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Abstract
The aberrant salience hypothesis of positive symptom formation refers to the dopaminemediated process of abnormal tagging of typically innocuous stimuli. This process is theorised to
be central to development of delusions and is thus important in understanding schizophrenia
spectrum disorders, however, operationalisation of aberrant salience measurement has varied
across investigators. The Aberrant Salience Inventory (ASI; Cicero, Kerns & McCarthy, 2010), a
recent measure of subjectively experienced aberrant salience; shows promising psychometric
properties however, as a trait measure, it has limited capacity to capture change across time, thus
constraining its clinical applications and research potential. Further, its relationship to positive
psychotic symptoms warrants exploration. In response to these limitations, we used the ASI to
develop a current state measure of aberrant salience called the Aberrant Salience Inventory
Current State (ASICS). Furthermore, we aimed to compare the ASICS factor structure to the
original ASI and demonstrate the reliability and validity of the ASICS using theoretically related
measures. In Study One, a non-clinical sample of 414 adults completed a battery of measures
online including the ASICS, Schizotypal Personality Questionnaire –Brief (Raine & Benishay,
1995), Peters Delusions Inventory (Peters, Joseph, & Garety, 1999), Launay-Slade
Hallucinations Scale (Larøi, Marczewski, & Van der Linden, 2004) and Behavioural Inhibition
and Behavioural Activation (Carver & White, 1994). In Study Two, a subsample of participants
from Study One completed an objective state measure of aberrant and adaptive salience called
the Salience attribution test (SAT) (Roiser et al., 2009). Development of the ASI into the ASICS
did not affect internal reliability. A confirmatory factor analysis largely replicated the original
ASI 5-factor structure. The ASICS not only correlated strongly with the SPQ, but also with
measures of subclinical delusions and hallucinations. However the ASICS did not correlate with

xi

the SAT. We conclude that the ASICS replicates measurement of the original ASI constructs
and can now be further explored in clinical populations.
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Chapter 1: Review of Related Literature
Psychosis is a cluster of symptoms that result in a significant impairment in reality
perception. These symptoms include hallucinations, sensory perception in the absence of
stimuli; delusions, beliefs with a high degree of conviction in absence of evidence; and
disorganized thought, an impairment of logical and sequential thought. Psychosis itself is not
a psychiatric diagnosis, as it can be present in an array of disorders. However, the defining
features of schizophrenia spectrum disorders are the presence of hallucinations or delusions,
whilst mood disorders, personality disorders or dementia may also have psychotic features.
Organic conditions or substance abuse can also include psychotic symptomatology.
A Continuum of Psychotic Experiences
There is a significant amount of evidence that psychotic phenomena occur in
individuals from non-clinical populations without a psychiatric diagnosis, in addition to
individuals from clinical populations with a psychiatric diagnosis (McGrath, Saha, Chant, &
Welham, 2008; Messias, Chen, & Eaton, 2007; Stip & Letourneau, 2009; van Os, Hanssen,
Bijl, & Ravelli, 2000). This phenomenon has been termed the psychosis continuum (van Os,
Linscott, Myin-Germeys, Delespaul, & Krabbendam, 2009). The most convincing evidence
for the psychosis continuum is that the prevalence of psychotic symptomatology is higher
than the clinical diagnostic prevalence which suggests that psychotic symptoms are not
exclusive to clinical disorders. In a meta-analysis using studies between 1950 to 2007, van
Os, Linscott, Myin-Germeys, Delespaul and Krabbendam (2009) estimated the median
prevalence of both hallucinations and delusions was 5% which is considerably higher than
the 0.4% lifetime prevalence rates of people experiencing psychosis (Andrews, Henderson, &
Hall, 2001). Furthermore, studies investigating psychosis phenomena in non-clinical
populations have demonstrated incidence of hallucinations ranging from 4-15% depending on
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age, gender and culture factors (Raine & Benishay, 1995; Tien, 1991a). Additionally, a
survey of college students measuring the same range of hallucinatory experiences across
the lifespan found up to 71% endorsement. Items included experiences such as hearing their
name being called without a stimulus source (Posey & Losch, 1983).
Comparisons of psychosis phenomena in non-clinical and clinical populations have
found that the experiences have many similarities. However there have been some important
differences that potentially distinguish these groups. The nature of the content for
hallucinations in non-clinical groups was always benevolent, whilst in schizophrenia
hallucinations were more frequently fault-finding and intrusive, which subsequently resulted
in heightened distress (Honig et al., 1998; Nayani & David, 1996; van Os et al., 2009).
Furthermore, has been suggested that hallucinations in non-clinical populations may be more
transient, which is not typically characteristic of schizophrenia spectrum disorders (Johns &
van Os, 2001). Furthermore, invasiveness, distress, frequency of the experience, co-morbidity
of psychiatric symptomatology and culture, may also be more characteristic of clinical
populations (Honig et al., 1998; Peters, Day, McKenna, & Orbach, 1999; van Os et al.,
2009).
In summary, there is strong evidence of a psychosis continuum spanning across nonclinical and clinical populations. Whilst psychotic phenomena in clinical populations
resembles that found in non-clinical populations, there are some features of the psychosis
phenomena that are inherent to clinical populations, thus potentially allowing for these
populations to be distinguished (Linscott & Van Os, 2010).
Schizotypal Personality Traits as a Marker of Psychosis Phenomena
Part of the psychosis continuum comprises schizotypal personality traits. The term
‘schizotypal personality traits’, is often used synonymously with ‘schizotypy’ and ‘psychosis
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proneness’, and is defined as the tendency an individual has of having psychotic symptomslike experiences. Such traits are found in varying degrees throughout non-clinical populations
(Johns & van Os, 2001). The Diagnostic and Statistical Manual 5 (DSM-5) describes
schizotypal personality disorder as any five of the following nine traits; ideas of reference,
odd beliefs or magical thinking, unusual perceptual experiences, odd thinking and speech,
suspiciousness or paranoid ideation, inappropriate or constricted affect, odd, eccentric or
peculiar behaviour or appearances, lack of close friends and excessive social anxiety (APA,
2013).
Research has capitalised on the notion of a psychosis continuum by utilising
schizotypal personality traits to denote psychosis phenomena and the risk of developing
psychosis (Raine, Lencz, & Mednick, 1995). This is supported by evidence demonstrating
that schizotypal personality traits are indicative of an individual’s genetic vulnerability to a
psychotic episode (Vollema, Sitskoorn, Appels, & Kahn, 2002) and such individuals have
been shown to share some information processing vulnerabilities with individuals who have
schizophrenia. These include eye tracking deficits (Coccaro, Zemishlany, Horvath, & Mobs,
1990), abnormalities on evoked potential (Salisbury, Voglmaier, Seidman, & McCarley,
1996; Siegel, Waldo, Mizner, Adler, & Freedman, 1984) and attentional deficits (Chen et al.,
1998; Gooding, Matts, & Rollmann, 2006). An advantage of using schizotypal participants
in research is that this group is often not impacted by severe cognitive deficits and use of
antipsychotic medication (Raine et al., 1995), which are known to be challenges to
researching schizophrenia spectrum phenomenology (Heinrichs & Zakzanis, 1998). The
recruitment of people who have schizotypal personality traits is also easier than clinical
populations. This allows for the recruitment of larger samples and better facilitates the
detection of smaller effect sizes. However it also may be that larger samples are required to
detect effects due to schizotypal personality traits being a “weaker phenotype of
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accepted the notion of schizotypal personality traits being on the psychosis continuum and
in turn reflective of schizophrenia spectrum disorders. We base this statement on the
numerous studies examining psychosis phenomena and schizotypal personality traits in nonclinical populations (Berry, Wearden, Barrowclough, & Liversidge, 2006; Lipp, Siddle, &
Arnold, 1994; van't Wout, Aleman, Kessels, Larøi, & Kahn, 2004).
Biological Models of Psychosis and Schizophrenia Spectrum Disorders
Whilst psychosis is found in many psychiatric disorders, schizophrenia spectrum
disorders and in particular schizophrenia, have been the focuses of empirical exploration
and theoretical explanation. Thus, the following section will review both.
Genetics of schizophrenia spectrum disorders.
Given schizophrenia spectrum disorders have long been thought to cluster in families
(Kety, Rosenthal, Wender, & Schulsinger, 1971), it isn’t surprising a major focus of its
aetiology has been genetics. Schizophrenia spectrum disorders have been considered to
originate from a neurochemical imbalance mediated by genetics. In fact, the heritability of
schizophrenia has been estimated at approximately 80% (Sullivan, Kendler, & Neale, 2003).
Additionally, first degree unaffected relatives of an individual with psychosis have been
found to exhibit more schizotypal personality traits (Vollema et al., 2002) and a higher
degree of cognitive deficit (Snitz, MacDonald, & Carter, 2006) than controls. However, it is
clear that no single gene is responsible for the development of schizophrenia spectrum
disorders. A systematic review of 118 meta-analyses examining genetics and schizophrenia
implicated several chromosomal regions. Interestingly, two specific genes discussed in the
paper, DRD1 from chromosome five and TPH1 from chromosome 11 implicate the
dopaminergic and serotonergic systems respectively (Allen et al., 2008). Additionally, in an
ongoing meta-analytic database of genetic studies, four of the top 10 implicated genes are
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evidenced to impact dopaminergic pathways. Accordingly, it seems likely the disease
expression is a consequence of multiple genes, or multiple pathways (Allen et al.,
2008).
Nonetheless, the discrepancies in gene linkage have resulted in the speculation that
gene-to-phenotype link is an insufficient explanation. As a result, the role of epigenetics has
been considered. Epigenetics refers to the potential for varied phenotypic expression caused
by mechanisms other than changes in underlying DNA (Crow, 2007). Whilst the evidence for
such mechanisms is limited at this stage, research has investigated DNA methylation. DNA
Methylation is a chemical process involved in cell division and differentiation from
embryonic stem cells to specific cells. It has been found to be impacted by nutrition,
chemical, physical and psychosocial factors. Thus it may be that environmental risk factors,
which will be discussed shortly, may in some way result in sustained change to genetic
expression (Rutten & Mill, 2009). Furthermore, it is postulated that particular stages of
development increase vulnerability to such changes (Dolinoy, Weidman, & Jirtle, 2007).
Dysregulation of the hypothalamus-pituitary-adrenal axis in psychosis.
The stress-diathesis model of psychosis states that an individual has a certain
vulnerability or predisposition to psychosis (Zubin & Spring, 1977). Factors contributing to
an individual’s vulnerability include genetics, prenatal environment and early childhood
experiences, particularly trauma (Docherty, St-Hilaire, Aakre, & Seghers, 2009). The stress
component of the model includes psychosocial stressors, such as socio-economic
insecurity, interpersonal difficulties, high expressed emotion, and that once these stressors
accumulate (Myin-Germeys, van Os, Schwartz, Stone, & Delespaul, 2001), a figurative
threshold is surpassed and psychosis emerges (Zubin & Spring, 1977). Each individual’s
threshold for psychosis varies and is dependent on the interplay between an individual’s

6

diathesis and stress levels. The stress-diathesis model might suggest that individuals with
schizophrenia spectrum disorders have more stressors in their life in comparison to nonclinical populations. However, there is evidence suggesting that individuals with a
schizophrenia spectrum disorder, their first degree unaffected relatives and individuals who
are psychosis prone, exhibit heightened emotional reactivity to everyday stressors and do not
experience necessarily more stressors than controls (Myin-Germeys et al., 2001). The
heightened emotional reactivity is suggested to be at least sometimes the result of these
populations having been exposed to severe or enduring stressors, which thus prime a
neurobiological and behavioural response to everyday stressors, however, this does not
necessarily explain the similar reactivity in unaffected relatives (Glaser, van Os, Portegijs, &
Myin-Germeys, 2006).
The hypothalamus-pituitary-adrenal (HPA) axis and the hormone cortisol mediate the
stress response, and can therefore, at least partially, be considered to neurobiological
substrate of the stress-diathesis model. It is theorised that during psychosis the HPA axis is
dysregulated, resulting in an increase of cortisol (Walker & Diforio, 1997). Evidence linking
cortisol, HPA dysregulation and psychosis is supported through cases of Cushing syndrome
where acute psychosis symptoms were reversed when patients were administered a cortisol
antagonist; thus linking high cortisol levels to psychotic symptoms (van der Lely, Foeken,
van der Mast, & Lamberts, 1991). Furthermore, individuals with psychosis and schizophrenia
spectrum disorders have demonstrated higher baseline cortisol levels in comparison to
controls (Muck-Seler et al., 2004; Ryan, Sharifi, Condren, & Thakore, 2004; Walsh,
Spelman, Sharifi, & Thakore, 2005).
Whilst the HPA axis dysregulation appears to have a role in the emergence of
psychosis, current theory suggests the relationship is not causal. Instead, a
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synergistic relationship between the HPA axis and the dopaminergic system has been
proposed where an increased cortisol results in an increase in dopamine (van Winkel,
Stefanis, & Myin-Germeys, 2008), notably within the mesolimbic system (Marinelli,
Rudick, Hu, & White, 2006). As will be discussed later in the context of the dopamine
hypothesis of psychosis, dopamine has been suggested as the final pathway for the
expression of psychosis (Howes, 2012).
Neurodevelopmental hypothesis of schizophrenia.
A considerable amount of evidence supports the hypothesis that schizophrenia is a
neurodevelopmental disorder, whereby an insult to development occurs prenatally (Fatemi &
Folsom, 2009) and subsequently affects neuronal migration, survival and connectivity
(Tregellas, 2009). However, the onset of disease (first episode of psychosis) is delayed until
adolescence, which is likely due to the synaptic pruning and loss of plasticity, followed by
subsequent hyperdopaminergia, during this developmental phase (Keshavan & Hogarty,
1999). As a result of impeded neurodevelopment, pathological brain circuits and brain
structures occur and are thought to be responsible for the expression of psychotic
symptomatology. Brain imaging techniques consistently show abnormalities in the dorsolateral-prefrontal context (DLPFC), hippocampus, cingulate cortex, superior temporal gyrus
and ventriculomegaly (enlarged ventricles) in individuals with schizophrenia spectrum
disorders (Fatemi & Folsom, 2009).
The ‘3-hit’ hypothesis extends upon this by providing a heuristic framework. It
purports that maldevelopment occurs during three stages (prenatal, perinatal and adolescence)
as a consequence of a stressor (‘hit’) (Keshavan & Hogarty, 1999). Importantly, within this framework,
a ‘hit’ includes both genetic and environmental risk factors such as hypoxia (Zornberg, Buka,
& Tsuang, 2000), nutritional deficiency (particularly folate and B12) (Dolinoy et al., 2007),
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maternal infection (Khandaker, Zimbron, Lewis, & Jones, 2013), poor attachment (van
Ijzendoorn, Schuengel, & Bakermans-Kranenburg, 1999), trauma (Read, van Os, Morrison,
& Ross, 2005), urbanisation (van Os, Hanssen, Bijl, & Vollebergh, 2001), migration (CantorGraae & Selten, 2005) and abuse of cannabis (Semple, McIntosh, & Lawrie, 2005) and other
drugs (Tien & Anthony, 1990). Interestingly, these insults (or hits) may produce sustained
change to genetic expression via an epigenetic mechanism (Fatemi & Folsom, 2009), and
thus be an underlying mechanism for the neurodevelopmental hypothesis of schizophrenia
(Gaebel & Zielasek, 2011). However, as previously discussed, the HPA axis dysregulation
theory of psychosis would posit that these ‘insults’ may act as diathesis of stress that
triggers the HPA axis to increase cortisol release in the brain and thus, increase dopaminergic
functioning (van Winkel et al., 2008).
Most evidence for the neurodevelopmental hypothesis of schizophrenia has been
derived from animal studies (Carpenter & Koenig, 2007). However, evidence of congenital
abnormalities in individuals who later develop psychosis supports the notion of abnormal
brain development. Supporting the 3-hit hypothesis, some types of congenital abnormalities
can be traced back to a particular trimesters of prenatal development, based on typical
prenatal development (Fatemi & Folsom, 2009).
Dopamine hypothesis of psychosis.
A common link between genetic, HPA axis dysregulation and neurodevelopmental
hypotheses is the role of the dopaminergic system in schizophrenia spectrum disorders.
Dopamine is a monoamine neurotransmitter that has a long history of being implicated in the
aetiology of psychosis and schizophrenia spectrum disorders (Davis, Kahn, Ko, & Davidson,
1991; Howes & Kapur, 2009; Meltzer & Stahl, 1976). It is the neurochemical communication
that binds to the dopamine receptors of the dopaminergic system which includes the
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substantia nigra, striatum, nucleus accumbens and frontal cortex (Lindvall & Björklund,
1977). Dopamine’s general roles include mediating that which is pleasurable and aversive
via the reward pathway, and motor co-ordination.
The dopamine hypothesis has evolved over time and has been conceptualised in three
versions. Version one described schizophrenia as being a consequence of hyperdopaminergia
(increased dopamine activity). Even today, the hyperdopaminergic state in schizophrenia
spectrum disorders has been described as ‘one of the strongest pillars of our knowledge’
(Gaebel & Zielasek, 2011). Evidence supporting this version included the discovery that
antipsychotic medications blocked dopamine reuptake which subsequently leads to dopamine
depletion (Carlsson & Lindqvist, 1963). Furthermore, de novo psychosis can be produced by
amphetamines triggering the flooding of monoamines (including dopamine) into the synaptic
cleft (Lieberman, Kane, & Alvir, 1987).
The second version of the dopamine hypothesis extended previous research by
specifying the hyperdopaminergia of particular regions, such as the striatum, as opposed to a
globally increased level of dopamine (Davis et al., 1991). The catalyst for this version was to
incorporate the newly available evidence including post-mortem and metabolic findings that
failed to find globally elevated metabolites in the cerebrospinal fluid or serum (reflecting
cortical dopamine metabolism) of individuals with schizophrenia. Furthermore, brain
imagining demonstrated reduced activation of frontal lobe (hypofrontality), which at the time
had an unexplained correlation with hyperdopaminergia. However hypofrontality was later
linked with the hyperdopaminergia of the striatum (Davis et al., 1991). Animal studies with
lesions in the frontal lobe resulted in increased dopamine levels and dopamine receptor two
(D2) density within the striatum (Pycock, Kerwin, & Carter, 1980), whilst a dopamine
agonist in prefrontal areas reduced striatal dopamine (Scatton, Worms, Lloyd, & Bartholini,
1982). An acknowledged limitation of this version was the lack of direct evidence,
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aetiological explanation or description of how clinical phenomena manifested (Howes &
Kapur, 2009).
These limitations, in addition to new evidence, gave rise to the third version of the
hypothesis (Howes & Kapur, 2009). One of the primary limitations of the previous two
versions of the dopamine hypothesis was the inability to explain the seemingly delayed
response of antipsychotic medication. However, evidence now indicates a neurochemical
response (D2 and D3 blocking) within 24-48 hours, with accumulative clinical effects
occurring mostly within the first two weeks. This notion is supported by literature
suggesting that the first two to four weeks of antipsychotic medication sees the most
improvement (Agid, Seeman, & Kapur, 2006; Kapur, Agid, Mizrahi, & Li, 2006).
Furthermore, new evidence included the presence of increased dopamine in the presynaptic
striatal region in patients with schizophrenia. Additionally, brain imaging of humans further
highlighted a higher density of D2 and dopamine receptor three (D3) in the striatum, and a
decrease in receptor density in other brain regions. Lastly, the role of dopamine receptor one
(D1) was linked with cognitive and negative symptoms; however the density of receptors
remains inconsistent across studies. As a result, version three of the dopamine hypothesis
proposes that whilst the interaction of genetics and the environment results in many
pathways to abnormal dopamine activity, the final common pathway is presynaptic striatal
hyperdopaminergia (Howes & Kapur, 2009).
On a psychological level, hyperdopaminergia within the striatum leads to reduced
filtering of new information and may provide an explanation for the manifestation of
psychotic symptomatology (Gaebel & Zielasek, 2011). First person accounts have
described this phenomenon, for example, [I] could hear every sound within ear-shot and see
every object, line, and colour within the field of vision” which was attributed to “a
breakdown in the filter, and a hodge-podge of unrelated stimuli...distracting me from thing
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which should have had my undivided attention" (MacDonald, 1960). Individuals with
schizophrenia have also been found to have a deficit in filtering out distracters in visual
working memory tasks (Anticevic, Repovs, Corlett, & Barch, 2011).
In light of the dopamine hypothesis, the difficulty in ‘filtering’ information has been
the focus of theoretical explanations for psychosis phenomena (van der Gaag, 2006) as it is a
pathway to integrating neurobiological theories of psychosis (such as hyperdopaminergia
of the striatal region), with psychological and cognitive explanations (aberrant filtering of
new information). One of these integrated theories, namely the aberrant salience hypothesis
(Kapur, 2003), will be a central focus of this thesis.
Psychological models of psychosis
Despite the emphasis in the literature on neurobiological studies of psychosis, it is
important to consider psychological models of psychosis and schizophrenia spectrum
disorders. Psychological models can be empirically tested, give insight into the cognitive and
psychological experience of psychosis (Garety, Kuipers, Fowler, Freeman, & Bebbington,
2001) and assist in directing psychotherapeutic interventions (Kuipers et al., 2006). Notably,
psychological models often focus on explaining the symptomatology of psychosis, such as
hallucinations or delusions, as opposed to a clinical diagnosis. In some theories this is broken
down further to a specific type of hallucination (e.g. auditory) or delusion (e.g. persecutory).
The rationale for this level of enquiry has been the lack of reliability and validity of
psychiatric diagnoses (Bentall & Fernyhough, 2008). The following section will briefly
review psychological models of psychosis symptomatology to acknowledge their presence in
the literature. However, as mentioned earlier, there has been a shift in the literature to
integrated models, and as these are more relevant to this program of research, they will be a
focus of this literature review.
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A large section of research into this area has focused on information processing and
cognitive bias as explanations for psychotic symptomatology. These include excessive
attention to threat (Bentall, Kinderman, & Kaney, 1994), external attribution bias (McKay,
Langdon, & Coltheart, 2005), jumping to conclusions (Colbert & Peters, 2002)
metacognitions (e.g.: belief that a thought is dangerous) (Goldstone, Farhall, Thomas, &
Ong, 2013; Morrison, French, & Wells, 2007), source monitoring bias in hallucinations
(Baker & Morrison, 1998) and theory of mind deficits in schizophrenia spectrum disorders in
remission (Bora, Yucel, & Pantelis, 2009). Langdon and Coltheart (2000) introduced a
framework in which these cognitive biases result in delusions. Drawing upon the beliefpositive model of belief formation, the model described two routes of delusion formation.
The first route is a delusional explanation arising from an anomalous experience. The second
route, and less common, is simply developing a delusional belief and not rejecting its
hypothesis due to cognitive biases. Furthermore, cognitive biases are proposed to contribute
to the odd or unusual hypothesis generation, and thus the odd nature of delusional content.
Moreover, these biases reinforce the delusion, such as the seeking of confirmatory evidence
(Langdon & Coltheart, 2000).
To a lesser degree, psychological models have also attempted to explain
schizophrenia spectrum disorders. An example of this is the traumagenic
neurodevelopmental model, which is an extension of the stress-diathesis model (Read, Perry,
Moskowitz, & Connolly, 2001). This model proposes that early childhood trauma, in addition
to genetics, can result in abnormal neurodevelopment and thus lead to permanent changes to
neurotransmitter systems and brain structures, specifically, HPA axis dysregulation and
subsequent hyperdopaminergia, which thus may be a pathway to positive and negative
symptoms (Read et al., 2001).
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When assessed individually, the psychological and neurobiological models are
insufficient in explaining the current body of literature surrounding psychosis and
schizophrenia spectrum disorders. Recognised as a limitation, there has been a substantial
movement towards an integrated theory which utilises research from both models (Gaebel &
Zielasek, 2011).
Integrating Theories of Psychosis and Schizophrenia Spectrum Disorders:
Neurobiological Meets Psychological Theories
Integrated theories incorporate evidence from neurobiological (bottom-up
explanation), psychological (cognitive; top-down processing) and sociocultural theory.
Psychological models highlight important elements of psychosis symptomatology which can
be empirically tested and ultimately inform psychotherapeutic interventions (Kuipers et al.,
2006; van der Gaag, 2006). Neurobiological evidence provides additional necessary
information for describing and understanding such complex psychopathology (Garety et al.,
2001; van der Gaag, 2006). Depending on the integrative model, typically one level of
conceptualisation has a more specific focus.
Four prominent integrated models will be reviewed; Garety. Kuipers, Fowler,
Freeman and Bebbington’s (2001) model of positive symptoms, Beck’s (2004) cognitive
model for schizophrenia, Beck and Rector’s (2004) cognitive model of hallucinations and van
der Gaag’s (2006) neuropsychiatric model of biological and psychological processes in
delusions and hallucinations.
Cognitive model of positive symptoms.
Garety, Kuipers, Fowler, Freeman and Bebbington (2001) developed a cognitive
model of positive symptoms with mostly a psychological emphasis. However,
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throughout their model they acknowledge the need for biological explanations and thus drew
on previous literature to create an integrated model of explanation.
The model comprised of two closely related pathways to the development of
psychosis. The first pathway includes cognitive and affective changes whilst the second
pathway includes only affective disturbance. Current literature implicates the first pathway
for majority of instances and as such will be the focus of this review. A triggering event
precipitates an alteration in cognitive processes, which ultimately results in a change in the
individual’s perception of willed intention. The change of willed action is a result of either
poor integration of stored memories with current perceptual input (Hemsley, 1993), termed
comparator function (Gray, Feldon, Rawlins, & Hemsley, 1991), or a breakdown in selfmonitoring of intentions and actions which leads to individuals misattributing self-generated
speech and movement as foreign (Frith, Blakemore, & Wolpert, 2000). The comparator
function will be discussed later in this chapter with reference to latent inhibition.
Perceptual anomalies (psychosis phenomena) include increased perception, thought
monitoring/broadcasting, auditory verbal hallucinations of internal thoughts, and ideas of
reference. Such experiences are often present during the prodrome of psychosis, prior to the
full manifestation of an episode. These experiences feel peculiar and threatening, leading to
the second component of this pathway, an evoked negative affect response. Consequentially,
the negative affect feeds back into the content of the anomalous experience in a potentially
negative manner, perpetuating the cycle (Garety et al., 2001). Although disconcerting, the
anomalous experiences feel significant and can generate a quest for meaning. (Maher, 1988).
The quest for meaning is then ultimately shaped into a delusional explanation due to the
presence of cognitive biases found in vulnerable individuals. These cognitive biases include:
externalising attribution bias, i.e., the cause of the experience is a result of external variables;
jumping to conclusions bias, i.e., the person arrives at inferences after seeking little
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information and to the exclusion of other disqualifying evidence; and poor social cognition
including theory of mind and lack of empathy (Garety & Freeman, 1999). Additionally,
cognitive biases maintain delusional explanations by reinforcing the explanation and thus
precluding its rejection. Social isolation is also theorised to contribute to this picture, with
limited alternative suggestions generated.
The Garety et al., (2001) model takes into consideration the sociocultural content of
the individual, including the ‘insults’/stressors/risk factors discussed earlier in the context of
the neurodevelopmental hypotheses of schizophrenia and HPA dysregulation of psychosis. In
this framework, the stressors facilitate the generation of negative schemata of the self, world
and others, which gives rise to low self-esteem and externalising attribution bias. Further,
schemata are responsible for the content or themes of the delusions (Garety et al., 2001).
In summation of Garety et al.’s (2001) model is theorised to be a result of attributing
anomalous experiences to external stimuli and in turn, labelling the experience as significant.
Therefore, the ability of an individual to acknowledge the experience as being internal (e.g.
“I must be hearing things because I am stressed”) reduces the significance of the event and
thus, places a barrier to the progression of psychosis manifestation.
Cognitive model of schizophrenia.
The cognitive biases addressed in Garety et al., (2001) model are the same as those
utilised by Beck’s (2004) cognitive model of schizophrenia and Beck and Rector’s (2003)
cognitive model of hallucinations. Beck’s (2004) model outlined how cognitive biases lead to
delusion formation and discussed the same cognitive biases presented earlier (Garety et
al., 2001) with the exception of the egocentric bias. This bias is defined as the process of
attaching personal meaning to a variety of irrelevant events, or in other words, referential
thinking. Importantly, this model made the point to demystify the symptoms of psychosis
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by emphasising the psychosis continuum and the presence of cognitive biases in nonclinical populations.
Beck’s (2004) model also noted that psychosocial stressors contribute to the clinical
picture by giving rise to maladaptive schemata of the self, others and world. The common
themes of these schemata include the self being unworthy and vulnerable, others equating to
threat and the world being a dangerous place (Beck, 2004). A unique feature of this model is
the incorporation of negative symptoms, which are proposed to be consequences of
maladaptive schemata. For example, an individual’s perceptions of hypercriticalness from
others results in social withdrawal to protect the self (safety behaviour).
Cognitive model of hallucinations.
Beck and Rector’s (2004) cognitive model of hallucinations is aligned with the
research and theory supporting a spectrum of psychotic experiences. The model proposes that
hallucinations often have a rapid onset, which may be a reaction to acute psychosocial
stressors, such as trauma, and may be linked via the content and interpretation of the voice.
For example, an individual may hear a voice repeating a similar phrase that an abuser has
spoken, whilst the interpretation may be malevolent and powerful, also resembling the
abuser. From a cognitive-behavioural foundation, auditory verbal hallucinations are often
similar to automatic thoughts, which in turn are linked with underlying schemata.
Introducing an additional cognitive bias to those previous discussed, Beck and
Rector’s (2003) including a predisposition to imaging. This bias is the tendency for an
individual to have a lower threshold for perceiving mental stimuli as reality. This can result
in perceptualisation which involves hypersalient cognitions or hot cognitions crossing a
threshold and being perceived as auditory stimuli. Alternatively conceptualised as schemata,
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hot cognitions are defined as repetitive thoughts that evoke a significant amount of affect.
Beck and Rector (2003) directly link hot cognitions with the notion of excessive salience of
the thought due to hyperdopaminergia. The perceptualisation threshold is also impacted by
psychosocial stressors.
Lastly, hallucinations are subsequently made more real by the aforementioned
cognitive biases. Beck and Rector (2003) extend on these by the addition of emotional
reasoning bias which is the tendency to make a conclusion about something based on
affect (e.g..“I wouldn’t feel this way if it wasn’t real”) and source monitoring bias which
describes the tendency to inaccurately identify the origin of a stimuli.
A neuropsychiatric model of biological and psychological processes in delusions
and hallucinations.
The integrated approach proposed by van der Gaag (2006) involved a 4-component
neuropsychiatric model considering evidence relating to hereditary, vulnerability,
psychosocial and cognitive factors. The first component focused on biological factors
characterised by abnormal dopaminergic activity. This was defined by an increase in, and
random release of, dopamine in the mesolimbic pathways. On a cognitive level, this results in
aberrant perceptions, and the abnormal salience of stimuli. This component of the model
appears to draw from the current (version three) dopamine hypothesis of psychosis (Howes
& Kapur, 2009), and also the aberrant salience hypothesis of psychosis (Kapur, 2003) which
will be discussed later in this chapter. The second component is focused on the top-down
cognitive processes and biases which result in psychosis symptomatology. As previously
discussed in the context of other psychological models, van der Gaag (2006) first
acknowledges the role of sensory flooding or abnormal gating of information, which results
in irrelevant information being processed, due to hyperdopaminergia. This aberrant
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perceptual experience gives rise to a search for meaning and explanation, during which
cognitive biases disturb the capacity to reason and rationalise, and delusional explanations
arise. The third component of the model extends on the mediating role cognitive biases have
in crystallising and developing the delusional framework (a process also referred to as
secondary delusion formation). The fourth component of the model also focuses on
cognitive biases that maintain the delusions and prevent them from being rejected. The
strength of this model, in comparison to previously mentioned, comes from the depth and
balance of inclusion of neurobiological and psychological factors.
Similarities between models explaining psychosis phenomena.
There are significant commonalities between the neurobiological, psychological and
integrative models presented. Firstly all models incorporate an explanation of vulnerability:
‘environmental factors (impacting epigenetic)’, ‘insults’ (neurodevelopmental hypothesis),
‘stressors’ (HPA dysregulation) or ‘risk factors’ of psychosis (such as being male, immigration,
traumatic exposure etc.). Secondly, many of the psychological and integrative models refer to
the same cognitive biases that precipitate and solidify psychosis phenomena. However the third
and most prominent commonality is the role of hyperdopaminergia in the aetiology of psychosis
phenomena. For integrative models, this emphasis has translated into hypotheses articulating the
psychological expression as a result of hyperdopaminergia. In the reviewed models, the
psychological phenomena included increased significance (Garety et al., 2001), hypersalient or
hot cognitions (Beck & Rector, 2003) and aberrant perceptions and salience to stimuli
(van der Gaag, 2006). On closer examination, these terms all appear consistent with the notion
of aberrant salience (Kapur, 2003) which will be the focus of the remainder of this chapter.
A Key to Integration: Dopamine and Salience
Considering the acceptance of hyperdopaminergia of the striatum in psychosis and
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schizophrenia spectrum disorders, the cognitive consequences for such a state were
considered (Kapur, 2003). Dopamine has important roles in the reward pathway of the
brain. One mechanism of the reward pathway is to mediate the assignment of salience to
neutral stimuli, by labelling it as something rewarding, reinforcing, relevant or significant
(Berridge & Robinson, 1998; van der Gaag, 2006). Thus, the relationship between
dopamine, a neurobiological substrate, and salience, a psychological construct, may be the
link between various levels of conceptualisation of psychosis phenomena.
Salience is a broad term used to describe the higher-order cognitive process where
stimuli capture attention and are labelled as relevant or significant. Stimuli can be internally
(e.g. thoughts) or externally (pencil in the visual field) perceived. Once a stimulus is deemed
significant, it in turn influences subsequent behaviour (Lahera, Freund, & Sáiz-Ruiz, 2013).
Different types of salience have been proposed including visual/perceptual salience,
defined as bottom-up processing whereby particular visual stimuli are more noticeable than
others (e.g., red is more salient than grey). It is suggested that perceptual salience is an innate
evolutionary based phenomena that is an automatic and unconscious processes. Emotional
salience is described as categorising stimuli affectively and is based on previous experiences
and learning (e.g., gun is more salient than a pencil). An example of emotional salience can
be derived from patients with schizophrenia and active delusions, that have been found to
attribute (negative) emotion to neutral words (Holt et al., 2006). Furthermore, emotional
salience has been linked to abnormal activation found in the ventral striatum (Taylor, Luan
Phan, Britton, & Liberzon, 2005). Social salience describes attention that is preferentially
directed to particular social cues (e.g., pointing is more salient than aimless moving of
hands). This type of salience relies on intact social cognitions, such as theory of mind which
are known to be impaired for individuals with schizophrenia spectrum disorders (Bora et al.,
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2009). Interestingly, it has been suggested that aberrance in social salience in part be a
result of aberrant emotional salience, such as the hyper-perception of threat (Lahera et al.,
2013). Convincing support has been established for this idea. In a meta-analysis of 26
studies, individuals with schizophrenia spectrum disorders subjectively reported higher
levels of hyper-arousal in response to neutral social scenes in comparison to control.
Interestingly, for pleasant and aversive social scenes (Llerena, Strauss, & Cohen, 2012).
Lastly, the term incentive or motivation salience has received a great deal of attention in the
literature, and is a precursor to aberrant salience hypothesis (Kapur, 2003).
Motivational Salience Hypothesis
Motivational salience was born out of the need to apply the animal models linking
dopamine and salience to the human experience and psychosis (Jensen & Kapur, 2009). It
describes a process whereby reward-related cues are assigned salience. Alternatively phrased,
motivational salience is the wanting of a reward-related stimuli (Berridge, 2007) and is
derived from prior experience and learning with stimuli. The motivational salience
hypothesis purports dopamine mediates the assignment of stimuli to a rewarding or punishing
category (Berridge, 1999; Berridge & Robinson, 1998). However during a
hyperdopaminergic state as found in psychosis and schizophrenia spectrum disorders, this
process goes awry from typical functioning.
Aberrant Salience Hypothesis
The aberrant salience hypothesis is an extension of the motivational salience
hypothesis and was proposed to link neurobiological and cognitive models in an attempt to
explain psychosis phenomena. It rests upon the assumption that dopamine mediates normal,
contextual and motivational salience attribution to rewarding stimuli. However, according
to the hypothesis, dopamine is spontaneously and abnormally released in response to
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contextually irrelevant stimuli (not rewarding). As a result, motivational salience is aberrantly
assigned to typically banal stimuli. This process is fittingly called aberrant salience (Kapur,
2003).
Aberrant salience that is theorised to precipitate and maintain psychosis
symptomatology; beginning in the prodromal phase. It involves a heightened awareness of
the environment and emotions, with an underlying sense of importance placed on these
newfound sensations. To explain these abnormally salient experiences, the individual begins
to develop overarching explanations that overtime crystallise as delusions. Once the delusion
has been formed, the individual often feels a sense of emotional relief as a result of
achieving a new awareness. Subsequently, the delusion guides thoughts and actions in
attempt to find confirmatory evidence. Evidence to support the new delusion is potentially
found in various sources, such as television, car registration plates or peoples glances
towards them. As discussed earlier, the development and crystallisation of delusions is
further sealed by cognitive biases (Kapur, 2003).
Within this framework, hallucinations are conceptualised as internal percepts,
dialogues or memories that, like external environmental stimuli, can also be aberrantly
assigned salience. This is consistent with cognitive biases research suggesting that
hallucinations are aberrantly perceived internal experiences, such as self-dialogue
(Anthony, 2004; Bentall & Slade, 1985). For most, hearing one’s own name in the absence
of a physical source is unlikely to result in large amounts of mental resources, or be defined
as a significant event. A simple internalising attribution such as “I must be hearing things”
is likely to be sufficient. However for individuals whom have aberrantly assigned salience
to the hallucination, delusions may also be formed to explain the event, such as “I was
called by the aliens”. Kapur (2003) also makes note of the schema congruence of delusional
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content.
Continuum of Aberrant Salience
Kapur is largely silent on whether aberrant salience exists in non-clinical populations.
However, given that aberrant salience is proposed to be pathway to psychosis phenomena,
and psychosis exists on a continuum of experiences including non-clinical populations. Some
evidence for a continuum of aberrant salience can be found by the work of Cicero, Kerns and
McCarthy (2010), which suggested aberrant salience could be conceptualised as a trait,
underpinning schizotypal personality traits or, psychosis proneness. This study found that
trait aberrant salience existed in varying degrees across both non-clinical and clinical
populations. Higher levels of aberrant salience corresponded with more schizotypal
personality traits, whilst the highest levels were found in a clinical sample with a history of
psychosis (Cicero, Kerns, & McCarthy, 2010). State aberrant salience has also been found to
positively correlated with schizotypal personality traits (Roiser et al., 2009) and delusional
phenomena in an ultra-high-risk of psychosis group when compared to controls (Roiser,
Howes, Chaddock, Joyce, & McGuire, 2013). Whilst aberrant salience may be highest during
the prodrome and acute phases of psychosis, these findings indicate that degrees of aberrant
salience can be found in non-clinical populations, thus providing evidence for a continuum.
Evidence for Aberrant Salience
Considering that aberrant salience is theorised to be the mechanism resulting in
positive psychotic symptomatology (Kapur, 2003), descriptions of such a phenomenon
should be identifiable in literature pre-dating Kapur’s (2003) theory. Furthermore, since the
aberrant salience hypothesis was published, a significant amount of research has been
conducted to specifically investigate its role in psychosis. From this perspective, the
following section will review descriptive evidence for aberrant salience by exploring
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first person accounts, psychosis symptom measures and the research using subjective
and objective measures of aberrant salience.
Descriptive accounts from first person literature.
First person accounts of experiences in the prodromal phase of psychosis seem to be
describing the subjective experience of aberrant salience. During the prodromal phase,
individuals commonly report having an “exaggerated state of awareness” (MacDonald,state1960)
accompanied by a sharpening of the senses; “My senses seemed alive, colors were very
bright, they hit me harder. Things appeared clear-cut, I noticed things I had never noticed
before”(BowersJr, 1968). “Parts of my brain awoke which had been dormant, I become
interested in a wide assortment of people, events, places and ideas which normally made no
impression on me” (MacDonald, 1960). Importantly, the perceptual shift takes on
“overwhelming significance” (MacDonald,1960) and an “intense feeling of meaning”
(Chadwick, 2007). It results in feelings of perplexity and anxiety and the search for purpose
or meaning in the experience; “I felt like I was putting a piece of the puzzle together”
(Bowers Jr & Freedman, 1966). As a result, delusion crystallises to provide an explanatory
framework which is imbued with psychological and sociocultural themes related to the
individual (Garety et al., 2001; Stompe et al., 1999). Once this occurs, a sense of relief
overcomes the individual, also described in first accounts as “psychotic insights”
(Bowers Jr, 1968).
From these first accounts, it appears that during the prodrome of psychosis, the
individual experiences a decrease in the filtering of stimuli and therefore an increase in
perceptual experiences, which are felt to be significant and thus drive the psychological
search for meaning. This can be readily explained by the aberrant salience hypothesis in
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that those previously unimportant stimuli and events are cognitively highlighted and
deemed as important (Kapur, 2003).
Antipsychotics lessen aberrant salience.
Antipsychotics have long been the first line treatment of schizophrenia spectrum
disorders (RANZCP, 2005) and early or first episode psychosis (IEPAWG, 2005). Thus, it is
expected that if aberrant salience is part of the aetiology and maintenance of psychosis, that
the first line treatment, antipsychotic medications, would also influence aberrant salience.
Support for this idea was found in a study of 91 patients with a schizophrenia
spectrum disorder and active psychotic symptoms. After the initiation of anti-psychotic
medications, patients endorsed feeling detachment from psychotic symptomatology, despite
the symptoms still being present (Mizrahi, Bagby, Zipursky, & Kapur, 2005). Subsequently,
patients were no longer distressed or preoccupied with psychotic symptoms. The author
connected these findings to the earliest descriptions of the therapeutic effects of
antipsychotics; producing a state of indifference (Laborit & Huguenard, 1951).Importantly,
this indifference is now also considered a side-effect, especially as it is closely linked, if not
the same as, affective flattening (Moncrieff, Cohen, & Mason, 2009).
Descriptors of salience in measures of psychosis.
If aberrant salience underpins psychosis phenomena, and is part of the subjective
experience of symptoms, its presence is likely to be detectable in measures assessing
psychosis phenomena. Common measures of psychosis phenomena will be examined
and discussed here.
Many measures of psychotic symptoms not only describe the symptoms, but
also factors that are judged to contribute to defining them, or to their significance or
severity. Such factors, often conceptualised as ‘dimensions’ of psychotic symptoms
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include the amount of preoccupation, motivational significance and impact on
functioning, conviction and distress (Peters, Day, et al., 1999). It is plausible to suggest
that preoccupation, in particular, may be related to aberrant salience as a salient stimulus
is likely to powerfully capture the individual’s conscious attention. The PANSS domain
of preoccupation is defined as the absorption with internal erroneous beliefs and percepts
at the expense of the external world. Thus, this domain by definition appears to be
capturing elements of aberrant salience. Furthermore, psychotic symptoms measures such
as the Peters Delusion Inventory (PDI), Psychotic Symptom Rating Scale (PSYRATS),
and the Positive and Negative Syndrome Scale (PANSS) (Kay, Fliszbein, & Opler, 1987),
weight more strongly the clinical significance of symptoms with greater levels of
preoccupation.
Reference to the phenomenon of aberrant salience is also found in the PANSS domain
of hallucinatory behaviour, where rating of symptom severity appears to be based on the
salience of the experience. An increase in the degree of symptom severity appears to draw
upon the frequency, prominence and motivational significance of the hallucinatory
behaviour. Whilst frequency is not necessarily directly related to aberrant salience, the notion
of stimulus prominence and motivational significance of the experience and subsequent
action are related. For example, a moderate level in hallucinatory behaviour is defined as
hallucinations occur frequently but not continuously, and only to a minor extent. By
comparison, an extreme level is indicated by the patient is almost totally preoccupied with
hallucinations, which virtually dominate thinking and behaviour...provoke verbal and
behavioural responses, including obedience to command hallucinations. In terms of aberrant
salience, a highly salient stimulus is expected to direct attention and subsequently influence
an individual’s behaviour. This in turn is likely to be disruptive and impact on the individuals
functioning, or capacity to maintain activities of daily living.
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Higher levels of aberrant salience may result in higher levels of conviction. This is
suggested by the notion that aberrant salience not only precipitates delusion crystallisation,
but also plays a role in the perpetuation and reinforcement of the phenomena (Kapur, 2003).
Both the PDI and PSYRATS measure delusional conviction, attesting to its importance
when assessing psychosis phenomena.
The psychotic symptom that seems most closely related to aberrant salience is
referential thinking or ideas of reference. This experience appears to be a direct result of the
heightened awareness of aberrant salience. Ideas of reference are defined as the process of
banal or innocuous stimuli or events being regarded as personally meaningful or related to
the self. Using the framework of the aberrant salience hypothesis, this can be argued to be a
result of the banal stimuli or event being assigned salience, thus resulting in the individual
coming to the conclusion that the stimuli or event is personally significant. The items from
the Structured Clinical Interview for Diagnostic and Statistical Manual Disorders (SCID)
captures this phenomenon well (Spitzer, Williams, & Gibbon, 1992) with the following
items; Have you ever believed that you were being sent special messages through television
or the radio or that a program had been arranged just for you alone? Have you ever felt that
a book, or newspaper, or song was meant for you and no one else?
In sum, the descriptions of some symptoms in common measures of psychosis are
consistent with the concept of aberrant salience. This observation supports the contention
that aberrant salience is related to psychotic symptomatology, and, potentially, to the severity
and clinical significance of the phenomena. Future research would benefit on looking at
these relationships to determine if they can be strengthened.
Evidence from operationalisation of the aberrant salience construct through
behavioural tasks.
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An important focus of the research examining aberrant salience and psychosis
phenomena has been to apply theory to human studies. An important line of research has
been based on the notion that aberrant salience may be observable in tasks designed to
measure motivational salience using reward learning paradigms, as rewarding stimuli should
theoretically be salient to test takers.
Whilst multiple paradigms exist, the Salience attribution test (SAT) (Roiser et al.,
2009) is the only psychometrically validated measure using both non-clinical and clinical
populations. In a study comparing medicated patients with a schizophrenia spectrum disorder
to a healthy non-clinical control group, no differences were found on aberrant salience.
However, as hypothesised, patients with delusions were found to have higher levels of
aberrant salience than those without delusions. This suggests that patients who are suboptimally treated and thus have ongoing psychotic symptoms have higher levels of aberrant
salience. Additionally, patients were found to have reduced adaptive (motivational) salience.
These findings were discussed in light of the evidence indicating antipsychotics
therapeutically act by correcting aberrant salience, discussed earlier as detachment (Mizrahi
et al., 2005), but in turn also dampen motivational salience (Jensen & Kapur, 2009; Kapur,
2004).
Interestingly, patients with negative symptoms were also found to have higher
aberrant salience levels. Supporting this finding, in the non-clinical control group,
introverted anhedonia was also found to have a comparable relationship with explicit
aberrant salience. Introverted anhedonia is a schizotypal personality trait that is characterised
by asocial behaviour and persistent flat affect. Introverted anhedonia is often paralleled to
negative symptoms of schizophrenia spectrum disorders. Roiser et al. (2009) explained this
finding to the appropriate assignment of salience being precluded due to individuals being
distracted by aberrantly salient innocuous stimuli.
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A series of neurobiological investigations have examined the link between
motivational salience and the striatum. As discussed earlier, the striatum is key brain region
in the dopaminergic reward pathway (Jensen & Kapur, 2009) and hypothesised to be central
in the revised version three dopamine hypothesis of psychosis (Howes & Kapur, 2009).
Using the SAT and functional magnetic resonance imaging, the striatum and associated
dopaminergic pathways, was found to have abnormal activation associated with aberrant
salience, which in turn positively correlated with delusions in an ultra-high-risk of psychosis
group (Roiser et al., 2013). Similarly, using a monetary incentive delay task (Abler, Walter,
& Erk, 2005) test takers were required to predict reward, punishment and no reward based on
conditioned stimuli. Using magnetic resonance imaging (MRI), non-medicated patients with
schizophrenia exhibited reduced striatal activation preceding rewarding conditioned stimuli
relative to unrewarding conditioned stimuli, when compared to a healthy control group.
Striatal activation was negatively correlated with negative symptoms, and suggested to create
additional noise resulting in aberrant salience (Juckel, Schlagenhauf, Koslowski, Wüstenberg,
et al., 2006). In a subsequent study utilising the same design and same sample of patients,
Juckel, Schlagenhauf, Koslowski, Filonov, et al., (2006) treated half the group with an
atypical antipsychotic whilst administering the remaining half a typical antipsychotic. In the
group treated with atypical antipsychotic medication, the reduced striatal activation
previously found was corrected (Juckel, Schlagenhauf, Koslowski, Filonov, et al., 2006).
This finding was replicated for the patients treated with typical antipsychotic medication and
switched to an atypical antipsychotic (Schlagenhauf et al., 2008). Furthermore, the correction
of striatal activity found as a result of the antipsychotic medication was maintained
longitudinally (Schlagenhauf et al., 2008).
These results connect brain structure, dopaminergic activity and motivational
salience, in the context of patients with schizophrenia. These implicate the role of
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salience and negative symptomatology. Whilst it is plausible that reduced motivational
salience may result in negative symptomatology, either as a consequence of illness or sideeffects to antipsychotic medication due to high D2 blockade (Schlagenhauf et al., 2008),
there is sufficient evidence implicating aberrant salience. Therefore it may be a
combination of reduced motivational salience and increase aberrant salience causing
negative symptoms. Further research is required to investigate this relationship.
Reward-prediction error studies have been considered to tap into the salience
construct (Jensen & Kapur, 2009) whereby prediction-errors are a result of the aberrant
attribution of salience (Heinz & Schlagenhauf, 2010). Using a reinforcement learning task
with a reversal learning condition, operationalised as the Wisconsin Card Sorting Test
(Downes et al., 1989), patients with first episode psychosis were found to poorer learning on
both initial and reversal stages (Murray, Cheng, et al., 2008). Furthermore, this was linked
with abnormal physiological responses in dopaminergic functioning in the midbrain, striatum
and limbic system (Murray, Corlett, et al., 2008). However, the Wisconsin Card Sorting Test
is typically used to test executive functioning, and more specifically set-shifting (Berg, 1948),
which is well known to be impaired in schizophrenia spectrum disorders (Minzenberg, Laird,
Thelen, Carter, & Glahn, 2009). In another reward-prediction error study using a novel errorprediction measure with the same principles (Corlett et al., 2004), a group of 12 males with
delusions were compared to 12 healthy control males. The results indicated that delusional
formation is a consequence of reward-error prediction, disrupted attention focus and aberrant
associative learning (Corlett et al., 2007). Similar findings have also been established using
an aversive learning paradigm with a loud noise, whereby patients found difficulty in
discriminating between a neutral and motivationally salient stimuli, accompanied by aberrant
striatal patterns (Jensen et al., 2007).
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Whilst this body of evidence links the abnormal activity of salience-related brain
regions, with abnormal salience, associative learning and psychosis symptomatology, it
also raises the issue of inconsistent operationalisation of salience, and more importantly
aberrant salience. This will be discussed in relation to the measurement of aberrant salience
later in this chapter.
Evidence from operationalisation of the aberrant salience construct through a
self-report questionnaire.
In an alternative method of measurement, Cicero, Kerns and McCarthy (2010)
developed the Aberrant Salience Inventory (ASI), which is a self-report questionnaire that
measures aberrant salience as a trait in an attempt to identify individuals whom are psychosis
prone. The ASI total score was found to predict group membership for a history-of-psychosis
group and psychiatric comparison group, with higher scores being indicative of the historyof-psychosis group. Furthermore, the study found positive correlations between psychosis
phenomena (magical ideation and perceptual aberrations), introverted anhedonia and
sensitivity to reward - a measure tapping into the reward pathway (Cicero et al., 2010).
Furthermore, a subsequent study has also linked the ASI with the breadth of delusional
phenomena (Cicero, Becker, Martin, Docherty, & Kerns, 2013).
Can aberrant salience explain the distinction between non-clinical and clinical psychotic
phenomena?
The characteristics of psychotic phenomena that differentiate non-clinical and
clinical populations were discussed earlier in this chapter. Aberrant salience may have a role
in, or perhaps in part be a cause of, these distinguishing characteristics. For example;
invasiveness, the degree to which the symptom impacts thought or demands attentional
resources, has been shown to be higher in clinical populations than non-clinical. Given
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aberrant salience directs attention and influences thoughts and subsequent behaviour; thus it
is plausible that it underlies invasiveness. Put differently, that which is aberrantly salient is
also likely to be perceived as invasive. Invasiveness is closely related to, or may also be reframed as symptom preoccupation, which was discussed earlier in relation to measures of
psychosis phenomena. Similarly, in line with the earlier discussion linking aberrant salience
and symptom severity, other variables that distinguish clinical and non-clinical levels of
psychotic phenomena such as motivational significance, disruption to life and conviction
are also likely to be related to, or perhaps underpinned by, aberrant salience.
Additional evidence for levels of aberrant salience distinguishing psychosis
phenomena in non-clinical and clinical populations may be found in a study comparing the
characteristics of hallucinations between these populations. It was identified that whilst the
hallucinations themselves were perceptually similar, none of the non-clinical group had a
delusional framework for the experience, whilst the entire clinical group did. Some
examples of the delusional explanations included device implantation and living people
sending the voice (Nayani & David, 1996). In light of the aberrant salience hypothesis, these
findings would suggest that the non-clinical population assigned little significance to their
experiences, whilst the clinical population did, and subsequently were driven to derive a
delusional explanatory framework (Kapur, 2003).
The Relationship of the Aberrant Salience Hypothesis with Other Theories
The common factor in many models of psychosis phenomena is the role of the
dopaminergic system. However the brain structures, secondary consequences of
hyperdopaminergia and psychological outcomes are still open to debate. The acceptance of
aberrant salience as a hypothesis needs to be considered in light of the evidence, but also
in relation to theories attempting to explain psychosis phenomena.
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Pre-pulse inhibition and abnormal information gating.
As previously mentioned in this chapter, the notion of aberrant filtering or
abnormal gating of stimuli has been acknowledged as a consequence of
hyperdopaminergia. In a review, van der Gaag’s (2006) model drew parallels between
sensory flooding and hyperdopaminergia. Sensory flooding is measured by prepulse
inhibition; a neurobiological phenomenon whereby the introduction of a prestimulus
(prepulse) theoretically reduces the startle response of a subsequently presented startling
stimulus (pulse). The reduction in the startle response is theorised to occur, due to the
prepulse stimuli serving as a warning for the subsequently startling stimulus (Braff, Geyer,
& Swerdlow, 2001). In experimental research, stimuli are typically auditory, however
visual and tactile stimuli have also been investigated. Prepulse inhibition has been found to
be poor in those with schizophrenia (Braff, Grillon, & Geyer, 1992). As a consequence, it
is suggested that excessive information is leaked into the frontal lobe for processing. van
der Gaag (2006) acknowledged the similarities of this model to Kapur’s (2003) aberrant
salience hypothesis. Whilst these similarities were not explained, it is plausible that
abnormal sensory gating, as a consequence of reduced prepulse inhibition, may be linked
with the heightening of the senses described by Kapur (2003) and first person accounts
discussed earlier. It is suggested that this experience of heightened awareness would be
magnified should such sensory information be aberrantly assigned salience. Nonetheless,
Kapur (2003) distinguishes the prepulse inhibition from aberrant salience based on the
level of conceptualisation; that prepulse inhibition is a preattentive sensorimotor reflex
(Braff & Geyer, 1990) as opposed to a cognitive or psychological construct (Kapur, 2003).
Yet this should not to discount the potential for interplay between the two phenomena.
Latent inhibition and learned irrelevance.
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Latent inhibition describes the observation that a familiar pre-exposed stimulus takes
longer to be conditioned to another stimulus than does a novel stimulus (Lubow, 1973), as the
individual has learned initially that the pre-exposed stimulus was irrelevant.
The theory underpinning latent inhibition proposes a malfunctioning comparator
function which normally integrates previous experiences stored in memory with current
sensory input (Gray, 1998; Gray et al., 1991). Latent inhibition was proposed as a cognitive
construct to explain the observations that individuals with schizophrenia spectrum disorders
have impaired capacity to deem a stimulus as redundant, which is coupled with difficulties in
holistic processing; “I had a very narrow attentional beam, my life was (if not literally) like
walking around London in the Second World War blackout with a pencil torch” (Chadwick,
2007). Latent inhibition paradigms have primarily been used in animal studies (Lubow, 1989)
however they have been translated into human studies, demonstrating attenuated latent
inhibition in psychosis prone individuals (Lubow, Ingberg-Sachs, Zalstein-Orda, & Gewirtz,
1992) and schizophrenia spectrum disorders (Lubow & Gewirtz, 1995). However, these
findings have been inconsistent (Swerdlow, Braff, Hartston, Perry, & Geyer, 1996).
It should also be noted that latent inhibition is closely related, and if not the same as,
learned irrelevance, which in turn appears to describe habituation (see Claridge & Beech, in
a commentary as part of the Gray (1991) paper). These terms are often used interchangeably
within the literature (Schmidt & Roiser, 2009), despite speculation over their relationship
(Gray et al., 1991). Learned irrelevance denotes an impaired capacity to determine if a
stimulus or conditioned paradigm is insignificant, despite it once being significant (SchmidtHansen, Killcross, & Honey, 2009), which appears to strongly parallel the aforementioned
definition of latent inhibition.
Of all theories, latent inhibition has been most closely compared to aberrant salience.
In Kapur’s (2003) original paper proposing the aberrant salience hypothesis, latent inhibition
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was referred to as a model of attentional habituation, differing from aberrant salience which
involves the reward pathway and motivational significance. However in a commentary on
Kapur (2003), Gray (2004) denied latent inhibition as being a model of attentional
habituation, emphasising the importance of context, which is also important in the aberrant
salience hypothesis. Nonetheless, the question of whether attention is directed to a typically
innocuous stimulus due to an impaired ability to learn its irrelevance, the aberrant
assignment of salience, a combination of both or potentially none of the above is yet to be
answered.
Interestingly, in an attempt to address the construct validity of aberrant salience,
and parse apart latent inhibition/learned irrelevance from aberrant salience, Schmidt and
Roiser (2009) conducted a factor analysis using schizotypal personality traits measured by
the Oxford-Liverpool Inventory of Feelings and Experiences (O-LIFE) (Mason, Linney, &
Claridge, 2005), in a non-clinical population. Whilst this study will be discussed in detail in
relation to the measurability of aberrant salience later in this chapter, this factor analysis
clearly found that latent inhibition and implicit aberrant salience as measured by the SAT
(Roiser et al., 2009) were distinct, as indicated by loading on separate factors in a factor
analysis.
Psychological models of psychosis.
Earlier in this chapter, recent psychological models of psychosis were discussed.
These models proposed cognitive biases and childhood trauma can lead to psychosis
phenomena. This presentation was followed by the comparatively newer integrative
theories that have resulted out of an identified need to link evidence from neurobiological
and psychological research to fully appreciate psychosis phenomena. Considering aberrant
salience is proposed as a link between the neurobiological and psychological theories, it is
expected that psychological and integrative theories may have indirectly mentioned
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aberrant salience. This appears to be the case. Garety et al. (2001) discussed the notion of
anomalous experiences being attributed deemed as significant. We argue that for the
experience to be considered significant, it is likely to be aberrantly tagged as salient. Beck
(2004) also described a similar relationship between psychosis phenomena in the context of
schizophrenia spectrum disorders. He proposed that such phenomena are selectively
attended to, which again is conceivably a result of aberrant salience. Additionally, Beck
(2004) went on to link the concept of hot cognitions to dopamine mediated hypersalience,
In conclusion, these theories propose an abnormality at a different stage in
processing stimuli. This ranges from the level of perception to higher thought processes.
Nonetheless, each theory appears to implicate the aberrant assignment of salience to
typically innocuous stimuli to a certain extent. Furthermore, all theories have implicated
dopamine as the neurobiological substrate (Gaebel & Zielasek, 2011) which also implicates
aberrant salience (Kapur, 2003).
Measurement of Aberrant Salience
To progress understanding of aberrant salience, it is important to be able to reliably
and validly measure the construct. In light of the theorised relationship between aberrant
salience and the development of psychotic symptomatology, such measures would assist in
advancing research ventures, as well as having potential clinical utility, perhaps as a
clinical outcome measure, or identifier of at-risk mental states.
Aberrant salience has received an appreciable amount of attention in the literature
(Howes, 2012), however as can be seen by the studies discussed in aberrant salience and
psychosis symptomatology, the way in which the construct is operationalised and measured is
highly variable (Gaebel & Zielasek, 2011). In a review of the dopamine hypothesis and its
relationship to aberrant salience in psychosis, a summary of the various operationalisations
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of aberrant salience included a white noise task, word list paradigms, delayed monetary
incentive tasks, instrumental reward learning, visual working memory tasks with delayed
response, emotional arousal evoked by emotionally salient stimuli, reward prediction error
paradigms and grey matter abnormalities in theoretically relevant brain regions (Lahera,
Freund, & Sáiz-Ruiz, 2012). Whilst this review acknowledged objective measures of aberrant
salience, including the SAT (Roiser et al., 2009), it notably did not mention subjective selfreport measures of aberrant salience; the ASI (Cicero et al., 2010).
With the exception of the SAT (Roiser et al., 2009) and the ASI (Cicero et al., 2010),
the majority of measures have not been psychometrically tested to demonstrate reliable and
valid measurement of the construct, or have been operationalised as salience, despite the
measure being designed for a different purpose. An example of this is the use of the
Wisconsin Card Sorting Test (Downes et al., 1989) discussed earlier (Murray, Cheng, et al.,
2008; Murray, Corlett, et al., 2008). With the concern being the measure is more reflective of
executive dysfunction (its original utility) it would be important to validate the Wisconsin
Card Sorting Test as being a measure of aberrant salience whilst controlling for executive
functioning.
Similar to reward prediction error, in a series of studies (Juckel, Schlagenhauf,
Koslowski, Filonov, et al., 2006; Juckel, Schlagenhauf, Koslowski, Wüstenberg, et al.,
2006; Schlagenhauf et al., 2008) reward learning was operationalised as a previously
published monetary incentive delay task (Abler et al., 2005). The properties of this task
appear comparable to the SAT (Roiser et al., 2009). However, there is no psychometric data
supporting this assumption. Furthermore, whilst reward learning and salience are commonly
seen as the same, there is some evidence to suggest that motivational salience and reward
learning are related, yet distinct psychological constructs (Berridge, Robinson, & Aldridge,
2009). Overall, this raises uncertainty about whether aberrant salience is being reliably and
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validly captured in the literature to date. Additionally, due to a lack of consensus in the
constructs operationalisation, it is difficult to compare research programs and thus make
inferences.
The SAT (Roiser et al., 2009) and ASI (Cicero et al., 2010) are two validated
measures in the literature, purporting to capture aberrant salience. However, as the SAT is an
objective measure and the ASI is a subjective measure, the actual measures are notably
different.
Salience attribution test.
The SAT is a subjective measure of state aberrant and adaptive salience. The interface
is a computerised probabilistic learning paradigm whereby test takers are required to make a
speeded response upon the presentation of a black square (probe). Faster responses result in
more monetary reward, should money be available on a given trial. The determinants of
whether money is available, is the presentation of conditioned stimuli just prior to the
presentation of the probe. Stimuli are two dimensions (shape and colour), with each
dimension having two levels (object and animal; red and blue respectively). One of the two
dimensions is deemed as task relevant, which means that one of the levels of this dimension
will reward money 87.5% of the time and thus is labelled as the high-probability stimulus,
whilst the other level will reward 12.5% of the time and is therefore the low-probability
stimulus. The remaining dimension is deemed as task irrelevant and both levels will reward
money 50% of the time. This is due to each conditioned stimulus representing both task
relevant and irrelevant dimensions (e.g.: red object). Participants are given a practice tutorial,
followed by two blocks of the game, totalling 64 trials. Feedback as to the speed of the
response is given visually on the screen, accompanied by a beep variation in pitch, with a
higher pitch corresponding with faster responses.
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Aberrant and adaptive salience are measured in two ways; implicitly using reaction
time in milliseconds and explicitly using a visual analogue scale (VAS) at the end of each
block asking the probability of a particular conditioned stimulus rewarded money. Adaptive
salience is defined as the ratio of biased response towards the high-probability stimulus on
the task relevant dimension in comparison to the low-probability stimulus (Roiser et al.,
2009). Aberrant salience is defined as the ratio of biased response towards one of the task
irrelevant conditioned stimuli in comparison to the other. The rationale for this definition is
that if a test taker is biasedly responding to a task irrelevant stimulus that has 50% chance
of reward over the other task irrelevant stimulus with the same probability, salience has
been aberrantly assigned. As they are both equally rewarding, salience should be equally
assigned and therefore bias is considered aberrant (Roiser et al., 2009).
The SAT has been validated in both non-clinical, ultra-high-risk of psychosis and
clinical populations. Delusions, negative symptoms and introverted anhedonia schizotypal
personality trait have all correlated positively with explicit aberrant salience (Roiser et al.,
2009; Schmidt & Roiser, 2009). Notably, no association has been found for hallucinations.
Adaptive salience was also found to be reduced in patients diagnosed with schizophrenia
when compared to controls. Thus, these relationships fall in line with the notion of aberrant
salience underpinning psychosis phenomena. Additionally, the striatal brain region has
been found to correlate those with higher levels of aberrant salience in a non-clinical
sample (Roiser, Stephan, den Ouden, Friston, & Joyce, 2010), which links the striatum,
dopamine and aberrant salience, and in turn supports the concept of salience being present
and measureable across non-clinical populations.
Statement of the Problem
The current research findings are indicative of a relationship between aberrant
salience and psychosis symptomatology, underpinned by the dopaminergic system.
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However, there is some doubt about the validity of these findings due to the inconsistent
measurement of aberrant salience, and the lack of psychometric data supporting the validity
of most measures. Furthermore, the two measures that have some validation data (ASI; SAT)
are fundamentally different in their approach to aberrant salience measurement – one being a
report of subjective experience and the other an objective learning task. Thus, it is uncertain
whether these measures are capturing the same construct. Individually, the ASI is limited in
its clinical utility and research applications due to it being a trait measure of aberrant
salience. This type of measure fails to capture the essence of the dynamic nature of aberrant
salience theoretically proposed.
Aim and Hypothesises
The current program of research comprised two studies. Study One aimed to
transition the ASI, a trait measure of aberrant salience, into a state measure of aberrant
salience, the Aberrant Salience Inventory Clinical State (ASICS) to enhance its research and
clinical utility. Further, the study aimed to replicate the promising initial psychometrics,
including the factor structure, and extend validation by using more clinically relevant
measures of psychosis phenomena. For the purpose of comparison to the original ASI, a nonclinical population was used. It was hypothesised the ASICS would retain similar
psychometric properties to the original ASI. Furthermore, it was hypothesised on theoretical
grounds that subclinical psychosis phenomena, namely delusional distress, preoccupation
and conviction, would positively correlate with the ASICS.
Study Two aimed to extend on the psychometric validation of the ASICS by
comparing it to a validated, objective, state measure of aberrant salience, the SAT.
This comparison would further validate the construct of aberrant salience, as well as
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further validating the SAT. Whilst such a comparison has never been made, in light of both
measures purporting to capture aberrant salience, a positive relationship was hypothesised.
Rationale for this Program of Research
Aberrant salience and its role in psychosis phenomena is a relatively new and
exciting framework that is shedding light on the cognitive processes of psychosis resulting
from hyperdopaminergia. Thus, the rationale for this program of study is to assist in
advancing research by means of refining the measurement of the aberrant salience.
Currently there are no state-based subjective measures of aberrant salience. We
consider this to be a significant gap in the current research. First, a state-based measure better
matches the essence of the aberrant salience hypothesis as it would allow researchers to
measure changes across time, without concern for a practice effect from objective measures,
and with added convenience of a questionnaire. This in turn this would assist researchers to
better understand the construct and examine interventions targeting the correction of aberrant
salience, including psychopharmacotherapy and psychotherapy.
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Chapter 2: Enhancing subjective measurement of aberrant salience across the
psychosis continuum - A current state version of the Aberrant Salience Inventory
Despite psychotic symptoms being the hallmark feature of schizophrenia spectrum
disorders, and being present in other psychiatric diagnoses (APA, 2013), there is evidence
indicating that psychotic experiences lie on a continuum spanning non-clinical to clinical
populations (Nuevo et al., 2012; Tien, 1991b; van Os et al., 2009). Furthermore, the
characteristics of these experiences in non-clinical populations are similar in nature to those
in clinical populations and appear to be distinguished primarily by the levels of preoccupation
and distress (Honig et al., 1998; Peters, Day, et al., 1999; van Os et al., 2009). This
heightened attention to the experience and emotional response is consistent with the notion of
aberrant salience which has been proposed as central to the development of psychosis
(Kapur, 2003).
Aberrant Salience Hypothesis
As reviewed in Chapter One, the aberrant salience hypothesis of psychosis is an
extension of the motivational salience hypothesis (Berridge, 2007; Berridge & Robinson,
1998). It states that aberrant salience is the abnormal tagging of typically innocuous stimuli
as being significant. This process is mediated by spurious releases of dopamine, a
neurotransmitter long implicated in the aetiology of schizophrenia spectrum disorders
(Meltzer & Stahl, 1976). This results in aberrantly salient stimuli commanding attentional
resources, driving motivation and directing associated behaviour; a process hypothesised as
being at the root of delusional experiences. Furthermore, within this framework,
hallucinations are conceptualised as internal percepts, dialogues or memories that, like
external environmental stimuli, can also be aberrantly assigned salience. First person
accounts have described such experiences in the early stages of illness in terms of irrelevant
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details directing attention and being perceived as overwhelmingly important (J. Chapman,
1966; Matussek, 1952; McGhie & Chapman, 1961). Kapur (2003) suggests this process is
propelled by a sharpening of the senses, which appears similar to the previously described
concept of sensory gating (J. D. Cohen, Braver, & O'Reilly, 1996; van der Gaag, 2006),
followed by motivation to explain the aberrant experience, with attendant anxiety which
is relieved by the formation of delusions.
Objective Measurement of Aberrant Salience
Despite the considerable amount of research in this area (Howes, 2012), a significant
limitation to advancement of the field is the inconsistent operationalisation of the aberrant
salience construct (Gaebel & Zielasek, 2011). In a review of the dopamine hypothesis and
its relationship to aberrant salience in psychosis, a summary of various operationalisations
of aberrant salience was given (Lahera et al., 2013). Measures included white noise tasks,
word list paradigms, delayed monetary incentive tasks, instrumental reward learning, visual
working memory tasks with delayed response, emotional arousal evoked by emotionally
salient stimuli, reward prediction error paradigms and grey matter abnormalities in
theoretically relevant brain regions (Lahera et al., 2013). With the exception of the Salience
attribution test (SAT) (Roiser et al., 2009) and a monetary incentive delay task (Abler et al.,
2005) used in a series of reward learning studies (Juckel, Schlagenhauf, Koslowski, Filonov,
et al., 2006; Juckel, Schlagenhauf, Koslowski, Wüstenberg, et al., 2006; Schlagenhauf et al.,
2008; Schlagenhauf et al., 2009; Walter et al., 2009) , the operationalisation of aberrant
salience differed for all studies in the literature. Furthermore, with the exclusion of the SAT,
none of the measures reviewed were accompanied by any psychometric data to justify their
use in measuring aberrant salience, which raises uncertainty about whether the construct is
being reliably and validly captured.
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Aberrant Salience as a Subjective Experience
For the most part, aberrant salience is being measured using behavioural or objective
tasks. However, first person accounts describe experiences consistent with aberrant salience
and suggest that individuals can self-report the experience (J. Chapman, 1966; Matussek,
1952; McGhie & Chapman, 1961). Subjective measures offer a unique perspective on the
lived experience, are easier to administer and score, are cost effective and could potentially
be administered at multiple time points, thus making such a measure ideal for both clinical
and research applications, providing the construct can be validly measured.
The excellent psychometric data of the Aberrant Salience Inventory (ASI), a 29 item
self-report inventory, demonstrates that trait aberrant salience can be measured reliably, and
at this point, is the only published subjective measure of aberrant salience (Cicero et al.,
2010). The ASI was developed as a way to identify psychosis proneness in a non-clinical
population, with trait aberrant salience being one factor theoretically contributing to an
increased risk of psychosis. As discussed in Chapter One, this implies that aberrant salience
is on a continuum including non-clinical to clinical population.
The ASI items are summed to create a global score. Excellent Cronbach’s alpha
reliability was reported with college (r=.89) and clinical (r=.91) samples. The ASI also
demonstrated good construct validity by correlating with psychosis proneness, measured by
the Perceptual Aberration Scale (L. J. Chapman, Chapman, & Raulin, 1978) and Magical
Ideation Scale (Eckblad & Chapman, 1983), the Dissociative Processes Scale (dissociation;
Harrison & Watson, 1992), the Tellegen Absorption Scale (dispositional absorption in objects
and events directing all attentional resources; Tellegen & Atkinson, 1974), the Revised Social
Anhedonia Scale (social anhedonia; Eckblad, Chapman, Chapman, & Mishlove, 1982) and
the Behavioural Activation System (sensitivity to reward; Carver & White, 1994).
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Conversely, the ASI did not correlate with the Behavioural Inhibition System (sensitivity to
punishment; Carver & White, 1994). The ASI has also correlated with breadth of Peters
Delusion Inventory total score in a non-clinical population (Peters, Joseph, Day, & Garety,
2004) in a subsequent study (Cicero et al., 2013). The ASI has also demonstrated
discriminant validity between a psychosis-proneness group, social anhedonia group and
control group in a college sample, and established discriminant validity between groups
with a psychosis history and no psychosis history in a clinical sample. These findings are
important as they indicate that aberrant salience varies with the intensity or severity of
psychotic symptomatology. Furthermore, whilst aberrant salience is most prominent in
prodromal and acute phases, it is elevated across all phases. This positions the ASI as a
measure with potential for clinical applications, and future research in clinical populations
(Cicero et al., 2010).
The psychometric data of the ASI demonstrates the feasibility and promise of
measuring subjective aberrant salience. However, given that aberrant salience is proposed
as a mechanism resulting in psychotic symptomatology (Kapur, 2003), measures capturing
subclinical hallucinations and delusional distress, preoccupation and conviction would
strengthen the construct validity of the ASI should they be reliably related. As discussed in
Chapter One, delusional distress, preoccupation and conviction are now well-established as
outcome-relevant dimensions of positive symptom measurement (Lincoln, 2007), however
had yet to be examined in the context of aberrant salience. Further, considering the nature of
these dimensions, it was also suggested earlier in Chapter One, that aberrant salience may
influence or underlie these features of psychosis phenomena.
The operationalisation of psychosis proneness in the Cicero et al. (2010) study
warrants review. In the literature, psychosis proneness, schizotypy and schizotypal
personality traits are often used interchangeably and are variously operationalised (Johns &
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van Os, 2001). The measures used by Cicero et al. (2010) to operationalise psychosis
proneness (Perceptual Aberration Scale; Magical Ideation Scale), measure a narrow range the
features of psychosis proneness or schizotypy personality traits(Claridge et al., 1996), thus
limiting their persuasiveness as construct validation measures. By focussing primarily on
perceptual disturbances and magical thinking the measures miss out on tapping ideas of
reference, odd thinking and speech, paranoid ideation, inappropriate or constricted affect,
odd or eccentric behaviour, lack of friends and excessive social anxiety (APA, 2013).
Furthermore, perceptual disturbances and magical thinking only satisfy one domain of
schizotypal personality, aberrant perceptions and beliefs, and neglect to incorporate the other
three domains; cognitive disorganisation, introvertive anhedonia and asocial behaviour
(Claridge et al., 1996). Thus broader measure of the construct would strengthen validation of
the inventory.
The factor analysis of the ASI reported by Cicero et al. (2010), using a college
sample, derived a 5-factor solution. The somewhat tautological factor definitions are
consistent with Kapur’s (2003) theory of aberrant salience in psychosis, and appear to
capture the process-like nature of aberrant salience. The factors were: increased
significance, the attribution of salience to a stimulus; senses sharpening, referring to an
increased acuity of senses as described in sensory gating and flooding theories (Johannesen,
Bodkins, O'Donnell, Shekhar, & Hetrick, 2008; Potter, Summerfelt, Gold, & Buchanan,
2006); impending understanding, a general feeling of importance, or significance of a
stimulus; heightened emotionality representing anxiety whereby the individual attempts to
make sense of the perceived importance of stimuli, likened by Cicero et al. (2010) to the
phenomenon observed during the early stages of a psychotic episode; and heightened
cognitions, the sense of being part of something important arising from particular
experiences. However, on face validity, there appears to be little distinction between some
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factor definitions, in particular increased significance and impending understandings.
Data on the reliability and intercorrelations of these factors would aid appraisal of their
potential for use in future research.
Whilst trait vulnerability in psychosis has support in the literature (Raine et al., 1995; van
Os et al., 2009), at its heart, Kapur’s (2003) theory of aberrant salience describes a dynamic
phenomenon of fluctuating levels of aberrant salience dependent on aberrant dopamine release.
This dynamic aspect of the theory is not captured by the ASI in its focus on trait aberrant
salience. To overcome this limitation, a state measure of aberrant salience is required that has
the capacity to capture change across time thus potentially providing insight into the relationship
between aberrant salience and psychosis symptomatology (Koychev et al., 2011). Moreover, a
state measure could potentially aid research on psychotherapeutic (Kuipers et al., 2006) or
psychopharmacological interventions aimed at correcting aberrant salience (Kapur, 2004;
Koychev et al., 2011), and may have promise for measurement of clinical progress.
A final potential limitation of the ASI, especially when contemplating dynamic state
measurement of salience, is the level of measurement sensitivity given the dichotomous yes/no
response format. Maximising the sensitivity of measurement is important, particularly in a
clinical setting, and could be potentially improved by adding a Likert scale (Bendig, 1953,
1954).
Aim and Rationale
We aimed to develop and validate a state measure of aberrant salience that could
better realise the clinical and research potential of studying aberrant salience in clinical
psychosis and prepsychotic states. Given the ASI is a psychometrically promising trait
measure of aberrant salience, our approach was to develop a state version of this measure,
the Aberrant Salience Inventory Current State (ASICS). The study reported here was
conducted using a non-clinical sample to allow for direct comparison of the ASICS with the
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ASI, where the substantive psychometrics were conducted on such a population.
Furthermore, use of a non-clinical sample allowed us to check the replicability of the
original factors before extending validation to clinical populations.
We addressed construct validity of the ASICS by retaining one of the original validity
measures and adding others. The BIS/BAS was retained due to the BAS tapping into the
reward pathway via dopaminergic activity in the mesolimbic region, thus implicating
motivational salience; the precursor of the aberrant salience hypothesis (Depue & Collins,
1999; Lee, Ham, Cho, Lee, & Shim, 2007). Furthermore, it would allow for a direct
comparison between the ASICS and ASI (Cicero et al., 2010). A screening measure of
Schizotypal Personality Disorder was opted for instead of an array of narrowly focused
psychosis proneness instruments as found in Cicero et al (2010). Most importantly, we
extended the scope of validation by adding direct measures of subclinical hallucinations and
delusional distress, preoccupation and conviction in order to investigate the relationship of
the ASICS to the symptomatology at the core of the aberrant salience hypothesis. This was
driven by our interest in developing a state based aberrant salience measure that could be
used for clinical populations. It was hypothesised the ASICS would have moderate to high
correlations with all measures with the exception of sensitivity to reward (Cicero et al., 2010)
and sensitivity to punishment (Scholten, van Honk, Aleman, & Kahn, 2006) where small but
statistically significant relationships were considered more likely. We planned to study the
impact of the change in response format from dichotomous to Likert scale, by conducting
factor analyses with both scoring systems. It was hypothesised the ASICS would fit the 5factor model adequately and that the altered response format would not impact the
psychometric properties of the measure.
Method
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Participants
The sample comprised of 414 participants aged between 18 and 67 (M = 28.14, SD =
11.20), of which 72.7% identified themselves as female, 26.1% male and 2% trans-gender;
and 93.5% lived in Australia. The ethnic background of the sample was 69.5% Australian,
18.6% European, 7.9% Asian, 2.2% North American and 1.2% African. Level of education
included 36.9% who had completed high school, 13.6% completed Technical and Further
Education (TAFE) certificate, 37.6% completed an undergraduate degree and 11% completed
a postgraduate degree. Excluded from the sample were eight participants on antipsychotic
medications that are theorised to be act upon the neurobiological underpinnings of the
constructs under examination (Kapur, 2004).
Materials
Demographics.
Information was collected on age ( in years), gender (male or female), ethnic
background (Australian, African, Asian, European or American), level of education
completed (high school, TAFE certificate III, certificate IV, certificate V, diploma,
advance diploma, bachelor degree, bachelor degree with honours, master degree, doctorate
degree, doctorate of philosophy) and if taking any antipsychotic medication (yes/no).
Aberrant Salience.
A measure of state based aberrant salience was developed for the purpose of this
research. The ASICS is a 29-item self-report inventory closely following the structure of
the ASI and utilising its item statements with only minor alterations.
A conservative approach was taken when developing the ASICS, retaining as much
as possible of the wording and structure of the inventory of the ASI. Pre-testing of the ASI
indicated a grade reading level of 7.5 according to the Flesch (1948) reading ease
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formulation (Cicero et al., 2010), thus not discriminating individuals with low literacy skills.
In creating a state measure of aberrant salience, two aspects of the ASI were changed; namely
anchoring the measure to a timeframe, and the response format. The context of the previous
week was given by adding the statement answer the following questions based on your
experiences over the previous week at the beginning of the inventory. The tense of the items
were changed to be consistent with this focus. The choice of a 1-week period for ‘state’
measurement was arbitrary but intended to balance between providing sufficient time period
to capture a range of recent aberrant experience within the limits of reliable recall of
experience and allowing the ASICS to be used repeatedly within a single episode of acute
psychosis. Other prominent measures of psychosis symptomatology have also adopted this
timeframe (Kay et al., 1987). The response format was changed from the original
dichotomous format (yes/no) to a 4-point Likert scale (none of the time, a little of the time,
some of the time and most of the time). A Likert scale was chosen to emphasise the breadth
and severity of phenomena, which we conceptualised as the frequency of the experience. This
notion falls in line with other widely accepted psychosis phenomena measures (Haddock,
McCarron, Tarrier, & Faragher, 1999; Peters, Joseph, & Garety, 1999; Waters, Badcock, &
Maybery, 2003). Furthermore, specifically a 4-point Likert scale was chosen to increase
sensitivity to detect change, whilst avoiding cognitive overload in clinical populations arising
from having too many choice points (Bendig, 1953, 1954; Komorita & Graham, 1965).
Furthermore, it also allows for dichotomisation, and thus comparison to the ASI.
Schizotypal personality traits.
The Schizotypal Personality Questionnaire – