & Ziégler, 2000; ffytche, 2009). Other cognitive (top-down) 

mechanisms which interact with perception have therefore been included in models of 

VH (e.g., Collerton et al., 2005; Diederich, Goetz, & Stebbins, 2005; Shine, Halliday, 

Naismith, & Lewis, 2011). However, given that VH can occur in individuals with 

seemingly intact performance on global cognitive functioning tests (e.g., eye disease 

populations; see Graham et al., 2011), generalised cognitive deficits are unlikely to 

explain these phenomena, and we must turn our attention instead to specific areas of 

function. 
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Attentional and executive control functions in particular have attracted interest. 

Visual attention, for example, is one key mechanism in cognitive models of VH in 

neurodegenerative disorders (Collerton et al., 2005; Diederich et al., 2005; Shine et al., 

2011). It has been suggested that the interaction of poor visual perception and attention 

that contributes to VH may manifest clinically as poor object perception (Collerton et 

al., 2005), with VH in Parkinson’s disease found to be associated with poorer accuracy 

on object recognition tasks (e.g., Straughan, Collerton, & Bruce, 2016). While deficits 

on visual attention tasks have been linked to hallucinations in individuals with 

Parkinson’s Disease and dementia (Bronnick, Emre, Tekin, Haugen, & Aarsland, 2011; 

Koerts et al., 2010; Meppelink, Koerts, Borg, Leenders, & van Laar, 2008), eye disease 

(Graham et al., 2011), and individuals with high levels of schizotypal traits in the non-

clinical population (Fuggetta, Bennett, & Duke, 2015), the inconsistency in findings 

across studies and disorders has raised questions regarding the possibility of differential 

mechanisms across populations. For example, VH are not linked to conditions 

associated with deficits in attention, such as attention deficit hyperactivity disorder 

(Onofrj et al., 2013). Deficits on tasks of visual attention have also not been replicated 

in a group of individuals with psychosis and VH (Van Ommen et al., 2016). 

Furthermore, fronto-parietal networks have not been particularly implicated in VH in 

schizophrenia (Amad et al., 2014; Ford et al, 2014; Oertel et al., 2007) as might be 

expected given the role of these networks in visual attention (Parks & Madden, 2013). 

This suggests that we perhaps need to look elsewhere for cognitive mechanisms. 

Another cognitive function linked to hallucinations is inhibition, which allows 

the suppression of irrelevant actions or information (e.g, thoughts, memories) in order to 

make appropriate goal-directed responses and resolve conflict between bottom-up 

sensory input and top-down expectations (Badcock & Hugdahl, 2014). Inhibition 

deficits have been found to be associated with VH in Parkinson’s disease (Barnes & 



Page | 160 

Boubert, 2008; Boubert & Barnes, 2015), dementia with Lewy bodies (Sanchez-

Castaneda et al., 2010), auditory hallucinations in schizophrenia (Badcock, Waters, 

Maybery, & Michie, 2005; Soriano, Jiménez, Román, & Bajo, 2009; Waters, Badcock, 

Maybery, & Michie, 2003; Waters, Badcock, Michie, & Maybery, 2006), and higher 

levels of schizotypal traits (Louise et al., 2015). Poorer cognitive inhibition has also 

been found to be associated with high hallucination-proneness in the general population 

on a behavioural task assessing the ability to inhibit currently irrelevant memories 

(Badcock, Mahfouda, & Maybery, 2015; Paulik, Badcock, & Maybery, 2007), although 

this is yet to be explored specifically in non-clinical UVE.    

Another process of interest which is thought to interact with higher-level 

cognitive functions is temporal processing, which refers to the process of encoding and 

integrating stimuli within a specific time frame (i.e., the rate at which a person can 

integrate incoming stimuli). While not formally tied to any theoretical model, sensory 

integration and encoding plays an important function in enabling perceptual coherence, 

allocation of attentional resources, and in drawing causal inferences about the 

environment (Foucher, Lacambre, Pham, Giersch, & Elliott, 2007; Ivry & Schlerf, 

2008). Abnormality in temporal processing can lead to a misunderstanding regarding 

the order of events and the relationship between stimuli, as well as contribute to 

incorrect attributions about the source of stimuli. Such abnormalities have been posited 

as a plausible contributor to hallucinations and other psychotic symptoms (Stevenson et 

al., 2017; Waters, 2013). Supporting this, timing deficits are a common finding in 

schizophrenia (Capa, Duval, Blaison, & Giersch, 2014; Davalos, Kisley, & Ross, 2003; 

de Boer-Schellekens, Stekelenburg, Maes, Van Gool, & Vroomen, 2014; Foucher et al., 

2007; Giersch et al., 2009; Zhou et al., 2018), where processing deficits on temporal 

order judgment tasks have been found to be linked to the severity of hallucinations 

(Stevenson et al., 2017). Such tasks require individuals to judge the simultaneity (did 
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stimuli appear at the same time or different times) of presented stimuli, or report which 

stimulus appears first. Visual temporal processing has also been found to be impaired 

on such tasks in psychosis generally (see Schmidt, McFarland, Ahmed, McDonald, & 

Elliott, 2011). Furthermore, individuals with a larger temporal binding window (i.e., 

larger range of temporal offsets over which stimuli are bound together) on simultaneity 

judgement and time-estimation tasks have an increased susceptibility to audio-visual 

illusions (Stevenson, Zemtsov, & Wallace, 2012) and psychotic-like symptoms 

(Graham, Martin-Iverson, & Waters, 2015), suggesting that USE may be linked to 

changes in temporal processing. 

Overall, previous literature and models of VH implicate a role of bottom-up and 

or/top-down processes as potential mechanisms of VH, which may inform investigative 

research into UVE in non-clinical populations. In light of this, the current study sought 

to explore whether poorer visual perception and cognitive inhibition are associated with 

UVE in non-clinical individuals. Based on the previous literature, we focused on (i) VA 

and CS, (ii) object recognition, (iii) temporal processing, and (iv) intentional inhibition. 

In order to explore whether impairments in these processes may be modality-specific or 

modality-independent, we also explored performance on the experimental tasks in 

relation to auditory and ‘Other Modalities’ (OM) experiences using the Multi-Modality 

Unusual Sensory Experiences Questionnaire (MUSEQ; Mitchell et al., 2017). 

Specifically, the main hypotheses were that higher UVE scores would be associated 

with:   

i. Poorer VA and CS, indicated by poorer performance on tests measuring both 

corrected (i.e., with visual aids if required) and uncorrected VA and CS; 

ii. Poorer object recognition, indicated by poorer accuracy and longer response 

time (RT) in a fragmented image task; 
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iii. Poorer temporal processing, indicated by requiring a larger separation in 

temporal onsets to identify the order of two visual stimulus events in a visual 

temporal order judgement task; 

iv. Poorer intentional inhibition, indicated by a higher number of false alarms in 

the critical inhibition phase of an intentional inhibition task.  

 Regarding modality-specific/modality-independent hypotheses, it was predicted 

that the auditory modality and OM (sum of olfactory, gustatory, bodily sensations, and 

sensed presence MUSEQ scores) would not be associated with VA, CS, or object 

recognition (specific to the visual modality), but would be associated with poorer 

temporal processing and inhibition (modality-independent). 

Method 

Participants 

Ninety-six undergraduate psychology students from the University of Western 

Australia who had previously completed the MUSEQ (Mitchell et al., 2017) were 

invited to participate in the study for course credit. Individuals with a reported diagnosis 

or history of a psychotic disorder were excluded, resulting in the exclusion of two 

participants. A further two participants were removed due to poor effort across the tasks 

and language barrier difficulties. The final sample comprised 92 participants (62 female, 

30 male1) with a mean age of 21.67 years (SD = 7.38; min-max = 17-52). The average 

years of education in the sample was 14.20 years (SD = 2.59, min-max = 12-27; n = 91). 

Seventy participants (76.1%) reported English as their first language2.  

 

                                                 
1 Independent sample t-tests indicated no significant difference between males and females on visual 

(t[90] = 0.30, p = .77), auditory (t[90] = .17, p = .87), or OM (t[90] = 1.24, p = .22) MUSEQ scores. 
2 Independent sample t-tests indicated no significant differences between those with versus without 

English as their first language on FSIQ (t[90] = .13, p = .90) or visual (t[90] = .59, p = .56), auditory 

(t[90] = 1.27, p = .21), or OM (t[90] = .36, p = .72) scores. 
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Questionnaires and Experimental Measures 

USE. The MUSEQ (Mitchell et al., 2017) is a self-report questionnaire that 

measures a range of USE in the general population in six sensory modalities. It 

comprises 43-items (7 auditory, 8 visual, 8 olfactory, 8 gustatory, 8 bodily sensations, 

and 4 sensed presence), with the frequency of each item rated on a 5-point Likert scale 

(0 = Never [Never in my Life] to 4 = Frequently [At Least Monthly]). Subscale scores 

range from 0 to the maximum total of summing all the item scores in each respective 

subscale. For this study, we focused on the visual and auditory subscale scores, and 

created a variable termed ‘Other Modalities’ (OM) to reflect the participants’ summed 

score on all of the other modalities (i.e., olfactory, gustatory, bodily sensations, and 

sensed presence). The alpha reliability coefficients were as follows: visual (α = .89), 

auditory (α = .87), and OM (α = .95). These variables will hereafter be referred to as 

visual USE, auditory USE, and OM USE for the purpose of clarity. 

Delusional ideation. The 21-item Peters et al. Delusions Inventory (PDI-21; 

Peters, Joseph, Day, & Garety, 2004; Peters, Joseph, & Garety, 1999) assesses self-

reported delusional ideation in the general population, including additional subscales 

measuring the distress, preoccupation, and conviction associated with endorsed beliefs. 

Questions are rated on a binary Yes (1)/ No (0) scale, resulting in a possible score range 

of 0-21. The three additional subscales are each rated on a 5-point Likert scale, resulting 

in a possible range of scores from 4-16 for any endorsed item. A global PDI score is 

calculated by summing all yes/no and subscale scores, with a possible range of 0-336. 

This study utilised the global PDI score as a unidimensional index of delusional ideation 

(Jones & Fernyhough, 2007; Peters et al., 2004). 

Mood. The 21-item Depression Anxiety Stress Scales (DASS-21; Lovibond & 

Lovibond, 1995) measures self-reported levels of depression, anxiety, and stress in the 
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past week. Each subscale has seven items, and each item is rated on a 4-point Likert 

scale (0 ‘did not apply to me at all’ to 3 ‘applied to me very much’). The item scores are 

summed for each subscale, and then multiplied by two to obtain the final subscale score. 

Possible scores range from 0-42 for each subscale.  

Demographics and health history. A short questionnaire assessing 

demographic information (11 questions) and health history (17 questions) was 

administered. The latter included questions targeting both medical (e.g., neurological 

diseases, sleep-related disorders, and eye/ear problems) and psychological problems 

(e.g., psychiatric disorders). 

Brief intelligence screen. The two-subtest version of the Wechsler Abbreviated 

Scale of Intelligence – Second Edition (WASI-II; Wechsler, 2011) was used to provide 

an estimate of Full-Scale IQ (FSIQ). The mean FSIQ for our sample was 106.90 (SD = 

9.90; range = 85-133). 

VA and CS. The Freiburg Visual Acuity & Contrast Test (FrACT; Bach, 1996, 

2006) was used to test VA and CS. This test is a freely available computer program with 

demonstrated empirical validity (see https://www.michaelbach.de), which utilises 

adaptive psychometric procedures to arrive at a threshold estimate of VA and CS. Every 

participant’s uncorrected VA and CS was tested, and corrected VA and CS was tested 

where the participant required vision correction with glasses or contact lenses. 

Participants sat 2.5m away from the screen, with one pixel equal to 0.39 arcmin 

(allowing for testing a maximum VA of 2.27). Stimuli for both tests were Landolt-C’s 

(black on a white background for VA) presented in one of eight orientations (guessing 

rate of 12.5%) (see Figure 1). In each test, the size of the stimulus varied from trial to 

trial to obtain the VA or CS threshold. In the CS test, stimuli were a mixture of low to 

medium spatial frequencies, and both the contrast and size of the stimulus increased  
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Figure 1 

Experimental Tasks Used to Target Different Levels of Processing: a) Freiburg Acuity 

and Contrast Test (Left – Acuity, Right – Contrast Sensitivity), b) Visual Temporal 

Order Judgement Task, c) Fragmented Image Task, and d) Intentional Inhibition of 

Currently Irrelevant Memories Task 
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with poorer performance. To ensure adequate CS testing, a gamma correction was 

applied based on the monitor and set at 1.95. The stimulus was presented for 60 s, and 

participants were required to provide an answer within this timeframe. Participants were 

required to indicate which direction the gap was facing using designated number keys 

on a keyboard, which corresponded with the eight possible directions. Following a 

response, a new trial commenced. If a response was not provided within the 60 s, an 

incorrect response was assumed and the next trial began. There were 48 trials in each 

block of VA and CS testing, with all participants completing VA testing then CS 

testing. Participants who did not require vision correction completed 96 trials, and those 

who required correction completed 192 trials overall. VA was recorded in decimal 

format (VAdec) and CS in Weber contrast (%) units. VA equal to 1.0 is equivalent to 

20/20 vision, with values < 1.0 indicating poorer acuity. Weber contrast values range 

from 0-100, with 100 indicating maximal contrast is required (i.e., poor CS). 

Temporal processing. A visual temporal order judgment task, adapted from 

Kwakye, Foss-Feig, Cascio, Stone, and Wallace (2011), was used to test visual temporal 

acuity. Stimuli comprised two white circles presented on a black computer screen; one 7 

cm above and one 7 cm below a white fixation cross (see Figure 1). The cross appeared 

for 1000 ms, after which the first circle appeared. After a variable stimulus onset 

asynchrony (SOA), the second circle appeared (position dependent on location of first 

circle) and remained on the screen until participants responded. Participants were 

required to indicate which of the two circles appeared first (i.e., bottom first or top first) 

via designated keyboard response buttons. The threshold SOA required for participants 

to perform the task with 70-75% accuracy was determined using an adaptive staircase 

procedure. Three independent staircases ran concurrently, starting at variable SOA 

times (staircase 1 SOA = 7 ms; staircase 2 SOA = 56 ms; staircase 3 = 84 ms). The 

SOA was initially adjusted (i.e., step size) by 28 ms. After five reversals in response 
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accuracy, the step size reduced to 14 ms, and decreased again to 7 ms following another 

four reversals. The SOA became longer (i.e., increased by one step) following each 

incorrect response, and became shorter (i.e., decreased by one step) following two 

correct responses. The three staircases were each terminated after 16 reversals in 

response accuracy. Once all staircases were terminated, the SOA threshold was 

calculated by averaging the last five reversals in each staircase. Finally, the three 

thresholds resulting from each of the three staircase procedures were tested in a 

verification procedure. Participants were presented with a further 60 trials in which each 

of the thresholds was tested 20 times in random order. If participants did not achieve 

70-75% accuracy for any of the thresholds, the thresholds were adjusted accordingly 

and the verification procedure repeated until a threshold with 70-75% accuracy was 

attained. 

Object recognition. Object recognition was measured using a fragmented 

image task adapted from Doniger and colleagues’ (Doniger et al., 2000; Doniger, Foxe, 

Murray, Higgins, & Javitt, 2002) studies on visual object recognition. Participants were 

presented with 150 sets of line drawings (Snodgrass & Vanderwart, 1980), consisting of 

both animate and inanimate objects. Each set consisted of eight images which had 

progressively decreasing levels of fragmentation (levels 1 [least complete] to 8 [most 

complete]) (see Figure 1). The pictures were divided into 15 blocks, each presenting 10 

picture sets. In each set, images were presented in order from least complete to most 

complete. Each image was presented in the centre of the computer screen for 750 ms, 

after which a blank screen appeared for 800 ms. Following this, a screen prompted 

participants to indicate whether they could recognise the object via “Y” (Yes) or “N” 

(No) response keys. The response window was 2300 ms in length from the onset of the 

screen prompt. If participants responded “Y”, the current image set was terminated and 

participants were required to verbally name the object, after which a new picture set 
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began. Alternatively, an “N” response initiated the presentation of the next image in the 

respective picture set. The following data were obtained: overall accuracy, mean RT for 

the “N” responses prior to picture recognition, mean RT for “Y” responses (i.e., picture 

recognition) in correct trials, and the mean level of fragmentation required to identify 

pictures in correct trials.  

Intentional inhibition. The Inhibition of Currently Irrelevant Memories (ICIM) 

task is a continuous recognition task developed to assess inhibitory control and the 

ability to distinguish currently relevant information from previously seen information 

that is currently irrelevant (Schnider & Ptak, 1999). It has been successfully adapted and 

modified for use in healthy young adult populations (Badcock et al., 2015; Paulik et al., 

2007; Schnider, Valenza, Morand, & Michel, 2002). Stimuli comprised 48 black and 

white line drawings (Snodgrass & Vanderwart, 1980). The task consisted of two blocks 

or ‘runs’ (run 1 and run 2), with a 30 s break in between the two runs (see Figure 1). 

There were 85 trials in each run. Forty-eight trials involved the first or only presentation 

of a given image and were designated non-target trials. The remaining 37 trials involved 

the presentation of previously presented images within the current run and were 

designated target trials. These trials consisted of the second presentation of 22 pictures, 

and the third presentation of 15 pictures. The target and distractor trials were 

randomised in both runs, with new target pictures selected for run 2. Picture stimuli 

were presented centrally on the computer screen for 2000 ms, and separated by an inter-

stimulus interval of 700 ms. Participants were required to respond using “Y” (Yes) and 

“N” (No) keys to indicate whether they thought the picture had been repeated within the 

current run. Prior to the second run and following the break, participants were explicitly 

told to again indicate if each picture was a repeat within the current run (i.e., run 2), but 

to forget that they had already seen the pictures before. Thus, run 1 assessed new 

learning and recognition of the pictures, whilst the second run additionally required 
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intentional inhibition of memories of the pictures from the previous run. RT and 

accuracy data were collected in both runs for correct identification of a target trial (hit) 

and correct identification of distractors (correct rejections). The frequency of incorrectly 

responding to a distractor item (false alarms) was also recorded.  

Apparatus 

Participants completed all experimental tasks on a LG Intel (R) Core(TM) i3-

2100 64-bit computer, with an 18” DELL M992 monitor. The screen resolution was set 

to 1280 x 1024 with an 85 Hz refresh rate for all tasks, except for the temporal 

processing task which was set at a different resolution and higher refresh rate (800 x 

600, 144 Hz). The temporal processing, fragmented picture, and ICIM tasks were 

programmed and presented using Presentation (version 18.3) software. The 

questionnaires were presented using Qualtrics software accessed via a link. Participants 

were seated approximately 40 cm away from the monitor for all tasks except for the 

VA/CS testing (see task information) and the WASI-II, during which they were seated 

at a separate table across from the experimenter as per standardised testing protocol. 

Procedure 

Participants first completed the WASI-II with the experimenter, and then 

completed the experimental tasks/questionnaires in the following order: ICIM task, 

temporal processing task, fragmented image task, questionnaires, and VA/CS testing. 

This order was maintained for all participants to reduce confounds. For example, the 

ICIM task was placed first so that performance on the task was not confounded by the 

presentation of similar stimuli in the fragmented image task. Participants completed all 

tasks (except the VA/CS tasks) with corrected-to-normal vision. All participants 

provided written informed consent prior to their participation. This study and its 
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protocols were approved by the Human Research Ethics Committee of the University of 

Western Australia. 

Statistical Analyses 

All statistical analyses were conducted using IBM SPSS Statistics Version 22. 

Missing data analyses were conducted on the questionnaire data using the Little’s 

Missing Completely At Random test. All missing data were missing completely at 

random (p > .05) and expectation maximisation was used to impute missing values. 

Outliers for all questionnaire and experimental task variables were Winsorized using a ± 

3.29 SD criterion. Given that the skew and kurtosis of a few variables was still 

suggestive of violating the normality assumption, all correlational, mean difference, and 

multiple regression analyses were bootstrapped (1000 samples) using bias corrected 

accelerated 95% confidence intervals. The association between MUSEQ (visual, 

auditory, and OM) and experimental task variables was explored using Pearson r 

correlations. For the ICIM task, independent t-tests were also conducted to confirm that 

the task was working effectively across participants (i.e., fewer hits and higher false 

alarms in run 2 versus run 1). Signal detection analyses involved calculating d’ as an 

index of sensitivity, and c as an index of response bias, in both runs of the ICIM task. 

These calculations were performed using the Signal Detection Theory Calculator 

(Version 1.2; Gaetano, 2017).  

