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Abstract 

The resting state hypothesis is a recent theoretical account of auditory verbal (A VH) 

hallucinations in schizophrenia, which is an alternative to the conventional 

explanation of the forward model. This study aimed to test one component of the 

hypothesis, termed the rest-stimulus interaction, using electroencephalography. 

Using schizotypy as a proxy for schizophrenia, 28 psychology students were 

recruited into high/low schizotypy groups. Event-related potentials (ERP) were 

recorded under two passive auditory conditions that specifically excluded the motor 

component associated with speaking in real time and that is intrinsic to the forward 

model. ERP peaks N 1 and P2 were analysed using a hierarchical regression 

approach, with schizotypy and hallucination experience separately tested as 

predictors and controlling for depression, anxiety, and stress. Schizotypy was 
w"l\::!A., 

associatedl a difference in the amplitude of the initial attentional response 

(represented by N 1) between the two conditions, but in the opposite direction to that 

predicted. This finding suggests that there may be an alternative mechanism to both 

the resting state hypothesis and the forward model. However, as expected, both 

schizotypy and hallucination experience predicted a difference in forward processing 

(represented by P2 amplitude) between the conditions. This finding supp011s the 

resting state hypothesis. These results provide initial support for the rest-stimulus 

interaction and present some challenge to the forward model. Future research needs 

to replicate these findings in a clinical population and include measurement of 

resting brain activity. 
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Schizophrenia is a complex and heterogeneous syndrome, experienced by 

approximately 0.5% of the Australian population (Saha, Chant, Welham, & 

McGrath, 2005). Auditory verbal hallucinations (A VH) are perhaps the most 

characteristic and distressing symptom, with more than 70% of individuals 

diagnosed with schizophrenia estimated to hear hallucinatory voices (Mawson, 

Cohen, & Berry, 2010). Generally negative, critical, and persistent, A VH frequently 

cause considerable distress and disruption to daily life, with 'command' 

hallucinations (telling the person to harm themselves or another person) considered a 

primary driving force for the elevated rates of suicide and self-harm associated with 

schizophrenia (Hor & Taylor, 2010). Current treatments may ameliorate some 

symptoms but are unable to completely control schizophrenia and medication may 

even be counter-indicated for some patients (Harrow & Jobe, 2007). This poor 

outlook is due to an inadequate understanding of the mechanisms involved in A VH 

and schizophrenia in the brain. This study examines a potential mechanism involved 

in A VH, the neural correlates of the misattribution of auditory stimuli. 

Models of A VH 

Historically, theoretical accounts of A VH have largely been concerned with 

defining the location and mechanics of processing and integrating auditory stimuli in 

the brain (Javitt, 2009). Generally, A VH have been conceptualised as resulting either 

from 'bottom-up' processes (how a percept is constructed from incoming auditory 

stimuli) or from 'top-down' processes (how the percept is interpreted through 

incorporation of previous knowledge or experience), or a combination of both. An 

example of a bottom-up model concerns a particular electrophysiological signal 

known as mismatch negativity (MMN), which arises in response to the auditory 

presentation of an unexpected stimulus (varying in type, intensity, or frequency) in a 



sequence of repetitive stimuli. MMN is a preattentive auditory change-detection 

response, occurring before the stimulus reaches conscious awareness (Javitt, 2000). 

In schizophrenia, reduced MMN has consistently been found in response to speech 

sounds as well as simple tones and has been associated with poor auditory 

perception, discrimination, and working memory, with deficits worsening with 

illness chronicity (Javitt, 2000, 2009; Naatanen & Kahkonen, 2009). 

The Forward Model 

3 

Several top-down models are based on the proposition that monitoring of the 

source of a sensory signal is impaired in schizophrenia, due to abnormalities in a 

mechanism known as the forward model (Ditman & Kuperberg, 2009; Wang, 

Metzak, & Woodward, 2011 ). In a healthy individual, prediction of the sensory 

sequelae of the person's own actions is thought to be accomplished by a copy of the 

motor signal (termed the efference copy) being sent directly to the relevant 

somatosensory cortex (Ford & Mathalon, 2005; Figure 1 ). The efference copy 

arrives before the sensory signal that results from the motor movement. In a process 

known as predictive coding, aITival of the efference copy produces an electrical 

discharge in the sensory cortex (termed corollary discharge). This has the effect of 

attenuating the response to the later-arriving sensory signal (Feinberg & Guazzelli, 

1999). However, if there are delays in conduction of the efference copy, predictive 

coding and corollary discharge cannot occur. Thus, the sensory consequences of the 

brain's own action are not suppressed and therefore may be mistakenly processed as 

and attributed to an external agency (Stephane, Friston, & Frith, 2009). 

Applied to AVH in schizophrenia, disruption of functional connectivity 

between frontal and auditory areas has been hypothesised to cause delays to 

corollary discharge, so that the brain's own auditory stimulus (thought) invokes 
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higher order processing and is misattributed to the speech of another person (Wang, 

et al. , 2011; Whitford , Ford, Mathalon, Kubicki , & Shenton, 2012). Consistent 

empirical evidence has recently accumulated in support of the forward model and a 

number of studies (discussed below) have focused on the experience of AVH in 

schizoplu·enia. 

motor signal Action sensory signal 

attenuated response 

Motor 
System 

efference copy 

Sensory 
Cortex 

corollary 
discharge 

Figure 1. Schematic representation of corollary discharge in the forward model. 

The difficulty of tickling oneself is a familiar instance of the brain ' s 

suppression of the sensory sequelae its own actions. A study conducted by 

Blakemore, Wolpert, and Frith (2000) with a healthy sample found that self-

administered tactile stimuli resulted in significantly less tickly sensations than the 

same stimuli applied robotically. Using functional magnetic resonance imaging 

(fMRI) with healthy participants, Blakemore et al. implicated the right anterior 

cerebellum in generating the signal that attenuated the response of the somatosensory 

and anterior cingulate cortices to self-administered tactile stimuli. The researchers 

then examined sensory suppression and its mechanisms in a clinical psychosis 

sample. They found that whereas healthy controls and psychosis patients without 

A VH and/or delusions of control reported that self-induced tactile sensation was less 

intense, tickly, and pleasant than experimenter-induced sensation, psychosis patients 

with A VH and/or delusions of control reported no such decrease. The authors 
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concluded that this failure to suppress perception of self-produced sensation suggests 

an abnormal forward model mechanism (Blakemore et al.). 

Convergently, other researchers were using electroencephalography (EEG) to 

study forward model deficits in schizophrenia. In an EEG auditory event-related 

potential (ERP) waveform, the first negative peak, approximately 100 ms post

stimulus, is known as N 1 or N 100 and is generally taken to reflect the initial, 

preconscious, attentional response in primary auditory cortex to the physical features 

of a sound stimulus as salient and requiring further processing (Basel & Tamm, 

2003; Naatanen, Kujala, & Winkler, 2011). The second positive peak in the ERP 

waveform, at approximately 200 ms post-stimulus, is known as P2 or P200 and is 

generally taken to represent an early stage of encoding and forward processing 

(passing the signal to secondary auditory cortex to begin processing its meaning; 

Basel & Tamm). Latency and amplitude of both peaks are closely related to volume 

and intensity of the auditory stimulus (Basel & Tamm) and amplitude of the auditory 

Nl/P2 complex has been found to be maximal at fronto-central electrode sites 

(Tremblay, Kraus, McGee, Ponton, & Otis, 2001). The Nl and P2 peaks have 

consistently been found to be reduced in individuals with schizophrenia (Foxe et al., 

2011; Salisbury, Collins, & McCarley, 2010) and also to have a high heritability 

index (Ahveninen et al., 2006). 

Using EEG to study the Nl response, Judith Ford and colleagues conducted a 

series of studies to examine the role of sensory suppression in A VH. In healthy 

controls, they found that N 1 amplitude was smaller in response to an actively spoken 

vowel ("Talk" condition") than in response to a passively heard vowel ("Listen" 

condition), but that this difference was not found in schizophrenia (Ford, Mathalon, 

Heinks, et al., 2001; Ford, Roach, Faustman, & Mathalon, 2007). A related study 
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observed that in healthy controls Nl amplitude was reduced in response to deliberate 

inner speech compared to silence but, again, not in schizophrenia (Ford, Mathalon, 

Kalba, et al., 2001 ). These results were taken to support the notion of a deficit in 

suppression of self-generated signals in A VH due to a failure of corollary discharge. 

Agency (being the producer of the sound) and expectancy (knowing what sound to 

expect) might offer alternative explanations for the suppression ofNl amplitude, but 

a further study found that the effect of these was too weak to account for reduced 

suppression in both control and schizoplu·enia groups and did not account for the 

differences between the groups in Nl suppression (Ford, Gray, Faustman, Roach, & 

Mathalon, 2007). From these and comparable studies, Ford's team have concluded 

that an abnormal cortical response to a self-generated auditory stimulus in 

schizophrenia may be associated with a dysfunction of corollary discharge and that, 

consequently, a person's spontaneous internal dialogue may be misattributed to an 

external source (Ford, Perez, & Mathalon, 2012). 

Other researchers have conducted investigations of white matter through 

diffusion tensor imaging (DTI). DTI is a magnetic resonance imaging technique 

measuring the nonrandom movement of water molecules in soft tissue (Jones & 

Leemans, 2011) and has been used to assess axonal (white matter) connectivity 

between distributed cortical (grey matter) regions (Whitford, Kubicki, & Shenton, 

2011 ). Clear evidence of volume deficits and compromised signalling in white 

matter tracts have been cited in support of the thesis that schizophrenia arises from 

faulty connectivity (Friston & Frith, 1995; Whitford, Kubicki, et al.). For example, 

in a study involving individuals with schizophrenia, first-degree relatives, and 

healthy controls, reduced integrity of the arcuate fasciculus was linearly associated 

with predisposition to positive symptoms of psychosis (Knochel et al., 2012). 
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Another study used DTI analysis of the arcuate fasciculus to predict cortical 

suppression (represented by Nl amplitude) in response to hearing a recorded syllable 

played back at different latencies following a button-press (Whitford, Mathalon, et 

al., 2011). This study found that immediate delivery of the auditory stimulus was 

associated with abnormal suppression in the schizophrenia group, consistent with 

previous studies. However, there was no difference from the control group following 

a 50 millisecond delay and the extent to which Nl suppression became normalised 

correlated with the extent of compromised integrity in the arcuate fasciculus. The 

study concluded that patients with schizophrenia experience delayed corollary 

discharge due to white matter deficits (Whitford, Mathalon, et al.). 

Despite these findings, as pointed out by Konrad and Winterer (2008), it is by 

no means clear whether defects in white matter tracts constitute a primary factor in 

schizophrenia or are secondary to dysfunction in grey matter structures. Indeed, a 

recent review by leaders in the field concluded that the anomalies that have been 

identified across a wide range of research studies are so diverse that a single 

pathophysiology underlying schizophrenia cannot be specified (Mathalon & Ford, 

2012). 

Efforts have been made to integrate bottom-up and top-down approaches. Most 

recently, Waters et al. (2012) proposed an integrated model of cognitive 

mechanisms. According to this, an internal auditory stimulus (e.g., inner speech) 

exceeds the threshold for perception (bottom-up) in the auditory cmiex due to 

hyperactivation of language-related areas and, due to the intensity of the resultant 

sensory experience, the stimulus is processed and interpreted (top-down) as 

externally generated. The model suggests that the form and content of an auditory 

experience is influenced by factors such as attention, emotion, and prior experience, 



while meaning is mediated by state and trait characteristics including, for example, 

negative affect, poor insight, and delusional beliefs (Waters et al.). However, 

process-driven models offer explanations of specific aspects of abnormal auditory 

processing in A VH but fail to account for key characteristics of auditory 

hallucinations. According to Northoff and Qin (2011), process theories have not 

accounted for why anomalies such as auditory cortex hyperactivation or failure of 

NI suppression should occur at all, why hallucinatory voices have consistent 

characters but do not sound like the person's own voice, and why A VH content is 

overwhelmingly self-related. 

A Default Mode of Brain Function 

8 

The increasing sophistication of neuroimaging of the brain has encouraged 

systems-level approaches to modelling cortical functioning. Of particular relevance 

is the identification of neural circuits that regularly covary in activation temporally, 

due either to intrinsic fluctuation or in response to an applied stimulus (Fox et al., 

2005; Raichle et al., 2001 ). Perhaps the most exciting discovery was the recognition 

of a set of midline regions that spontaneously and coherently anticorrrelate with an 

increase or decrease of activity in task-related circuits (Shulman et al., 1997). The 

observed increase in c011ical activity when the brain was not engaged in task-related 

activity was taken to represent a baseline state, consequently becoming known as the 

default mode and the associated regions as the default mode network (DMN; Raichle 

et al.). Researchers also found that maintenance of the at-rest state consumes up to 

80% of the brain's metabolic resources, while less than 5% more has been accounted 

for by task-related processing (Raichle & Mintun, 2006). Many studies since have 

confirmed the existence of the DMN (see Whitfield-Gabrieli & Ford, 2012, for a 

review) and, unexpectedly, it appears that the brain principally engages in intrinsic, 



highly organised, and functional activity, and that it is process-oriented evoked 

activity that is atypical (Damoiseaux et al., 2006; Rosazza & Minati, 2011 ). 

9 

The DMN has been robustly associated with self-referential processing, 

stimulus-independent thought, affective control, episodic memory, and the 

maintenance of conscious awareness (Gusnard & Raichle, 2001; Philippi, 2011 ). It 

appears to be a critical control system performing integrative, moderating, and 

mediatory operations across the cortex, including modulating attentional processes 

and coordinating task-related processing (Damoiseaux et al, 2006; Fox et al., 2005). 

Aberrant functioning of the DMN has been strongly associated with a range of 

psychopathologies, generating several excellent reviews and meta-analyses 

(especially, Broyd et al., 2008; Rosazza & Minati, 2011; Whitfield-Gabrieli & Ford, 

2012), and a number of fMRI studies have provided evidence of hyperactivation and 

hyperconnectivity of the DMN in schizophrenia. 

For example, in schizophrenia compared to healthy controls, poor perfonnance 

on working memory tasks has been associated with reduced suppression of DMN 

activation (Pomerol-Clotet et al., 2008; Whitfield-Gabrieli et al., 2009). Another 

study revealed differences in patterns of regional cortical activation between a 

schizophrenia group and healthy controls in response to an auditory oddball task and 

rest condition, leading to hyperactivation of the auditory cortex in schizophrenia 

being attributed to the influence of the DMN (Swanson et al., 2010). Again, a study 

of resting-state networks showed that individuals with A VH, compared to healthy 

controls, exhibited hyperactivity in speech-related areas of the temporal lobe and 

reduced connectivity between the auditory cortex and the anterior cingulum and 

precuneus (Wolf et al., 2011 ). The report concluded that A VH result from 

misattribution of inner speech, due to abnormal activation of the auditory cortex and 



disrupted modulation of auditory processing by networks that included the DMN 

(Wolf et al.). 

There appears to have been little investigation of the DMN using ERPs. 
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However, intracerebral EEGs acquired during pre-surgical assessment of epilepsy 

were consistent with fMRI findings, showing that key regions associated with the 

DMN deactivate during task-related processing (Jerbi et al., 2010) and identifying 

characteristic coherence of cortical activity at specific frequencies within the DMN 

(Ko, Darvas, Poliakov, Ojemann, & Sorensen, 2011). The scalp distribution of EEG 

spectra relating to resting state networks, including the DMN, have also been 

characterised (Jann, Kottlow, Dierks, Boesch, & Koenig, 2010). There is little with 

regard to schizophrenia specifically, although researchers have found that EEG 

microstates ( transient, subsecond periods of stable brain state) characterising the 

resting state are different in schizophrenia compared to healthy controls (Kindler, 

Hubl, Strik, Dierks, & Koenig, 2011; Nishida et al., 2013). 

The Resting State Hypothesis of A VH 

Synthesising such findings and taking a systems-level approach, Northoff and 

Qin (2011) put forward a new model termed the resting state hypothesis of A VH. 

This is predicated on the influence of abnormal DMN resting state activity on the 

functioning of the DMN as a control network. The first component of the resting 

state hypothesis, called the rest-rest interaction, proposes that elevated resting DMN 

activity causes elevated resting state activation in the auditory co1iex (illustrated in 

the left-hand peaks of Figure 2). This is deemed to imply reduced capacity of the 

auditory cortex for responding differentially to internal and external auditory signals 

(illustrated in the right-hand peaks of Figure 2). This leads to processing errors in the 

second component of the resting state hypothesis, called the rest-stimulus interaction. 
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Here, a thought or auditory memory is forward processed by primary auditory cortex 

as if it were an externally-generated sound and is treated as similarly salient. 

The resting state hypothesis attributes the self-relatedness of A VH to the over-

elaboration of self-referential thoughts and credits the non-self voice to a 

recombination of remembered voices, both arising from the supervening role of the 

DMN (Northoff & Qin; Northoff, Qin, & Nakao, 2010). The hypothesis thus 

accounts for core features of A VH that process-based models do not explain. 

However, while No11hoff and Qin drew on existing evidence to support their model, 

the model itself has not been tested. 

A Healthy subjects 

Intrinsic activity 

Spontaneous 
fluctuation 1' / 

Resting state in ___ f.// 
auditory cortex 

B Patients with AVH 

' ' ' \ 
\ 
\ 
\ '-----

Intrinsic activity 

External stimulus 

Large difference between 
stimulus and resting states 

External stimulus 

Spontaneo"' 1 / 
fluctuation / 

t Small difference between 
',,,\ .'V stimulus and resting states 

\-------------·--- --------- ------------------· 

Resting state in / 
auditory cortex 

Figure 2. Amplitude of auditory cortex resting state fluctuations compared to stimulus 
activation in (A) healthy individuals and (B) individuals with AVH. Left-hand peaks indicate 
intrinsic, spontaneous, activation in the resting state is abnormally elevated in AVH . Right
hand peaks indicate that activation induced by an external auditory stimulus has a reduced 
effect in AVH. Based on Northoff & Qin (2011). 
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Rationale for this Study 

The research rep01ied here investigated the role of the DMN in the 

misattribution of auditory signals in A VH, by testing the rest-stimulus interaction 

component of the resting state hypothesis (Northoff & Qin, 2011). As described 

above, the conventional explanation is the forward model, represented by the 

corollary discharge hypothesis. Corollary discharge has received some support from 

behavioural research and from electrophysiological studies that compare a 'speaking 

in real time' condition with a 'listening to a recording of own voice' condition ( e.g., 

Ford, Roach, et al., 2007). However, those investigations only examined Nl 

amplitude and did not consider possible causes of ERP suppression in the absence of 

motor signals triggering corollary discharge, such as the MMN mechanism (Graux et 

al., 2013) or temporal cueing (self-initiation of a stimulus provides a timing cue; 

Sowman, Kuusik, & Johnson, 2012), or the potential influence of the DMN. 

The resting state hypothesis predicts that elevated resting state activity reduces 

the capacity of the auditory cortex to discriminate internally and externally generated 

auditory signals; a thought or auditory memory is forward processed as if it is as 

salient as an external sound. An ERP study offers a relatively silent environment 

within which to administer an auditory paradigm and the fine temporal resolution 

permits dissection of the components of the cortical response (Sakkalis, 2011 ). The 

ERP suppression paradigm was adapted from Ford's laboratory, employing the 

syllable 'ah' as the vocal auditory stimulus and analysing Nl amplitude as a measure 

of the initial cortical response (Ford, Gray et al., 2007; Ford, Mathal on, Heinks, et 

al., 2001; Ford, Roach et al., 2007). 

However, to test the prediction, it is necessary to exclude the 

electromyographic signals (electrical signals emitted by muscles) associated with 
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speech which may promote corollary discharge. For the present study, rather than 

comparing conditions of speaking in real time and listening to a recording of the own 

voice, the paradigm compared passive listening to a recording of the own voice with 

passive listening to a recording of the voice of another person. 1 The paradigms of 

Ford and colleagues were also extended by analysing P2 amplitude as a measure of 

forward processing (Basel & Tamm, 2003), which to our knowledge has not been 

carried out previously. 

Schizotypy as a Proxy for Schizophrenia 

A recognised difficulty in schizophrenia research is the number of potential 

confounding factors that must be accounted for, including the number of years since 

diagnosis, the effects of medication, the high incidence of substance use among 

individuals with schizophrenia, and the impact of social and cognitive decline 

(Fonseca-Pedrero et al., 2008). However, there is a well established dimensional 

relationship between schizotypy and schizophrenia (van Os, Linscott, Myin-

Germeys, Delespaul, & Krabbendam, 2009) and research has demonstrated the 

genetic and neurophysiological correspondence between them (Fanous et al., 2007; 

Nelson, Seal, Pantelis, & Phillips, 2013). 

For example, a DTI study (Nelson et al., 2011 ), found increased scores on a 

measure of schizotypy to be correlated with reduced connectivity in white matter 

tracts, while a voxel-based morphometry study found higher schizotypy to be 

associated with larger grey matter volumes in posterior cortical regions (Modinos et 

al., 2010). These deficits are consistent with abnormalities found in schizophrenia 

(Bora et al., 2011 ). Electrophysiological anomalies have also been found that are that 

are similar in schizotypy and schizophrenia, including in auditory ERPs (Koychev, 

I ERPs were also recorded while a participant was speaking the syllable in real time (as a corollary 
discharge comparison condition) and thinking the syllable. Technical issues prevented analysis of 
these data, which will not be presented in this thesis. 
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2011; Koychev, Deakin, Haenschel, & El-Deredy, 2011; Shin et al., 2010). Finally, 

in an fMRI study of adolescents using a self-reflection task, scores on the 

Schizotypal Personality Questionnaire correlated with changes in patterns of 

activation of key DMN regions; these findings were consistent with similar studies 

with schizophrenia (Debbane et al., 2014). 

Therefore, given the difficulties of recruiting individuals with schizophrenia 

within a short timeframe, the extent of schizophrenia-related confounds likely to 

influence results in a small study group, and the exploratory nature of the paradigm, 

the present study opted to use schizotypy as a proxy for schizophrenia. 

Aims and Hypotheses 

As described above, the DMN in the resting state has consistently 

demonstrated elevated activity in individuals with schizophrenia and schizotypy and 

this underpins the resting state hypothesis of A VH. Hyperactivity in the DMN is 

therefore assumed for this study. Using EEG to measure cortical activity in response 

to auditory verbal stimuli, this study aimed to test the rest-stimulus interaction by 

comparing groups high and low in schizotypal characteristics. It was expected that 

individuals low in schizotypy would respond to a novel voice as more salient than 

the own voice, while the high schizotypy group would respond to the own voice as 

more salient. 

To test this, we hypothesized that as level of schizotypy decreased there would 

be increased N 1 and P2 amplitudes to hearing the voice of another person compared 

to hearing the own voice (reflecting effective suppression of internal auditory 

signals), but as level of schizotypy increased, there would be increased N 1 and P2 

amplitude to hearing the own voice compared to hearing the voice of another person 

(reflecting difficulty discriminating internal from external signals). 
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Method 

Participants 

Twenty eight participants with normal hearing were recruited from among first 

year psychology students at the University of Tasmania and awarded two hours of 

course credit. Participants were required to be between 18 and 55 years of age as age 

changes can alter brain function (Tremblay et al., 2001). Participants were selected 

according to their scores on the Schizotypal Personality Questionnaire Brief Revised 

version (SPQ-BR; Cohen, Matthews, Najolia, & Brown, 2010). In accordance with a 

power analysis (Appendix H), the study aimed to recruit 15 participants in each of 

two groups. A total of 155 students completed the SPQ-BR as part of class work. 

Since there are no formal cut-offs recognised for the SPQ-BR, the top 15% of 

individuals, recording scores over 95 points, and the bottom 15%, recording scores 

under 60 points, were invited to participate further. Of these, 33 individuals 

volunteered to complete the full study; four later withdrew and one was excluded for 

technical reasons. 

As shown in Table 1, the recruitment strategy resulted in a statistically 

significant difference in SPQ-BR scores between the high schizotypy group (M = 

103.5, range 96 to 118) and the low schizotypy group (M= 51.4, range 35 to 58). 

The high schizotypy group comprised 15 participants ( 5 males), with mean age 25 .6 

years (range 18.4 - 52) and the low schizotypy group comprised 13 participants (5 

males), with mean age 24.1 years (range 18.5 - 50.4). Approval for the study was 

granted by the Human Research Ethics Committee at the University of Tasmania 

(H0012495). All patiicipants read an information sheet (Appendix B) and signed a 

consent form (Appendix C) prior to participation. 
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Materials and Measures 

Demographics questionnaire. A demographics questionnaire (Appendix E) 

recorded pai1icipant age and gender and screened for heavy drug or alcohol use over 

the previous year, hearing impairment, and substantial developmental, neurological, 

or psychiatric condition that might influence cortical activity. No participant was 

excluded on these grounds. 

Schizotypal Personality Questionnaire, Brief Revised version (SPQ-BR). 

The SPQ-BR is a self-rep011 measure of schizotypal traits, which has better 

psychomentric properties than most scales (Fonseca-Pedrero et al., 2008). It is best 

represented by three super-ordinate factors termed Cognitive-Perceptual, 

Disorganised, and No Close Friends/Constricted Affect (Cohen et al., 2010). There is 

also a factor of Social Anxiety but items related to this factor were excluded in the 

present study to control for social or testing anxiety as a potential confound. For the 

three-factor scale, a for internal consistency was . 97. 

Depression Anxiety Stress Scales (DASS). To assess for depression, anxiety, 

and stress, the 21-item sh011 form of the DASS was administered (DASS-21; 

Lovibond & Lovibond, 1995; Appendix F); as recommended by Lovibond and 

Lovibond, scores on the DASS-21 were doubled for equivalence with the DASS 

long form. Both full and short versions of the DASS have excellent and well-tested 

psychometric properties across clinical and nonclinical samples. For example, Henry 

and Crawford (2005) assessed the DASS-21 with a nonclinical adult sample, finding 

that the subscales were valid with a reliabilities of .88 for depression , .82 for 

anxiety, and .90 for stress. 

Auditory Hallucination-like Experience Scale (AHES). A self-report 

instrument that distinguishes subclinical hallucinatory experience was required in 
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order to assess susceptibility to A VH against schizotypy. The Auditory 

Hallucination-like Experience Scale (AHES; Sugimori, Asai, & Tanno, 2009; 

Appendix G) is a measure constructed specifically for use across clinical and 

nonclinical samples and consists of four Factors. Sugimori et al. reported good 

reliability and validity for the AHES, with the two groups in their Japanese study 

providing Cronbach's alpha coefficients of .96 and .93 for the total scale. 2 The 

present study confirmed internal consistency with an a score of. 96 for the total 

scale, and for Factors 1 to 4 alpha was .86, .87, .88, and .88, respectively. 

Since schizotypy was used as a proxy for schizophrenia, performance on the 

AHES was employed to investigate differences between the groups specifically on 

proneness to auditory hallucination. Factor 1 was selected, as it is the AHES 

component that relates most closely to AVH (Asai, Sugimori, & Tanno, 2011). As 

expected, the high schizotypy group reported more auditory hallucination-like 

experiences than the low schizotypy group on the total scale and Factor 1 scores (ps 

<.001), with large effect sizes (adjusted 11/ ~ .48). 

Auditory stimuli. The auditory paradigm was adapted from Ford, Roach, et al. 

(2007) and produced using the Neuroscan STIM audio system unit and Stim2 

Gentask software (Compumedics Neuroscan, 2003). The paradigm consisted of four 

independent conditions: Hearing the recording of the voice of another person 

uttering the syllable (listen-other); hearing a recording of one's own voice uttering 

the syllable (listen-self); hearing oneself speak the syllable in real time (Speak); and 

imagining the syllable (Think).3 For the listen-other condition, a recording of the 

voice of an adult Australian male uttering the syllable was recorded as a waveform 

2 The AHES was back-translated from Japanese for an earlier study (Ranson, 2011 ). However, it has 
yet to be validated with an English-speaking population. 

3 Due to technical difficulties, analysis of data from the Speak and Think conditions is not presented 
in this study. 
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file (.WAV) and incorporated into Stim2 Gentask for playing back to the participant 

within the paradigm. The experimental speaker and paiiicipants were trained to 

articulate the syllable 'ah' to within 120 to 220 ms and at 54 ± 2 dB (measured using 

a hand-held sound-level meter at approximately I m), and using minimal tongue, 

throat, and jaw movement. A microphone was used to record the participant uttering 

a syllable, which was then recorded as a waveform file and incorporated into the 

paradigm for playback during administration of the listen-self condition. The 

recorded auditory stimuli were played at the recorded volume. There was no 

significant difference between the groups for syllable length (high schizotypy M = 

0.170 ms; low schizotypy M= 0.160 ms), F(l,26) = 0.19,p = .67. 

Adapting the methodology of Ford's ERP suppression studies, for both the 

listen-other and listen-self conditions, the instruction word "START'' appeared for 

one second to indicate that the paradigm was commencing. Following an interval of 

one second, the instruction word "rest" appeared for one second. Following an 

interval of one second, a black cross appeared for one second to indicate the start of 

a rest period. The screen then remained stimulus-free for 15 seconds, to allow 

co11ical activity to adjust to the low-stimulus environment. Next, the instruction 

word "listen" appeared for one second, followed by an interval of 500 ms. Then a 

yellow cross appeared for 500 ms to indicate that an auditory stimulus would be 

administered. After 500 ms, the sound file containing the syllable 'ah' was played 

through the audio system and lasted for one second, followed by an interval of one 

second. This sequence of cross and syllable was repeated five times. Then the 

instruction word "rest" appeared in black, followed by an interval of one second. 

Next, a black cross appeared for one second followed by a stimulus-free interval of 

two seconds. This pattern of a black cross followed by a stimulus-free period was 



repeated five times. The sequence of listen and rest blocks was repeated ten times. 

Finally, "END thank you!" appeared on the screen to signify the termination of the 

paradigm. 
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The length of the intertrial interval of 3000 ms was selected to inhibit possible 

response decrements due to refractoriness to the stimulus (Rosburg, Zimmerer, & 

Huonker, 2010) and was randomly varied by ± 200 ms, to inhibit practice effects. A 

total of 50 rest and 50 listen trials were recorded per participant in each condition. 

EEG Recording 

Equipment. The EEG system consisted of NeuroScan Quikcaps with 

silver/silver chloride electrodes, a Compumedics SynAmps headbox, and a desktop 

computer. The cap held 32 electrodes (FPl, FP2, F7, F3, FZ, F4, F8, FT7, FC3, 

FCZ,FC4,FT8,T7,C3,CZ,C4,T8,TP7,CP3,CPZ,CP4,TP8,P7,P3,PZ,P4,P8, 

01, OZ, and 02) arranged according to the international 10/20 system (Towle et al., 

2003). Linked mastoids provided the reference signal and FZ acted as the ground 

electrode. Impedances were maintained at 1 Ok.Q or less. Vertical and horizontal 

electro-oculographic (EOG) activity was recorded. Continuous data were recorded 

and digitised using Scan version 4.5 software, with a sampling rate of 1,000 Hz and 

band-pass filter parameters set at .15 Hz to 100 Hz. Using STIM2 software, 

instructions were presented on a desk-top computer monitor and auditory stimuli 

administered in stereo via free-standing desk-top speakers placed either side of the 

monitor. 

Procedure. Data recording took place in the Cognitive Neuroscience 

Laboratory on the Sandy Bay campus of the University of Tasmania. Sessions were 

conducted during the early evening or at weekends, in order to ensure an 

environment with consistent and low levels of extraneous noise. On arrival, a 
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participant was provided with an information sheet describing the study and the 

nature of the paradigm, and then completed the ethics consent form and 

questionnaires. The participant recorded the syllable and then the EEG cap was 

positioned on the participant's head. The auditory paradigm was completed while the 

participant was seated alone in a darkened room. 

Prior to commencing the paradigm, participants were instructed to sit quietly 

with their eyes open and focused on the computer screen, to not think of anything in 

particular, and to not go to sleep. The total task time was 28 minutes, with the 

conditions administered in the order listen-other, listen-self, Speak, and Think. When 

the paradigm had been completed, the participant the cap was removed and the 

participant debriefed. 

Data preprocessing and analysis. Data were corrected for electro

oculographic (EOG) activity (Semlitsch, Anderer, Schuster, & Presslich, 1986), 

applying the automated Compumedics Neuroscan algorithm (Compumedics 

N euroScan, 2006), and criteria were set to reject signals exceeding ± 100 µ V as these 

were likely to constitute environmental or physiological m1efacts. The cleaned data 

was then visually inspected to remove any epochs that appeared to contain 

idiosyncratic artefacts not corrected by the automated cleaning procedure. Following 

procedures of Ford, Roach, et al. (2007) to maximise measurement ofNl, a band

pass filter was applied to extract frequencies between 2 Hz and 8 Hz. Epochs were 

then computed for each auditory stimulus response, from -250 ms (following Ford, 

Roach, et al.) to 450 ms (extending Ford, Roach, et al.) of stimulus onset. Baseline 

correction was applied to each epoch, using activity in the 100 ms preceding 

stimulus onset, following Ford, Roach, et al. For each participant, intact epochs were 

then averaged per electrode per condition. 
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Nl and P2 were detennined a priori as the peaks of interest, as described 

earlier. Nl was classified as the peak negative waveform between approximately 50 

and 175 ms post-stimulus onset (following Ford, Roach, et al., 2007), and P2 as the 

peak positive-going wavefonn arising approximately 150 to 250 ms post-stimulus 

onset (Ferreira-Santos et al., 2012). Through peak detection, mean amplitude per 

participant for Nl and P2 were calculated for each electrode per condition. Previous 

literature has found that Nl and P2 amplitudes are maximal at frontal-midline 

electrode sites (FeITeira-Santos et al.; Foxe et al., 2011) and these sites are routinely 

used by Ford's team to investigate corollary discharge (Ford, Gray, et al., 2007; Ford 

et al., 2001; Ford, Roach, et al.). Nl and P2 data analysis in the present study was 

restricted to electrode sites FZ, FCZ, and CZ, in order to minimise multiple 

comparisons. Given that the findings across sites were very similar, for parsimony 

the findings at FCZ will be reported in the main text, with data for FZ and CZ 

presented in Appendix J. These activity values were exported to SPSS version 21 

for statistical analysis. 

Statistical analysis 

In order to assess differences between the groups, scores on the demographic 

and clinical measures were analysed using univariate ANOV A, with the fixed factor 

of Group (high schizotypy and low schizotypy), while Fisher's exact chi-squared test 

assessed whether the groups differed on gender. Con-elation analysis evaluated the 

strength and direction of relationships among the principal variables of interest. 

Initial exploration of the EEG mean amplitude data was carried out by visually 

assessing differences between the groups and conditions on Nl and P2 amplitudes 

through generation of grand mean ERP waveforms for each group per condition, 

using Scan 4.5 software. This confirmed that maximal peak amplitudes arose at 



frontal-midline sites (FCZ and CZ) and indicated discrepancies between the 

conditions. 
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To further investigate the perceived waveform discrepancies, between-groups 

ANOVAs were conducted to compare the groups on Nl and P2 peak amplitudes. 

While initial results were nonsignificant, the numbers within the groups were too 

small to allow multiple testing to account for the effects of depression, anxiety, and 

stress. Therefore, to increase power, a regression approach that collapsed the two 

groups was chosen for data analysis. The difference between the conditions in Nl 

and P2 peak amplitudes was then computed as listen-self minus listen-other for each 

participant. 

Separate hierarchical regression analyses were conducted for Nl and P2, with 

listen-self minus listen-other amplitude difference as the dependent variable. Since 

schizotypy was the characteristic that distinguished the study groups, the first set of 

analyses assessed the ability of schizotypy to predict the Nl and P2 amplitude 

differences. However, depression, anxiety and stress have been shown to influence 

ERP responses (Engels et al., 2010; Lupien, McEwen, Gunnar, & Heim, 2010; 

Sheline, Price, Yan, & Mintun, 2010) and, in this study, DASS-21 subscale scores 

correlated highly with the SPQ-BR score (Table 2). Therefore, the model controlled 

for the influence of these variables on the ability of schizotypy to predict the 

amplitude differences. Since limitations of the sample size (n = 28) called for a 

minimum number of independent variables in each regression (Tabachnick & Fidell, 

2013 ), depression, anxiety, and stress scores were entered in Step 1 in separate 

regressions. Score on the SPQ-BR was entered in Step 2 for each equation. 

Next, the specific impact of susceptibility to auditory hallucination on NI and 

P2 amplitude differences was represented by score on AHES Factor 1 (termed here 
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Hallucination) and a set of regressions were run with hallucination in place of 

schizotypy. To assess whether hallucination predicted Nl and P2 amplitude 

differences over and above the effect of depression, anxiety, and stress, these mood 

variables were, again, separately controlled for in Step 1 of the model, with 

hallucination entered in Step 2. 

Assumptions relating to hierarchical regression were met, following 

Tabachnick and Fidell (2013 ). Deviations from normality, homoscedasticity, and 

linearity were not considered sufficient to invalidate the analyses. There was no 

evidence of multicollinearity (all correlations were below .90), Durbin-Watson 

statistics were within the acceptable range (greater than 1 and less than 3 ), and, at p 

< .001, Mahalanobis distances were less than 13.816. Outliers identified on residuals 

scatterplots were retained as there was no evidence to suggest that they were not 

valid in the population. In each of the statistical analyses reported below, statistical 

significance was set at p :5 .05 and a trend towards significance was set at p :5 .07. 

Description of effect size as, for example, small, medium, or large, is based on 

Cohen (1988). Adjusted R2 (R 2) was used for reporting all regression results, as 

provided by SPSS, in view of the small sample size. 

Results 

Demographic and Clinical Data 

Univariate ANOV As were conducted with the demographic and clinical 

variables. Table 1 displays the means, standard deviations, and group difference 

statistics for schizotypy (SPQ-BR scores); experience of hallucination (AHES Factor 

1 subscale scores); depression, anxiety and stress (DASS-21 subscale scores); age, 

and gender. There was no significant difference between the groups on age or 

gender. As expected, the difference between the groups on schizotypy was highly 



Table 1 

Statistical Comparisons Between the High and Low Schizotypy Groups on the Main Study Variables 

Schizotypy 

High (n = 15) Low(n=13) 

Variable M SD 95% Cl M SD 95% Cl 

N1 amplitude difference at FCZ 0.71 2.0 [-0.38, 1.8] -0.47 1.4 [-1.3, 0.1] 

P2 amplitude difference at FCZ 0.82 4.6 [-1.8, 3.4] 0.11 1.5 [-0.8, 0.4] 

SPQ-BR; Schizotypy 103.5 6.7 [99.8, 107.2] 51.4 5.4 [48.1, 54.6] 

AHES Factor 1; Hallucination 35.9 8.6 [31.2, 40.7] 20.9 4.3 [18.3, 23.5] 

DASS; Depression 15.5 9.3 [10.3, 20.6] 3.7 2.3 [2.3, 5.1] 

DASS; Anxiety 14.3 8.4 [9.6, 18.9] 1.9 2.7 [0.2, 3.5] 

DASS; Stress 20.4 8.2 [15.9, 25.0] 6.2 4.7 [3.3, 9.0] 

Age 25.6 11.6 [20.0, 31.2] 24.1 9.1 [18.1, 30.0] 

Gender 10 females, 5 males 8 females, 5 males 

Test statistic 

F(1, 26) = 3.21 

F(1, 26) = 0.28 

F(1, 26) = 506.19 

F(1, 26) = 32.43 

F(1, 26) = 19.57 

F(1, 26) = 25.99 

F(1, 26) = 30.29 

F(1, 26) = 0.15 

Fisher's exact 

p value 

.085 

.604 

2 
T]p 

.000 .95 

.000 .54 

.000 .43 

.000 .50 

.000 .54 

.700 .01 

1.00 (two-sided) 

Note. Amplitude difference = listen-self minus listen-other. Cl = confidence interval. Schizotypy = degree of schizotypy, assessed by the Schizotypal Personality Questionnaire (excluding 
the factor for Social Anxiety). AHES = Auditory Hallucination-like Experiences Scale. Hallucination = lifetime extent of auditory hallucination experience, assessed by the Auditory 
Hallucination-like Experiences Scale Factor 1 subscale score. Depression, anxiety, and stress= level of depression, anxiety, or stress during the week prior to testing, assessed by the 
Depression Anxiety Stress Scales short form. To convert to full-scale scores, DASS-21 scores were multiplied by 2, as recommended by Lovibond & Lovibond (1995). 

N 
~ 
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significant, with a very large effect size. The high schizotypy group reported 

significantly greater levels of depression, anxiety, and stress than the low schizotypy 

group, with large effect sizes. Correlations between the key study variables 

(schizotypy, hallucination, depression, anxiety, stress, and NI and P2 amplitude 

differences at FCZ) are shown in Table 2. 

Table 2 

lntercorrelations for Scores on the SPQ-BR (Excluding the Factor for Social Anxiety), AHES 
Factor 1 Subscale, the DASS-21 Subscales (Depression, Anxiety, and Stress), and the N1 
and P2 Amplitude Differences at Electrode FCZ 

Measure 2 3 4 5 6 7 

1. SPQ-BR Schizotypy 

2. AHES Factor 1 Hallucination .72*** 

3. DASS-21 Depression .68*** .62*** 

4. DASS-21 Anxiety .67*** .80*** .74*** 

5. DASS-21 Stress .68*** .78*** .66*** .86*** 

6. N1 amplitude difference at FCZ .37* .14 .43** .24 .14 

7. P2 amplitude difference at FCZ .17 .19 .12 -.06 -.15 .30 

Note. * p < .05. ** = p < .01. *** = p < .001. Amplitude difference = listen-self minus listen-other. Schizotypy = 
degree of schizotypy, assessed by the Schizotypal Personality Questionnaire (excluding the factor for Social 
Anxiety). Hallucination= lifetime extent of auditory hallucination experience, assessed by the Auditory Hallucination
like Experiences Scale Factor 1 subscale score. Depression, anxiety, and stress= level of depression, anxiety, or 
stress during the week prior to testing, assessed by the Depression Anxiety Stress Scales short form. 

Visual inspection of ERP waveforms 

Initial exploration of the data was carried out by visual inspection of the ERP 

grand mean wavefo1ms for each group per condition. The whole-head grand mean 

waveforms are shown in Figure 3, indicating that NI and P2 peak amplitudes were 

maximal on the midline at FCZ and CZ. The detailed waveforms for electrode site 

FCZ are shown in Figure 4. 
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Figure 4. Grand mean waveforms for each group per condition at electrode site FCZ, 
showing the N1 and P2 peaks. 

Analysis of Variance 

A mixed within-between subjects analysis of variance was conducted to 

compare the impact of schizotypy (high and low) on the Nl and P2 amplitude 

differences when listening to the own voice or the voice of another person. All 

comparisons were nonsignificant. 

Regression Analysis 

The results presented below and in Tables 3-6, concern the N 1 amplitude 

difference and P2 amplitude difference arising at electrode site FCZ. Results for 

electrode sites FZ and CZ are provided in Appendix I. Suppression relationships 

between the predictor variables (schizotypy and hallucination) and the controlled 

variables (depression , anxiety, and stress) emerged as a factor in the analyses. As 

described by Tabachnick and Fidell (2013), suppression arises when one 
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independent variable enhances the predictive effect of another independent variable, 

by removing variance that is irrelevant to prediction of the dependent variable (here, 
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N 1 or P2 amplitude difference). In classical suppression, the beta weight of the 

predictor variable is larger than the absolute value of the correlation between the 

predictor and dependent variables (Tabachnick & Fidell). Reciprocal suppression 

occurs when the relationship with the dependent variable improves for both 

independent variables, and negative suppression occurs when the beta weight of the 

predictor is larger than the correlation value but has the opposite sign (Tabachnick & 

Fidell). 

Ability of Schizotypy to Predict Nl Amplitude Difference 

The dependent variable of Nl amplitude difference was derived by subtracting 

the Nl amplitude in the listen-other condition from the Nl amplitude in the listen

self condition. As shown in Figure 5, if the value ofNl amplitude difference is 

negative, then there is greater suppression ofNl amplitude in response to the listen

other stimulus than to the listen-self stimulus. This represents a stronger cortical 

response when listening to a recording of the own voice than listening to a recording 

of the voice of another person. Conversely, if the value of the N 1 amplitude 

difference is positive, then there is greater suppression ofNl in listen-self than in 

listen-other. This represents a reduced cortical response when listening to a recording 

of the own voice, compared to listening to a recording of the voice of another person. 

Table 3 presents the regression results for the Nl amplitude difference, listen-self 

minus listen-other, including beta weights, significance tests, and adjusted R-squared 

for each step. 

Direct effect of schizotypy on Nl amplitude. Simple linear regression 

revealed that schizotypy was significantly associated with the N 1 amplitude 

difference, R2 = .10, F(l, 26) = 4.06, p = .05, B = .37. 

Controlling for the effect of stress. A hierarchical multiple regression 
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examined the effect of stress and schizotypy on the N 1 amplitude difference between 

listen-self and listen-other. To test whether schizotypy added any significant 

variance over and above that of stress, stress was entered in Step 1 and schizotypy 

+ µV 

N1 peak 

l 
Cl) 

"O 
:::J 

a 
E 
<( 

- µV 

LO= -2 µV _______. 
LS= -3 µV 

~ 
LO= -4 µV 

LS - LO= (-3) - (-2) = -1 

Represents less N 1 
suppression in LS than in LO 

LS - LO = (-3) - (-4) = +1 

Represents greater N 1 
suppression in LS than in LO 

Figure 5. The calculation of the direction of N1 amplitude difference between the 
listen-self (LS) and listen-other (LO) conditions. N1 amplitude difference was 
computed as listen-self minus listen-other. 

entered in Step 2. After Step 1, stress did not significantly predict differential N 1 

amplitude to listen-self versus listen-other. After Step 2, schizotypy was a 

significant predictor of differential Nl amplitude, explaining 14% of unique variance 

in N 1 amplitude difference. The positive beta weight ( .51) of this relationship 

reflects that as schizotypy total score increased, N 1 amplitude increased to listen-

other compared to listen-self. There was a classical suppression relationship between 

schizotypy and stress, with schizotypy predicting a higher proportion of the 

variance in Nl amplitude difference in the presence of stress than under the simple 

linear regression, although the significance level did not change. 



30 

Table 3 

Hierarchical Regression Analyses Predicting N1 Amplitude Difference From Schizotypy, 
Controlling Separately for Depression, Anxiety, and Stress, at Electrode FCZ 

Controlling for Depression 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant -0.69 0.47 -1.46 .16 [-1.66, 0.28] 

Depression 0.09 0.04 .43 2.43 .02 [0.01, 0.16] 

-2 
R = .15, F(1, 26) = 5.91, p = .02 

Step 2 Constant -1.25 1.07 -1.16 .26 [-3.46, 0.97] 

Depression 0.07 0.05 .34 1.38 .18 [-0.03, 0.17] 

Schizotypy 0.01 0.02 .14 0.58 .57 [-0.02, 0.04] 

f[2 = .13; F (2, 25) = 3.05, p = .07 fl./[2 = .01, fl.F(1, 25) = 0.34, p = .57 

Controlling for Anxiety 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant -2.45 0.47 -0.52 .61 [-1.22, 0.73] 

Anxiety 0.05 0.04 .24 1.25 .22 [-0.03, 0.13] 

if2 = .02, F(1, 26) = 1.56, p = .22 

Step 2 Constant -1.81 1.14 -1.59 .12 [-4.16, 0.53] 

Anxiety 0.00 0.05 -.02 -0.07 .94 [-0.11, 0.10] 

Schizotypy 0.03 0.02 .38 1.51 .14 [-0.01, 0.06] 

f[2 = .07; F (2, 25) = 1.96, p = .16 fl.R2 = .08, fl.F (1, 25) = 2.28, p = .14 

Controlling for Stress 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant -0.19 0.60 -0.32 .75 [-1.43, 1.05] 

Stress 0.03 0.04 .14 0.72 .48 [-0.05, 0.1 OJ 

if2 =.00, F(1, 26) = 0.52, p = .48 

Step 2 Constant -2.00 1.06 -1.89 .07 [-4.18, 0.18] 

Stress -0.04 0.05 -.20 -0.82 .42 [-0.13, 0.06] 

Schizotypy 0.03 0.02 .51 2.02 .05 [0.00, 0.07] 

R 2 = .09; F (2, 25) = 2.34, p = .12 fl.R2 = .14, /1.F (1, 25) = 4.09, p = .05 

Note. n = 28 in all analyses. Cl = confidence interval. R2 = Adjusted R 2
. 

Depression, Anxiety, and Stress= level of depression, anxiety, or stress during the week prior to testing, assessed 
by the Depression Anxiety Stress Scales short version. Schizotypy = degree of schizotypy, assessed by the 
Schizotypal Personality Questionnaire (excluding the factor for Social Anxiety). 
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Controlling for the effect of depression. In a two-step hierarchical multiple 

regression to examine the effect of depression and schizotypy on N 1 amplitude 

differences between listen-self and listen-other, depression was entered in Step 1 

and schizotypy entered in Step 2. After Step 1, depression was a significant 

predictor of NI amplitude differences, explaining 15% of the variance. The positive 

beta weight of this relationship (.43) reveals that increased depression is associated 

with increased Nl amplitude to listen-other compared to listen-self. After entry of 

schizotypy at Step 2, neither schizotypy nor depression were significant predictors 

of NI amplitude. This result suggests that schizotypy and depression share variance 

on N 1 amplitude difference to a large extent. 

Controlling for the effect of anxiety. Results for the two-step hierarchical 

regression examining the effect of anxiety in Step 1, and anxiety and schizotypy 111 

Step 2 reveal no significant predictors of NI amplitude difference at either step. 

Ability of Schizotypy to Predict P2 Amplitude Difference 

The dependent variable of P2 amplitude difference entered into the regression 

equations was derived from subtracting P2 amplitude listen-other from P2 amplitude 

listen-self. As illustrated in Figure 6, a negative value of the P2 amplitude difference 

represents less forward processing of the stimulus in listen-self than in to listen

other, which indicates a higher level of processing in response to hearing the other 

voice than hearing the own voice. A positive value represents more forward 

processing in listen-self compared to listen-other, indicating a higher level of 

processing of the own voice stimulus compared to the other voice. Table 4 presents 

the regression results for the P2 amplitude difference, listen-self minus listen-other, 

including beta weights, significance tests, and adjusted R-squared for each step. 



Direct effect of schizotypy on P2 amplitude. Simple linear regression 

revealed that the association between schizotypy and the P2 amplitude difference 

was nonsignificant, 'if2- = 0, F(l, 26) = 0.78,p = .39, ~ = .17. 

Controlling for the effect of stress. A hierarchical multiple regression 

examined the effect of stress and schizotypy on P2 amplitude difference between 

+ µV 

a 
E 
<( 

- µV 

P2 peak 

LO= 4 µV ______... 

LS= 3 µV 

LO=~ 

LS - LO= 3 - 4 = -1 

Represents less P2 
processing in LS than in LO 

LS - LO= 3 - 2 = +1 

Represents greater P2 
processing in LS than in LO 

Figure 6. The calculation of the direction of P2 amplitude difference between the 
listen-self (LS) and listen-other (LO) conditions. P2 amplitude difference was 
computed as listen-self minus listen-other. 

listen-self and listen-other. Stress was entered in Step 1 and schizotypy entered in 
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Step 2 to test whether schizotypy added any significant variance over and above that 

of stress. After Step 1, stress did not significantly predict P2 amplitude difference 

between listen-self and listen-other. After Step 2, schizotypy was a significant 

predictor of P2 amplitude difference, explaining 14% of unique variance in P2 

amplitude. The positive beta weight (.51) of this relationship reflected that as 

schizotypy score increased, P2 amplitude increased to listen-self compared to listen-
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Table 4 

Hierarchical Regression Analyses Predicting P2 Amplitude Difference From Schizotypy, 
Controlling Separately for Depression, Anxiety, and Stress, at Electrode FCZ 

Controlling for Depression 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant 0.03 1.00 0.03 .98 [-2.04, 2.09] 

Depression 0.05 0.08 .12 0.62 .54 [-0.11, 0.20] 

if2 = 0, F(1, 26) = 0.83, p = .54 

Step 2 Constant -1.23 2.28 -0.54 .60 [-5.93, 3.47] 

Depression 0.00 0.10 .01 0.04 .97 [-0.21, 0.22] 

Schizotypy 0.02 0.03 .16 0.61 .55 [-0.05, 0.09] 

f[2 = O*; F (2, 25) = 0.38, p = .69 ;,.J[2 = .02, ~F(1, 25) = 0.38, p = .55 

Controlling for Anxiety 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant 0.68 0.94 0.73 .47 [-1.24, 2.61] 

Anxiety -0.02 0.08 -.06 -0.30 .77 [-0.18, 0.14] 

if2 = .00, F(1, 26) = 0.90, p = .77 

Step 2 Constant -2.39 2.26 -1.06 .30 [-7.05, 2.27] 

Anxiety -0.13 0.10 -.32 -1.23 .23 [-0.33, 0.09] 

Schizotypy 0.05 0.03 .39 1.49 .15 [-0.02, 0.12] 

f[2 = .01; F (2, 25) = 1.15, p = .33 
-2 

~R = .08, ~F(1, 25) = 2.21, p = .15 

Controlling for Stress 

Model Predictor B SE 13 p 95% Cl for B 

Step 1 Constant 1.23 1.16 1.06 .30 [-1.16, 3.61] 

Stress -0.05 0.07 -.15 -0.78 .44 [-0.20, 0.09] 

if2 = .00, F(1, 26) = 0.61, p = .44 

Step 2 Constant -2.29 2.04 -1.12 .27 [-6.50, 1.92] 

Stress -0.18 0.09 -.50 -1.99 .06 [-0.36, 0.01] 

Schizotypy 0.07 0.03 .51 2.04 .05 [0.00, 0.13] 

R2 = .1 O; F (2, 25) = 2.42, p = .11 ~R2 = .14, ~F(1, 25) = 4.16, p = .05 

Note. n = 28 in all analyses. Cl = confidence interval. R2 = Adjusted R 2
. * R2 = O if the value is spuriously negative 

(Tabachnick & Fidell, 2013). 
Depression, Anxiety, and Stress= level of depression, anxiety, or stress during the week prior to testing, assessed 
by the Depression Anxiety Stress Scales short version. Schizotypy = degree of schizotypy, assessed by the 
Schizotypal Personality Questionnaire (excluding the factor for Social Anxiety). 
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other. There was a reciprocal suppression relationship between schizotypy and 

stress, with schizotypy predicting a higher proportion of the variance in P2 

amplitude difference in the presence of stress than in the simple linear regression, 

and stress showed a trend towards significance in the presence of schizotypy . While 

the absolute beta values of schizotypy and stress were vi1iually equal, stress was 

signed opposite to schizotypy, which indicated that, as level of stress increased, P2 

amplitude was greater to listen-other than to listen-self. 

Controlling for the effect of anxiety. Results for the two-step hierarchical 

regression examining the effect of anxiety in Step 1 and anxiety and schizotypy in 

Step 2, revealed no significant predictors of P2 amplitude difference at either step. 

However, although statistically nonsignificant, there was evidence ofreciprocal 

suppression with regression weights and p values improving for both schizotypy and 

anxiety; the regression weights were oppositely signed. 

Controlling for the effect of depression. Results for the two-step hierarchical 

regression examining the effect of depression in Step 1 and depression and 

schizotypy in Step 2, revealed no significant predictors of P2 amplitude difference at 

either step. 

Ability of Hallucination Experience to Predict Nl Amplitude Difference 

The dependent variable ofNl amplitude difference was derived by subtracting 

the N 1 amplitude in the listen-other condition from the N 1 amplitude in the listen

self condition. The potential outcomes of this calculation are illustrated in Figure 5 

and described above. Table 5 presents the regression results for the Nl amplitude 

difference, listen-self minus listen-other, including beta weights, significance tests, 

and adjusted R-squared for each step. 
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Direct effect of hallucination experience on Nl amplitude. Simple linear 

regression revealed that the association between hallucination and the P2 amplitude 

difference was nonsignificant, '/[2- = 0, F(l, 26) = 0.49,p = .49, ~ = .14. 

Controlling for the effect of depression. A hierarchical multiple regression 

examined the effect of hallucination experience on Nl amplitude difference while 

controlling for depression. Depression made a significant contribution at Step 1, 

explaining 15% of the variance in Nl amplitude difference between listen-self and 

listen-other. After entry of hallucination in Step 2, only depression made a 

significant unique contribution in the final model. The positive beta value indicated 

that as depression increased, N 1 amplitude to listen-self was greater than to listen

other. However, there was some indication of a suppression relationship between 

hallucination and depression, with the absolute value of the oppositely-signed 

regression weights increasing for both hallucination and depression after Step 2 and, 

although remaining statistically nonsignificant, the p value improving for 

Hallucination. 

Controlling for the effect of anxiety. Hierarchical regression examining the 

effect of anxiety in Step 1 and anxiety and hallucination in Step 2, revealed no 

significant predictor of Nl amplitude difference at either step. 

Controlling for the effect of stress. Hierarchical regression examining the 

effect of stress in Step 1 and stress and hallucination in Step 2, revealed no 

significant predictor ofNl amplitude difference at either step. 

Ability of Hallucination Experience to Predict P2 Amplitude Difference 

The dependent variable of P2 amplitude difference was derived by subtracting 

the P2 amplitude in the listen-other condition from the P2 amplitude in the listen-self 

condition. The potential outcomes of this calculation are described above. Table 6 
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Table 5 

Hierarchical Regression Analyses Predicting N1 Amplitude Difference From Experience of 
Auditory Hallucination, Controlling Separately for Depression, Anxiety, and Stress, at 
Electrode FCZ 

Controlling for Depression 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant -0.69 0.47 -1.46 .16 [-1.66, 0.28] 

Depression 0.09 0.04 .43 2.43 .02 [0.01, 0.16] 

'if2- = .15, F(1, 26) = 5.91, p = .02 

Step 2 Constant 0.15 1.00 0.15 .88 [-1.91, 2.21] 

Depression 0.11 0.05 .56 2.49 .02 [0.02, 0.21] 

Hallucination -0.04 0.04 -.22 -0.95 .35 [-0.12, 0.05] 

R 2 = .15; F (2, 25) = 3.39, p = .05 !:iR2 = .03, 1::iF(1, 25) = 0.90, p = .35 

Controlling for Anxiety 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant -2.45 0.47 -0.52 .61 [-1.22, 0.73] 

Anxiety 0.05 0.04 .24 1.25 .22 [-0.03, 0.13] 

'if2- = .02, F(1, 26) = 1.56, p = .22 

Step 2 Constant 0.32 1.30 0.25 .81 [-2.36, 2.99] 

Anxiety 0.07 0.07 .36 1.11 .28 [-0.06, 0.21] 

Hallucination -0.03 0.06 -.15 -0.47 .65 [-0.14, 0.09] 

R 2 = .O*; F (2, 25) = 0.86, p = .43 
-2 

!:iR = .01, 1::iF(1, 25) = 0.22, p = .65 

Controlling for Stress 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant -0.19 0.60 -0.32 .75 [-1.43, 1.05] 

Stress 0.03 0.04 .14 0.72 .48 [-0.05, 0.1 OJ 

'if2- = .00, F(1, 26) = 0.52, p = .48 

Step 2 Constant -0.40 1.17 -0.34 .74 [-2.82, 2.02] 

Stress 0.02 0.06 .09 0.28 .78 [-0.10, 0.14] 

Hallucination 0.01 0.06 .07 0.21 .84 [-0.10, 0.13] 

R2 = O*; F (2, 25) = 0.27, p = .76 
-2 

!:iR = 0, 11 F(1, 25) = 0.04, p = .84 

Note. n = 28 in all analyses. Cl = confidence interval. 1[2 = Adjusted R 2
. * 1?2 = 0 if the value is spuriously negative 

(Tabachnick & Fidell, 2013). 
Depression, Anxiety, and Stress= level of depression, anxiety, or stress during the week prior to testing, assessed 

by the Depression Anxiety Stress Scales short version. Hallucination= lifetime extent of auditory hallucination 
experience, assessed by Factor 1 of the Auditory Hallucination-like Experience Scale. 



presents the regression results for the P2 amplitude difference, listen-self minus 

listen-other, including beta weights, significance tests, and adjusted R-squared for 

each step. 
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Direct effect of hallucination experience on P2 amplitude. Simple linear 

regression revealed that the association between hallucination and the P2 amplitude 

difference was nonsignificant, lf2- = 0, F(l, 26) = 0. 95, p = .34, ~ = .19. 

Controlling for the effect of stress. A hierarchical multiple regression 

examined the effect of stress and hallucination experience on P2 amplitude 

difference between listen-self and listen-other. Stress was entered in Step 1 and 

hallucination entered in Step 2 to test whether hallucination experience added any 

significant variance over and above that of stress. After Step 1, the effect of stress 

on P2 amplitude difference was nonsignificant. After Step 2, hallucination was a 

highly significant predictor of P2 amplitude difference, explaining 24% of unique 

variance in P2 amplitude. The positive beta weight (. 79) of this relationship 

reflected that, as hallucination score increased, P2 amplitude increased to listen-self 

in comparison to listen-other. There was a reciprocal suppression relationship 

between hallucination and stress, with hallucination predicting a higher proportion of 

the variance in P2 amplitude difference in the presence of stress than in the simple 

linear regression. As a result of reciprocal suppression, stress also emerged as a 

significant predictor of P2 amplitude difference in the presence of Hallucination. 

While the absolute beta values of hallucination and stress were virtually equal, stress 

was signed opposite to Hallucination, which indicated that, as level of stress 

increased, P2 amplitude was greater to listen-other than to listen-self. 

Controlling for the effect of anxiety. A hierarchical multiple regression 

examined the effect of anxiety and hallucination experience on P2 amplitude 
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Table 6 

Hierarchical Regression Analyses Predicting P2 Amplitude Difference From Experience of 
Auditory Hallucination, Controlling Separately for Depression, Anxiety, and stress, at 
Electrode FCZ 

Controlling for Depression 

Model Predictor B SE 13 p 95% Cl for B 

Step 1 Constant 0.03 1.00 0.03 .98 [-2.04, 2.09] 

Depression 0.05 0.08 .12 0.62 .54 [-0.11, 0.20] 

ff2 = .00, F(1, 26) = 0.38, p = .54 

Step2 Constant -1.36 2.14 -0.63 .53 [-5.77, 3.06] 

Depression 0.00 0.10 .01 0.03 .98 [-0.20, 0.20] 

Hallucination 0.06 0.09 .18 0.73 .47 [-0.11, 0.24] 

iP = O*; F (2, 25) = 0.46, p = .64 t:,}[2 = .02, LiF(1, 25) = 0.54, p = .47 

Controlling for Anxiety 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant 0.68 0.94 0.73 .47 [-1.24, 2.61] 

Anxiety -0.02 0.08 -.06 -0.30 .77 [-0.18, 0.14] 

ff2 = .00, F(1, 26) = 0.09, p = .77 

Step 2 Constant -4.03 2.39 -1.69 .10 [-8.94, 0.89] 

Anxiety -0.23 0.12 -.58 -1.89 .07 [-0.47, 0.02] 

Hallucination 0.22 0.11 .65 2.12 .04 [0.01, 0.44] 

f[2 = .09; F (2, 25) = 2.31, p = .12 LiR2 = .15, LiF(1, 25) = 4.51, p = .04 

Controlling for Stress 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant 1.23 1.16 1.06 .30 [-1.16, 3.61] 

Stress -0.05 0.07 -.15 -0.78 .44 [-0.20, 0.09] 

ff2 = .00, F(1, 26) = 0.61, p = .44 

Step 2 Constant -3.58 1.97 -1.82 .08 [-7.63, 0.47] 

Stress -0.27 0.10 -.77 -2.79 .01 [-0.48, 0.07] 

Hallucination 0.27 0.09 .79 2.87 <.01 [0.08, 0.47] 

R2 = .21; F (2, 25) = 4.49, p = .02 LiR2 = .24, LiF(1, 25) = 8.21, p = <.01 

Note. n = 28 in all analyses. Cl = confidence interval. R2 = Adjusted R 2
. * R2 = O if the value is spuriously negative 

(Tabachnick & Fidell, 2013). 
Depression, Anxiety, and Stress= level of depression, anxiety, or stress during the week prior to testing, assessed 
by the Depression Anxiety Stress Scales short version. Hallucination = lifetime extent of auditory hallucination 
experience, assessed by Factor 1 of the Auditory Hallucination-like Experience Scale. 
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difference between listen-self and listen-other. Anxiety was entered in Step 1 and 

hallucination entered in Step 2 to test whether hallucination experience added any 

significant variance over and above that of anxiety. After Step 1, anxiety did not 

significantly predict P2 amplitude difference between listen-self and listen-other. 

After Step 2, hallucination was a significant predictor of P2 amplitude difference, 

explaining 15% of unique variance in P2 amplitude. The positive beta weight (.65) 

of this relationship reflected that as hallucination score increased, P2 amplitude 

increased to listen-self compared to listen-other. There was a reciprocal suppression 

relationship between hallucination and anxiety, with hallucination predicting a 

higher proportion of the variance in P2 amplitude difference in the presence of 

anxiety than in the simple linear regression, and anxiety showed a trend towards 

significance in the presence of Hallucination. While the absolute beta values of 

hallucination and anxiety were similar, anxiety was signed opposite to Hallucination, 

which indicated that, as level of anxiety increased, P2 amplitude was greater to 

listen-other than to listen-self. 

Controlling for the effect of depression. Results for the two-step hierarchical 

regression examining the effect of depression in Step 1 and depression and 

hallucination in Step 2, revealed no significant predictors of P2 amplitude difference 

at either step. 

Discussion 

The ERP research reported here tested the rest-stimulus interaction, a 

component of the resting state hypothesis of A VH (North off & Qin, 2011 ). Using 

schizotypy as a proxy for schizophrenia and in the absence of a motor signal (and 

resultant corollary discharge), we examined whether schizotypy and experience of 

auditory hallucinations were associated with difficulty discriminating internal from 
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external auditory signals. In line with prediction, increased schizotypy and auditory 

hallucination experience were associated with increased P2 amplitude to internally 

generated (listen-self) signals compared to externally generated (listen-other) signals. 

However, this was only observed when controlling for stress and anxiety in 

regression analyses, but not when controlling for depression. It was also predicted 

that increased schizotypy and auditory hallucination experience would be associated 

with increased N 1 amplitude to internally generated (listen-self) signals compared to 

externally generated (listen-other) signals, but this was not found. Rather, increased 

schizotypy was associated with increased Nl amplitude to externally generated 

signals, but only when controlling for stress. 

The Nl Amplitude Difference 

The rest-stimulus interaction proposes that, in schizophrenia, over-activation of 

the auditory cortex in a task-free state means that auditory cortex does not have the 

capacity to adequately limit its response to internally-generated stimuli ( e.g., 

thoughts). To test this, the first hypothesis was that, as schizotypy increased, the 

amplitude of the initial attentional response (indexed by N 1) would also increase 

when listening to a recording of the own voice compared to listening to the recording 

of the voice of another person. This was not confirmed. Instead, increased 

schizotypy score was associated with increased Nl amplitude to other-voice signals 

compared to own-voice signals, both directly and when controlling for stress. 

This finding also contradicts previous ERP research into the corollary 

discharge mechanism. Convincing evidence has been found that, in healthy controls, 

N 1 amplitude is reduced (suppressed) to self-generated auditory signals (a 'talk' 

condition) compared to external signals (a 'listen' condition) and that this Nl 

suppression effect is reduced in schizophrenia (Ford, Roach, et al., 2007). Thus, in 
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that study, participants with schizophrenia displayed relatively greater N 1 amplitudes 

to internal signals than controls (Ford, Roach, et al.). Importantly, however, the 

present study excluded the overt motor signals caused by speaking that are thought 

to trigger corollary discharge and attenuate the cortical response to the auditory 

signal (Feinberg & Guazzelli, 1999). Consequently, the association between higher 

schizotypy and greater Nl amplitude to externally generated auditory signals was 

found in the absence of the corollary discharge mechanism. This suggests the 

presence of a different, underlying mechanism associated with schizotypy that is, as 

yet, unknown. 

The significant association of schizotypy with increased N 1 amplitude to 

external signals was enhanced after controlling for stress in the hierarchical 

regression, indicating that the inclusion of stress suppressed irrelevant variance in the 

regression. The opposite direction of the beta weights indicated that, while higher 

schizotypy predicted increased Nl amplitude difference, the effect was stronger 

when stress was lower. Schizotypy was not a significant predictor when controlling 

for anxiety or depression. This indicated that anxiety and depression shared more 

variance with schizotypy in predicting Nl amplitudes than did stress. Indeed, shared 

variance eliminated the statistically-significant predictive power of depression when 

schizotypy was added to the regression equation. 

Depression, anxiety, and stress are all well known to affect brain function, as 

are medications used to treat their clinically-significant symptoms (Stahl, 2008; 

Sylvester et al., 2012). But the situation is complex and the influences of stress and 

depression in the N 1 amplitude difference regression models are intriguing. Stress is 

considered a vulnerability marker in the schizophrenia spectrum, which includes 

schizotypy (Herzig & Mohr, 2013 ). Therefore, the significant difference between the 
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high and low schizotypy groups was expected. However, the impact of exposure to 

stress on cortical functioning is not straightforward, depending on factors such as the 

age at which the stressor is experienced and whether deleterious effects are offset to 

any extent by positive influencers (Lupien et al., 2010). Interestingly, the impact of 

stress here appears to be indirect, since the factor of stress did not offer a unique 

explanation for variance in the NI amplitude difference, instead removing variance 

that was irrelevant to the effect of schizotypy on the amplitude difference. 

The three superordinate factors of the SPQ-BR used here measure several 

constructs ( cognitive-perceptual, disorganized, and socially-isolated traits; Cohen et 

al., 2010). It is possible that one or more constructs may have influenced the effect 

of schizotypy on the N 1 response, over and above the effect of the SPQ-BR 

subfactor of usual perceptual experiences. To more closely examine the effect of 

susceptibility to AVH on NI amplitude, Factor I of the AHES was used as a 

measure of previous auditory hallucination experiences. However, the first 

hypothesis was not supported when using hallucination experience as a predictor, 

suggesting that the SPQ-BR taps a characteristic that Factor I of the AHES does not. 

Hallucination was not found to be a significant predictor of NI amplitude oflisten

self relative to listen-other, either directly or when controlling for stress, anxiety, or 

depression. 

However, depression remained a significant predictor of NI amplitude and this 

effect was slightly enhanced by suppression when schizotypy was entered into the 

regression equation. As depression increased, there was a relative increase in NI 

amplitude to listen-self compared to listen-other. Although a recent review found 

that most studies investigating auditory NI amplitude in patients with depression did 

not detect any difference from nondepressed controls, with just four studies 
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identifying reduced auditory Nl amplitude in patients (Bruder, Kayser, & Tenke, 

2009), it is possible that the situation is different for depression associated with the 

schizophrenia spectrum, including schizotypy. This is especially as the severity of 

depression and its temporal relationship with the development of psychotic 

symptoms inform diagnosis along the schizophrenia spectrum (American Psychiatric 

Association, 2013). 

Although the N 1 hypothesis was not supported and the specific finding appears 

at first sight to be inconsistent with prior studies, the general finding of a statistically 

significant discrepancy in the Nl amplitude difference is nevertheless in keeping 

with previous research. Deficits in Nl amplitude have been reliably measured in 

schizophrenia, first-degree relatives of schizophrenia pro bands (symptomatic 

individuals), and in individuals high in schizotypal traits (Ahveninen et al., 2006; 

Ford, Roach, et al., 2007; Foxe et al., 2011). The discrepancy revealed in the present 

study may reflect a different mechanism to those previously identified. Moreover, it 

may reflect a normal variability associated with nonclinical levels of schizotypy that 

is not necessarily continuous with clinical deficits. 

The P2 Amplitude Difference 

The second prediction proposed that, as schizotypy increased, the amplitude 

difference in forward processing between listening to the own voice and listening to 

the other voice would also increase, indexed by P2. Specifically, it was predicted that 

as schizotypy increased, there would be an increase in P2 amplitude to internal 

(listen-self) signals compared to external (listen-other) signals. This proposition was 

supported by schizotypy when the effect of stress was taken into account, with P2 

amplitude increasing to listen-self as schizotypy increased. The suppression 

relationship between schizotypy and stress was reciprocal. Stress showing a trend 
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towards statistical significance in the presence of schizotypy, with an oppositely

signed beta weight, such that the P2 amplitude difference increased as level of stress 

decreased. Schizotypy was not a significant predictor after controlling for depression 

or anxiety, and depression and anxiety were also nonsignificant as predictors. 

The P2 hypothesis was supported by hallucination when the effect of either 

stress or anxiety was taken into account, with P2 amplitude to listen-self compared 

to listen-other increasing as hallucination increased. Both controlled variables 

showed reciprocal suppression and beta weights oppositely-signed to hallucination. 

Stress emerged as a significant predictor of P2 amplitude difference, while anxiety 

showed a trend towards significance. Thus, P2 amplitude difference increased as 

schizotypy increased and as stress or anxiety decreased. However, substantial shared 

variance between schizotypy and depression obscured any relationship of either 

variable with P2. 

There has been little research interest in P2 amplitude in schizophrenia to date 

(Salisbury et al., 2010) and findings have been mixed. However, most studies have 

identified deficits in auditory P2 in schizophrenia, in first-degree relatives of 

schizophrenia probands, and in individuals high in schizotypal traits (Ferreira-Santos 

et al., 2012; Ogura et al., 2008; Salisbury et al.; Stekelenburg, Maes, Van Gool, 

Sitskoorn, & Vroom en, 2013 ). Although these studies were measuring different 

parameters through different tasks, the P2 amplitude difference associated with level 

of schizotypy and hallucination experience found in the present study reflects a 

similar discrepancy. However, since this study used a nonclinical sample, the P2 

discrepancy associated with level of schizotypy and extent of hallucination 

experience may reflect normal variability. 
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Relationship Between Nl and P2 Amplitude Differences 

Generally, where a stimulus has been perceived (before reaching conscious 

awareness) as nonsalient and N 1 is therefore reduced, forward processing is also 

limited. This would be reflected in a smaller P2 amplitude to a person's own thought 

(less salient) than to an external voice (more salient; Tremblay et al., 2001). 

However, Nl and P2 have each been found to consist of endogenous components 

(subjective mental operations, such as attention) as well as exogenous components 

(physical characteristics of the sound stimulus, such as loudness), which may 

influence their amplitudes differentially (Salisbury et al., 2010). The rest-stimulus 

interaction suggests that, in schizophrenia, internal auditory verbal signals elicit a 

salience response as if they are external and therefore will be forward processed as if 

external vocal stimuli. From this, the premise in this study was that as schizotypy 

increased there would be an increase in both Nl and P2 amplitude to the listen-self 

condition compared to the listen-other condition, reflecting less suppression of 

internal compared to external signals. 

In the event, higher schizotypy was associated with a greater N 1 response to 

listening to the voice of another person than listening to the own voice, which was 

against the predicted direction of the effect. However, both higher schizotypy and 

greater hallucination experience were associated with a greater P2 response to 

listening to the own voice as opposed to listening to the other voice, as predicted. 

The finding suggests that P2 was more dependent on mechanisms other than the N 1 

response and the disjunction between the peaks suggests that separate endogenous 

factors for each peak played a greater role than shared exogenous factors in this 

study. 
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Theoretical Implications 

The results of the study provide limited support for the rest-stimulus 

interaction hypothesis, but the interaction could not be tested with sufficient rigour. 

We need to test this theory more fully by examining DMN function and by including 

a clinical schizophrenia sample. It is important to note that we did not find the 

association ofreduced suppression to internal signals with schizotypy, as has been 

reported in the ERP literature when comparing speaking in real time to a listening 

condition, and that has been used to support the corollary discharge theory (Ford, 

Roach, et al., 2007). The fact that we find dissimilar findings for Nl and P2 

amplitude, in the absence of a motor condition which would generate a corollary 

discharge, suggests that other processes may also interfere with the discrimination 

between internal and external signals. It is important to note that this study does not 

refute the corollary discharge theory, and future research should test both models by 

including an internal motor condition (speaking in real time) as well as own-voice 

and other-voice listening conditions. 

The influences of depression, anxiety, and stress identified here are complex, 

but to be expected. All are common in individuals who experience hallucinations, 

particularly in schizophrenia (Paulik, Badcock, & Maybery, 2006), and altered 

functional connectivity in the DMN has been found associated with anxiety in fMRI 

studies (Sylvester et al., 2012). Although Paulik et al., using the Launay-Slade 

Hallucination Scale-Revised (LSHS-R; Bentall & Slade, 1985) scale and the DASS-

21 (Lovibond & Lovibond, 1995), found anxiety was most related to predisposition 

to hallucinate, in this study schizotypy and hallucination experience appear to share 

the most variance with depression and the least with stress. With larger samples, 

future work might examine specific factors within the SPQ-BR to better characterise 
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these relationships. In addition to the discussion above on the impact of these three 

factors on NI and P2 in this study, considerable interactions between depression and 

anxiety have been identified by previous research. For example, the effects of 

depression on brain function were moderated by varying degrees of co-occurring 

anxiety, with the direction of influence exerted by anxiety dependent on whether the 

anxiety was based in arousal or apprehension (Engels et al., 20 I 0). However, 

research conducted in this area has largely used fMRI and focused on emotion

related tasks (Engels et al), making it difficult to assess the implications for NI 

amplitude in the present study. 

Limitations and Future Research 

There were several important limitations to this study that need to be 

considered in future research. First, the sample size was too small, despite G-power 

analysis suggesting that a sample of 30 would be sufficient to match the effect size 

found by Ford, Roach, et al. (2007). Research of this nature commonly uses small 

samples due to difficulties in recruitment, but this is likely to contribute to 

inconsistency ofresults across studies (Salisbury et al., 2010). The formula N ?__ 50 + 

8111 (where 111 is the number of predictors; Tabachnik & Fidell, 2013) would seem 

more robust. Given that five predictors in a single model would have been useful, a 

minimum sample of 90 would be indicated for the study reported here. Three of 

these predictors were depression, anxiety, and stress. These clearly distinguished the 

high and low schizotypy groups and are known to be important correlates of 

schizophrenia. Given the suppression relationships, the substantial shared variances 

disclosed in the regression analyses, and the disparity of effects between N 1 and P2, 

a larger sample would permit the correlations to be more closely dissected in future 

work. 
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Second, activation of the DMN at rest was assumed to be elevated in high 

schizotypy, based on previous research into schizophrenia and schizotypy (Bro yd et 

al., 2009; Debbane et al., 2014; Nelson et al., 2013; van Os et al., 2009), and was not 

tested. Moreover, most research into the DMN has been conducted using fMRI and 

more needs to be done to identify characteristic EEG components relating to the 

DMN (Whitfield-Gabrieli & Ford, 2012), both in schizophrenia and schizotypy. As 

well, the DMN is largely characterised by abnormally high activation in a cortical 

task-free state. Any future study needs to include a resting state (task-free, eyes

closed) condition alongside the ERP suppression task. As well, this might be 

complemented by frequency domain analyses to investigate the associations between 

the DMN and alpha, beta, and gamma power previously demonstrated in studies 

using using fMRI (Chen, Feng, Zhao, Yin, & Wang, 2008; Mantin, Perrucci, Del 

Gratta, Romani, & Corbetta, 2007). 

Third, P2 has not been researched as extensively as other ERP components. As 

evidence of processing of auditory stimuli prior to conscious awareness, the results 

presented here suggest that further investigation would be timely, including attempts 

to replicate results. 

Fourth, as originally conceived, the study included two conditions (speaking in 

real time and thinking) that are not reported here due to technical difficulties. 

Analysis of these would have helped address some of the outstanding questions, 

pmiicularly teasing out propositions to differentiate the rest-stimulus interaction and 

the corollary discharge model. Future work needs to resolve these technical issues 

prior to replication or extension of the study. 

Finally, the participants here formed a nonclinical sample. While schizotypy is 

normally distributed in the general population and constitutes part of the 



schizophrenia spectrum, it does not necessarily confer clinically-relevant deficits. 

The recruitment strategy was originally designed for a between-groups ANOV A 

approach, which lead to an artificial bimodal distribution of schizotypy and 

hallucination experience scores that may have influenced regression results. While 

schizotypy proved to be a useful discriminator, to better evaluate the rest-stimulus 

interaction a future study would do well to include a schizophrenia group. 

Conclusions 
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This study tested predictions of the rest-stimulus interaction component of the 

resting state hypothesis, which hypothesizes that with increasing schizotypy there 

will be a reduced capacity to discriminate internal from external signals, such that 

there will be increased N 1 and P2 amplitude to the listen-self condition compared to 

listen-other. Hierarchical regression analyses provided partial confirmation of these 

predictions, revealing that as schizotypy or hallucination experience increased, there 

was an increase in P2 amplitude to the listen-self relative to listen-other signal. 

However, this was observed when controlling for stress or anxiety but not 

depression. Future research needs to test this model whilst including an explicit test 

of DMN function, using a motor signal condition (hearing oneself speak in real 

time), an internal condition (listen-self), and an external condition (listen-other), in 

order to test competing predictions of corollary discharge and resting state models. 

The predictions need also to be tested in a clinical schizophrenia sample. Despite 

several important limitations in the current study, which qualify the conclusion that 

can be drawn, initial findings suggest fmiher investigation of the resting state 

hypothesis is warranted. 
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Letter of approval from the Human Research Ethics Committee. 



Social Science Ethics Officer 
Private Bag 01 Hobart 

Tasmania 7001 Australia 
Tel: (03) 6226 2763 
Fax: (03) 6226 7148 

Katherine.Shaw@utas.edu.au 

HUMAN RESEARCH ETHICS COMMITTEE (TASMANIA) NETWORK 

Dr Kim Felmingham 
School of Psychology 
University of Tasmania 
Private Bag 30 
Hobart Tasmania 

Student Researcher: Valerie Ranson 

Dear Dr Felmingham 

Re: FULL ETHICS APPLICATION APPROVAL 
Ethics Ref: H0012495 - The impact of the default mode network on misattribution of 
external and internal auditory signals in schizophrenia 

We are pleased to advise that the Tasmania Social Sciences Human Research Ethics 
Committee approved the above project on 3 July 2012. 

UTAS 

This approval constitutes ethical clearance by the Tasmania Social Sciences Human 
Research Ethics Committee. The decision and authority to commence the associated 
research may be dependent on factors beyond the remit of the ethics review process. For 
example, your research may need ethics clearance from other organisations or review by 
your research governance coordinator or Head of Department. It is your responsibility to 
find out if the approval of other bodies or authorities is required. It is recommended that the 
proposed research should not commence until you have satisfied these requirements. 

Please note that this approval is for four years and is conditional upon receipt of an annual 
Progress Report. Ethics approval for this project will lapse if a Progress Report is not 
submitted. 

The following conditions apply to this approval. Failure to abide by these conditions may 
result in suspension or discontinuation of approval. 

1. It is the responsibility of the Chief Investigator to ensure that all investigators are aware 
of the terms of approval, to ensure the project is conducted as approved by the Ethics 
Committee, and to notify the Committee if any investigators are added to, or cease 
involvement with, the project. 

A PARTNERSHIP PROGRAM IN CONJUNCTION WITH THE DEPARTMENT OF HEAL TH AND HUMAN SERVICES 



2. Complaints: If any complaints are received or ethical issues arise during the course of 
the project, investigators should advise the Executive Officer of the Ethics Committee 
on 03 6226 7479 or human.ethics@utas.edu.au. 

3. Incidents or adverse effects: Investigators should notify the Ethics Committee 
immediately of any serious or unexpected adverse effects on participants or unforeseen 
events affecting the ethical acceptability of the project. 

4. Amendments to Project: Modifications to the project must not proceed until approval is 
obtained from the Ethics Committee. Please submit an Amendment Form (available on 
our website) to notify the Ethics Committee of the proposed modifications. 

5. Annual Report: Continued approval for this project is dependent on the submission of a 
Progress Report by the anniversary date of your approval. You will be sent a courtesy 
reminder closer to this date. Failure to submit a Progress Report will mean that 
ethics approval for this project will lapse. 

6. Final Report: A Final Report and a copy of any published material arising from the 
project, either in full or abstract, must be provided at the end of the project. 

Yours sincerely 

Katherine Shaw 
Ethics Officer 
Tasmania Social Sciences HREC 

A PARTNERSHIP PROGRAM IN CONJUNCTION WITH THE DEPARTMENT OF HEAL TH AND HUMAN SERVICES 
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Paiiicipant information sheet. 



UTAS~ 
Research project 

The impact of the default mode network on misattribution of external 
and internal auditory signals in schizophrenia. 

Participant Information Sheet 

Group C/D: High/Low Schizotypy Participants 
1. Invitation 

My name is Val Ranson. I would like to invite you to participate in research into the 
processing of auditory signals in schizophrenia. The details of the study follow and I 
hope you will consider being involved. I am a postgraduate student at the University 
of Tasmania and am conducting this research as part of the Masters in Clinical 
Psychology degree. My research supervisors are Dr. Kim Felmingham and Dr 
Andrea Carr, in the School of Psychology, University of Tasmania. 

2. What is the purpose of this study? 

The aim of this study is to examine how the brain processes auditory signals in 
people with schizophrenia compared to those who do not have a mental illness. In 
paiiicular, we are interested in studying how the brain processes auditory signals that 
have been generated by a person themselves, compared to those that have been 
generated by other people. That is, how your brain responds to your own voice, 
compared to how it responds to someone else's. 

3. Why have I been invited to participate? 

The study will be comparing the brain activity of individuals with schizophrenia 
with the brain activity of individuals who don't have a mental illness. You have been 
given this Information Sheet because you have responded to the Schizotypal 
Personality Questionnaire and expressed interest in paiiicipating in the study. 

I would like to recruit people who are: 

• Over 18 years of age. 

• Of normal hearing (hearing impairment may change how the brain processes 
sound). 

• Who score either high or low on a measure of schizotypal personality. 

Participation in the research is completely voluntary and there will be no 
consequences to your involvement with the University of Tasmania, if you decide 
not to proceed or if you decide to withdraw at any point. 



4. What will I be asked to do? 

If you agree to participate in this study, you will be asked to attend a two-hour 
testing session in the School of Psychology, University of Tasmania. Prior to 
commencement of the study, you will be asked to sign a consent form which will 
document your agreement to participate. You will be asked to fill in a few 
questionnaires about your mood, perceptual experiences (for example, whether you 
have ever heard voices when there was no one there), and a demographic 
questionnaire. 

You will then be fitted with an EEG cap. This has electrodes resting against your 
hair that measure the electrical activity running across your scalp. EEG is a painless, 
non-invasive, and safe procedure. You will be trained to produce an auditory sound 
(saying the word "ah") and this will be recorded and played back to you whilst your 
brain activity is recorded. We will also play you the same auditory syllable that has 
been recorded by another person and measure your brain activity. We will also ask 
you to speak the same syllable while we record your brain's activity. We will also 
ask you to imagine the same auditory syllable whilst we record your brain activity. 
We will then remove the electrode cap and answer any questions that you have about 
the study. 

5. Are there any possible benefits from participation in this study? 

If you decide to participate in this research you will be helping us develop our 
knowledge about how the brain functions in schizophrenia. This research will 
provide a foundation upon which we can have a better understanding of the 
mechanisms associated with schizophrenia. 

If you are a psychology first year student, you will be eligible to receive two hours of 
credit for your research participation. Other participants will be reimbursed $50 for 
their time and travel costs. 

6. Are there any possible risks from participation in this study? 

This study involves minimal risk to participants. You may feel some mild 
discomfort in wearing the EEG electrode cap. While the equipment used to measure 
brain activity may feel a little uncomfortable, it is not painful and cannot affect your 
brain in any way. However if you have sensitive skin, you should inform the 
researcher. 

It is possible that you may get fatigued and, to alleviate this, rests will be given 
during the experimental session. 

This study involves minimal risk, but if you become distressed at any time, you will 
be offered the option of accessing external support at the University Psychology 
Clinic at the University of Tasmania. This service is free of charge. Appointments 
can be made by contacting the clinic on (03) 6226 2805. 

7. What if I change my mind during or after the study? 

You are free to withdraw from the study at any time without penalty. That is, your 
decision to withdraw from the study will not affect your involvement with 



community and support services, or with the University of Tasmania. You can 
withdraw from the study without explanation. If you decide to withdraw from the 
study, the data collected from you during the study will be destroyed immediately. 

8. What will happen to the information when this study is over?

Your individual data will be treated confidentially. Your name will not be recorded 
with any data, except the Informed Consent form. Instead, your data will be given an 
ID number. The data will be kept in locked cabinets or on password secured 
computers at the School of Psychology at the University of Tasmania for a period of 
at least five years (with the exception of the medical questionnaires which will be 
destroyed on completion of the study). 

9. How will the results of the study be published?

Following completion of the research, the data will be published in peer-reviewed 
journal articles and in conference presentations. No participant will be personally 
identifiable in these publications as only group data will be published. A summary of 
the results of these experiments will be available on the University of Tasmania 
School of Psychology Web page at www.scieng.utas.edu.au/psychol or will be 
available by contacting the researchers. 

10. What if I have questions about this study?

If you have any questions about the study, you can contact the researcher, Val 
Ranson, by email at val.ranson@utas.edu.au or phone 04 .........., or Dr Kim 
Felmingham by email on Kim.Felmingham@utas.edu.au, or Dr Andrea Carr by 
email on A.R.Carr@utas.edu.au 

This study has been approved by the Tasmanian Social Sciences Human Research 
Ethics Committee (Approval No. H0012495 valid to 02/07/2016). 

Should you have any concerns or complaints about the conduct of this study, please 
contact the Executive Officer of the HREC (Tasmania) Network on (03) 6226 7479 
or email human.ethics@utas.edu.au. The Executive Officer is the person nominated 
to receive complaints from research participants. Please quote ethics reference 
number H0012495. 

Please keep this Information Sheet in case you wish to refer back to it later. 

If you would like more information or if you wish to participate in the study, do 

please contact me. 

Before carrying out the EEG procedure, I will answer any further questions 

you may have and will ask you to sign an Informed Consent form. The 

Informed Consent form specifies the information that must be fully explained to 

you. 
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Participant consent form. 



UTAS~ 
Participant Consent Form 

The impact of the default mode network on misattribution of external 
and internal auditory signals in schizophrenia. 

Participant Consent Statement: 

1. I agree to take part in the research study named above. 

2. I have read and understood the Information Sheet for this study. 

3. The nature and possible effects of the study have been explained to me. 

4. Any questions that I have asked have been answered to my satisfaction. 

5. I understand that the study requires me to attend the School of Psychology 
where my brain activity will be recorded while I listen to auditory signals that 
have been recorded by myself or other people I also understand that my 
involvement in this study is expected to take no longer than two hours. 

6. I understand that I will be asked about recreational drug habits, use of 
prescription medication and any psychiatric and neurological conditions. I 
also understand that I should indicate to the experimenter if I have sensitive 
skin and that I should request a rest if I become fatigued. 

7. I understand that all research data will be treated as confidential. I agree that 
research data gathered for the study may be published provided that I cannot 
be identified as a participant. 

8. I understand that my participation is voluntary and that I may withdraw from 
participation and/or withdraw my data at any time without prejudice to my 
academic standing or involvement in community services. 

Participant's name: 

Participant's signature: Date: ------------------

Investigator Statement 
I have explained this research and the implications of participation in it to this 
volunteer and I believe that the consent is informed and that he or she understands 
the implications of participation 

Investigator's name: 

Investigator's signature: __________________ Date: 
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Schizotypal Personality Questionnaire - Brief Revised version (SPQ-BR). 



Project: The impact of the default mode network on misattribution of external and 
internal auditory signals in schiwphrenia 

Approved by the University o,(Tasmania Human Research Ethics Committee 
HOOJ2495, valid to 03/07/2016 

Schizotypal Personality Questionnaire, Brief, Revised version 

For eac 1 item, p ease tic k I b tie ox t wt app ies lo you 

Item 
Strongly 

Disagree Neutral Agree 
Strongly 

Disagree Agree 

I. Are your thoughts sometimes so strong that you 
can almost hear them? 

2. I rarely laugh and smile. 

3. Do you feel that you cannot get "close·· to 
people7 

4. Do you sometimes feel that people are talking 
about you? 

5. I sometimes avoid going to places where there 
will be many people because I will get anxious 

6. Do you tend to wander off the topic when having 
a conversation? 

7. I sometimes jump quickly from one topic to 
another when speaking. 

8. I sometimes forget what I am trying to say. 

9. I feel very uncomfortable in social situations 
involving unfamiliar people. 

I 0. I am an odd. unusual person. 

11. you often have to keep an eye out to stop people 
from taking advantage of you? 

12. Other people see me as slightly eccentric (odd). 

13. Have you had experiences with astrology. seeing 
the future. UFO's. ESP. or a sixth sense? 

14. I often ramble on too much when speaking. 

15. Do you believe in clairvoyance (psychic forces. 
fortune telling)? 

16. Do you sometimes get concerned that friends or 
co-workers are not really loyal or trustworthy? 

17. I have some eccentric (odd) habits. 

18. I tend to keep my feelings to myself. 

19. Do everyday things seem unusually large or 
small? 

20. Do you believe in telepathy (mind-reading)? 



21. When shopping do you get the feeling that other 
people are taking notice ofyou'l 

22. Do you feel that there is no one you are really 
close to outside of your immediate family. or 
people you can confide in or talk to about 
personal problems? 

23. Do you often feel nervous when you are in a 
group of unfamiliar people? 

24. Do you sometimes feel that other people are 
watching you? 

25. I often feel that others have it in for me. 

26. When you look at a person or yourself in a 
mirror. have you ever seen the face change right 
before your eyes? 

27. I am not good at expressing my true feelings by 
the way I talk and look. 

28. Have you ever felt that you are communicating 
with another person telepathically (by mind-
reading)? 

29. 1 find it hard to be emotionally close to other 
people. 

30. I often hear a voice speaking my thoughts aloud. 

31. People sometimes comment on my unusual 
mannerisms and habits. 

32. I get anxious when meeting people for the first 
time. 

Cohen, A. S, Russell, R. A., Najolia, G. N ., & Brown, L. A. (20 I 0). Towards a more psychometrically 
sound brief measure of schizotypal traits: Introducing the SPQ-Brief Revised. Journal of Personality 
Disorders, 24, 516-537. 

Are you male? D or female? D 

If you are prepared to participate in the full study, please complete the following: -

Name: 

Phone number or email address: 

Thank you! 
Your assistance with this study is great(y aypreciated. 
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UTAS~ 
University of Tasmania 

Dr Kim Felmingham (Chief Investigator, Senior Lecturer, School of Psychology) 
Dr Andrea Carr (Investigator, Associate Lecturer, School of Psychology) 

Ms Val Ranson (Student Investigator, School of Psychology) 

Research project 

The impact of the default mode network on misattribution of external 
and internal auditory signals in schizophrenia 

Participant number: _____ _ 

Personal details form 

On the form overleaf, please enter the information requested or 

tick whichever options apply to you. 

Please let me know if you feel unable to answer any of these questions. 

Please note 

This form is anonymous in order to protect your personal information. 

It w;/l only be accessed by the project researchers and 
will be securely destroyed after.five years. 

You may withdraw at any point during the research procedure. 



1. What sex are you? Male Female 

1. How old are you? Years Months 

2. What relationship do you have to a person with a mental illness? 

A. I have a diagnosis of schizophrenia myself. A. --

B. My mother/father, son/daughter, or brother/sister has a mental illness. B. 

C. I have no family relationship with a person with a mental illness. C. 

3. If you have schizophrenia 

I. How old were you when first diagnosed with a mental illness? Years 

ii. How many years have you been receiving antipsychotic Years 
medication? 

Yes No -- --
iii. Are you currently taking an antipsychotic? 

4. Have you ever had any of the following? 

I. A diagnosis of mental illness other than schizophrenia. Yes No -- --

ii. A serious head injury that might still affect you in some way. Yes No -- --

iii. Any other neurological disorder, e.g. epilepsy, stroke, brain Yes -- No --

tumour. 

IV. A developmental disorder, e.g. learning difficulty, autism. Yes No -- --

v. Heavy use of drugs and/or alcohol in the past 12 months. Yes No -- --

vi. A need to use a hearing aid. Yes No -- --

vii. Other medication that might influence your brain in some way. Yes No -- --

If you ticked 'yes' to any of these, please briefly describe below: 

5. Effects of medication 

Do you have tardive dyskinesia as a result of antipsychotic medication? Yes --

If yes, is the effect Slight ___ Moderate --- Severe ---



6. If you are currently taking medication for schizophrenia 

ls your response to it (please tick) 

Stable Unstable 

7. Do you smoke tobacco? 

8. Are you currently employed? lfso, in what position? 

9. What is your highest level of education? 

10. Are you living at home or independently in the community? 

Approved by the University of Tasmania Human Research Ethics Committee 
H0012495, valid to 03/07/2016 
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Depression Anxiety Stress Scales - 21 item version (DASS-21 ). 



DASS21 
Participant number: 

Please read each statement and circle a number 0, 1, 2 or 3 which indicates how much the statement 
applied to you over the past week. There are no right or wrong answers. Do not spend too much time 
on any statement. 

The rating scale is as.follows: 

O Did not apply to me at all 

I Applied to me to some degree, or some of the time 

2 Applied to me to a considerable degree, or a good paii of time 

3 Applied to me very much, or most of the time 

I I found it hard to wind down 0 1 

2 I was aware of dryness of my mouth 0 1 

3 I couldn't seem to experience any positive feeling at all 0 1 

4 I experienced breathing difficulty ( eg, excessively rapid breathing, 
breathlessness in the absence of physical exertion) 0 I 

5 I found it difficult to work up the initiative to do things 0 1 

6 1 tended to over-react to situations 0 1 

7 I experienced trembling (eg, in the hands) 0 I 

8 I felt that I was using a lot of nervous energy 0 1 

9 I was worried about situations in which I might panic and make a fool of 
myself 0 I 

10 I felt that I had nothing to look forward to 0 I 

11 I found myself getting agitated 0 1 

12 I found it difficult to relax 0 I 

13 I felt down-heaiied and blue 0 1 

14 I was intolerant of anything that kept me from getting on with what I was 
doing 0 1 

15 I felt I was close to panic 0 1 

16 I was unable to become enthusiastic about anything 0 I 

17 I felt I wasn't worth much as a person 0 I 

18 I felt that I was rather touchy 0 I 

19 I was aware of the action ofmy heati in the absence of physical exertion 
( eg, sense of hea1i rate increase, heart missing a beat) 0 I 

20 I felt scared without any good reason 0 I 

21 I felt that life was meaningless 0 I 

{Lov1bond & Lov1bond. 1995) 

Approved by the University of Tasmania Human Research Ethics Committee 
f-100/2-195. valid to 03'07,2016 
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Auditory Hallucination-like Experiences Scale (AHES). 



UTASm 
Research project 

Misattribution of auditory signals in schiwphrenia 

Auditory Hallucination-like Experience Scale 

Please rate each of the statements below according to your experience throughout your life. 

Statement 

I = I have never experienced this. 

2 = I have hardly ever experienced this. 

3 = I have sometimes experienced this. 

4 = I have quite often experienced this. 

5 = I have very often experienced this. 

When on my own, I have laughed aloud in response to thoughts that I was having. 

I have experienced positive voices in my head. 

Random voices or noises around me have seemed significant to me. 

I have heard, as if in my ear, things commonly said by people impo1iant to me or 
often seen by me. 

I have thought that I had been absent-minded when I hadn't ( e.g. forgot to lock a 
door, turn off the stove, or sign my name). 

When I have recalled conversations with others, I have felt that I could actually hear 
them speak. 

I have heard people talking and thought they were speaking about me or speaking 
badly of me. 

I have mistaken sounds for voices. 

On the point of going to sleep or on the point of waking up, I have felt paralysed and 
could not move. 

When buying a product in a shop, I have felt that I could hear the TV commercial for 
that product. 

When in a crowd, I have turned round because I thought that I heard my name called. 

Although voices were close by, it has seemed as if they were coming from a distance. 

I have imagined a conversation with another person. 

When a problem arose, I was able to clearly express my thoughts and feelings in 
words. 

I have heard jingles from TV commercials repeating in my head. 

I have had random thoughts that were hard to get rid of. 

Score 



When I have been alone, I have thought I heard someone call my name. 

I have heard music repeating in my head. 

My thoughts were so strong such that I felt I could actually hear them. 

I have felt like putting other people down or have felt like breaking things, and could 
not get rid of those thoughts. 

On the point of going to sleep or on the point of waking up, people or events that had 
occurred during the day have appeared again in front of me. 

When I have drunk alcohol, or the morning after I have drunk alcohol, I have felt like 
I was in a dream or I saw or heard things that weren't there, even though I was 
awake. 

On the point of going to sleep or on the point of waking up, I have heard my name 
being called or have heard someone else speaking. 

I have felt that I have been good at memorising music or tunes and that I have seldom 
forgotten what I have heard once. 

I have heard music in my head that was difficult to get rid of. 

I could actually hear sounds that I imagined. 

My ears have been very sensitive, when even the slightest sound has bothered me. 

I was convinced that I heard something that I could not actually have heard. 

I have thought things out loud and talked to myself when I did this. 

I have thought that I could hear the voice of something like God or a good spirit. 

Even though awake, I have felt like I was in a dream and saw or heard things that 
weren't real or had other unusual experiences. 

In times of trouble, I have spoken firmly to myself, in order to support and encourage 
myself. 

I have experienced voices in my head tempting me towards the negative side of my 
nature. 

I have felt that my family or I was in danger, and I could not get rid of the thought. 

I have seen people laughing and felt that they were laughing at me. 

I have thought that I could hear the voice of something like the devil or a bad spirit. 

I have imagined a conversation with another person, in order to clarify my own 
thoughts. 

I have heard sounds that were not really there ( e.g. of vehicles or of birds chirping). 

I have heard a voice when nobody was there. 

I have felt that my voice was remote from me. 

Translated from Sugimori. E .. Asai. T .. & Tanno. Y. (2009). Reliability and validity of the auditory 
hallucination-like experience scale. [Article in Japanese.] Shinrigak11 Ke11~1'11, 80(5). 389-396. 

Approved by the University of Tasmania Human Research Ethics Committee 
HOOI2495, valid to 03/07/2016 
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03-power analysis 
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Appendix I 

Regression tables for electrode sites FZ and CZ. 



Table 11 

Hierarchical Regression Analyses Predicting N1 Amplitude Difference From Schizotypy, 
Controlling Separately for Depression, Anxiety, and Stress, at Electrode FZ 

Controlling for Depression 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant -0.88 0.47 -1.87 .07 [-1.84, 0.09] 

Depression 0.08 0.04 .39 2.15 .04 [0.00, 0.15] 

f[2 = .11, F(1, 26) = 4.61, p = .04 

Step2 Constant -1.70 1.06 1.61 .12 [-3.88, 0.47] 

Depression 0.05 0.05 .24 0.99 .33 [-0.05, 0.15] 

Schizotypy 0.01 0.02 .22 0.87 .39 [-0.02, 0.05] 

'j[2 = .11; F (2, 25) = 2.66, p = .09 ;,,f[2 = .03, t,.F(1, 25) = 0. 76, p = .39 

Controlling for Anxiety 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant -0.58 0.46 -1.28 .21 [-1.52, 0.35] 

Anxiety 0.05 0.04 .27 1.43 .16 [-0.02, 0.13] 

R2 = .04, F(1, 26) = 2.06, p = .16 

Step 2 Constant -2.03 1.10 -1.84 .08 [-4.29, 0.24] 

Anxiety 0.01 0.05 .03 -0.11 .91 [-0.10, 0.11] 

Schizotypy 0.02 0.02 .36 1.44 .16 [-0.01, 0.06] 

iF = .08; F (2, 25) = 2.10, p = .14 
-2 

t,.R = .07, t,.F (1, 25) = 2.07, p = .16 

Controlling for Stress 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant -0.44 0.59 -0.76 .46 [-1.65, 0.76] 

Stress 0.02 0.04 .13 0.66 .52 [-0.05, 0.09] 

'f[2 =O*, F(1, 26) = 0.43, p = .52 

Step 2 Constant -2.33 1.02 -2.29 .03 [-4.43, -0.23] 

Stress -0.04 0.04 -.24 -0.98 .34 [-0.14, 0.05] 

Schizotypy 0.04 0.02 .54 2.20 .04 [0.00, 0.07] 

R2 = .11; F (2, 25) = 2.66, p = .09 
-2 

t,.R = .16, t,.F (1, 25) = 4.82, p = .09 

Note. n = 28 in all analyses. Cl= confidence interval. 1[2 = Adjusted R 2
. 1[2 = Adjusted R 2

. •j[2 = 0 if the value is 
spuriously negative (Tabachnick & Fidell, 2013). 
Depression, Anxiety, and Stress= level of depression, anxiety, or stress during the week prior to testing, assessed 
by the Depression Anxiety Stress Scales short version. Schizotypy = degree of schizotypy, assessed by the 
Schizotypal Personality Questionnaire (excluding the factor for Social Anxiety). 



Table 12 

Hierarchical Regression Analyses Predicting N1 Amplitude Difference From Schizotypy, 
Controlling Separately for Depression, Anxiety, and Stress, at Electrode CZ 

Controlling for Depression 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant -0.40 0.43 -0.93 .36 [-1.28, 0.48] 

Depression 0.85 0.03 .46 2.67 .01 [0.02, 0.15] 

iP = .19, F(1, 26) = 7.14, p = .01 

Step2 Constant -0.75 0.98 -0.77 .45 [-2.77, 1.27] 

Depression 0.07 0.04 .40 1.67 .11 [-0.02, 0.16] 

Schizotypy 0.01 0.02 .10 0.40 .69 [-0.03, 0.04] 

R 2 = .16; F (2, 25) = 3.53, p = .04 t,,,R2 = .01, t,,,F(1, 25) = 0.16, p = .69 

Controlling for Anxiety 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant -0.13 0.4 0.28 .78 [-0. 78, 1.03] 

Anxiety 0.04 0.04 .21 1.07 .29 [-0.04, 0.11] 

R2 = .01, F(1, 26) = 1.15, p = .29 

Step 2 Constant -1.47 1.05 -1.39 .18 [-3.63, 0.70] 

Anxiety -0.01 0.05 -.08 -0.30 .77 [-0.11, 0.08] 

Schizotypy 0.03 0.02 .42 1.66 .11 [-0.01, 0.06] 

i:f2 = .07; F (2, 25) = 1.98, p = .16 
-2 

t,,,R = .10, t,,,F (1, 74) = 2.28, p = .11 

Controlling for Stress 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant 0.18 0.56 0.32 .75 [-0.97, 1.33] 

Stress 0.02 0.03 .12 0.60 .55 [-0.05, 0.09] 

R2 =O*, F(1, 26) = 0.36, p = .55 

Step 2 Constant -2.00 1.06 -1.89 .07 [-3.59, 0.43] 

Stress -0.04 0.05 -.20 -0.82 .42 [-0.13, 0.05] 

Schizotypy 0.03 0.02 .51 2.02 .05 [0.00, 0.07] 

R 2 = .10; F (2, 25) = 2.49, p = .10 
-2 

t,,,R = .15, t,,,F (1, 25) = 4.57, p = .04 

Note. n = 28 in all analyses. Cl = confidence interval. R2 = Adjusted R 2
. R2 = Adjusted R 2

. * R 2 = 0 if the value is 
spuriously negative (Tabachnick & Fidell, 2013). 
Depression, Anxiety, and Stress= level of depression, anxiety, or stress during the week prior to testing, assessed 
by the Depression Anxiety Stress Scales short version. Schizotypy = degree of schizotypy, assessed by the 
Schizotypal Personality Questionnaire (excluding the factor for Social Anxiety). 



Table 13 

Hierarchical Regression Analyses Predicting P2 Amplitude Difference From Schizotypy, 
Controlling Separately for Depression, Anxiety, and Stress, at Electrode FZ 

Controlling for Depression 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant 0.64 0.58 1.11 .28 [-0.55, 1.84] 

Depression 0.00 0.04 -.01 -0.06 .96 [-0.09, 0.09] 

f[2 = O*, F{1, 26) < 0.01, p = .96 

Step 2 Constant -1.23 2.28 -0.54 .60 [-2.57, 2.90] 

Depression 0.00 0.10 .01 0.04 .97 [-0.14, 0.10] 

Schizotypy 0.02 0.03 .16 0.61 .55 [-0.03, 0.05] 

R2 = O*; F (2, 25) = 0.08, p = .92 t,,.R2 = .01, t,,.F(1, 25) = 0.16, p = .69 

Controlling for Anxiety 

Model Predictor B SE 13 p 95% Cl for B 

Step 1 Constant 0.91 0.54 1.69 .10 [-0.20, 2.00] 

Anxiety -0.03 0.04 -.15 -0.77 .45 [-0.12, 0.06] 

iP = O*, F{1, 26) = 0.59, p = .45 

Step 2 Constant -0.38 1.32 -0.29 .78 [-3.08, 2.33] 

Anxiety -0.08 0.06 -.34 -1.29 .21 [-0.20, 0.05] 

Schizotypy 0.02 0.02 .28 1.07 .30 [-0.02, 0.06] 

iF = O*; F (2, 25) = 0.86, p = .43 t,,.R2 = .04, t,,.F(1, 25) = 1.13, p = .30 

Controlling for Stress 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant 1.13 0.66 1.70 .10 [-0.23, 2.50] 

Stress -0.04 0.04 -.18 -0.94 .35 [-0.12, 0.04] 

iP = O*, F(1, 26) = 0.89, p = .35 

Step 2 Constant -2.29 2.04 -1.12 .27 [-2.69, 2.35] 

Stress -0.18 0.09 -.50 -1.99 .06 [-0.19, 0.03] 

Schizotypy 0.07 0.03 .51 2.04 .05 [-0.02, 0.06] 

1'[2 = .02; F (2, 25) = 1.25, p = .31 t,,.R2 = .06, t,,.F(1, 25) = 1.58, p = .22 

Note. n = 28 in all analyses. Cl = confidence interval. i?2 = Adjusted R 2
. * R2 = O if the value is spuriously negative 

(Tabachnick & Fidell, 2013). 
Depression, Anxiety, and Stress= level of depression, anxiety, or stress during the week prior to testing, assessed 
by the Depression Anxiety Stress Scales short version. Schizotypy = degree of schizotypy, assessed by the 
Schizotypal Personality Questionnaire (excluding the factor for Social Anxiety). 



Table 14 

Hierarchical Regression Analyses Predicting P2 Amplitude Difference From Schizotypy, 
Controlling Separately for Depression, Anxiety, and Stress, at Electrode CZ 

Controlling for Depression 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant -0.60 1.07 -0.56 .58 [-2.80, 1.60] 

Depression 0.07 0.08 .16 0.82 .42 [-0.10, 0.23] 

R2 = O*, F(1, 26) = 0.68, p = .42 

Step 2 Constant -2.27 2.42 -0.94 .36 [-7.26, 2.72] 

Depression 0.01 0.11 .02 0.08 .94 [-0.22, 0.23] 

Schizotypy 0.03 0.04 .20 0.77 .45 [-0.05, 0.10] 

i'[2 = O*; F (2, 25) = 0.63, p = .54 t,,.f[2 = .02, t,,.F(1, 25) = 0.59, p = .45 

Controlling for Anxiety 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant 0.15 1.01 0.15 .88 [-1.92, 2.22] 

Anxiety -0.01 0.08 -.03 -0.14 .89 [-0.18, 0.16] 

R2 = O*, F(1, 26) = 0.02, p = .89 

Step 2 Constant -3.55 2.40 -1.48 .15 [-8.50, 1.40] 

Anxiety -0.13 0.11 -.32 -1.24 .23 [-0.36, 0.09] 

Schizotypy 0.06 0.04 .43 1.49 .10 [-0.01, 0.13] 

R2 = .03; F (2, 25) = 1.43, p = .26 
-2 t,,.R = .10, t,,.F(1, 25) = 2.84, p = .10 

Controlling for Stress 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant 0.68 1.25 0.54 .59 [-1.89, 3.25] 

Stress -0.05 0.07 -.12 -0.61 .55 [-0.20, 0.11] 

R2 = O*, F(1, 26) = 0.38, p = .55 

Step 2 Constant -3.45 2.17 -1.59 .12 [-7.91, 1.01] 

Stress -0.19 0.09 -.50 -2.02 .05 [-0.38, 0.00] 

Schizotypy 0.08 0.03 .56 2.26 .03 [0.01, 0.15] 

R2 = .18; F (2, 25) = 2.76, p = .08 
-2 t,,.R = .17, t,,.F(1, 25) = 5.09, p = .03 

Note. n = 28 in all analyses. Cl = confidence interval. R2 = Adjusted R 2
. * R 2 = O if the value is spuriously negative 

(Tabachnick & Fidell, 2013). 
Depression, Anxiety, and Stress= level of depression, anxiety, or stress during the week prior to testing, assessed 
by the Depression Anxiety Stress Scales short version. Schizotypy = degree of schizotypy, assessed by the 
Schizotypal Personality Questionnaire (excluding the factor for Social Anxiety). 



Table 15 

Hierarchical Regression Analyses Predicting N1 Amplitude Difference From Experience of 
Auditory Hallucination, Controlling Separately for Depression, Anxiety, and Stress, at 
Electrode FZ 

Controlling for Depression 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant -0.88 0.47 -1.87 .07 [-1.84, 0.09] 

Depression 0.08 0.04 .39 2.15 .04 [0.00, 0.15] 

lf2 = .12, F{1, 26) = 4.06, p = .04 

Step 2 Constant -0.67 1.01 -0.67 .51 [-2.75, 1.41] 

Depression 0.08 0.05 .42 1.79 .09 [-0.01, 0.18] 

Hallucination -0.01 0.04 -.05 -0.23 .82 [-0.09, 0.07] 

R2 = .08; F (2, 25) = 2.25, p = .13 t,.R2 = o, t,.F(1, 25) = 0.05, p = .82 

Controlling for Anxiety 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant -0.58 0.46 -1.28 .21 [-1.52, 0.35] 

Anxiety 0.05 0.04 .27 1.43 .16 [-0.02, 0.13] 

lf2 = .04, F(1, 26) = 2.06, p = .16 

Step 2 Constant -0.50 1.26 -0.40 .69 [-3.09, 2.09] 

Anxiety 0.06 0.06 .29 0.90 .38 [-0.07, 0.19] 

Hallucination -0.03 0.06 -.02 -0.07 .94 [-0.12, 0.11] 

i[2 = .O*; F (2, 25) = 0.99, p = .39 t,.R2 = 0, 1',.F(1, 25) = 0.01, p = .94 

Controlling for Stress 

Model Predictor B SE 13 p 95% Cl for B 

Step 1 Constant -0.44 0.59 -0.76 .46 [-1.65, 0.76] 

Stress 0.02 0.04 .13 0.66 .52 [-0.05, 0.09] 

lf2 = O*, F(1, 26) = 0.43, p = .52 

Step 2 Constant -1.30 1.13 -1.15 .26 [-3.62, 1.02] 

Stress -0.02 0.06 -.09 0.29 .77 [-0.13, 0.10] 

Hallucination 0.05 0.05 .28 0.89 .38 [-0.06, 0.16] 

R2 = O*; F (2, 25) = 0.61, p = .55 t,.R2 = .03, t,. F(1, 25) = 0.80, p = .38 

Note. n = 28 in all analyses. Cl= confidence interval. R2 = Adjusted R 2
. *R2 = O if the value is spuriously negative 

(Tabachnick & Fidell, 2013). 
Depression, Anxiety, and Stress= level of depression, anxiety, or stress during the week prior to testing, assessed 

by the Depression Anxiety Stress Scales short version. Hallucination= lifetime extent of auditory hallucination 
experience, assessed by Factor 1 of the Auditory Hallucination-like Experience Scale. 



Table 16 

Hierarchical Regression Analyses Predicting N1 Amplitude Difference From Experience of 
Auditory Hallucination, Controlling Separately for Depression, Anxiety, and Stress, at 
Electrode CZ 

Controlling for Depression 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant -0.40 0.43 -0.93 .36 [-1.28, 0.48] 

Depression 0.85 0.03 .46 2.67 .01 [0.02, 0.15] 

ff2- = .19, F(1, 26) = 7.14, p = .01 

Step 2 Constant 0.70 0.89 0.78 .44 [-1.14, 2.53] 

Depression 0.12 0.04 .65 3.00 .01 [0.04, 0.20] 

Hallucination -0.05 0.04 -.30 -1.40 .18 [-0.12, 0.02] 

i'[2 = .21; F (2, 25) = 4.68, p = .02 
-2 

tiR = .06, tiF(1, 25) = 1.95, p = .18 

Controlling for Anxiety 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant -0.13 0.44 0.28 .78 [-0. 78, 1.03] 

Anxiety 0.04 0.04 .21 1.07 .29 [-0.04, 0.11] 

ff2- = .01, F(1, 26) = 1.15, p = .60 

Step 2 Constant 0.72 1.21 0.60 .56 [-1.77, 3.22] 

Anxiety 0.07 0.06 .34 1.06 .30 [-0.06, 0.19] 

Hallucination -0.03 0.05 -.17 -0.53 .60 [-0.14, 0.08] 

i[2 = .O*; F (2, 25) = 0.70, p = .51 
-2 

tiR = .01, tiF(1, 25) = 0.28, p = .60 

Controlling for Stress 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant 0.18 0.56 0.32 .75 [-0.97, 1.33] 

Stress 0.02 0.03 .12 0.60 .55 [-0.05, 0.09] 

ff2- = O*, F(1, 26) = 0.36, p = .55 

Step 2 Constant 0.10 1.09 0.09 .09 [-2.15, 2.35] 

Stress 0.02 0.05 .10 0.30 .77 [-0.10, 0.13] 

Hallucination 0.01 0.05 .03 0.09 .93 [-0.10, 0.11] 

/[2 = O*; F (2, 25) = 0.18, p = .84 tiR2 = o, ti F(1, 25) = 0.01, p = .93 

Note. n = 28 in all analyses. Cl = confidence interval. R2 = Adjusted R 2
. * R2 = 0 if the value is spuriously negative 

(Tabachnick & Fidell, 2013). 
Depression, Anxiety, and Stress= level of depression, anxiety, or stress during the week prior to testing, assessed 

by the Depression Anxiety Stress Scales short version. Hallucination = lifetime extent of auditory hallucination 
experience, assessed by Factor 1 of the Auditory Hallucination-like Experience Scale. 



Table 17 

Hierarchical Regression Analyses Predicting P2 Amplitude Difference From Experience of 
Auditory Hallucination, Controlling Separately for Depression, Anxiety, and Stress, at 
Electrode FZ 

Controlling for Depression 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant 0.64 0.58 1.11 .28 [-0.55, 1.84] 

Depression 0.00 0.04 -.01 -0.06 .96 [-0.09, 0.09] 

ff2 = O*, F(1, 26) < 0.01, p = .96 

Step 2 Constant -1.36 2.14 -0.63 .53 [-5.77, 3.06] 

Depression 0.00 0.10 .01 0.03 .98 [-0.20, 0.20] 

Hallucination 0.06 0.09 .18 0.73 .47 [-0.11, 0.24] 

J[2 = O*; F (2, 25) = 0.76, p = .48 t,.,/[2 = .06, t:...F(1, 25) = 1.51, p = .23 

Controlling for Anxiety 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant 0.91 0.54 1.69 .10 [-0.20, 2.00] 

Anxiety -0.03 0.04 -.15 -0.77 .45 [-0.12, 0.06] 

ff2 = O*, F(1, 26) = 0.59, p = .45 

Step 2 Constant -2.55 1.28 -2.00 .06 [-5.18, 0.73] 

Anxiety -0.18 0.06 -.81 -2.86 <.01 [-0.32, 0.05] 

Hallucination 0.16 0.06 .83 2.92 .05 [0.05, 0.28] 

J[2 = .21; F (2, 25) = 4.64, p = .02 t:...R2 = .25, t:...F(1, 25) = 8.51, p = <.01 

Controlling for Stress 

Model Predictor B SE 13 p 95% Cl for B 

Step 1 Constant 1.13 0.66 1.70 .10 [-0.23, 2.50] 

Stress -0.04 0.04 -.18 -0.94 .35 [-0.12, 0.04] 

ff2 = O*, F(1, 26) = 0.89, p = .35 

Step 2 Constant -1.79 1.10 -1.62 .12 [-4.06, 0.48] 

Stress -0.17 0.06 -.84 -3.11 <.01 [-0.28, -0.06] 

Hallucination 0.16 0.05 .83 3.10 <.01 [0.06, 0.27] 

R2 = .25; F (2, 25) = 5.41, p = .01 t:...R2 = .27, t:...F(1, 25) = 9.64, p = <.01 

Note. n = 28 in all analyses. Cl = confidence interval. R2 = Adjusted R 2
. * R2 = O if the value is spuriously negative 

(Tabachnick & Fidell, 2013). 
Depression, Anxiety, and Stress= level of depression, anxiety, or stress during the week prior to testing, assessed 
by the Depression Anxiety Stress Scales short version. Hallucination = lifetime extent of auditory hallucination 
experience, assessed by Factor 1 of the Auditory Hallucination-like Experience Scale. 



Table 18 

Hierarchical Regression Analyses Predicting P2 Amplitude Difference From Experience of 
Auditory Hallucination, Controlling Separately for Depression, Anxiety, and Stress, at 
Electrode CZ 

Controlling for Depression 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant -0.60 1.07 0.56 .58 [-2.80, 1.60] 

Depression 0.07 0.08 .16 0.82 .42 [-0.10, 0.23] 

R2 = O*, F(1, 26) = 0.68, p = .42 

Step 2 Constant -1.81 2.30 -0.79 .44 [-7.26, 2.72] 

Depression 0.03 0.10 .07 0.27 .79 [-0.22, 0.23] 

Hallucination 0.06 0.09 .15 0.60 .56 [-0.05, 0.1 OJ 

·;p = O*; F (2, 25) = 0.51, p = .61 -2 
t\..R = .01, t\..F(1, 25) = 0.35, p = .47 

Controlling for Anxiety 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant 0.15 1.01 0.15 .88 [-1.92, 2.22] 

Anxiety -0.01 0.08 -.03 -0.14 .89 [-0.18, 0.16] 

R2 = O*, F(1, 26) = 0.02, p = .89 

Step 2 Constant -4.41 2.61 -1.69 .10 [-8.50, 1.40] 

Anxiety -0.21 0.13 -.50 -1.59 .12 [-0.36, 0.09] 

Hallucination 0.22 0.11 .59 1.88 .07 [-0.01, 0.13] 

R2 = .06; F (2, 25) = 1.78, p = .19 t,../:[2 = .12, t\..F(1, 25) = 3.55, p = .07 

Controlling for Stress 

Model Predictor B SE p 95% Cl for B 

Step 1 Constant 0.68 1.25 0.54 .59 [-1.89, 3.25] 

Stress -0.05 0.07 -.12 -0.61 .55 [-0.20, 0.11] 

R2 = O*, F(1, 26) = 0.38, p = .55 

Step 2 Constant -4.11 2.17 -1.89 .07 [-8.58, 0.36] 

Stress -0.26 0.11 -.69 -2.45 .02 [-0.49, -0.04] 

Hallucination 0.27 0.10 .73 2.59 .02 [0.06, 0.48] 

R2 = .16; F (2, 25) = 3.57, p = .04 t,../[2 = .21, t\..F(1, 25) = 6.69, p = .02 

Note. n = 28 in all analyses. Cl = confidence interval. R2 = Adjusted R 2
. * R 2 = O if the value is spuriously negative 

(Tabachnick & Fidell, 2013). 
Depression, Anxiety, and Stress = level of depression, anxiety, or stress during the week prior to testing, assessed 
by the Depression Anxiety Stress Scales short version. Hallucination = lifetime extent of auditory hallucination 
experience, assessed by Factor 1 of the Auditory Hallucination-like Experience Scale. 



Appendix I 

CD inside pocket attached to back cover 

Raw data spreadsheets 

• Clinical data. 

• N 1 amplitude data. 

• P2 amplitude data. 

SPSS analysis for electrode sites FZ, FCZ, and CZ 

• Correlation analysis for main study variables. 

• Nl and P2 ANOVAs. 

• Nl amplitude difference (LS minus LO) regression analyses. 

• P2 amplitude difference (LS minus LO) regression analyses. 
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