To check for any potential influence of intelligence, delusional ideation, or 

mood on the results, the FSIQ, PDI-21, and DASS-21 variables were correlated with all 

study variables. Partial correlation analyses were conducted where there were 

significant associations between the MUSEQ variables, experimental task variables, and 

FSIQ to determine the unique influence of USE (controlling for intelligence). Where 

there were significant correlations between mood and/or delusional ideation and the 

MUSEQ variables, as well as an experimental task variable, multiple regression and 
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commonality analyses were conducted to explore the unique and shared contributions of 

these variables where appropriate. Commonality analysis is a technique that allows 

partitioning of the variance explained by a regression model (R2). An SPSS script 

(Nimon, 2010) was used to run these analyses, and the output provides a breakdown of 

the unique (not shared with other predictors in the model), and common (shared with 

other predictors in the model) variance explained by each predictor in the form of 

commonality coefficients. For the sake of brevity, the results of the commonality 

analyses and the associated multiple regression results are available as supplementary 

material (see Supplementary Tables 1-6). The commonality analysis tables show how 

the variance is partitioned; specifically, how much variance is accounted for in the 

dependent variable (e.g., SOA threshold) by the predictors in terms of their unique and 

shared contribution. 

Results 

Descriptive Statistics and Demographic Information 

Table 2 presents the descriptive statistics for age, FSIQ, relevant MUSEQ 

subscales, DASS-21, and PDI-21, and their respective correlations with the MUSEQ 

subscale scores. None of the MUSEQ variables correlated significantly with age. The 

auditory and OM scores, but not the visual scores, were significantly negatively 

associated with FSIQ (see Table 2). All MUSEQ variables were significantly positively 

associated with all PDI-21 and DASS-21 subscales, indicating increasing levels of 

delusional ideation and mood problems with increasing levels of USE. The correlations 

between FSIQ, PDI-21, DASS-21, and the experimental variables are presented in the 

following sections. 
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Table 2 

Descriptive Statistics and Correlations for Visual, Auditory, and OM USE Scores with 

Age, FSIQ, DASS-21, and PDI-21 

 
Mean (SD) Min-Max r - Visual r – Auditory 

r - Other 

Modalities 

 

Age 21.67 (7.38) 17 – 52    .05ns -.02ns -.01ns 

      

FSIQ 106.90 (9.90) 85 - 133   -.19ns -.24*   -.27** 

      

MUSEQ       

Visual 10.17 (6.93) 0-30 - - - 

Auditory 12.53 (6.51) 0-27 .74*** - - 

OM Total 27.27 (19.71) 0-85 .80***   .72*** - 

      

DASS-21      

Depression 8.01 (7.94) 0 – 34.86 a .27** .31**    .28** 

Anxiety 8.13 (7.13) 0 – 31.64 a   .40***   .42***      .49*** 

Stress 11.38 (7.21) 0 – 35.20 a   .57*** .49**      .54*** 

      

PDI-21      

Global 39.82 (28.80) 0 – 135.58 a   .45***   .38***      .50*** 

Note: ns non-significant * p ≤ .05 ** p ≤ .01 *** p ≤ .001; a values non-integer because of 

missing data imputation; Abbreviations: OM = Other Modalities; FSIQ = Full-Scale IQ; DASS-

21 = Depression Anxiety Stress Scales – 21; PDI-21 = Peters et al. Delusions Inventory-21; 

MUSEQ = Multi-Modality Unusual Sensory Experiences Questionnaire. 

 

Experimental Tasks 

VA and CS. Table 3 shows the descriptive statistics and correlations for best 

and uncorrected VA, and best and uncorrected CS, as tested by the FrACT. All 

correlations of these variables with the MUSEQ visual scores were non-significant, 

suggesting that more frequent visual USE was not related to poorer VA or CS in this 

sample. Similarly, the experience of auditory and OM USE was not related to poorer 

VA or CS. While best and uncorrected VA and CS were not associated with FSIQ, 

depression, or anxiety (see Table 3), there were significant positive correlations of best  
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Table 3 

Descriptive Statistics and Correlations for Best and Uncorrected VA and CS with 

Visual, Auditory, and OM USE Scores, FSIQ, PDI-21, and DASS-21 

 Best VA  

(VAdec) 

Uncorrected VAa 

(VAdec) 

Best CS 

(Weber %) 

Uncorrected CSa 

(Weber %) 

 

Mean (SD) 1.31 (0.28) 0.98 (0.54) 1.92 (0.62) 10.93 (22.63) 

Min-Max 0.52 - 1.98 0.06 - 2.00 1.24 - 4.13 1.24 - 100 

     

Pearson r     

MUSEQ     

Visual       -.07 .00 .04 .12 

Auditory  .01            -.10       -.05 .20 

OM  .01 .04 .03 .11 

     

FSIQ .03            -.00       -.17 -.05 

     

PDI-21 (Global)       -.13 .11   .21* -.12 

     

DASS-21     

Depression -.17 .03 .07 -.10 

Anxiety -.12 .07 .17 -.16 

Stress -.13 .04   .22* -.06 

     

Note: a N = 91 for uncorrected AC and CS; * p ≤ .05; Abbreviations: VA = Visual acuity, CS = 

Contrast sensitivity, dec = decimal. 

 

CS with delusional ideation and depression. These outcomes indicate that higher levels 

of delusional ideation and depression are associated with poorer best CS (i.e., higher 

thresholds) in this sample. 

Temporal processing. The mean threshold SOA value at which participants 

could distinguish which of the two visual stimuli appeared first at 70-75% accuracy in 

the temporal order judgment task was 45.72 ms (SD = 20.34 ms), with a range of 18-

117.69 ms. The frequency of visual USE in this sample was not significantly associated 

with the difference in onset required to judge the temporal order of visual stimuli (r = 

.15, p = .16). The correlation between auditory USE scores and SOA threshold was 

similarly non-significant (r = .16, p = .13). In contrast, higher OM USE scores were 
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associated with poorer temporal processing (i.e., higher SOA thresholds) (r = .31, p = 

.002). Higher temporal processing thresholds were also significantly associated with 

lower intelligence scores (r = -.27, p = .009), higher levels of delusional ideation (r = 

.27, p = .009), higher levels of anxiety (r = .27, p = .011), and higher levels of stress (r = 

.22, p = .039). Temporal processing threshold was not associated with depression scores 

(r = .10, p = .34). 

Follow-up analyses. Follow-up analyses for the significant associations 

indicated that the partial correlation between OM USE scores and SOA threshold 

remained positive and significant (r = .26, p = .01) when controlling for FSIQ, 

suggesting intelligence did not confound this result. Supplementary Tables 1 and 2 

show the results of the regression and commonality analyses for the associations 

between OM USE, delusional ideation, and SOA threshold scores (Analysis 1), and the 

associations between OM USE, anxiety, stress and SOA threshold scores (Analysis 2). 

The first analysis shows that while the regression model was significant (F statistic p ≤ 

.001), the beta weights for OM USE and delusional ideation were non-significant. To 

explore this further, the commonality analysis indicated that OM USE scores explained 

more unique variance in the SOA thresholds than did PDI-21 scores. However, overall 

the common variance explained by both these two predictor variables accounted for the 

majority of the effect, which may explain the non-significant beta weights.  

The second analysis (see Supplementary Tables 1 and 2) yielded similar 

regression results, such that the full model was significant, but OM USE, anxiety, and 

stress scores were not significant independent predictors of SOA threshold. A closer 

look at the commonality coefficients showed that OM USE scores had the strongest 

unique contribution, and anxiety scores had a much weaker unique contribution. Stress 

had an almost negligible unique contribution. Common effects involving anxiety (i.e., 

the common effect of all three variables and the common effect of OM USE scores and 
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anxiety) accounted for most of the variance predicted in the temporal judgement 

thresholds. These results suggest that while the OM USE variable accounted for a 

notable proportion of unique variance, the association of these variables with SOA 

threshold was mainly due to the shared variance between OM USE and anxiety, with 

stress being associated with SOA only through its association with OM USE and 

anxiety. Overall, the two analyses suggest that while the positive associations between 

OM USE, anxiety, stress, delusional ideation, and the SOA threshold involved some 

unique contributions from each variable (except stress), the associations were mainly 

explained by the common variance shared between these variables. OM USE, 

delusional ideation, anxiety, and stress may therefore share a common mechanism that 

underlies their relationship to poorer temporal processing. 

Object recognition. Table 4 shows the descriptive statistics and correlations for 

the fragmented image task variables: accuracy, RT prior to recognition, RT for correct 

recognition, and mean level of fragmentation required to correctly identify the pictures. 

There was a significant negative correlation between visual USE and the mean level of 

fragmentation required for picture identification in correct trials. That is, higher visual 

USE scores were associated with correct picture identification at earlier levels (i.e., 

when pictures were more fragmented and less complete). As can be seen in Table 4, a 

significant correlation was also found for level of fragmentation with OM USE scores 

(i.e., higher OM USE scores were associated with earlier correct identification). The 

other correlations regarding accuracy and RT were non-significant for both visual and 

OM USE scores. All correlations involving the auditory USE scores were non-

significant (see Table 4). FSIQ was significantly correlated with accuracy, but no 

follow-up analyses were conducted given that accuracy was not significantly associated 

with the MUSEQ variables. 
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Table 4 

Descriptive Statistics and Correlations for Fragmented Image Task Variables with Visual, Auditory, and OM USE Scores, FSIQ, PDI-21, and DASS-

21 

   Pearson Correlations (r) 

    MUSEQ     DASS-21  

 Mean (SD) Min-Max Visual Auditory OM FSIQ PDI-21 

(Global) 

Depression Anxiety Stress 

Accuracy (proportion) 0.93 (.04) 0.78 - 0.99 -.04 .04  -.09    .32**      -.20 .05 -.04 -.05 

           

RT – Prior to 

Recognition (ms) 

369.93 (121.45) 190 - 728 -.02 .03 .08 .12      -.06 .00 .08 -.07 

           

RT – Correct 

Recognition (ms) 

423.26 (151.59) 198 - 867 -.12 -.05  -.03 .02      -.04 -.11 .03 -.07 

           

Mean Level of 

Fragmentation 

(Correct Trials) 

5.87 (0.41) 5.00 - 6.92   -.23* 

 

-.17 -.21* -.13 .02 -.06 -.06 -.13 

Note: * p ≤ .05 ** p ≤ .01; Abbreviations: MUSEQ = Multi-Modality Unusual Sensory Experiences Questionnaire, OM = Other Modalities, FSIQ = Full-Scale IQ, 

PDI-21 = Peters et al. Delusions Inventory-21, DASS-21 = Depression Anxiety Stress Scales-21. 
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Intentional inhibition. One participant’s data were excluded from the ICIM 

task analyses due to poor effort (total N = 91). Initial paired sample t-tests were 

conducted on the rates of hits and false alarms across runs 1 and 2 to confirm the 

sensitivity of the ICIM task. Results suggested that the task was working appropriately, 

indicated by significantly fewer hits in run 2 compared to run 1 (t[90] = 11.95, p ˂ 

.001), and significantly more false alarms in run 2 versus run 1 (t[90] = 9.25, p ˂ .001). 

The descriptive statistics and correlations for the ICIM task variables and signal 

detection indices (d’ and c) are shown in Table 5. Visual USE scores were not 

significantly associated with proportion of hits or false alarms in run 1 or 2. Thus, while 

participants showed a higher number of false alarms in run 2 overall, this measure was 

not associated with their visual USE score. Similarly, there was no association of 

auditory or OM USE scores with hits across runs, or false alarms on run 2. In both run 1 

and 2, higher intelligence scores were significantly associated with a higher hit rate, and 

fewer false alarms in run 1 (see Table 5). Higher levels of delusional ideation were also 

associated with poorer hit accuracy in run 1 (see Table 5).  

SDT analyses. The mean values of d’ in run 1 and run 2 were positive, 

suggesting participants had good sensitivity (i.e., ability to distinguish targets from 

distractors). A paired-sample t-test indicated the change of d’ across runs was 

significant (t[90] = 14.65, p ≤ .001), such that participants overall showed poorer 

sensitivity in run 2 versus run 1. None of the MUSEQ, PDI-21, or DASS-21 variables 

correlated significantly with d’ scores for either run 1 or run 2 (see Table 5). Higher 

intelligence scores were significantly associated with increased sensitivity (i.e., ability 

to distinguish targets from distractors) in run 1 but not run 2. Regarding bias, the values 

of c in runs 1 and 2 were were higher than 0, suggesting participants had a tendency to 

respond “no” (i.e., reported they had not seen the picture before) across both runs. A 

paired sample t-test indicated there was no significant difference in response bias 
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Table 5 

Descriptive Statistics and Correlations for Run 1 and Run 2 ICIM Task Variables with Visual, Auditory, and OM USE Scores, FSIQ, PDI-21, and 

DASS-21 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: N = 91; * p ≤ .05 ** p ≤ .01; Abbreviations: p = Proportion, MUSEQ = Multi-Modality Unusual Sensory Experiences Questionnaire, FSIQ = Full-Scale IQ, PDI-21 = Peters et 

al. Delusions Inventory-21, DASS-21 = Depression Anxiety Stress Scales-21. 

 Hits (p) False Alarms (p) RT- Hits (ms) RT- Correct Rejections (ms) d’ (sensitivity) c (bias) 

Run 1       

Mean 0.92 0.03 730.98 742.23 3.66 0.24 

SD 0.08 0.03 113.07 117.07 0.81 0.29 

Min-Max .65 - 1.00 0.00 - .15 537.00 – 1106.34 537.00 – 1106.34 1.79 - 5.04 -.48 - .95 

Pearson Correlations (r)       

MUSEQ Visual -.20 -.17   -.28** -.27* -.01     .31** 

MUSEQ Auditory -.11 -.12   -.30** -.24*   .01   .23* 

MUSEQ OM Score -.18 -.07   -.28** -.22* -.07   .24* 

FSIQ     .23*   -.21* .15 .11      .31** -.14 

PDI-21 (Global)   -.26*   .08 -.25* -.23* -.20 .16 

DASS-21 Depression -.16   .09 -.25* -.25* -.16 .15 

DASS-21 Anxiety -.11   .02   -.29** -.24* -.11 .14 

DASS-21 Stress -.19  -.01   -.31**                         -.20 -.08 .21* 

Run 2       

Mean 0.79 0.10 777.23 819.70 2.35 0.29 

SD 0.12 0.08 105.89 129.64 0.75 0.36 

Min-Max 0.41 – 1.00 0.00 - .37 589.00 – 1129.56 604.00 – 1254.98 0.45 – 4.57 -.66 – 1.07 

Pearson Correlations (r)       

MUSEQ Visual -.13  .01 -.17  -.25*           -.08 .14 

MUSEQ Auditory .03  .05 -.19                         -.17 .01         -.04 

MUSEQ OM Score -.12  .13 -.18  -.21* -.17 .03 

FSIQ .21*              -.07    .23* .12 .19         -.12 

PDI-21 (Global) -.16               .04     -.27** -.20 -.14 .05 

DASS-21 Depression -.08              -.06 -.14 -.18 .00 .14 

DASS-21 Anxiety -.09              -.02 -.20     -.29** -.06 .11 

DASS-21 Stress -.10   .03   -.25* -.19 -.07 .08 
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between runs 1 and 2 (t[90] = 1.17, p = .26). In regard to correlations, higher levels of 

visual, auditory, and OM USE, and higher levels of stress, were associated with higher 

levels of c (i.e., greater tendency to response “no”) during run 1, but the corresponding 

correlations for run 2 were not significant (see Table 5). There was no significant 

association between bias and intelligence, depression, anxiety, and delusional ideation 

scores in either run 1 or 2. 

Response time (hits and correct rejections). Mean RT for correct responses 

(hits and correct rejections) were also examined (see Table 5 for descriptive statistics 

and correlations). Participants exhibited significantly slower RT in run 2 versus run 1 

for both hits (t[90] = 6.14, p ≤ .001), and correct rejections (t[90] = 8.96, p ≤ .001). The 

correlation between visual USE scores and RT for hits in run 1 was negative and 

significant, indicating more frequent visual USE were associated with faster RT for hits. 

This pattern of results was also found for the auditory and OM USE scores, with higher 

USE scores again associated with faster RT for hits. The correlations of the MUSEQ 

variables with RT for hits in run 2 two were non-significant. The association between 

visual USE scores and RT for correct rejections was negative and significant in both 

runs 1 and 2. Similarly, OM USE scores also showed significant negative correlations 

with RT for correct rejections in both runs 1 and 2. For auditory USE scores, there was 

a significant negative association with RT for correct rejections in run 1, but not run 2. 

These negative correlations reflect faster responses in making correct rejections for 

participants reporting higher levels of visual, auditory, and OM USE.  

Turning to correlations involving DASS, PDI-21 and FSIQ variables, higher 

levels of delusional ideation, depression, anxiety, and stress, were significantly 

associated with the RT of hits in run 1. In run 2, higher intelligence scores were 

significantly associated with longer RT for hits, while higher levels of delusional 
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ideation and stress were significantly associated with faster RT for hits. For correct 

rejections in run 1, higher levels of delusional ideation, depression, and anxiety, were 

associated with faster RT. In run 2, higher anxiety scores were associated with 

significantly faster RT for correct rejections. 

Follow-up analyses. As with the SOA threshold task, regression and 

commonality analyses were conducted to follow-up the significant correlations between 

MUSEQ, ICIM task, mood, and delusional ideation variables (see Supplementary 

Tables 1 and 3-6). The analyses exploring these variables in association with the RT of 

run 1 hits (Supplementary Table 1 and 3, Analyses 1-6) all yielded significant 

regression models, but the unique contributions were non-significant for all predictors. 

In regard to delusional ideation analyses, visual, auditory, and OM USE scores all had a 

higher unique contribution to the variance explained in RT for run 1 hits than delusional 

ideation. There was a high common effect of delusional ideation with visual and OM 

USE scores in predicting RT for run 1 hits. Overall, the results suggested that while 

USE contributed more than delusional ideation to RT for run 1 hits, the common 

variance between these variables contributed at least equally or more to the association 

with RT for run 1 hits. A similar pattern was found with the MUSEQ and mood 

variables (Supplementary Table 3, Analyses 4-6), such that the MUSEQ variables 

explained more unique variance than each mood variable (depression, anxiety, and 

stress), but overall the common effect made the largest contribution. 

The follow up analyses conducted to explore the MUSEQ variables and 

delusional ideation for RT for run 1 correct rejections (Supplementary Tables 1 and 4, 

Analyses 1-3) yielded similar results, with significant models, non-significant beta 

weights, and the common effect explaining more variance than the unique effects. 

Compared to previous analyses, the unique effect of delusional ideation was higher than 
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the unique contribution of OM USE, but the common effect was still the highest 

contributor to the model. The mood analyses for RT of run 1 correct rejections included 

depression and anxiety (Supplementary Table 4, Analyses 4-6). Again, all models were 

significant with non-significant beta weights. The auditory and OM USE analyses 

showed the common effect was higher than any unique effects, while the visual USE 

analysis indicated its unique effect on RT for run 1 correct rejections was higher than 

both the unique mood and common effects. The OM USE analysis also showed that the 

unique effect of depression was higher than the OM USE unique effect, but the common 

effect still contributed more to the variance in RT for run 1 correct rejections. 

The analyses exploring response bias (c) in run 1 (Supplementary Tables 1 and 

5, Analyses 1-3) investigated the MUSEQ variables and stress. The auditory and OM 

USE analyses suggested again that while the unique effects of the auditory and OM 

USE variables were higher than those of the stress variable, the common effect 

contributed the most. However, the visual USE analysis indicated that visual USE 

scores (and not stress) were a significant independent predictor of response bias in run 

1. The commonality analysis indicated that the unique effect of visual USE was strong, 

while the unique effect of stress was negligible in comparison. However, the common 

effect of the two variables was still strong (but less than the unique visual contribution), 

suggesting stress may exert its effect on response bias via its shared effect with the 

visual USE scores. The last set of analyses explored the relationships between visual or 

OM USE, and stress, in relation to predicting RT for run 2 correct rejections 

(Supplementary Tables 1 and 6, Analyses 1 and 2). The visual USE analysis yielded a 

significant model, with visual USE and stress having non-significant beta weights. The 

commonality analysis showed the visual USE had a strong unique effect compared to 

stress scores, suggesting stress may contribute to faster RT for run 2 correct rejections 

via its association with more frequent visual USE. Again, the common effect of the two 
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variables explained the highest amount of variance. The OM USE analysis yielded a 

similar pattern of results, but the overall model was non-significant. 

Discussion 

Research on the potential mechanisms underlying UVE in non-clinical 

populations is currently lacking, and it is unclear whether they are similar to the 

cognitive and perceptual processes associated with VH in clinical populations. The 

current study aimed to explore the role of VA, CS, temporal processing, object 

recognition, and inhibition in non-clinical UVE in a student sample. The question of 

whether these processes were modality-specific or modality-independent was also 

investigated using auditory and OM scores from the MUSEQ (Mitchell et al., 2017). It 

was predicted that higher levels of UVE would be associated with poorer performance 

in all visual processing domains and inhibition. It was also predicted that poorer VA, 

CS, and object recognition would be specific to higher levels of UVE (modality-

specific), while poorer temporal processing and inhibition would be modality-

independent and also associated with auditory and OM USE scores.  

VA and CS 

Our predictions regarding poorer VA and CS were not supported, as no 

association was found between best or uncorrected VA or CS and any of the MUSEQ 

scores. These findings contrast with reports of VA or CS impairments associated with 

VH in neurodegenerative disease (e.g., Archibald et al., 2011; Holroyd et al., 2001; 

Matsui et al., 2006), and do not support the sensory deafferentiation theory (i.e., reduced 

sensory input leading to the spontaneous release of previously stored perceptions into 

conscious awareness) for UVE in non-clinical populations. These findings also 

challenge the notion of the psychosis continuum, as they are not congruent with studies 

that have found changes (impaired or enhanced) in VA/CS in psychotic disorder 
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populations (Kéri & Benedek, 2007; Kiss et al., 2010), or that other types of sensory 

impairment (e.g., hearing loss) increase the risk of psychotic symptoms (Linszen 

Brouwer, Heringa, & Sommer, 2016). The findings do however support previous 

clinical studies that have found no association between low level-vision and VH 

(Gallagher et al., 2011; Kopal et al., 2015). It could be argued that VA and CS in the 

clinically impaired range may be associated with VH. However, there exist individuals 

with VH who do not have impaired VA (e.g., Madill & ffytche, 2005; Tan et al., 2004). 

Instead, these findings perhaps suggest that VA and CS are not primary causal factors in 

non-clinical UVE, which instead points to a more significant role of higher-level visual 

and cognitive functions. These preliminary findings require future replication.  

Temporal Processing 

Regarding temporal processing, the SOA required for accurate temporal order 

judgements of visual stimuli was not associated with visual USE scores. By contrast, the 

prediction that poorer temporal processing would be modality-independent was partially 

supported as more frequent USE in OM were significantly associated with longer SOA 

thresholds, although this association was not found with auditory USE scores. The lack 

of association with visual and auditory USE scores stands in contrast to studies that 

have found visual temporal processing deficits in psychosis populations (Capa et al., 

2014; de Boer-Schellekens et al., 2014; Foucher et al., 2007; Giersch et al., 2009; 

Schmidt et al., 2011).  

One possible interpretation for the association of OM USE scores and SOA 

thresholds in the current study is that temporal processing deficits have been found to be 

linked to the severity of hallucinations (Stevenson et al., 2017). The association may 

actually reflect the accumulative nature of the OM variable itself, as it was a sum of 

scores across four MUSEQ modalities. At higher levels, one could assume this variable 
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would reflect increased severity of USE and associated factors (e.g., distress, mood 

problems, and delusional ideation). This is supported by the commonality analyses, 

which showed that the common variance shared between OM USE scores, delusional 

ideation, depression, anxiety, and stress accounted for more of the variance in SOA 

threshold than the unique effects of each of these variables alone. This may reflect a 

common mechanism underlying these variables, and suggests that these variables may 

be inter-correlated and reinforce each other, and/or contribute to accumulative 

impairment in temporal processing. Our results support recent findings that a 

generalised deficit in sensory integration may be linked to positive symptoms regardless 

of diagnosis (Carter et al., 2017). However, based on our results, causality cannot be 

determined. The visual and auditory subscales by themselves may have possessed less 

variance individually to account for this effect, which might explain the lack of 

association. 

Object Recognition  

Our predictions regarding object recognition were not supported, in that no 

associations were found between the MUSEQ variables and accuracy or RT in the 

fragmented image task. This contrasts with previous findings of poor object recognition 

linked to VH (Barnes, Boubert, Harris, Lee, & David, 2003; Koerts et al., 2010; 

Meppelink et al., 2009; Straughan, et al., 2016). However, higher visual and OM USE 

scores were significantly associated with correct picture identification at earlier levels 

(i.e., when pictures are more fragmented and less complete). This association was not 

significantly related to auditory USE scores, but the correlation was similar in direction 

and magnitude, and this may be due to the lower internal reliability of the auditory 

subscale (see Method). These findings suggest that earlier, accurate object recognition is 

associated with higher levels of USE and may be modality-independent. These results 

lend some support to perceptual inference accounts of object recognition (see 
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O’Callaghan, Kveraga, Shine, Adams Jr, & Bar, 2017) and recent findings by Davies, 

Teufel, and Fletcher (2017), where hallucination-proneness was associated with an 

advantage in visual extraction of detailed perceptual information due to over-reliance on 

prior knowledge. Thus, the earlier and accurate recognition of objects in the current 

study may reflect an advantage of using previous knowledge to recognise objects. The 

lack of association with RT and accuracy may be due to the fact that accuracy was 

emphasised in this task over speed. Alternatively, it may also be that this information 

processing style in which previous knowledge is more heavily weighted is reflected by 

sensitivity to images rather than being faster or more accurate per se. This would fit 

with Teufel et al.’s (2015) findings in which the advantage of using previous knowledge 

by hallucination-prone individuals was indicated by greater sensitivity (d’) in a signal 

detection paradigm. Given that our findings related to correct trials only, it is unlikely 

the current findings reflect a ‘jumping to conclusions’ response bias that has previously 

been found to be associated with hallucination-proneness (Ochoa et al., 2014) and 

delusional ideation (Cafferkey, Murphy, & Shevlin, 2014; Gawęda & Prochwicz, 2015; 

Ross, McKay, Coltheart, & Langdon, 2015; Zawadzki et al., 2012), as an increase in 

errors might be expected with hastier judgements.   

Intentional Inhibition 

 Intentional inhibition difficulties were expected to be generalised and modality-

independent, but the current results did not support our predictions. While the task 

targeted inhibition appropriately, false alarms on run 2 were not associated with visual, 

auditory, or OM USE scores. This contrasts with previous findings of poorer intentional 

inhibition associated with higher hallucination-proneness (Badcock et al., 2015; Paulik 

et al., 2007), auditory hallucinations in schizophrenia (Badcock et al., 2005; Soriano et 

al., 2009; Waters et al., 2003; Waters, et al., 2006), and more general inhibition deficits 

linked to VH in neurodegenerative disease (Barnes & Boubert, 2008; Boubert & 
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Barnes, 2015). However, previous findings have been mixed (see Badcock et al., 2015) 

and healthy individuals typically perform relatively well on the ICIM task (Badcock & 

Hugdahl, 2014). In addition, if the ICIM task is more broadly considered within its 

original framework of reality monitoring (i.e., ability to distinguish between irrelevant 

and relevant memories in the current moment), the current results are congruent with 

recent findings showing that hallucination-proneness was not associated with a 

reduction in reality monitoring ability (Garrison et al., 2017). A possible explanation for 

the current findings is that that this study implemented correlational analyses compared 

to the extreme-group difference analyses implemented in previous studies (e.g., 

Badcock et al., 2015; Paulik et al., 2007). It is possible intentional inhibition difficulties 

are only evident in individuals at the higher end (‘extremes’) of the non-clinical 

continuum, such that there is a gradient of intentional inhibition severity linked to 

greater hallucination frequency (Badcock & Hugdahl, 2014). Alternatively, intentional 

inhibition deficits may be part of a constellation of more complex cognitive changes 

that accompany psychotic disorders and neurodegenerative disease. Overall, the current 

results suggest that intentional inhibition may not play a role in non-clinical UVE, or 

USE generally.  

While there were no evident group differences in intentional inhibition, the 

signal detection and RT results of the ICIM task indicated that individuals with higher 

levels of USE exhibited a different pattern of responding to the task. While there was no 

association between higher USE and sensitivity across runs, higher USE was 

significantly positively associated with c on run 1. This suggest that participants who 

experience more frequent USE performed with a conservative bias where they were 

more likely to respond ‘no’ (not previously seeing an image) on run 1, even when the 

presented image was more than likely a repeat (i.e., target). This contrasts to the more 

liberal response bias that is typically associated with hallucinations (Dolgov & 
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McBeath, 2005; Moritz et al., 2017; Powers, Mathys, & Corlett, 2017; Vercammen, de 

Haan, & Aleman, 2008). However, as emphasised by Witt, Taylor, Sugovic, and Wixted 

(2015), a change in c in discrimination tasks in the absence of changes in sensitivity (d’) 

does not always reflect response bias, and c can actually reflect other types of biases 

(e.g., perceptual or memory biases). The bias associated with higher levels of USE in 

run 1 may be associated with increased attention, as it has previously been found that 

attention can induce conservative detection biases (i.e., reduced hits and false alarms) in 

subjective aspects of perception (see Rahnev et al., 2011). 

Alternatively, the bias (attention or otherwise) may also be linked to learning 

and encoding of visual information, given the effect was only evident on run 1 of the 

ICIM task. The current results however do not allow differentiation between the 

possible explanatory factors, and more data would be required to confirm these ideas. 

However, the commonality analyses indicated that visual USE scores significantly 

predicted the bias in run 1, and that stress may be associated with the bias via its 

relationship with the visual modality. It is possible the visual modality was more 

strongly related to the bias given the task was visually presented, which implicates the 

possible role of attentional factors. All analyses indicated (including auditory and OM) 

that USE explained the largest unique variance component, but that the common effect 

with stress explained more variance overall. This supports a role for a potential shared 

mechanism between USE and stress which contributes more to the bias than processes 

specific to either factor alone.  

 Similarly, the RT data implicated the important contribution of mood and 

delusional ideation. Overall, individuals repoting more frequent USE (modality-

independent) exhibited significantly faster RT for hits in run 1. The MUSEQ scores 

uniquely explained more of this association than the mood and delusional ideation 
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scores, but the common effect involving all these variables was typically equal to, or 

more than, the unique effects. In addition, higher levels of USE were associated with 

faster RT for correct rejections in run 1, with visual and OM USE scores also showing 

this pattern of associations in run 2. The commonality analyses for both runs generally 

indicated that in run 1, the common effect between relevant USE, mood, and delusional 

ideation variables was stronger than the unique effect overall. However, in run 2, visual 

USE scores possessed a high amount of unique variance in this effect, with stress 

appearing to relate to faster RT through its association with visual USE scores.  

It is acknowledged that some of the RT and commonality results were mixed 

(e.g., auditory USE scores not being associated with RT for correct rejections in run 2, 

and mood or delusional ideation accounting for slightly more unique variance in some 

analyses), and it is difficult to establish directions of causality from the results obtained. 

However, the results indicated an important overall trend. Specifically, that in 

individuals with more frequent USE, mood and delusional ideation appear to play an 

important contributory role to differences in information processing by these individuals 

in an accumulative nature. This suggests that a common mechanism related to the 

severity of USE, mood, and delusional ideation is potentially implicated in changes in 

information processing, and supports the important role of top-down factors in non-

clinical USE. 

Summary and Theoretical Implications 

In summary, the results of this study suggested that poorer VA, CS, temporal 

processing, object recognition, and intentional inhibition may not be specifically related 

to higher levels of UVE. However, higher USE scores across modalities may be related 

to poorer temporal processing and an information processing style that allows earlier, 

accurate recognition of visual objects, paired with a conservative bias during image 
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encoding and learning. This processing style was strongly associated with accumulating 

levels of USE, mood, and delusional ideation, with the combination of these variables 

contributing more to the effect than either factor alone. Thus, increasing levels of USE, 

mood problems, and delusional ideation may be associated with a common mechanism 

that contributes to a generalised shift in information processing.  

These results are somewhat in-line with perceptual inference models of 

hallucinations (Fletcher & Frith, 2009; Jardri & Denéve, 2013; Powers et al., 2017; 

Powers III, Kelley, & Corlett, 2016). Rooted in a cognitive and computational 

neuroscience perspective, such models describe how sensory processes are altered and 

manipulated by top-down factors such as previous knowledge and expectations, which 

have flow-on effects through a hierarchy of neural networks (Jardri & Denéve, 2013). 

According to this framework, hallucinations result from placing excessive weight on 

priors (expectations, beliefs, and emotion) rather than incoming sensory input (Fletcher 

& Frith, 2009; Friston, 2005; Jardri & Denéve, 2013; Powers et al., 2016). This has 

been supported by studies in both clinical populations who experience hallucinations 

and hallucination-prone individuals in non-clinical populations (Davies et al., 2017; 

Horga, Schatz, Abi-Dargham, & Peterson, 2014; O’Callaghan et al., 2017; Powers et 

al., 2017; Teufel et al., 2015). The current results suggest that top-down factors may 

play more of a role in non-clinical USE compared to bottom-up processes. 

The current results also support findings that a shift in information processing 

might confer a perceptual advantage in hallucination prone individuals (Davies et al., 

2017; Teufel et al., 2015). Given the strong role of mood-related factors, they also lend 

some support to the notion of ‘perceptual hypervigilance’ underlying USE in non-

clinical and psychosis populations, in which attention is amplified toward objects that 

are the focus of attention (Dodgson & Gordon, 2009; Garwood, Dodgson, Bruce, & 
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McCarthy-Jones, 2015; Lindhal et al., 2014; Luhrmann, Nusbaum, & Thisted, 2013). 

Perceptual hypervigilance and the amplification of attention have been previously 

implicated in religious perceptual experiences (Lindhal et al., 2014; Luhrmann et al., 

2013) and evolution-based cognitive models of hallucinations (Dodgson & Gordon, 

2009). However, hypervigilance is typically associated with a more liberal response bias 

and higher rate of false alarms when there are high levels of arousal (Dodgson & 

Gordon, 2009; Dudley et al., 2014), which does not align with our results. It is unclear 

from our findings what the bias in our sample actually represents. The current findings 

suggest that shifts in information processing style and the role of other top-down factors 

may be an important area for future investigation in this population. 

Lastly, it is important to note that the cognitive and perceptual variables 

measured in this study should be considered as stable ‘traits’ (i.e., factors which may be 

associated with a risk of hallucinations that are assumed to stay relatively consistent, 

such as personality or cognitive processes), compared to ‘state’ factors (i.e., temporary 

induced states or environments which may trigger hallucinatory episodes) such as 

illness, drug-use, sensory deprivation, religious practices (e.g, meditation), and transient 

affective states. State factors and their effect on the neurobiology may be more relevant 

in the experience of non-clinical USE, given their relative scarcity. However, they could 

also interact with more stable trait factors in particular instances, resulting in a 

cumulative risk for USE. This is supported by Daniel and Mason’s (2015) sensory 

deprivation study, which highlighted that a state factor such as sensory deprivation may 

be sufficient to elicit psychotic-like experiences, but that trait factors such as 

hallucination-proneness increase susceptibility to experiencing a higher number of such 

experiences. The role of state factors therefore needs to be further explored in future 

investigations of non-clinical USE. 
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Limitations and Future Directions 

 A limitation of the study was that we were unable to establish causality in regard 

to how higher levels of USE, mood problems, and delusional ideation influence more 

efficient information processing, so it may be of interest in future investigations to 

explore what potential common mechanisms might underlie this. The use of a student 

sample may also have limited generalisability to the broader non-clinical population. 

While a strength of this study was exploring different levels of processing, it may be of 

future interest to implement paradigms in line with perceptual inference models to 

explore the weighting of sensory input and top-down processing specific to modality. 

While the current results did not find any difficulties specific to UVE, it is often 

assumed that top-down processes are generalised. However, there exists little research 

on how this would explain experiences in different modalities. Furthermore, in regard to 

the current inhibition findings, it may be of interest for future investigations to 

incorporate methodology to distinguish between response, perceptual, and memory 

biases in UVE. Lastly, the commonality analyses in this study indicated an important 

methodological issue that requires consideration in future studies of UVE; specifically, 

the importance of assessing and measuring mood and delusional ideation alongside 

USE, so as not to erroneously attribute effects to high USE that are actually due to a 

shared underlying process. 

 In conclusion, the current study found no strong associations between more 

frequent UVE and poorer VA, CS, temporal processing, object recognition, or 

intentional inhibition in a non-clinical sample. However, higher levels of USE generally 

(modality-independent) was associated with significantly poorer visual temporal 

processing and an information processing style in which there was earlier and accurate 

object recognition. This information processing style was most strongly related to a 

combination of higher USE, mood problems, and delusional ideation, implicating 
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shared underlying mechanisms. These findings partly challenge the notion of a 

psychosis continuum and suggest that top-down processes may play a role in non-

clinical UVE, and USE generally. 
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Supplementary Material 

Supplementary Table 1 

Multiple Regression Results Associated with the Commonality Analyses 

Task/Analysis #/Variables F R R2 R2adj           β 

SOA Threshold      

#1 OM, PDI-21  5.76*** .338 .115 .095 OM = .236 ns 

PDI-21 = .152 ns 

#2 OM, Anx, Stress 3.79** .338 .114 .084 OM = .247 ns 

Anx = .163 ns 

Stress = -.030 ns 

ICIM - RT Run 1 Hits       

#1 Vis, PDI-21 4.88** .316 .100 .079 Vis = -.209 ns 

PDI-21 = -.159 ns 

#2 Aud, PDI-21 5.57** .335 .112 .092 Aud = -.235 ns 

PDI-21 = -.164 ns 

#3 OM, PDI-21 4.59** .307 .094 .074 OM = -.199 ns 

PDI-21 = -.152 ns 

#4 Vis, Dep, Anx, Stress 3.21* .361 .130 .089 Vis = -.156 ns 

Dep = -.104 ns 

Anx = -.107 ns 

Stress = -.093 ns 

#5 Aud, Dep, Anx, Stress 3.40** .369 .137 .096 Aud = -.176 ns 

Dep = -.091 ns 

Anx = -.088 ns 

Stress = -.116 ns 

#6 OM, Dep, Anx, Stress 3.13* .356 .127 .086 OM  =-.141 ns 

Dep = -.109 ns 

Anx = -.076 ns 

Stress = -.125 ns 

ICIM – RT Run 1 CR      

#1 Vis, PDI-21 4.17* .294 .087 .066 Vis = -.200 ns 

PDI-21 = -.142 ns 

#2 Aud, PDI-21 3.80* .282 .080 .059 Aud = -.172 ns 

PDI-21 = -.167 ns 

#3 OM, PDI-21 3.26* .262 .069 .048 OM = -.140 ns 

PDI-21 = -.161 ns 

#4 Vis, Dep, Anx 3.50* .328 .108 .077 Vis = -.192 ns 

Dep = -.154 ns 

Anx = -.076 ns 

#5 Aud, Dep, Anx 3.04* .308 .095 .064 Aud = -.148 ns 

Dep = -.150 ns 

Anx =-.093 ns 

#6 OM, Dep, Anx 2.90* .301 .091 .059 OM = -.136 ns 

Dep = -.166 ns 

Anx = -.079 ns 

ICIM – c Run 1      

#1 Vis, Stress 4.60** .308 .095 .074 Vis = .277* 

Stress = .046 ns 

#2 Aud, Stress 3.04* .254 .065 .043 Aud = .169 ns 

Stress =.123 ns 
Note: * p ≤ .05 **p ≤.01 *** p ≤ .001 ns non-significant; SOA = Stimulus Onset Asynchrony, ICIM = Inhibition of Currently 

Irrelevant Memories Task, Vis = Visual, Aud = Auditory, OM = Other Modalities, Dep = Depression, Anx = Anxiety, PDI-21 = 

Peters et al. Delusions Inventory, SOA = Stimulus Onset Asynchrony, RT = Response Time, CR = Correct Rejections. 
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(Supplementary Table 1 cont.) 

#3 OM, Stress 3.08* .256 .065 .044 OM = .178 ns 

Stress = .110 ns 

ICIM – RT Run 2 CR      

#1 Vis, Stress 3.08* .256 .065 .044 Vis = -.209 ns 

Stress = -.068 ns 

#2 OM, Stress 2.41 ns .228 .052 .030 OM = -.150 ns 

Stress = -.108 ns 

Note: * p ≤ .05, ns non-significant; ICIM = Inhibition of Currently Irrelevant Memories Task, 

Vis = Visual, OM = Other Modalities, RT = Response Time, CR = Correct Rejections. 
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Supplementary Table 2 

Commonality Analysis Results for OM Scores and Associated Variables in Predicting 

SOA Thresholds on the Temporal Order Judgement Task 

Analysis 1 – OM USE and PDI-21  

 Coefficient % Total % R2 (rs
2) 

Unique - OM .042 36.35  

Unique - PDI-21 .017 15.07  

Common - OM, PDI-21 .056 48.58  

Coefficient Total (R2) .115 100  

Total OM .097  84.35 

Total PDI-21 .073  63.48 

Analysis 2 – OM USE, Anxiety, and Stress 

 Coefficient % Total % R2 (rs
2) 

Unique - OM .042 36.41  

Unique - Anx .014 12.20  

Unique - Stress .000 0.32  

Common - OM, Anx .013 10.92  

Common - OM, Stress .002 1.82  

Common - Anx, Stress .003 2.48  

Common - OM, Anx, Stress  .041 35.86  

Coefficient Total (R2) .115 100  

Total OM .097  85.09 

Total Anx .070  61.40 

Total Stress .046  40.35 

Note: Abbreviations: OM = Other Modalities, Anx = Anxiety, OM = Other Modalities, USE = 

Unusual Sensory Experiences, PDI-21 = Peters et al. Delusion Inventory-21. 
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Supplementary Table 3 

Commonality Analysis Results for MUSEQ Scores and Associated Variables Predicting 

RT for Run 1 Hits on the Intentional Inhibition Task 

Analysis 1 – Visual USE and PDI-21  

 Coefficient % Total % R2 (rs
2) 

Unique - Vis .036 35.57  

Unique - PDI-21 .021 20.57  

Common – Vis, PDI-21 .044 43.86  

Coefficient Total (R2) .100 100  

Total Vis .079  79.00 

Total PDI-21 .064  64.00 

Analysis 2 - Auditory USE and PDI-21 

 Coefficient % Total % R2 (rs
2) 

Unique - Aud .048 42.77  

Unique - PDI-21 .023 20.70  

Common - Aud, PDI-21 .041 36.53  

Coefficient Total (R2) .112 100  

Total Aud .089  79.46 

Total PDI-21 .064  57.14 

Analysis 3 - OM USE and PDI-21 

 Coefficient % Total % R2 (rs
2) 

Unique - OM .030 31.85  

Unique - PDI-21 .018 18.62  

Common - OM, PDI-21 .047 49.54  

Coefficient Total (R2) .094 100  

Total OM .077  81.94 

Total PDI-21 .064  68.09 

Analysis 4 – Visual USE, Depression, Anxiety and Stress 

 Coefficient % Total % R2 (rs
2) 

Unique - Vis .016 12.68  

Unique - Dep .007 5.58  

Unique - Anx .005 4.2  

Unique - Stress .004 2.85  

Common - Vis, Dep .000 -0.16  

Common - Vis, Anx .000 0.37  

Common - Vis, Stress .014 10.66  

Common - Dep, Anx .008 5.83  

Common - Dep, Stess .002 1.36  

Common - Anx, Stress .009 6.55  

Common - Vis, Dep, Anx .000 0.15  

Common - Vis, Dep, Stress .002 1.87  

Common - Vis, Anx, Stress .018 14.1  

Common - Dep, Anx, Stress .016 12.62  

Common - Vis, Dep, Anx, Stress .028 21.36  

Coefficient Total (R2) .130 100  

Total Vis .079  60.77 

Note: Table continues on next page; Abbreviations: Vis = Visual, Aud = Auditory, OM = Other 

Modalities, USE = Unusual Sensory Experiences, PDI-21 = Peters et al. Delusion Inventory-21, 

Dep = Depression, Anx = Anxiety. 
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(Supplementary Table 3 cont.)    

Total Dep .063  48.46 

Total Anx .085  65.38 

Total Stress .093  71.54 

Analysis 5 – Auditory USE, Depression, Anxiety and Stress 

 Coefficient % Total % R2 (rs
2) 

Unique – Aud .023 16.87  

Unique – Dep .005 4.01  

Unique - Anx .004 2.67  

Unique – Stress .007 4.86  

Common - Aud Dep .002 1.15  

Common - Aud, Anx .002 1.68  

Common - Aud, Stress .011 8.00  

Common - Dep, Anx .005 3.79  

Common - Dep, Stess .002 1.32  

Common - Anx, Stress .01 7.18  

Common - Aud, Dep, Anx .003 1.90  

Common - Aud, Dep, Stress .002 1.75  

Common - Aud, Anx, Stress .017 12.49  

Common - Dep, Anx, Stress .015 10.88  

Common - Aud, Dep, Anx, Stress .029 21.48  

Coefficient Total (R2) .137 100  

Total Aud .089  64.96 

Total Dep .063  45.99 

Total Anx .085  62.04 

Total Stress .093  67.88 

Analysis 6 – OM USE, Depression, Anxiety and Stress 

 Coefficient % Total % R2 (rs
2) 

Unique - OM .014 10.66  

Unique - Dep .008 6.25  

Unique - Anx .003 2.08  

Unique - Stress .008 5.91  

Common - OM, Dep -.001 -0.71  

Common - OM, Anx .003 2.59  

Common - OM, Stress .010 7.91  

Common - Dep, Anx .006 4.53  

Common - Dep, Stess .003 2.37  

Common - Anx, Stress .007 5.86  

Common - OM, Dep, Anx .002 1.58  

Common - OM, Dep, Stress .001 0.94  

Common - OM, Anx, Stress .019 15.27  

Common - Dep, Anx, Stress .016 12.52  

Common - OM, Dep, Anx, Stress .028 22.25  

Coefficient Total (R2) .127 100  

Total OM .077  60.63 

Total Dep .063  49.61 

Total Anx .085  66.93 

Total Stress .093  73.23 

Note: Abbreviations: Vis = Visual, Aud = Auditory, OM = Other Modalities, USE = Unusual 

Sensory Experiences, PDI-21 = Peters et al. Delusion Inventory-21; Dep = Depression, Anx = 

Anxiety. 
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Supplementary Table 4 

Commonality Analysis Results for MUSEQ Scores and Associated Variables Predicting 

RT for Run 1 Correct Rejections on the Intentional Inhibition Task 

Analysis 1 – Visual USE and PDI-21  

 Coefficient % Total % R2 (rs
2) 

Unique - Vis .033 37.63  

Unique - PDI-21 .016 18.87  

Common – Vis, PDI-21 .038 43.50  

Coefficient Total (R2) .087 100  

Total Vis .070  80.46 

Total PDI-21  .054  62.07 

Analysis 2 – Auditory USE and PDI-21 

 Coefficient % Total % R2 (rs
2) 

Unique - Aud .026 32.15  

Unique - PDI-21 .024 30.25  

Common - Aud, PDI-21 .03 37.6  

Coefficient Total (R2) .08 100  

Total Aud .056  70.00 

Total PDI-21 .054  67.50 

Analysis 3 – OM USE and PDI-21 

 Coefficient % Total % R2 (rs
2) 

Unique - OM .015 21.66  

Unique - PDI-21 .020 28.37  

Common - OM, PDI-21 .034 49.97  

Coefficient Total (R2) .069 100  

Total OM .049  71.01 

Total PDI-21 .054   78.26 

Analysis 4 – Visual USE, Depression, and Anxiety 

 Coefficient % Total % R2 (rs
2) 

Unique - Vis 0.031 28.88  

Unique - Dep 0.016 15.05  

Unique - Anx 0.004 3.3  

Common - Vis, Dep 0.003 2.78  

Common - Vis, Anx 0.011 10.11  

Common - Dep, Anx 0.018 16.47  

Common - Vis, Dep, Anx 0.025 23.41 

Coefficient Total (R2) 0.108 100  

Total Vis .070  64.81 

Total Dep .062  57.41 

Total Anx .057  52.78 

Analysis 5 – Auditory USE, Depression, and Anxiety 

 Coefficient % Total % R2 (rs
2) 

Unique - Aud .018 19.15  

Unique - Dep .015 15.99  

Unique – Anx .005 5.65  

Note: Table continues on next page; Abbreviations: Vis = Visual, Aud = Auditory, OM = Other 

Modalities, USE = Unusual Sensory Experiences, PDI-21 = Peters et al. Delusion Inventory-21, 

Dep = Depression, Anx = Anxiety. 
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(Supplementary Table 4 cont.) 

Common - Aud, Dep .004 4.27  

Common - Aud, Anx .009 9.59  

Common - Dep, Anx .019 19.81  

Common - Aud, Dep, Anx .024 25.54  

Coefficient Total (R2) .095 100  

Total Aud .055  57.89 

Total Dep .062  65.26 

Total Anx .057  60.00 

Analysis 6 – OM USE, Depression, and Anxiety 

 Coefficient % Total % R2 (rs
2) 

Unique - OM .014 15.61  

Unique - Dep .019 20.83  

Unique - Anx .004 3.91  

Common - OM, Dep .000 0.32  

Common - OM, Anx .011 12  

Common - Dep, Anx .019 20.91  

Common - OM, Dep, Anx .024 26.42  

Coefficient Total (R2) .091 100  

Total OM   53.85 

Total Dep   68.13 

Total Anx   62.64 

Note: Abbreviations: Aud = Auditory, OM = Other Modalities; USE = Unusual Sensory 

Experiences, Dep = Depression, Anx = Anxiety. 
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Supplementary Table 5 

Commonality Analysis Results for MUSEQ Scores and Associated Variables Predicting 

Response Bias (c) in Run 1 on the Intentional Inhibition Task 

Analysis 1 – Visual USE and Stress 

 Coefficient % Total % R2 (rs
2) 

Unique - Vis .052 54.99  

Unique - Stress .001 1.50  

Common – Vis, Stress .041 43.51  

Coefficient Total (R2) .095 100  

Total Vis .093  97.89 

Total Stress .043  45.26 

Analysis 2 – Auditory USE and Stress 

 Coefficient % Total % R2 (rs
2) 

Unique - Aud .022 34.03  

Unique - Stress .012 17.96  

Common - Aud, Stress .031 48.01  

Coefficient Total (R2) .065 100  

Total Aud .053  81.54 

Total Stress .043  66.15 

Analysis 3 – OM USE and Stress 

 Coefficient % Total % R2 (rs
2) 

Unique - Aud .023 34.88  

Unique - Stress .008 12.98  

Common - Aud, Stress .034 52.14  

Coefficient Total (R2) .065 100  

Total OM .057  87.69 

Total Stress .043  66.15 

Note: Abbreviations: Vis = Visual, Aud = Auditory, OM = Other Modalities, USE = Unusual 

Sensory Experiences. 
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Supplementary Table 6 

Commonality Analysis Results for MUSEQ Scores and Associated Variables Predicting 

RT for Run 2 Correct Rejections on the Intentional Inhibition Task 

Analysis 1 – Visual USE and Stress 

 Coefficient % Total % R2 (rs
2) 

Unique - Vis .030 45.31  

Unique - Stress .003 4.75  

Common - Vis, Stress .033 49.94  

Coefficient Total (R2) .065 100  

Total Vis .062  95.38 

Total Stress .036  55.38 

Analysis 2 – OM USE and Stress 

 Coefficient % Total % R2 (rs
2) 

Unique - OM .016 31.03  

Unique - Stress .008 15.85  

Common - OM, Stress .028 53.11  

Coefficient Total (R2) .052 100  

Total OM .044  84.62 

Total Stress .036  69.23 

Note: Abbreviations: Vis = Visual, OM = Other Modalities, USE = Unusual Sensory 

Experiences. 
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FOREWORD TO CHAPTER FOUR 

The findings reported in the previous chapter suggested that poorer acuity, 

contrast sensitivity, temporal processing, object recognition, and intentional inhibition 

may not play a specific role in non-clinical unusual visual experiences (UVE). 

However, the finding that higher levels of unusual sensory experiences (USE) were 

associated with an information processing style (poorer visual temporal processing, 

earlier and accurate object recognition, and a conservative response bias during 

encoding and learning) points to the the possible importance of ‘top-down’ cognitive 

factors in USE. Therefore, the following chapter explores whether higher-order 

information processing factors (meta-cognitive beliefs and cognitive biases) are related 

to a higher frequency of UVE in a non-clinical sample. The study also includes a 

comparison of the results associated with UVE to those of the auditory modality and 

delusional ideation, and explores the role of mood problems on these associations. 
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CHAPTER FOUR 

Meta-Cognitive Beliefs and Cognitive Biases in 

Non-Clinical Unusual Visual Experiences: 

Comparison to Auditory Experiences and Delusional 

Ideation 

__________________________________________ 
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Abstract 

The role of meta-cognitive beliefs and cognitive biases in psychotic-like experiences 

has been frequently investigated. However, limited research exists on the role of these 

factors in unusual visual experiences. This study investigated the relationships of these 

factors to unusual visual experiences, and compared these associations to those for 

unusual auditory experiences and delusional ideation. It also explored the unique 

associations that remained after controlling for covariates (e.g, mood). Ninety-two 

university students completed the Multi-Modality Unusual Sensory Experiences 

Questionnaire, Meta-Cognitions Questionnaire-30, Davos Assessment of Cognitive 

Biases Scale, Peters et al. Delusions Inventory-21, and the Depression Anxiety Stress 

Scales-21. Results showed that unusual visual and auditory experiences were each 

associated with lower confidence in one’s memory and attention, and greater attention 

to threat. Delusional ideation was uniquely associated with negative beliefs, attention to 

threat, and external attribution bias. Mood played a significant role in most other 

associations found. These findings suggest that meta-cognitive beliefs and biases do not 

play a strong role in unusual sensory experiences, and are more related to delusional 

ideation and mood. Those cognitive factors related to unusual sensory experiences were 

modality-independent and mostly differed to those related to delusional ideation. Our 

findings support the role of maladaptive cognitive-attentional processes (e.g., lower 

cognitive confidence and greater attention to threat) in non-clinical unusual visual 

experiences.  
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Introduction 

Unusual visual experiences (UVE) is a term referring to a range of phenomena 

including misperceptions (i.e., distortions of external stimuli) through to visual 

hallucinations (i.e., visual perception in the absence of external stimuli), with the 

boundaries between these perceptual experiences difficult to distinguish. The lifetime 

prevalence estimates of visual hallucinations in particular are between 3 and 15% in the 

general population (McGrath et al., 2015; Ohayon, 2000; Peters et al., 2016; Tien, 

1991). UVE have received far less attention than unusual auditory experiences (UAE) in 

the non-clinical literature, and questions remain regarding whether underlying cognitive 

factors are similar or different across different modalities of unusual sensory 

experiences (USE). Recent cognitive models of USE (e.g., perceptual inference models; 

see Powers III, Kelly, & Corlett, 2016) propose a strong role of top-down cognitive 

factors on perception, such as beliefs and expectations. The current study focuses 

specifically on the role of meta-cognitive beliefs (MCB) and cognitive biases in non-

clinical UVE. It also explores how this profile compares to those associated with UAE 

and delusional ideation, while considering the role of co-existing factors such as mood. 

Meta-Cognitive Beliefs 

Meta-cognition refers to any cognitive or knowledge process involved in the 

interpretation, monitoring, or control of one’s thought processes (Wells & Cartwright-

Hatton, 2004). According to Wells and Matthews (1996), MCB are appraisals of one’s 

thought processes which can produce psychological dysfunction by way of maladaptive 

processes such as rumination, heightened self-focused attention, and threat monitoring, 

which together comprise a ‘cognitive attentional syndrome’. Strong support exists for 

dysfunctional MCB in depression (e.g., Yilmaz, Gençöz, & Wells, 2015), anxiety (e.g., 

Ryum et al., 2017), and psychosis (Austin et al., 2015). Types of MCB include: (i) 

positive beliefs about worry (belief that worrying has positive consequences), (ii) 
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negative beliefs about the uncontrollability and danger of certain thoughts, (iii) negative 

beliefs about the need to control thoughts (consequences of not controlling thoughts), 

(iv) cognitive confidence (confidence in attention and memory), and (v) cognitive self-

consciousness (tendency to focus attention on thought processes) (Cartwright-Hatton & 

Wells, 1997; Wells & Cartwright-Hatton, 2004). 

MCB and USE. Hallucinations have been proposed to occur due to 

misattribution of intrusive events (e.g., thoughts, images, and bodily sensations) to an 

external source in the context of dysfunctional MCB (e.g., need to control thoughts), 

and maintained via cognitive-behavioural responses and negative affect (Morrison, 

2001; Morrison, Haddock, & Tarrier, 1995). Results from non-clinical studies are mixed 

regarding which specific MCB are related to these phenomena. However USE have 

generally been found to be associated with dysfunctional MCB (Gawęda, Cichoń, & 

Szczepanowski, 2015; Goldstone, Farhall, Thomas, & Ong, 2013; Larøi & Van der 

Linden, 2005; Morrison, Wells, & Nothard, 2002). The role of MCB in non-clinical 

visual experiences (UVE) specifically has received minimal attention. However, there is 

evidence that greater frequency of UVE is associated with positive beliefs about unusual 

experiences (Morrison, Wells, & Nothard, 2000), positive beliefs about worry (Larøi & 

Van der Linden, 2005; Morrison et al., 2002), negative beliefs about the 

uncontrollability and danger of thoughts (Cangas, Errasti, García-Montes, Alvarez, & 

Ruiz, 2006; Larøi & Van der Linden, 2005; Morrison et al., 2002), lower cognitive 

confidence (Cangas et al., 2006; García-Montes, Cangas, Pérez-Álvarez, Fidalgo, & 

Gutiérrez, 2006; Morrison & Petersen, 2003) and cognitive self-consciousness 

(Morrison & Petersen, 2003). Warlow (2015) also found that negative beliefs about the 

uncontrollability and danger of thoughts predicted distress in people who experienced 

visions, however this study was open to participation from both non-clinical and clinical 

populations. 
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Few studies have examined the profile of MCB across different modalities of 

USE, and those that do offer mixed findings. Some report similar MCB in both UAE 

and UVE (García-Montes et al., 2006; Larøi & Van der Linden, 2005; Morrison et al, 

2000). In contrast, other studies have found differences. Morrison et al. (2002) found 

that positive beliefs about worry predicted UAE, while both positive beliefs about worry 

and negative beliefs about uncontrollability and danger predicted UVE. Furthermore, 

Morrison and Petersen (2003) found that UVE, and not UAE, were predicted by 

cognitive self-consciousness and cognitive confidence. Overall, while the available USE 

evidence (including hallucination-proneness studies) suggests similar MCB in different 

USE modalities, there is insufficient evidence on which to base this claim. In addition, 

previous studies on USE and MCB typically use the Launay-Slade Hallucination Scale 

(Launay & Slade, 1981) and its revised versions to measure hallucination-proneness, 

but this scale includes questions that relate to other psychological constructs such as 

intrusive thoughts and vivid daydreaming. More specific and reliable measurement of 

different modalities is therefore required in cognitive studies of USE. 

MCB and delusions. Delusional ideation and USE co-exist highly in the non-

clinical population (Larøi & Van der Linden, 2005), and dysfunctional MCB are also 

related to delusional proneness (Goldstone et al., 2013; Larøi & Van der Linden, 2005; 

Stainsby & Lovell, 2014). While earlier studies suggested similar MCB may underlie 

delusional ideation and USE (Larøi & Van der Linden, 2005), there is evidence to 

suggest that they may be associated with different types of MCB, or that the association 

of MCB with USE is merely an artefact resulting from their strong relationship with 

delusional ideation. For example, Goldstone et al. (2013) found that low cognitive 

confidence predicted hallucination-proneness, and negative beliefs about the 

uncontrollability and danger of thoughts predicted delusional ideation. These authors 

proposed that negative MCB may be more related to delusional ideation (compared to 
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hallucinations) in the general population. Consistent with this position, Varese, Barkus, 

and Bentall (2011) found that MCB were strong predictors of paranoia (typically 

categorised under delusional ideation), but not hallucination-proneness.  

MCB and co-existing factors. Consideration of other factors related to MCB is 

important when investigating MCB in USE. Strong links exist between MCB and 

psychological distress in both psychosis and non-clinical populations (Brett, Johns, 

Peters, & McGuire, 2009; Hill, Varese, Jackson, & Linden, 2012; Sellers, Varese, 

Wells, & Morrison, 2017). This is important as higher levels of mood problems and 

emotional arousal are associated with USE and delusional-proneness (Cella, Cooper, 

Dymond, & Reed, 2008; Paulik, Badcock, & Maybery, 2006; Stainsby & Lovell, 2014). 

Varese and Bentall (2011) indeed found that only a weak association of MCB with 

hallucination-proneness remained after mood symptoms were controlled. They 

suggested that the failure of earlier studies to control for mood may underlie mixed 

findings and have led to erroneous conclusions about the role of MCB in these 

phenomena. Some non-clinical studies on USE and MCB have included delusional 

ideation (Goldstone et al., 2013; Larøi & Van der Linden, 2005) or mood (Cangas et al., 

2006; García-Montes et al., 2006; Gawęda, Holas, & Kokoszka, 2012; Morrison et al., 

2002) in their analyses, but have not typically explored both of these factors in a 

systematic way. An exception to this is Stainsby and Lovell’s (2014) study, which did 

explore both of these factors. Their results suggested that while higher levels of 

hallucination- and delusion-proneness were associated with more negative affect, MCB 

may play more of a role in delusions versus hallucinations. As highlighted by Varese 

and Bentall (2011), previous associations found between MCB and hallucinations may 

be artefactual and due to failure to consider confounding symptoms.  
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Cognitive Biases 

Cognitive biases are distortions in the way information is processed, as opposed 

to beliefs about one’s thoughts. Commonly investigated biases include jumping to 

conclusions (making hasty decisions based on insufficient information), external 

attribution (misattributing internal cognitive events to an external source), attention to 

threat (tendency to preferentially process threatening stimuli), and belief inflexibility 

(tendency to stay with a belief even in light of contradictory evidence or alternatives; 

sometimes referred to as a bias against disconfirmatory evidence). 

Cognitive biases and delusions. Studies on cognitive biases have 

predominantly focused on delusions. McLean, Mattiske, and Balzan (2017) found that 

jumping to conclusions and a bias against disconfirmatory evidence were specifically 

associated with delusions, and not specific to any diagnosis or the presence of mental 

illness. Higher delusional ideation in non-clinical samples has also been found to be 

associated with biases, including jumping to conclusions (Cafferkey, Murphy, & 

Shevlin, 2014; Ross, McKay, Coltheart, & Langdon, 2015; Warman & Martin, 2006), 

external attribution (Allen, Freeman, Johns, & McGuire, 2006), heightened attention to 

threat (Arguedas, Green, Langdon, & Coltheart, 2006; Prochwicz & Kłosowska, 2017), 

and a bias against disconfirmatory evidence (Menon et al., 2013; Woodward, Buchy, 

Moritz, & Liotti, 2007).  

Cognitive biases and USE. There exists significantly less literature on cognitive 

biases and hallucinations. In clinical samples, there may be a link between 

hallucinations and a perceptual variant of the jumping to conclusions bias, called 

‘jumping to perception’ (i.e., tendency to identify an ambiguous perceptual event as real 

and external to the self) (Bristow, Tabraham, Smedley, Ward, & Peters, 2014). In both 

questionnaire and experimental studies on source monitoring, USE in non-clinical 
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populations have been found to be associated with external attribution bias (Aynsworth, 

Nemat, Collerton, Smailes, & Dudley, 2017; Brookwell, Bentall, & Varese, 2013; 

Kanemoto, Asai, Sugimori, & Tanno, 2013; Morrison & Haddock, 1997; but see 

Garrison et al., 2017), with Aynsworth et al. being the only UVE-specific study. There 

is also some evidence for an association between USE and jumping to conclusions 

(Ochoa et al., 2014) and attention to threat (Dudley et al., 2014). However, Daalman, 

Sommer, Derks, and Peters (2013) found their sample of healthy voice hearers did not 

differ from their healthy controls on a range of cognitive biases. These inconsistencies 

in the literature point to the possible role of co-existing factors. 

Cognitive biases and co-existing factors. As with MCB, consideration of mood 

is important given that depression and anxiety are associated with a range of cognitive 

biases (Bar-Haim, Lamy, Pergamin, Bakermans-Kranenburg, & Van IJzendoorn, 2007; 

Everaert et al., 2017). Such mood-related biases are also associated with delusion-like 

experiences (Gawęda & Prochwicz, 2015). Few non-clinical studies have explored 

cognitive biases and psychotic-like symptoms while controlling for other important 

symptoms, but the results of those studies that have suggest that controlling for mood 

(Prochwicz & Kłosowska, 2018) and delusional ideation (Gawęda, Staszkiewicz, & 

Balzan, 2017) is important.  

Current Study 

In summary, the role of MCB and cognitive biases in non-clinical UVE is 

largely unexplored. It also remains unclear whether these cognitive processes are 

modality-specific or modality-independent, how these associations compare to those for 

delusional ideation, and how co-existing factors (e.g., mood) influence associations. The 

first aim of the current study was therefore to explore the relationships of MCB and 
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cognitive biases to UVE, UAE, and delusional ideation. Based on existing literature, 

predictions were as follows: 

1. More frequent UVE and UAE would be associated with higher levels of 

dysfunctional MCB. They would also be associated with higher levels of 

cognitive biases, except the jumping to conclusions bias. There would be 

no differences between modalities. 

2. Higher levels of delusional ideation would be associated with higher 

levels of dysfunctional MCB, with a similar profile to USE. They would 

also be associated with higher levels of cognitive biases and show a 

similar profile to USE, with the exception of also being associated with 

jumping to conclusions. 

The second aim of the study was to investigate the unique profiles of MCB and 

cognitive biases associated with USE and delusional ideation by exploring how the 

relationships are impacted by mood (depression, anxiety, and stress) and covariation of 

the other variable (i.e., delusional ideation or USE). It was predicted that after 

controlling for covariates:  

3. USE would lose their association with MCB. Delusional ideation would 

still show unique associations with MCB. 

4. USE and delusional ideation would show associations with the same 

cognitive biases they did prior to controlling for covariates, but at an 

attenuated level.  

Method 

Participants 

Ninety-two undergraduate students (62 female) aged 17-52 (Mage = 21.67, SD = 

7.38) from the University of Western Australia participated in the study for course 
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credit. Seventy participants (76.1%) reported English as their first language. There was 

no reported history of psychotic disorder. 

Screening and Questionnaire Measures 

The two-subtest version of the Wechsler Abbreviated Scale of Intelligence - 

Second Edition (WASI-II; Wechsler, 2011) provided an estimate of Full Scale-IQ 

(FSIQ). The average FSIQ for this sample was 106.90 (SD = 9.90, range 85-133). 

The Multi-Modality Unusual Sensory Experiences Questionnaire (MUSEQ; 

Mitchell et al., 2017) is a 43-item self-report measure that assesses the frequency of 

USE in the general population across six modalities: auditory, visual, olfactory, 

gustatory, bodily sensations, and sensed presence. Items are rated on a 5-point Likert 

scale (0 = Never [Never in my Life] to 4 = Frequently [At Least Monthly]), with 

subscale scores calculated by summing the relevant items. This study used the visual (8 

items) and auditory (7 items) subscales. 

The Meta-Cognitions Questionnaire-30 (MCQ-30; Wells & Cartwright-Hatton, 

2004) measures individual differences in MCB via five subscales: (i) Cognitive 

Confidence, (ii) Positive Beliefs about Worry, (iii) Cognitive Self-Consciousness, (iv) 

Negative Beliefs about Thoughts Related to Uncontrollability and Danger, and (v) 

Negative Beliefs about the Need to Control Thoughts. Each subscale comprises six 

items rated on a 4-point Likert scale (1 = Do not agree to 4 = Agree very much). 

Subscale scores range from 6 to 24. 

The Davos Assessment of Cognitive Biases Scale (DACOBS; van der Gaag et 

al., 2013) was used to assess cognitive biases. This 42-item self-report questionnaire 

assessed seven areas (jumping to conclusions, belief inflexibility bias, attention to threat 

bias, external attribution bias, social cognition problems, subjective cognitive problems, 

and safety behaviour). This study focuses on the first four subscales that target cognitive 
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biases. Each subscale comprises six items rated on a 7-point Likert scale (7 = Strongly 

Agree to 1 = Strongly Disagree). Possible subscale scores range from 6-42. 

The Depression Anxiety Stress Scales-21 (DASS-21; Lovibond & Lovibond, 

1995) is a 21-item self-report scale that measures levels of depression, anxiety, and 

stress in the past week. The subscales comprise 7 items with each rated on a 4-point 

Likert scale (0 ‘did not apply to me at all’ to 3 ‘applied to me very much’). Subscale 

scores are obtained by summing items and multiplying by two, with a total possible 

score range of 0-42.  

The Peters et al. Delusions Inventory-21 (PDI-21; Peters, Joseph, Day, & 

Garety, 2004; Peters, Joseph, & Garety, 1999) is a 21-item self-report measure that 

assesses a range of delusional beliefs in the general population. Items are coded as 1 

(Yes) / 0 (No) with scores ranging from 0-21. Three additional subscales measure the 

distress, preoccupation, and conviction for positively endorsed items. These subscales 

are rated on a 5-point Likert scale. Possible scores for each positively endorsed item 

therefore range from 4-16. A global PDI score is calculated by summing yes/no scores 

and subscale scores, with a range of 0-336.  

Procedure and Statistical Analyses 

Questionnaires were completed on Qualtrics, accessed via an internet hyperlink. 

All participants provided written informed consent and all protocols were approved by 

the Human Research Ethics Committee of the University of Western Australia. 

Statistical analyses were conducted using IBM SPSS Version 22. Data were missing 

completely at random (Little’s Missing Completely At Random test p > .05), and 

missing values were imputed using expectation maximisation. Outliers were Winsorized 

using a ± 3.29 SD criterion, and all analyses were bootstrapped using bias corrected 

accelerated 95% confidence intervals (1000 samples).  
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Pearson r correlations were used to explore the associations between the study 

variables to address the first aim of the study. Partial correlation analyses were then 

conducted to address aim two of the study. For USE, the analyses were therefore broken 

down into four steps: (i) correlations between UVE/UAE scores, MCB, and cognitive 

biases, followed by partial correlations controlling for the effect of (ii) mood 

(depression, anxiety, and stress), (iii) delusional ideation, and (iv) mood and delusional 

ideation. 

This process was then repeated for delusional ideation, but controlling for the 

effect of USE (visual and auditory scores) at step 3, and USE and mood at step 4. In 

addition, given that intelligence has previously been found to be associated with some 

cognitive biases (e.g., jumping to conclusions; see Falcone et al., 2015), FSIQ scores 

were controlled for as an additional step in any associations that were significant in step 

4. 

Results 

Descriptive Statistics 

Table 1 presents the descriptive statistics for the MUSEQ, MCQ-30, DACOBS, 

DASS-21, and PDI-21 variables. Higher UVE were correlated with higher UAE (r = 

.74, p ≤ .001). Both UVE and UAE were significantly associated with higher delusional 

ideation (UVE: r = .45, p ≤ .001; UAE: r = .38, p ≤ .001). Table 2 shows the 

correlations of the DASS-21 and FSIQ scores with all study variables. Both UVE and 

UAE were significantly associated with higher levels of depression, anxiety and stress 

(all p ≤ .01), as were higher levels of delusional ideation (all p ≤ .001). Higher levels of 

UAE, delusional ideation, negative MCB, and external attribution bias were associated 

with significantly lower intelligence scores, as was poorer cognitive confidence (see 

Table 2). 
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Table 1 

Descriptive Statistics for MUSEQ (Visual and Auditory), MCQ-30, DACOBS, DASS-21, 

and PDI-21 Scores 

 Mean (SD) Min-Max 

   

MUSEQ   

Visual 10.17 (6.93) 0-30 

Auditory 12.53 (6.51) 0-27 

MCQ-30   

Cognitive Confidence 11.10 (4.26) 6-24 

Positive Beliefs About Worry 9.72 (3.42) 6-21.23a 

Cognitive Self-Consciousness 15.75 (4.14) 7-24 

Negative Beliefs – 

Uncontrollability and Danger 

12.45 (5.06) 6-24 

Negative Beliefs –  

Need to Control 

11.77 (3.50) 6-23 

DACOBS   

Jumping to Conclusions 22.48 (4.86) 11-32 

Belief Inflexibility 14.21 (4.18) 7-26 

Attention to Threat 24.22 (5.99) 12-39 

External Attribution 16.39 (5.25) 8-31 

DASS-21   

Depression 8.00 (7.94) 0-34.86a 

Anxiety 8.13 (7.13) 0-31.64a 

Stress 11.38 (7.21) 0-35.20a 

PDI-21   

Global 39.82 (28.80) 0-135.58a 

   

Note: Abbreviations: MUSEQ = Multi-Modality Unusual Sensory Experiences Questionnaire, 

MCQ-30 = Meta-Cognitions Questionnaire-30, DACOBS = Davos Assessment of Cognitive 

Biases Scale, DASS-21 = Depression Anxiety Stress Scales-21, PDI-21 = Peters et al. Delusions 

Inventory-21.; a Non-integer values due to multiple imputation. 

 

Meta-Cognitive Beliefs 

UVE. Visual MUSEQ scores significantly positively correlated with cognitive 

confidence and negative beliefs (uncontrollability and danger, and need to control 

thoughts) (see Table 3). There was no association between UVE and positive beliefs 

about worry or cognitive self-consciousness. Following the partial correlation analyses  
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Table 2 

Correlations of USE (MUSEQ), Delusional Ideation (PDI-21), Meta-Cognition (MCQ-

30) and Cognitive Biases (DACOBS) with Intelligence (FSIQ) and Mood (DASS-21) 

Variables 

 
FSIQ 

DASS-21 

Depression 

DASS-21 

Anxiety 

DASS-21 

Stress 

 

MUSEQ 

    

Visual -.19 .27** .40*** .57*** 

Auditory   -.24* .31** .42*** .49*** 

     

PDI-21     

Global     -.27**   .44***  .39*** .52*** 

     

MCQ-30     

Cognitive Confidence      -.29**   .39***   .41*** .26** 

Positive Beliefs About Worry  -.12       .10     .16     .15 

Cognitive Self-Consciousness  -.19       .17     .18     .20* 

Negative Beliefs –  

Uncontrollability and Danger 

   -.25*       .50***   .57***   .59*** 

Negative Beliefs –  

Need to Control 

   -.21*       .22*   .38***   .41*** 

     

DACOBS     

Jumping to Conclusions   .08      -.30**     -.23*    -.24* 

Belief Inflexibility  -.18       .25*     .37***  .26** 

Attention to Threat  -.12       .24*     .42***    .47*** 

External Attribution      -.28**       .47***     .39***    .37*** 

     

Note: Abbreviations: FSIQ = Full-Scale Intelligence Quotient; MUSEQ = Multi-Modality 

Unusual Sensory Experiences Questionnaire, PDI-21 = Peters et al. Delusions Inventory-21, 

MCQ-30 = Meta-Cognitions Questionnaire-30, DACOBS = Davos Assessment of Cognitive 

Biases Scale. ***p ≤ .001 **p ≤ .01 *p ≤ .05. 

 

(steps 2-4; Table 3), only the association with cognitive confidence remained after 

controlling for mood, delusional ideation and FSIQ. The association of UVE with 

negative beliefs about thoughts related to uncontrollability and danger appears to be 

explained by mood, while the association with need to control thoughts appears to be 

related to both mood and delusional ideation. 



                                                                                                                                                                                                                                                                                    

  

 

Table 3 

Association of Visual/Auditory MUSEQ Scores and Delusional Ideation (PDI-21) Scores with Meta-Cognitive Beliefs (MCQ-30), Controlling for 

Covariate Factors 

                                   MCQ-30 Subscales 

 Cognitive 

Confidence 

Positive Beliefs About 

Worry 

Cognitive Self-

Consciousness 

Negative Beliefs - 

Uncontrollability and Danger 

Negative Beliefs – 

Need to Control 

 

MUSEQ-Visual 

1. Correlation   .37***  .06 .15 .43***     .33*** 

2. Control of Mood .29** -.04 .04                    .14              .13 

3. Control of Delusions .31** -.02 .06                    .22*              .16 

4. Control of Mood and Delusions .29** -.06 .01                    .06              .06 

(Step 4 with IQ) .30**     na  na                     na               na 

      

MUSEQ-Auditory 

1. Correlation .35*** -.02 .10 .42***              .27** 

2. Control of Mood          .23* -.12                -.02                    .14              .07 

3. Control of Delusions          .30** -.09 .01                    .25*              .12 

4. Control of Mood and Delusions          .23* -.14                -.04                    .09              .02 

(Step 4 with IQ)          .22*     na   na                     na               na 

      

PDI-21 Global      

1. Correlation          .21*   .16   .22* .62***     .45*** 

2. Control of Mood          .02   .10 .13 .42***   .32** 

3. Control of USE          .05   .16 .18 .53***              .36*** 

4. Control of Mood and USE         -.05   .11 .12 .41***   .30** 

(Step 4 with IQ)           na      na  na .40***   .29** 

Note: Abbreviations: MUSEQ = Multi-Modality Unusual Sensory Experiences Questionnaire, MCQ-30 = Meta-Cognitions Questionnaire-30, PDI-21 = Peters et al. 

Delusions Inventory-21, USE = Unusual Sensory Experiences. ***p ≤ .001 **p ≤ .01 *p ≤ .05 na = not applicable.
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UAE. The auditory MUSEQ scores showed an identical pattern of association 

with the MCB variables to that of the visual scores for all steps of the correlational 

analyses (see Table 3). Thus, the only unique association with UAE scores after 

controlling for covariates was with lower cognitive confidence. 

Delusional ideation. Delusional ideation scores significantly positively 

correlated with cognitive confidence, both types of negative beliefs, and cognitive self-

consciousness (see Table 3). There was no association with positive beliefs about 

worry. Following the partial correlation analyses, the association between delusional 

ideation scores and negative beliefs remained significant, even when controlling for 

USE, mood, and FSIQ. The associations with cognitive confidence and cognitive self-

consciousness were lost when controlling for USE and mood. 

Cognitive Biases 

UVE. Visual MUSEQ scores significantly positively correlated with attention to 

threat, belief inflexibility, and external attribution biases (see Table 4). No association 

was found with jumping to conclusions scores. Following the partial correlation 

analyses (steps 2-4; Table 4), only attention to threat scores remained significantly 

associated with UVE scores after controlling for mood, delusional ideation, and FSIQ. 

Mood and delusional ideation appeared to explain the associations of UVE with 

external attribution and belief inflexibility biases. 

UAE. Auditory MUSEQ scores showed a similar pattern of association with 

cognitive biases to that of the visual scores (see Table 4). The only exception was that 

auditory scores had a significant negative association with jumping to conclusions 

scores. This association was however lost in the partial correlation analyses. The simple
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Table 4 

Associations of Visual/Auditory MUSEQ Scores and Delusional Ideation (PDI-21) 

Scores with Cognitive Biases (DACOBS), Controlling for Covariate Factors 

                                                         DACOBS Subscales 

 Jumping to  

Conclusions 

Belief 

Inflexibility 

Attention to 

Threat 

External 

Attribution 

 

MUSEQ-Visual 

1. Correlation -.12 .23* .49***        .22* 

2. Control of Mood   .03          .10        .30**        .01 

3. Control of Delusions -.14          .10 .33***       -.02 

4. Control of Mood and 

Delusions 
-.03          .05        .24*       -.07 

(Step 4 with IQ)   na  na        .24*          na 

     

MUSEQ-Auditory 

1. Correlation -.25*   .21*  .48***         .29** 

2. Control of Mood       -.14 .06 .32**         .09 

3. Control of Delusions   -.27** .09   .36***         .11 

4. Control of Mood and 

Delusions 
      -.18  .02         .29**         .04 

(Step 4 with IQ)  na  na         .30**          na 

     

PDI-21 Global     

1. Correlation .01        .33*** .54***     .52*** 

2. Control of Mood  .23*    .23* .41***     .36*** 

3. Control of USE        .09      .26** .40***     .48*** 

4. Control of Mood and USE   24*     .21* .37***     .37*** 

(Step 4 with IQ) .23*     na .38***          .35*** 

     

Note: Abbreviations: MUSEQ = Multi-Modality Unusual Sensory Experiences Questionnaire, 

DACOBS = Davos Assessment of Cognitive Biases Scale, PDI-21 = Peters et al. Delusions 

Inventory-21, USE = Unusual Sensory Experiences. ***p ≤ .001 **p ≤ .01 *p ≤ .05 na = not 

applicable. 

 

association appeared to be explained by the association of UAE scores with mood. 

Delusional ideation. Delusional ideation scores significantly positively 

correlated with attention to threat, external attribution, and belief inflexibility biases 

(see Table 4). Following the partial correlation analyses, the association with belief 

inflexibility was lost after controlling for FSIQ. However, the other significant 

associations held even when controlling for USE, mood, and FSIQ. A significant 
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positive correlation appeared between delusional ideation and jumping to conclusions 

scores only after controlling for mood and the combination of mood/USE, but not USE 

alone. These results suggest that mood was suppressing the relationship between 

jumping to conclusions and delusional ideation. Specifically, increased mood problems 

increased delusional ideation scores but reduced jumping to conclusions scores. 

Discussion 

MCB and cognitive biases have previously been implicated in non-clinical UAE 

and delusional ideation. The role of these factors in UVE is unclear, as is the extent to 

which factors such as mood play a role in these relationships. This study explored how 

MCB and cognitive biases were related to UVE, UAE, and delusional ideation, and 

investigated what unique associations remained after controlling for co-existing factors.  

MCB: General Associations 

Our first prediction that more frequent USE would be associated with higher 

levels of dysfunctional MCB was supported. Individuals reporting higher levels of 

either UVE or UAE had lower cognitive confidence in their attention and memory, and 

higher levels of negative beliefs (uncontrollability and danger of thoughts, and the need 

to control thoughts). This supports previous findings of an association between MCB 

and UVE, UAE, and hallucination-proneness (Cangas et al., 2006; García-Montes et al., 

2006; Goldstone et al., 2013; Larøi & Van der Linden, 2005; Morrison et al., 2000, 

2002). However, our results contrast with reports that found USE were associated with 

cognitive self-consciousness or positive beliefs about worry (Gawęda et al., 2012; Larøi 

& Van der Linden, 2005; Morrison et al., 2002; Morrison & Petersen, 2003). The failure 

of earlier studies to control for important covariates may play a role in these 

inconsistencies.  
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Our prediction that there would be no difference between visual and auditory 

modalities was supported. This is congruent with previous studies indicating a 

generalised MCB profile for both modalities (García-Montes et al., 2006; Larøi & Van 

der Linden, 2005; Morrison et al., 2000). This finding is not entirely surprising, given 

that visual and auditory experiences co-exist frequently in clinical and non-clinical 

populations (Clark, Waters, Vatskalis, & Jablensky, 2017; Sommer et al., 2010), 

pointing to shared underlying mechanisms. Previously found differences may be due to 

the assessment of USE. For example, Morrison et al. (2002) used a revised version of 

the Launay-Slade Hallucination Scale, which is not a specific measure of USE. While 

these authors used a version of the scale including more visual and auditory items, the 

auditory factor had poor internal reliability (Cronbach’s α = 0.62), which may explain 

the differences found between modalities. In contrast, the MUSEQ subscales used in the 

current study directly target USE and possess good internal consistency (Mitchell et al., 

2017). 

The finding that individuals reporting higher levels of delusional ideation also 

had higher levels of MCB is consistent with our second prediction and previous findings 

(Goldstone et al., 2013; Larøi & Van der Linden, 2005; Stainsby & Lovell, 2014). 

These individuals reported significantly lower cognitive confidence in their memory 

and attention, higher levels of negative beliefs, and an increased tendency to monitor 

their thoughts. In support of our predictions, this was similar to the MCB profile for 

USE, with the exception of delusional ideation also being associated with a tendency to 

monitor one’s thoughts. However, the finding that negative beliefs were associated with 

both USE and delusional ideation does not support findings that negative beliefs are 

more related to delusional ideation (Goldstone et al., 2013). Lastly, the finding that 

neither USE nor delusional ideation were associated with positive beliefs about worry 
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supports suggestions that such beliefs are more evident in clinical populations 

(Morrison, French, & Wells, 2007). 

MCB: Unique Associations 

Our prediction that USE would lose their association with MCB after controlling 

for important covariates was supported, with the exception that both UVE and UAE 

maintained a unique association with lower cognitive confidence. This is consistent 

with findings that lower confidence in one’s memory and attention is associated with 

vulnerability or proneness to UVE (Garcia-Montes et al., 2006), UAE (Goldstone, 

Farhall, & Ong, 2012), and hallucination-proneness generally (Goldstone et al., 2013). 

The other associations found with MCB appeared to be due to the high co-existence of 

USE with delusional ideation and mood. Thus, in support of Varese and Bentall (2011) 

and Stainsby and Lovell (2014), USE appear to have little unique association with 

MCB, with most associations being an artefact of their relationship with covariates. 

The finding that lower cognitive confidence has a unique association with USE 

warrants greater attention. Cognitive confidence has previously been found to be the 

only meta-cognitive difference between individuals with schizophrenia with 

hallucinations and those with no hallucinations (Lobban, Haddock, Kinderman, & 

Wells, 2002). It has also been associated with the experience of cognitive-attentional 

anomalies across the psychosis continuum (Brett et al., 2009). However, given the 

correlational design of the current study, we are unable to determine whether poorer 

confidence leads to higher levels of USE, or more frequent USE leads to reduced 

cognitive confidence. Goldstone et al. (2012) proposed that lower cognitive confidence 

may be a vulnerability factor in non-clinical USE as they did not find this same 

association in their clinical sample. In contrast, Morrison et al. (2007) found their 

psychotic disorder sample had significantly lower cognitive confidence compared to 

their non-patient sample. Indeed, the notion that a change in MCB pre-empts anomalous 
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experience has been challenged (Brett et al., 2009). Further research is required to 

establish the direction of these associations. 

For delusional ideation, our prediction was supported by the finding that higher 

scores had unique associations with both negative MCB. This is consistent with studies 

finding an association between MCB and delusional ideation (Goldstone et al., 2013; 

Larøi & Van der Linden, 2005; Stainsby & Lovell, 2014), and also the suggestion that 

negative MCB are more related to delusional ideation than USE (Goldstone et al., 

2013). Our results also therefore suggest that in terms of unique associations, delusional 

ideation and USE have different MCB profiles (see Table 5 for a visual representation). 

It has been proposed that negative MCB may be a vulnerability factor for psychotic-like 

experiences (Morrison et al., 2007), and relate to the development of different types of 

psychopathology and psychological distress (Brett et al., 2009; Hill et al., 2012; 

Palmier-Claus, Dunn, Taylor, Morrison, & Lewis, 2013; Sellers et al., 2017; Sun, Zhu, 

& So, 2017; Varese & Bentall, 2011). Interestingly, the specific pattern of MCB 

associations in our study – specifically lower cognitive confidence with USE and 

negative beliefs with delusional ideation – has previously been found in a non-clinical 

sample (Goldstone et al., 2013), in individuals with an at-risk mental state (Cotter, 

Yung, Carney, & Drake, 2017), and in psychosis (Sellers, Wells, Parker, & Morrison, 

2018). Our findings therefore support the psychosis continuum hypothesis (Johns & van 

Os, 2001; van Os & Linscott, 2012) and suggest that this pattern of MCB may play an 

important role in vulnerability to an at-risk mental state. This is also congruent with 

evidence that negative MCB and lower cognitive confidence can predict, or are 

generally associated with, changes in negative affect (Sellers et al., 2018; Spada, 

Georgiou, & Wells, 2010; Yilmaz, Gençöz, & Wells, 2011) and attention shifting 

(Spada et al., 2010). 
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Table 5 

Visual Representation of the Unique Meta-Cognitive Beliefs and Cognitive Biases 

Associated with USE and Delusional Ideation When Controlling for Covariate Factors 

 MUSEQ PDI-21 

 Visual Auditory Global 

 

MCQ-30 

   

Cognitive Confidence 
   c 

Positive Beliefs About Worry 
   

Cognitive Self-

Consciousness 
       a (s) 

Negative Beliefs – 

Uncontrollability and Danger 
a 

 a  

Negative Beliefs –  

Need to Control 
   a b     a b  

    

DACOBS    

Jumping to Conclusions  
b 

* 

Belief Inflexibility    a b   a b 
d 

Attention to Threat 
   

External Attribution    a b      a b  

Note: a b c d Original association most likely explained by mood (a), delusional ideation (b), or 

USE (c); FSIQ (d); (s) = stress; * Suppression effect. Abbreviations: MUSEQ = Multi-Modality 

Unusual Sensory Experiences Questionnaire, PDI-21 = Peters et al. Delusion Inventory-21, 

MCQ-30 = Meta-Cognitions Questionnaire-30, DACOBS = Davos Assessment of Cognitive 

Biases Scale. 

 

Cognitive Biases: General Associations 

 The finding that individuals reporting more frequent UVE and UAE were 

significantly more likely to be inflexible in their beliefs, attribute events to external 

sources, and preferentially process threatening information, supported our prediction of a 

modality- independent association between USE and biases. These findings are consistent 

with previous findings of an association between hallucination-proneness and external 
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attribution (Brookwell et al., 2013; Morrison & Haddock, 1997) and attention to threat 

biases (Dudley et al., 2014). They do however contrast with Daalman et al.’s (2013) 

finding of no link between UAE and biases. Methodological differences may underlie this 

inconsistency, as Daalman and colleagues used the Cognitive Biases Questionnaire for 

psychosis (Peters et al., 2014), which measures biases in psychosis and includes different 

types of biases (e.g., catastrophising) to the DACOBS. However, failure to control for 

important co-existing factors may also play a role. Contrary to predictions, individuals 

reporting more frequent UAE were significantly less likely to jump to conclusions. This 

contrasts with previous findings that this bias may be more linked to delusions than USE 

(Bristow et al., 2014), and reports of a positive association between USE and jumping to 

conclusions (Ochoa et al., 2014). Co-exisiting factors appeared to influence this 

relationship, which will be discussed in the next section. 

In partial support of our prediction, individuals with higher delusional ideation 

were significantly more likely to be inflexible in their beliefs, attribute events to 

external sources, and preferentially process threatening information, compared to those 

with lower levels. This supports similar previous findings (Allen et al., 2006; Menon et 

al., 2013; Prochwicz & Kłosowska, 2017), and is in line with our prediction that 

delusional ideation would show a similar profile to USE. However, in contrast to our 

predictions, delusional ideation was not associated with the jumping to conclusions bias. 

However, the association revealed by the partial correlation analyses will be discussed 

below. 

Cognitive Biases: Unique Associations 

Attention to threat was the only cognitive bias uniquely associated with UVE 

and UAE after controlling for mood, delusional ideation, and intelligence scores (see 

Table 5). That is, individuals who reported more USE tended to preferentially process 



 

Page | 247  

threatening stimuli to a greater extent compared to those with less frequent USE. This is 

consistent with previous findings for non-clinical UAE (Dudley et al., 2014) and 

psychotic-like experiences generally (Gawęda, Prochwicz, & Cella, 2015), and indicates 

UVE are also associated with this bias. This suggests that either more frequent USE 

contribute to increased attention to threatening information, or that a tendency to 

preferentially process threatening stimuli is somewhat involved in the occurrence of 

USE.  

Our prediction that USE would remain associated with the attention to threat, 

external attribution, and belief inflexibility biases after controlling for covariates was 

only partially supported. While an association remained with attention to threat, the 

initial associations found between UVE/UAE and external attribution bias and belief 

inflexibility appeared to be explained by mood and delusional ideation. Previous 

findings of external attribution bias in non-clinical UVE (Aynsworth et al., 2017) and 

UAE (Asai & Tanno, 2013; Collignon, Van der Linden, & Larøi, 2005; Morrison & 

Haddock, 1997; Kanemoto et al., 2013; Sugimori, Asai, & Tanno, 2011; Woodward, 

Menon, & Whitman, 2007) may therefore have been driven by mood and/or delusional 

ideation factors. Indeed, mood has previously been found to have a mediating role 

between cognitive biases and psychotic-like experiences (Lincoln, Lange, Burau, Exner, 

& Moritz, 2009; Prochwicz & Kłosowska, 2018). However, it is important to point out 

that the external attribution bias measured by the DACOBS pertains more to attributing 

negative interpersonal events to external factors (e.g., “Things went wrong in my life 

because of other people”), rather than to speech or images, which are typically explored 

in experimental studies. Thus, these results should be approached with caution, with 

differences in the measurement of this bias considered in future studies.  
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As previously noted, an unexpected finding was that UAE were associated with 

significantly lower levels of the jumping to conclusion bias. The analyses however 

suggest that this association was primarily due to mood, as the association was lost 

when controlling for the DASS-21 variables. On closer examination, the associations 

between mood and this bias (see Table 2) were opposite to those expected (i.e., higher 

levels of mood problems were associated with lower levels of jumping to conclusions). 

It is not clear from our data what may explain this finding. However, this is not the first 

study to find a negative relationship between mood and the jumping to conclusions bias 

in the context of non-clinical psychotic-like experiences. Studies have found that 

healthy individuals with higher levels of delusional ideation (Medlin & Warman, 2014), 

and also regardless of delusional ideation levels (Lincoln, Peter, Schäfer, & Moritz, 

2010), are less likely to jump to conclusions under conditions of stress. This contrasts 

with the clinical literature, in which delusions are associated with this bias in anxiety-

inducing conditions (Moritz et al., 2009). Thus, emotion and reasoning biases may exert 

more of a pronounced influence in the transition to an at-risk state. Indeed, Ward, 

Peters, Jackson, Day, and Garety (2018) found the jumping to conclusions bias was 

associated with need-for-care, rather than psychotic-like experiences. However, it 

remains unclear why we found this pattern only for USE, and the auditory modality 

specfically. Further investigation is required to explore these associations. 

 In partial support of our predictions, the associations of delusional ideation with 

attention to threat and external attribution remained after controlling for covariates. This 

supports previous findings of positive associations between delusional ideation and 

these biases (Allen et al., 2006; Arguedas et al., 2006; Prochwicz & Kłosowska, 2017). 

However, contrary to predictions, the association between delusional ideation and belief 

inflexibility was lost when controlling for intelligence, suggesting that belief 

inflexibility may be associated with delusional ideation via intelligence. Another 
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unexpected finding during the partial correlation analyses was that an association 

between jumping to conclusions bias and delusional ideation appeared when mood was 

controlled for, suggesting mood was having a suppression effect on this relationship. 

This suggests that higher levels of delusional ideation may be related to an increased 

tendency to jump to conclusions, but the negative associations between mood and this 

bias suppressed this relationship. The possible meaning of these results was discussed 

above in context of the unique UAE associations, such that mood may serve as a 

protective factor against this bias in non-clinical samples. This however requires further 

investigation. Overall, in contrast to our predictions, USE and delusional ideation were 

associated with different cognitive bias profiles (except attention to threat), with biases 

being more related to delusional ideation.  

Implications and Limitations 

In summary, UVE and UAE were each uniquely associated with less confidence 

in one’s memory and attention, and a tendency to attend to threatening information. 

Delusional ideation was however uniquely associated with negative beliefs 

(uncontrollability and danger of thoughts and need to control thoughts), as well as a 

tendency to process threatening information and misattribute negative events to external 

sources. This provides evidence for modality-independent cognitive processes in USE, 

and suggests that rather than exploring ‘psychotic-like’ experiences, there is a necessity 

to measure USE and delusional ideation separately. While our results offer little support 

for Morrison et al.’s (1995) model of hallucinations, they support Wells and Matthews’ 

(1996) suggestion of a cognitive-attentional syndrome contributing to psychological 

dysfunction.  

Our findings also highlight the importance of measuring mood in future non-

clinical studies of USE. Not only did mood problems significantly correlate with most 
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beliefs and biases, they explained numerous associations between USE, delusional 

ideation, and cognitive factors. Higher mood problems also suppressed the jumping to 

conclusions bias in individuals with higher levels of USE and delusional ideation, which 

seems specific to non-clinical samples. Thus, our results support findings that emotion 

may have an important role in non-clinical USE (Allen et al., 2005; Stainsby & Lovell, 

2014), and in the transition from sub-clinical psychotic-like experiences to psychotic 

disorder (van Rossum, Dominguez, Lieb, Wittchen, & van Os, 2011). The importance 

of mood has been acknowledged in previous cognitive models of psychotic-like 

experiences (Garety, Kuipers, Fowler, Freeman, & Bebbington, 2001; Morrison, 2001), 

and it has been long theorised that neurosis and psychosis may share similar underlying 

maintenance processes (Freeman & Garety, 2003). Emotion is also thought to influence 

perception alongside other cognitive factors in perceptual inference accounts of 

hallucinations (O’Callaghan, Kveraga, Shine, Adams Jr., & Bar, 2017). It is important 

to note that as all DASS-21 variables were controlled for simultaneously in the partial 

correlation analyses, it is not possible to say whether the results obtained are due to 

controlling levels of anxiety, depression, stress, or a combination of these. Despite this, 

the overall findings provide support for top-down cognitive models of non-clinical 

USE, and contribute to the scarce literature on modalities other than the auditory 

modality. 

Lastly, the current study could not determine causality due to its correlational 

design. Future research may benefit from longitudinal designs in which potential 

changes in USE, delusional ideation, and mood can be measured over time. In addition, 

we did not include any measures of other factors related to USE and MCB/biases such 

as dissociation (Morrison & Petersen, 2003; Varese et al., 2011) or temperament/ 

personality factors (Gawęda, Cichoń et al., 2015; Gawęda & Kokoszka, 2013; Gawęda, 
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Prochwicz et al., 2015). Such factors warrant consideration in future cognitive studies of 

USE. 
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 FOREWORD TO CHAPTER FIVE 

 In this final chapter I briefly review the aims of the thesis and integrate the key 

findings. Following this, the significant contributions made to the literature are outlined. 

For each contribution, the broader implications of the relevant findings are also 

discussed. The overall strengths and limitations of this thesis are then considered. 

Finally, recommendations for future research directions are offered, followed by my 

concluding remarks. 
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CHAPTER FIVE 

General Discussion 
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Thesis Overview and Aims 

There is currently a paucity of knowledge about non-clinical unusual sensory 

experiences (USE) in modalities other than the auditory modality. The overarching 

objective of this thesis was to address this significant gap in the literature by 

investigating unusual visual experiences (UVE) in the non-clinical population; 

specifically, their measurement and underlying cognitive processes.  

There were three general aims of this thesis: 

1. Develop and validate a new self-report measure (Multi-Modality Unusual 

Sensory Experiences Questionnaire; MUSEQ) to allow better assessment of 

the frequency of UVE and USE in other modalities in non-clinical 

populations. (Chapter Two) 

2. Investigate the role of a range of perceptual and cognitive processes in UVE, 

based on what is known about visual hallucinations in clinical populations 

and non-clinical unusual auditory experiences (UAE). This included 

investigating both modality-specific factors (visual acuity [VA], contrast 

sensitivity [CS], and object recognition) and modality-independent (temporal 

processing and intentional inhibition) factors. (Chapter Three ) 

3. Explore how meta-cognitive beliefs (MCB) and cognitive biases are related 

to non-clinical UVE. (Chapter Four) 

In regard to aims two and three, a secondary aim was to explore how common 

co-existing factors (i.e., mood and delusional ideation) influenced the relationships 

between the cognitive factors and UVE, and how the pattern of associations with the 

cognitive factors for the visual modality compared to the pattern for other modalities. 
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Key Findings 

 The creation and validation of the MUSEQ was reported in the first empirical 

chapter (Chapter Two). A total of 1300 participants were recruited for the scale 

development and validation process, including 513 students and community members 

for initial development, 32 individuals with schizophrenia spectrum disorder or bipolar 

disorder for validation, 659 students for factor replication, and 96 students for test-retest 

reliability. The 513 students who participated in the initial development also completed 

the Oxford-Liverpool Inventory of Feelings and Experiences – Short Version (O-LIFE-

S; Mason, Linney, & Claridge, 2005), Launay-Slade Hallucination Scale-Modified-II 

(LSHS-M-II; Larøi & Van der Linden, 2005a), and Cardiff Anomalous Perception Scale 

(CAPS; Bell, Halligan, & Ellis, 2006) for validation purposes. The resulting 43-item 

self-report scale measures a range of USE in six modalities (auditory, visual, olfactory, 

gustatory, bodily sensations, and sensed presence), and was found to have good 

reliability and validity. The confirmatory factor analyses suggested that a 

unidimensional model was not appropriate, but both correlated-factors and bifactor 

models had acceptable model fit. The latter was selected as the most appropriate based 

on the empirical literature. There was evidence for a large general common factor 

underlying all the items in the MUSEQ, but the modality-specific factors still possessed 

some unique variance and could detect meaningful group differences in regard to health 

and medical history (e.g., individuals with a history of eye disease or problems had 

significantly higher visual scores). An implication of these findings is that it is possible 

to independently assess the presence and frequency of UVE in a semi-autonomous way 

from other USE. The creation of the MUSEQ provided a useful methodological tool for 

measuring UVE and other modalities of USE in the subsequent chapters.  

Chapter Three reported on an investigation into the role of visual processing and 

intentional inhibition in non-clinical UVE. A secondary question explored was whether 
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processes are modality-specific (related to UVE only) or modality-independent 

(common to all modalities of USE). The factors under investigation included VA, CS, 

temporal processing, object recognition, and intentional inhibition, which were assessed 

against participants’ USE scores on the MUSEQ and measures of mood and delusional 

ideation. Specifically, 92 undergraduate students completed the Freiburg Visual Acuity 

and Contrast Test, a visual temporal order judgement task, a fragmented image task, the 

Intentional Inhibition of Currently Irrelevant Memories task, and self-report measures of 

USE (MUSEQ), mood (Depression Anxiety Stress Scales-21; DASS-21, Lovibond & 

Lovibond, 1995) and delusional ideation (Peters et al. Delusions Inventory-21; PDI-21, 

Peters, Joseph, Day, & Garety, 2004; Peters, Joseph, & Garety, 1999). Contrary to 

expectations derived from the empirical literature, the findings did not support a role for 

poorer visual processing and inhibition in UVE specifically. Instead, the performance of 

individuals reporting more frequent USE generally (modality-independent) was 

characterised by a style of information processing including earlier and accurate object 

recognition, poorer visual temporal processing, and a conservative response bias during 

image encoding and learning. Negative mood and increased delusional ideation were 

also related to this overall style of information processing. Overall, the findings 

provided support for cognitive models emphasising the role of top-down cognitive 

factors in non-clinical UVE, and USE generally.  

The final empirical chapter (Chapter Four) explored the role of top-down 

information processing factors, specifically MCB and cognitive biases, in UVE. It also 

compared the associations of these factors with UVE to those for UAE and delusional 

ideation, and explored the unique associations that remained after controlling for 

covariates (e.g., mood). Ninety-two undergraduate students completed the MUSEQ, 

Meta-Cognitions Questionnaire-30 (MCQ-30; Wells & Cartwright-Hatton, 2004), 

Davos Assessment of Cognitive Biases Scale (DACOBS; van der Gaag et al., 2013), 
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PDI-21, and the DASS-21. Results suggested that MCB and biases play a relatively 

small role in UVE and UAE, and may be more strongly related to delusional ideation 

and mood problems. Cognitive factors found to be uniquely associated with higher 

frequency of both UVE and UAE (i.e., modality-independent) included poorer cognitive 

confidence and heightened attention to threat. These associations remained after 

controlling for co-existing factors, and were mostly different to the associations 

observed for delusional ideation (negative beliefs about the uncontrollability/danger of 

thoughts and the need to control thoughts, increased external attribution, and heightened 

attention to threat). The results of Chapters Three and Four together suggest that mood 

problems, which frequently co-exist with USE and delusional ideation, may explain 

previous associations found between particular cognitive factors and USE. Table 1 

presents a visual summary of the findings associated with non-clinical UVE in Chapters 

Three and Four, and how these findings compare to the literature in other populations 

that informed the investigations in this thesis. 

Contributions to the Literature and Implications 

 The following sections will discuss the three major contributions of this thesis to 

the literature (headings I – III). For each of these contributions, the broader 

methodological and theoretical implications of the results are discussed. 

Contribution I: New Measure for Non-Clinical USE in Multiple Modalities 

 The first important contribution of this thesis was addressing the need for a self-

report scale that allows specific measurement of non-clinical UVE and other USE in 

different sensory modalities. This was fulfilled by the development of the MUSEQ. 

Previous self-report scales used to measure hallucinations and other USE in non-clinical 

populations, including the O-LIFE (Mason, Claridge, & Jackson, 1995; Mason et al., 

2005), LSHS (Launay & Slade, 1981; revised versions Kråkvik et al., 2015; Larøi, 
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Table 1 

 Summary of Thesis Findings (Chapters Three and Four) with Reference to Presence (Yes) or Absence (No) of Cognitive Difficulties, in Comparison to 

Previous Clinical and Non-Clinical Literature 

Note: * Poorer temporal processing was not specifically associated with UVE, but was associated with higher frequency of more than one modality (i.e., Other Modalities variable); 

Abbreviations: VA = Visual Acuity, CS = Contrast Sensitivity, UVE = Unusual Visual Experiences, VH = Visual Hallucinations, ED = Eye Disease, ND = Neurodegenerative 

Disease, PSY/SZ = Psychosis/Schizophrenia, NC = Non-Clinical, UAE = Unusual Auditory Experiences, MCB = Meta-Cognitive Beliefs.

 Modality-Specific Factors Modality-Independent Factors Co-Existing Factors 

 
VA/CS 

Object 

Recognition 

Temporal 

Processing 
Inhibition MCB 

Cognitive 

Biases 

Mood 

Problems 

Delusional 

Ideation 

Current Thesis         

UVE No No (earlier, 

more accurate) 

Yes (if other 

modalities 

present)* 

No Yes (cognitive 

confidence) 

Yes (attention 

to threat) 

Yes Yes 

Literature Drawn 

From 

        

VH - ED Yes - - - - -   

VH – ND Yes Yes - Yes - -   

PSY/SZ - - Yes Yes Yes Yes Yes Yes 

NC - UAE - - - Yes Yes Yes Yes Yes 

NC – 

Hallucination-

Proneness 

- - - Yes Yes Yes Yes Yes 

P
ag

e | 2
7
3
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Marczewski, & Van der Linden 2004; Larøi & Van der Linden, 2005a; Morrison, 

Wells, & Nothard, 2000), and CAPS (Bell et al., 2006), are limited in regard to their 

specificity to USE, coverage of modalities, and/or lack of an appropriate rating scale. 

The MUSEQ addresses these limitations by measuring a range of USE in six modalities, 

and using a rating scale adapted to match the approximate frequency of USE in the 

general population. The scale therefore provides a measure that will allow more specific 

measurement of UVE and other modalities of USE in non-clinical populations. 

Theoretical implications. 

A structural model of different modalities of USE. An interesting theoretical 

finding from Chapter Two was the appropriateness of the correlated-factors and bifactor 

models in the confirmatory factor analyses for the MUSEQ data. Prior to this 

investigation, the hierarchical structure of USE in different modalities had received little 

attention, despite its importance in understanding the possible similarities and 

differences of these phenomena. The bifactor model, with a general factor and modality-

specific factors, was chosen as most appropriate for the MUSEQ data based on 

theoretical grounds. This model has received support for symptom dimensions in 

psychosis (a general factor and dimensions of positive symptoms, negative symptoms, 

disorganisation, mania, and depression) in both clinical (Reininghaus, Priebe, & Bentall, 

2013) and general population samples (Shevlin, McElroy, Bentall, Reininghaus, & 

Murphy, 2016). As discussed in Chapter Two, it is possible that the general factor 

associated with the MUSEQ may reflect the construct of ‘hallucination-proneness’, 

which includes a range of factors associated with higher levels of USE (e.g., schizotypal 

traits, sensory disturbances, cognitive difficulties, low mood, and other 

sociodemographic variables), or be an indicator of vulnerability to an at risk mental 

state. The findings from Chapters Three and Four support both of these possibilities, 
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given that mood problems and delusional ideation appeared to share associations with 

similar cognitive factors to USE. In addition, the presence of modality-specific factors 

that are differentiable but highly correlated is consistent with findings that USE in 

different modalities tend to correlate (or co-exist) highly (as found in Chapter Two and 

Bell et al., 2006; Larøi & Van der Linden, 2005b; Launay & Slade, 1981; McCarthy-

Jones et al., 2017; Morrison et al., 2000; Preti et al., 2014; Sommer et al., 2010), and 

that the presence of USE in one modality increases the likelihood of experiencing USE 

in other modalities (Clark, Waters, Vatskalis, & Jablensky, 2017; Lim, Hoek, Deen, 

Blom, & GROUP Investigators, 2016). However, the MUSEQ subscales could still 

distinguish between different groups of disease or conditions (e.g., eye disease and sleep 

disorders). Overall, the findings of Chapter Two suggest that more attention needs to be 

given to possible shared mechanisms underlying USE in different modalities, and that 

calculating a total hallucination-proneness score will fail to identify factors uniquely 

associated with different types of USE.  

Methodological implications. 

Research tool. The development of the MUSEQ will provide researchers with a 

tool to reliably measure the frequency of six different modalities of USE in non-clinical 

populations. This will allow investigations into modality-specific studies, but also 

comparisons between modalities, as in Chapters Three and Four of this thesis. 

Furthermore, while the primary focus during MUSEQ creation was on hallucinations, 

the inclusion of a range of USE in each subscale (with the exception of the sensed 

presence subscale) is in line with the current understanding of USE; specifically, that 

the boundaries between different types of USE are hard to distinguish (Dror, 2005; 

Uchiyama et al., 2015).  

 



 

Page | 276 

Contribution II: Investigating the Underlying Mechanisms of Non-Clinical UVE 

Another important contribution of this thesis was exploring the role of a range of 

different perceptual and cognitive factors in non-clinical UVE, and how these may be 

associated with common co-existing factors (e.g., mood and delusional ideation). As 

briefly reviewed in Chapter Three, the literature on non-clinical UVE thus far is 

extremely limited and mixed in nature. This is in contrast to the auditory modality, 

which has received far greater attention in the field. This thesis addressed this gap by 

exploring how a range of perceptual and cognitive factors previously implicated in 

clinical VH (numerous populations), non-clinical UAE, and hallucination-proneness, 

may play a role in non-clinical UVE. The following sections will discuss the theoretical 

implications of the findings from Chapters Three and Four.  

Theoretical implications. 

No role of poorer low-level vision in UVE. In contrast to findings in clinical 

populations, the results in Chapter Three failed to find poorer VA and CS in individuals 

with more frequent UVE. There are a couple of possible explanations for these 

differences. One possibility is that the degree of visual loss needs to reach a particular 

threshold of severity or duration before it is associated with VH (e.g., ffytche, 2009). 

While both corrected and uncorrected VA and CS were measured in Chapter Three of 

this thesis (which covered a range of performance values), the descriptive statistics 

suggested that there were few extreme values. This may have resulted in less power to 

detect a correlation in this sample. The degree of severity argument is supported by 

findings that the rate of VH in eye disease is a function of degree of visual loss (ffytche, 

2009), and that spontaneous improvement of visual function or ophthalmologic 

treatment can reduce, or even eliminate, VH in this population (McNamara, Heros, & 

Boller, 1982). This argument also applies to non-clinical samples, as UVE can be 

elicited in healthy participants during extended sensory deprivation (see Merabet et al., 
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2004). Thus, sensory loss may play a role in both clinical VH and non-clinical UVE, but 

via different pathways. That is, in clinical populations such as eye disease, 

neurodegenerative disease, and psychosis, in which VA and/or CS impairments can be 

found, VH may be the result of more severe and longer-lasting sensory loss, perhaps 

due to functional and structural changes of the retina (Bernardin et al., 2017) that are 

accompanied by neurobiological changes (e.g., changes in dopamine and acetylcholine) 

and cognitive deficits associated with changes in frontal and sensory regions of the 

brain. In contrast, in non-clinical populations, it may be speculated that visual loss is 

typically short lasting and transient (i.e., temporarily induced), and may only elicit UVE 

when at a particular level of severity and duration (which was not considered in the 

current thesis). However, given that UVE are not always associated with temporary 

visual deprivation, it appears that the presence of other cognitive factors (e.g., top-down 

processes), in addition to some form of sensory loss, may increase a person’s chance of 

reporting UVE. 

Little support for neurodegenerative disease VH models in UVE. The finding 

that more frequent UVE (and experiences in other modalities) were associated with 

earlier and accurate object recognition contrasts expectations based on the 

neurodegenerative disease literature. It is possible that object recognition impairments 

seen in neurodegenerative disease are associated with cortical pathology, given that 

individuals in this population who experience VH show grey matter loss and disruption 

in fronto-parietal regions (Pezzoli, Cagnin, Bandmann, & Venneri, 2017), which is 

associated with visual attention and related processes such as object recognition. 

Overall, non-clinical UVE may therefore not be associated with object recognition 

deficits like those associated with VH in neurodegenerative disease. In combination 

with the VA and CS results, this suggest that non-clinical UVE do not align well with 

the Perception Attention Deficit model of VH (Collerton, Perry, & McKeith, 2005). A 
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similar conclusion was advanced by Van Ommen et al. (2016) who found that this 

model did not fit their findings on VH in psychosis, which they attributed to different 

biological substrates underlying VH in psychosis and neurodegenerative disease. 

No link between intentional inhibition and UVE. The lack of an association 

between UVE (and UAE) and intentional inhibition in Chapter Three was unexpected 

and contrasts with previous findings of an association between poorer inhibition and 

non-clinical hallucination-proneness (Badcock, Mahfouda, & Maybery, 2015; Paulik, 

Badcock, & Maybery, 2007), clinical auditory hallucinations (Badcock, Waters, 

Maybery, & Michie, 2005; Soriano, Jiménez, Román, & Bajo, 2009; Waters, Badcock, 

Maybery, & Michie, 2003; Waters, Badcock, Michie, & Maybery, 2006), and 

hallucinations in neurodegenerative disease (Barnes & Boubert, 2008; Boubert & 

Barnes, 2015; El Haj, Gallouj, Dehon, Roche, & Larøi, 2018; Sanchez-Castaneda et al., 

2010). It is possible that intentional inhibition difficulties are related to severity of USE, 

and only evident at extreme ends of the non-clinical continuum (Badcock & Hugdahl, 

2014). This is supported by the fact that previous hallucination-proneness studies have 

typically selected the more extreme cases (e.g., lower and upper 10%) based on their 

scores on the Launay-Slade Hallucination Scale (e.g., Badcock et al., 2015; Paulik et al., 

2007). This contrasts with the correlational and regression approaches used in this 

thesis, which are based on a continuous distribution of USE scores. 

It is also possible that inhibition may not play a major role in non-clinical UVE, 

or USE generally, and that deficits in this process are more associated with the complex 

cognitive and cortical changes that can accompany psychotic disorders and other 

clinical populations (e.g., neurodegenerative disease). This is supported by the fact that 

findings regarding inhibition difficulties in non-clinical samples are mixed (Badcock et 

al., 2015), and that individuals with psychotic disorder have been found to have more 
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widespread cognitive thinning (including frontal, parietal, and temporal areas) 

compared to non-clinical individuals with auditory verbal hallucinations (van Lutterveld 

et al., 2014). Overall, the results in Chapter Three suggest intentional inhibition may not 

play a major role in non-clinical UVE or USE generally. However, it is possible that 

such impairments do exist on a continuum with psychotic disorder, with inhibition 

deficits seen in individuals with more pronounced pathology and USE. 

A role for atypical information processing and perceptual inference models in 

UVE. The pattern of findings associated with UVE (and USE more generally) in 

relation to the temporal processing, object recognition, inhibition, MCB, and cognitive 

biases tasks/questionnaires, collectively suggest that changes in the way information is 

processed may be a common denominator in such phenomena. Indeed, shifts in the way 

information is processed, and how this may link to more frequent UVE (and USE 

generally), may be explained by perceptual inference models (Bayesian hierarchical 

constructionist models) of subjective perception. Within a Bayesian framework, 

perception is regarded as a belief construction process, which has a goal of trying to 

explain or predict sensory input rather than reflecting reality (Jardri & Denéve, 2013). 

In such models, this process of inference occurs in a hierarchical causal nature, such that 

a cause in one level of neural processing has causal flow-on effects at lower levels of 

neural processing (e.g., sensory processing), with these influential processes occuring 

simultaneously (Jardri & Denéve, 2013).   

In regard to hallucinations, Friston’s (2005, 2010) hierarchical generative model 

of hallucinations essentially proposes that such phenomena may result from an 

underestimation of the degree of uncertainty or noise when prior expectations are given 

too much weight. In addition, Fletcher and Frith (2009) proposed that the positive 

symptoms in schizophrenia (including hallucinations) may result from false prediction 
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errors that spread through the cortical hierarchy. More recently, Powers III, Kelley, and 

Corlett (2016) continued this notion by suggesting that hallucinations may result from 

placing excessive weight on priors (expectations, beliefs, and emotions). Such models 

essentially suggest that the effect of top-down factors, which may be more heavily 

weighted, will fill in the gaps in perception if the signal quality or content is reduced. 

These models have received support from studies in both clinical populations who 

experience hallucinations and hallucination-prone individuals in non-clinical 

populations (Davies, Teufel, & Fletcher, 2017; Horga, Schatz, Abi-Dargham, & 

Peterson, 2014; O’Callaghan, Kveraga, Shine, Adams Jr, & Bar, 2017; Powers, Mathys, 

& Corlett, 2017; Teufel et al., 2015). Importantly, shifts in information processing (e.g., 

down-weighting of sensory input and over-reliance on top-down information) have been 

found to be associated with hallucinations in numerous clinical populations, such as 

early psychosis (Teufel et al., 2015), Parkinson’s disease (O’Callaghan et al., 2017; but 

see Straughan, Collerton, & Bruce, 2016) and schizophrenia (Horga et al., 2014), but 

also non-clinical auditory hallucinations (Alderson-Day et al., 2017).  

Evidence in the current thesis in support of this model, with its purported shift in 

information processing, includes the following: 

1. Earlier, accurate object recognition. The finding that individuals with more 

frequent UVE (and USE more generally) showed earlier, accurate object 

recognition contrasts with the neurodegenerative disease VH literature, but is in 

line with perceptual inference models of object recognition (O’Callaghan et al., 

2017) and similar findings in the non-clinical hallucination-proneness literature. 

For example, Teufel et al. (2015) found that rather than exhibiting performance 

deficits, non-clinical individuals who are prone to USE and those with early 

psychosis exhibited atypical information processing in which there was a shift 
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toward favouring previous knowledge over incoming sensory stimuli. 

Furthermore, Davies et al. (2017) also found that hallucination-proneness was 

associated with an advantage in extraction of detailed visual information due to 

over-reliance on prior knowledge.  

Overall, the findings in this thesis therefore support the suggestion that 

individuals with more frequent UVE (and USE more generally) may have an 

atypical information processing style in which previous knowledge is used to 

recognise objects. As noted by Teufel et al. (2015), while this type of atypical 

information processing may lead to performance benefits (e.g., increased 

discrimination sensitivity, or d’) in particular experimental tasks, it may lead to 

an increased chance of USE in a day-to-day environment. As discussed in 

Chapter Three, the fact that mood was also associated with a similar information 

processing style lends some support to the notion of ‘perceptual hypervigilance’ 

in which attention is increased toward objects that are the focus of attention 

(Dodgson & Gordon, 2009; Garwood, Dodgson, Bruce, & McCarthy-Jones, 

2015). However, one problem with this account is the lack of increased false 

alarms or liberal response bias by individuals with more frequent USE in 

Chapter Three, which would be expected during higher levels of arousal and a 

hypervigilant state (Dodgson & Gordon, 2009; Dudley et al., 2014). Further 

investigation is needed to disentangle these seemingly contrasting findings from 

the previous literature and current results. Specifically, studies should explore 

whether the apparent advantageous shifts in visual processing found to be 

associated with higher frequency of USE can be reconciled with the increased 

false alarms and liberal responding often found to be associated with these 

phenomena.  
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2. Poorer Visual Temporal Processing. While the results in Chapter Three showed 

that UVE and UAE were not specifically related to poorer temporal processing, 

this finding does not necessarily rule out the role of temporal processing in these 

phenomena. The results did show that poorer visual temporal processing was 

related to the ‘OM’ variable (summed score of olfactory, gustatory, bodily 

sensations, and sensed presence), and as discussed in Chapter Three, the fact 

that UVE and UAE were not associated may be related to the nature of the OM 

variable. Specifically, this variable may indicate experiencing multiple 

modalities of USE or a higher frequency of USE. This is consistent with 

Stevenson et al.’s (2017) finding that deficits in temporal processing were linked 

to the severity of hallucinations in schizophrenia. Thus, the results do support 

the notion that poorer temporal processing may be implicated in non-clinical 

USE to some degree. Indeed, accurate temporal processing is crucial in being 

able to form a coherent and unified perception of the environment (Wallace & 

Stevenson, 2014). Thus, it is an important form of information processing 

which, when impaired, can have detrimental consequences for cognition, 

behaviour, and perception (Wallace & Stevenson, 2014). It could be speculated 

that such consequences may then affect other cognitive processes in ways that 

may further increase the risk of UVE (and USE). For example, poorer temporal 

processing may increase the likelihood that a person will rely on top-down 

processing if their incoming sensory input is not integrated and coherent, 

potentially leading to more frequent USE. 

 

3. Role of Higher-Order Factors (Meta-Cognitive Beliefs and Biases). The overall 

pattern of MCB associated with USE (poorer cognitive confidence, increased 

attention to threat) and higher levels of delusional ideation (negative beliefs 
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about uncontrollability/danger and need to control thoughts, increased attention 

to threat, and increased external attribution) appears of importance. Specifically, 

this same pattern of associations with USE and delusional ideation has been 

found in individuals with an at-risk mental state (Cotter, Yung, Carney, & 

Drake, 2017) and those with psychosis (Sellers, Wells, Parker, & Morrison, 

2018). Furthermore, such higher-order factors may relate to changes in other 

cognitive processes described above. For example, poorer temporal processing 

may increase factors such as anxiety (consistent with the associations of beliefs 

and biases with mood in Chapter Four) due to a distrust of one’s conscious 

experience, and may explain an increase in cognitive biases such as attention to 

threat and a reduced confidence in one’s memory and attention (as found in 

Chapter Four). Additionally, the conservative bias (i.e., participants with higher 

levels of USE were more likely to say they had not seen a picture before) 

observed in the inhibition task in Chapter Three may possibly be associated with 

reduced cognitive confidence, as it can also represent perceptual or memory bias 

(Witt, Taylor, Sugovic, & Wixted, 2015).  

Furthermore, the pattern of relationships among the MCB, cognitive 

biases, USE, delusional ideation, and mood variables, points to potential 

explanations regarding how such factors may influence each other. For example, 

a reduction in cognitive confidence (associated with USE) may consequently 

lead to an associated increase in negative beliefs about the uncontrollability and 

danger of thoughts, the need to control one’s thoughts, and a tendency to 

externally attribute internal events (associated with delusional ideation). This 

may ultimately lead to increased negative affect, and further reinforce reduced 

confidence in one’s cognitive processing. This suggestion is in-line with 

previous findings that a combination of both USE and delusions is linked to 
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greater affective dysregulation and persistent psychotic-like phenomena (Nuevo, 

van Os, Arango, Chatterji, & Ayuso-Mateos, 2013; Smeets et al., 2012). While 

such examples are speculative, and causality could not be determined given the 

correlational nature of the study reported in Chapter Four, such findings 

highlight that the relationship between USE, delusional ideation, mood, and 

higher-order information processing factors may hold particular importance in 

understanding aetiology of non-clinical USE.                           

Overall, the findings described above speak to the potential importance of 

information processing shifts in the aetiology of UVE (and USE more generally). They 

also suggest that top-down information processing factors may play a more significant 

role than sensory processing (i.e., bottom-up factors) in non-clinical UVE. This is in 

line with recent perceptual inference accounts of VH which implicate the role of top-

down influences including biases, object recognition, emotion, and contextual 

associations (see O’Callaghan et al., 2017).  

Psychosis continuum and pathways to UVE. Overall, the results of this thesis 

regarding cognitive mechanisms underlying UVE provide inconsistent evidence for the 

psychosis continuum model, according to which factors found to be associated with 

clinical VH (and similar extreme experiences in other hallucination modalities) may be 

found at attenuated levels in non-clinical individuals who experience UVE. The 

constellation of changes in information processing described in the section above, and 

the strong co-occurence of delusional ideation and mood problems, support the notion 

of a continuum. For example, poorer temporal processing has also been found in 

individuals with psychosis (Schmidt, McFarland, Ahmed, McDonald, & Elliott, 2011) 

and schizophrenia (Capa, Duval, Blaison, & Giersch, 2014; Davalos, Kisley, & Ross, 

2003; de Boer-Schellekens, Stekelenburg, Maes, Van Gool, & Vroomen, 2014; 
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Foucher, Lacambre, Pham, Giersch, & Elliott, 2007; Giersch et al., 2009; Stevenson et 

al., 2017; Zhou et al., 2018). In addition, as discussed, the pattern of MCB and cognitive 

biases found in Chapter Four is similar to that previously found in at-risk mental state 

(Cotter et al., 2017) and psychosis (Sellers et al., 2018) populations. The strong 

relationships between USE, delusional ideation, and mood problems found in Chapters 

Three and Four is consistent with a psychosis continuum, as affective disturbance is 

known to play a role in the onset and maintenance of psychotic-like experiences and 

psychotic disorder (Johns et al. 2014; van Os & Reininghaus, 2016; van Rossum, 

Dominguez, Lieb, Wittchen, & van Os, 2011). Thus, this constellation of processes 

found may be important in regard to vulnerability to psychosis. 

However, the finding that poorer VA, CS, inhibition, and particular higher-order 

information processing factors (e.g., positive beliefs about worry, jumping to 

conclusions bias, and belief inflexibility bias) were not associated with UVE/USE 

contrasts with the clinical literature, and so is not consistent with the notion of a 

continuum. This is not the first non-clinical study to find evidence inconsistent with the 

psychosis continuum model, with Garrison et al. (2017) finding non-clinical individuals 

prone to auditory hallucinations did not show difficulties in source monitoring, which 

would be expected based on the psychosis literature (e.g., Brébion, Ohlsen, Bressan, & 

David, 2012; Woodward, Menon, & Whitman, 2007). As previously discussed, in 

contrast to non-clinical populations, sensory and cognitive deficits in clinical 

populations may be more related to functional and structural changes in the retina 

and/or neurobiology. 

Overall, the results reported in this thesis suggest that non-clinical UVE may 

have different underlying mechanisms to clinical VH in neurodegenerative disease and 

eye disease, but may share some similar (but attenuated) underlying modality-
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independent processes to USE in psychosis. Thus, there may be multiple pathways that 

can lead to non-clinical UVE, based on a range and combination of biological, 

sociodedemographic, cognitive, and contextual factors. This is consistent with Yung et 

al.’s (2009) proposition of three broad categories of experience for psychotic-like 

phenomena: (i) those specific to psychosis risk and indicate vulnerability to psychotic 

disorder, (ii) those that relate to other non-psychotic disorders such as anxiety and 

depression (i.e., transdiagnostic), and (iii) those that are not associated with any clincial 

disorder. This is similar to van Os and Reininghaus’s (2016) more recent suggestion of 

an ‘extended psychosis phenotype’ and transdiagnsotic psychosis phenotype. As noted 

by Yung and Lin (2016), there is a range of factors that determine whether someone 

develops a clinical disorder (psychotic or non-psychotic), including the frequency, 

persistence, and intensity of symptoms, the presence of cognitive dysfunction, 

attributional processes and information processing styles, distress, genetic risk, and 

history of childhood maltreatment. Further evidence lending support to the idea of 

different pathways to UVE and VH is the divergence in phenomenology in different 

populations. For example, VH in eye disease are typically simple in nature, comprising 

of lights, flashes, and geometric designs. In contrast, VH in Parkinson’s disease are 

typically complex and often consist of people known to the person (often deceased). In 

psychosis, VH are often of elaborate scenes which are associated with affect-inducing 

contents (Waters et al., 2014). In non-clinical populations, there appears to be a range of 

UVE including more minor phenomena such as illusions, misperceptions, and also 

transient hallucinations, which arise on top of ‘psychosis-proneness’. 

In light of the findings in this thesis, non-clinical UVE may therefore have 

different pathways. We might speculate that these might include (i) UVE that indicate 

risk for psychotic disorder and are associated with factors suggesting vulnerability to 

psychosis (e.g, atypical information processing changes described in the previous 
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section), (ii) UVE associated with mood disturbance, and (iii) UVE not associated with 

clinical disorder (e.g., due to state factors such as drug use, religious practices, illness, 

and temporary sensory loss or disruption).  

Methodological Implications. 

Consider co-existing factors and differentiate ‘psychotic-like’ experiences. The 

inclusion of co-existing factors (e.g., mood problems and delusional ideation) and the 

associated findings in Chapter Three and Four raised some important issues for future 

research. Specifically, the high correlations between UVE (and USE), delusional 

ideation, and mood, and the finding that higher levels of all of these variables were 

associated with similar cognitive processes, supports the notion of shared underlying 

cognitive mechanisms. Mood problems and delusional ideation appeared to account for 

a lot of shared variance in the associations between USE and the numerous cognitive 

factors measured in Chapter Three, and in Chapter Four they correlated with most 

MCB and cognitive biases. Thus, in support of theories and models that emphasise the 

importance of affect alongside psychotic-like experiences (e.g., Freeman & Garety, 

2003; Garety, Kuipers, Fowler, Freeman, & Bebbington, 2001; Morrison, 2001; van Os 

& Reininghaus, 2016), it appears crucial for future studies of UVE, and USE generally, 

to assess such factors in their investigations. Failure to do so may lead to erroneous 

conclusions about what may constitute a unique or shared mechanism underlying USE, 

delusional ideation, and mood problems.  

Lastly, the finding that USE and delusional ideation were associated with mostly 

different meta-cognitive and cognitive biases profiles in Chapter Four emphasises the 

importance of measuring these constructs separately. That is, rather than measuring 

‘psychotic-like experiences’ as one construct, USE and delusions are constructs that 

need to be measured separately. As emphasised by McGorry and Nelson (2016), 
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comorbidity (and co-existing factors) should be considered the rule rather than the 

exception, especially given that the boundaries between different phenotypes are 

unclear and commonly overlap. 

Summary. My investigation of the underlying perceptual and cognitive 

mechanisms in non-clinical UVE has made a significant contribution to the literature. 

There are numerous implications of the findings. These include: (i) poorer VA and CS 

as measured in this thesis are unlikely to play a role in non-clinical UVE; (ii) models of 

VH in clinical populations (e.g., neurodegenerative disease) may have limited 

applicability in non-clinical UVE; (iii) intentional inhibition difficulties may not play a 

primary role in non-clinical UVE; and (iv) atypical information processing may have 

relevance to non-clinical UVE, and this is consistent with perceptual inference models 

of hallucinations. 

The findings also provided evidence for the following conclusions relating to 

broader theory and methodology: (i) some cognitive factors related to UVE support the 

notion of a psychosis continuum, but it is likely there are multiple pathways to UVE; 

and (ii) consideration of co-existing factors and the differentiation of ‘psychotic-like’ 

experiences (i.e., USE and delusions) is important in future studies. 

Contribution III: Exploring Modality-Specific and Modality-Independent 

Processes 

This thesis also contributed to the literature by exploring modality-specific (i.e., 

pertaining to the visual domain) and modality-independent processes (i.e., pertaining to 

all modalities of USE) in Chapters Three and Four. The exploration of non-clinical 

USE modalities other than the auditory modality has been rare. Aside from a handful of 

studies on MCB in which UVE were investigated alongside UAE (García-Montes, 

Cangas, Pérez-Álvarez, Fidalgo, & Gutiérrez, 2006; Larøi & Van der Linden, 2005b; 



 

Page | 289  

Morrison et al., 2000; Morrison, Wells, & Nothard, 2002; Morrison & Petersen, 2003), 

studies comparing cognitive processes underlying different modalities are non-existent. 

While the high correlation between modalities may lead to assumptions that the 

cognitive processes underlying them are generalised and modality-independent, there is 

actually little evidence to support this claim either way.  

This thesis addressed this gap by exploring modality-independent and modality-

specific processes in two ways; specifically, (i) investigating factors expected to be 

specific to the visual modality (i.e., VA, CS, and object recognition) versus those 

expected to be modality-independent (e.g., temporal processing, inhibition, MCB, and 

cognitive biases) and (ii) comparing the results associated with UVE to those with UAE 

and other modalities (e.g., ‘Other Modalities’ variable in Chapter Three, which 

comprised olfactory, gustatory, bodily sensations, and sensed presence modalities). This 

is also the first time in the non-clinical USE literature that other modalities have been 

considered alongside the auditory and visual modalities regarding their possible 

underlying cognitive processes. Little evidence was found to support the role of visual-

based factors (VA, CS, and object recognition) in UVE, or differences between different 

modalities. That is, for the specific factors investigated in this thesis, associations found 

between cognitive factors and USE appeared to be modality-independent.  

Theoretical implications. 

Preliminary support for modality-independent processes. The findings in this 

thesis therefore provide some important preliminary evidence for the presence of 

modality-independent processes (i.e., earlier and accurate object recognition, poorer 

temporal processing, and the MCB and cognitive biases profiles described above) for 

the different modalities of non-clinical USE. This suggests that there are shared 

underlying mechanisms across different modalities, which may also be influenced by 
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mood and delusional ideation. The findings in Chapter Three also suggest that the 

presence of more than one modality of USE may be associated with a reduction in the 

efficiency of particular cognitive processes (i.e., temporal processing). These findings 

must be considered tentative in light of the paucity of available research to support these 

results. In addition, the results of Chapter Two relating to the structural model 

associated with the MUSEQ did provide some evidence that modality-specific and 

modality-independent variances does exist, suggesting such explorations may still be 

fruitful. 

Thesis Limitations and Strengths 

 In addition to the strengths and limitations specific to the individual empirical 

chapters, there were some general limitations and strengths of the thesis as a whole, 

which are reviewed below. 

Limitations 

 Clinical group comparison and sampling. The use of clinical comparison 

samples in Chapters Three and Four; specifically, individuals who experience VH in 

populations such as psychotic disorder, neurodegenerative disease, and eye disease, may 

have strengthened these investigations. This would have provided the opportunity to 

compare performance of non-clinical and clinical samples on the tasks and 

questionnaire measures, which would have further validated the use of particular tasks. 

For example, if individuals with eye disease reporting VH were recruited and performed 

significantly more poorly on the VA and CS tasks, or individuals with a 

neurodegenerative condition reporting VH performed significantly more poorly on the 

object recognition and inhibition tasks, this would have assisted interpretation of the 

lack of association between more frequent UVE and performance on these tasks in the 

non-clinical sample. Despite this, some of the findings in this thesis (e.g., lack of 
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association between UVE and intentional inhibition) contrast with the results of 

previous studies that did use non-clinical samples (e.g., Badcock et al., 2015; Paulik et 

al., 2007). Furthermore, if non-clinical USE do in fact have different aetiology from 

clinical hallucinations, then the sole focus on non-clinical UVE remains an important 

avenue of exploration. In addition to this limitation, the non-clinical samples in this 

thesis were predominantly comprised of undergraduate university students, with the 

exception of the community participants recruited during development of the MUSEQ 

(Chapter Two). It is possible that student samples have limited generalisability to the 

broader non-clinical population, with such samples often comprised of mostly younger 

individuals (i.e., late teenage years). However, previous findings suggest few 

differences would be expected in the frequency of USE between the students and 

general community. For example, delusional experiences, but not hallucinatory 

experiences, have been found to occur more frequently in student populations compared 

to non-students from the general population (Lincoln & Keller, 2008), as well as in 

younger (aged 18-29 years) compared to older (aged 60 years and older) individuals 

(Lincoln & Keller, 2008; McGrath et al., 2015). 

Screening for state factors. Another limitation of this thesis is that state factors 

(i.e., temporary induced states or environments that can elicit USE) that may contribute 

to UVE were not screened for during development of the MUSEQ (Chapter Two), or 

during measurement of UVE in Chapters Three and Four. The occurrence of UVE has 

previously been linked to drug use (Ohayon, 2000; Rognli, Bramness, Skurtveit, & 

Bukten, 2017) and other ‘state’ factors such as temporary sensory deprivation (Merabet 

et al., 2004). It is not uncommon for measures of USE to ask participants to exclude any 

experiences that occurred during the use of substances (e.g., Cardiff Anomalous 

Perception Scale; Bell et al., 2006). While these factors are important to consider, the 

literature on non-clinical UVE is still in its infancy. For this reason, investigating the 
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role of such factors was considered beyond the scope of this thesis given the limited 

research on cognitive factors in UVE. Furthermore, the MUSEQ was intended to 

measure all types of USE across its six modalities regardless of their underlying 

aetiology, and without excluding particular experiences.  

Strengths  

Range of cognitive tasks. This thesis was strengthened by the use of a range of 

experimental tasks in Chapters Three and Four. Given the paucity of research on non-

clinical UVE, it was deemed more useful to target both bottom-up and top-down 

processes, rather than focus on a single cognitive process or task (e.g., inhibition). This 

approach also allowed the exploration of multiple theories, models, and cognitive 

processes associated with various clinical populations that experience VH, non-clinical 

UAE, and hallucination-proneness. As previously discussed, the findings of the thesis 

suggest that focusing on top-down cognitive factors and state factors may be productive 

in non-clinical USE research. 

Consideration of co-existing factors. The consideration of the role of other 

factors that commonly co-exist with UVE (and USE generally), such as mood problems 

and delusional ideation, was an additional strength of this thesis. Despite the well-

documented link between USE and these two factors (e.g., Cella, Cooper, Dymond, & 

Reed, 2008; Larøi & Van Der Linden, 2005b; Paulik, Badcock, & Maybery, 2006; 

Pechey & Halligan, 2012; Stainsby & Lovell, 2014), investigations into non-clinical 

USE still fail to consider the potential role of these factors (e.g., Alganami, Varese, 

Wagstaff, & Bentall, 2017; Garrison et al., 2017). While it is not possible to control for 

every potential covariate, mood and delusional ideation at least warrant consideration 

given they may be associated with similar underlying cognitive processes, or may 

interact in a way that contributes to more ‘at-risk’ mental state. This is supported by the 
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findings from Chapters Three and Four of this thesis, in which delusional ideation and 

mood appeared to play a significant role in many of the associations between cognitive 

factors and USE. Chapter Four however showed that unique associations between UVE 

cognitive factors could still be found when such covariates are controlled for. Including 

covariates in investigations on UVE, and USE generally, is therefore an important step 

in determining potential unique and shared underlying processes in affective and 

psychotic-like experiences. 

Drawing on a range of clinical and non-clinical literature. A final strength of 

this thesis was in drawing on clinical VH, psychosis, non-clinical UAE, and 

hallucination-proneness literatures in order to establish what cognitive factors may be of 

relevance to non-clinical UVE. Typically, the non-clinical USE literature tends to focus 

on the psychosis continuum, which explores similarities to psychotic disorder. 

However, there is now an increasing awareness that comparisons across different 

diagnostic classes and populations, as well as exploring the dynamics between different 

symptoms, is a more realistic approach to understanding aetiology and symptom 

manifestation (Buckholtz & Meyer-Lindenberg, 2012; Goschke, 2014; Wigman, de 

Vos, Wichers, van Os, & Bartels-Velthuis, 2017). An alternative approach to this thesis 

would have been to focus solely on the cognitive factors found to be associated with 

non-clinical UAE and apply these to the investigations on UVE. However, such an 

approach would have prevented the exploration of modality-specific factors, which was 

informed by the clinical VH literature.  

Future Research Directions 

 This thesis raises a number of avenues for future studies of non-clinical UVE, 

and USE more broadly. One avenue would be to build upon the findings in this thesis 

by comparing non-clinical individuals who experience frequent UVE to individuals in 
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clinical populations who experience VH (i.e., eye disease, neurodegenerative disease, 

and psychosis) on the tasks measured in Chapters Three and Four. This would allow the 

possible replication of the findings in this thesis, and investigate whether clinical 

samples with VH do in fact perform more poorly on those tasks on which deficits would 

be expected. At a broader level, it may also be of interest to conduct a neuroimaging 

study on non-clinical and clinical samples with UVE/VH to investigate similarities and 

differences in neural activation between these populations. This would help guide 

research as to what cortical areas (and associated cognitive mechanisms) may be 

involved in non-clinical UVE, compared to clinical VH. 

A second direction for future studies could be to further explore the role of state 

factors (e.g., drug use, illness, temporary sensory loss, social stress, and transient 

affective states) in non-clinical UVE compared to other modalities of USE. There is 

typically a focus on more stable trait factors in USE, such as those investigated in this 

thesis. However, given the current findings suggest that there may be few similarities 

between non-clinical UVE and clinical VH, consideration of state factors and contexts 

in which non-clinical UVE are experienced seems warranted.  

 The findings that non-clinical UVE may be associated with a constellation of 

atypical information processing factors discussed previously also warrants further 

consideration, especially in light of perceptual inference models of hallucinations. 

Future studies may further explore how the factors identified in this thesis as appearing 

to comprise this information processing style (earlier and accurate object recognition, 

poorer temporal processing, and dysfunctional MCB and biases) are related to USE. 

Such a study would ideally be longitudinal in nature, and could also include a group of 

individuals who are at risk of psychosis and/or a group of individuals with psychosis. 

This would help establish the potential temporal nature of changes in these factors and 
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how they may contribute to USE in different modalities, as well as explore whether this 

constellation of factors is indeed important for psychosis risk. Of the factors explored, 

investigating the role of poorer cognitive confidence in non-clinical USE may be a 

particular area of importance for future investigations, given that poorer cognitive 

confidence has been found in a range of populations that experience USE, including 

individuals with an at risk mental state (Cotter et al., 2017), psychosis/psychotic 

disorder (Lobban, Haddock, Kinderman, & Wells, 2002; Morrison & Wells, 2003; 

Sellers et al., 2018), obsessive compulsive disorder (Hermans et al., 2008), and a range 

of anxiety disorders (Barahmand, 2009; Lobban et al., 2002). Additionally, the 

importance of accurate temporal processing in forming a coherent perception of the 

environment warrants its consideration in future non-clinical studies on USE, especially 

given the findings regarding temporal processing in this thesis. Specifically, it may be 

of interest to further explore whether, and how, changes in temporal processing may 

relate to the severity of USE (i.e., is there a dose-response style of relationship between 

the severity of USE and poorer temporal processing). 

 Lastly, the investigation of a modality other than the auditory modality in this 

thesis was a step forward for non-clinical USE research. Future studies could extend on 

the findings of this thesis and explore the role of modality-specific (e.g., sensory 

processing, relevant cortical areas) and modality-independent (e.g., higher-order beliefs, 

expectations, emotion, executive functioning) cognitive factors in other modalities of 

USE (e.g., bodily sensations, olfactory, gustatory, sensed presence). Once research into 

other modalities begins to flourish, our understanding of how different modalities are 

related, how often they co-occur, and whether there is a general temporal order in which 

they occur in non-clinical populations, can be enriched. 
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Concluding Remarks 

Despite knowledge that USE occur in multiple modalities in non-clinical 

populations, research to date has essentially been confined to UAE (especially auditory 

verbal hallucinations) and general hallucination-proneness. This has resulted in a 

paucity of research on USE in other modalities, and knowledge about their underlying 

cognitive mechanisms is extremely limited or non-existent. With a focus on the visual 

modality, this thesis made significant contributions to the literature by creating a new 

self-report scale (MUSEQ) to measure UVE and USE in other modalities, investigating 

the role of a range of perceptual and cognitive factors in non-clinical UVE, and 

conducting investigations on whether the perceptual and cognitive factors associated 

with UVE are modality-specific or modality-independent. Based on the findings 

presented in this thesis, it is likely that non-clinical UVE have different causes to VH in 

clinical populations (including eye disease and neurodegenerative disease), and that 

multiple pathways could lead to non-clinical UVE. However there was some evidence 

for a continuum with psychosis in regard to a shift to atypical information processing 

accompanied by increased mood problems and delusional ideation. Furthermore, there 

was evidence for modality-independent processes across different modalities of non-

clinical USE.  

In conclusion, without investigations such as those conducted in this thesis, it is 

likely that knowledge about USE in other modalities in non-clinical populations will 

remain impoverished and lead to potentially erroneous assumptions about what the 

presence of such phenomena means and why they occur. Thus, it is crucial that future 

research explores other modalities of USE and how they may differ in aetiology to 

clinical hallucinations. The findings in this thesis are a testament to this, and it is hoped 

that future investigations into other modalities of USE may further enrich our 

understanding of these unusual and fascinating phenomena. 
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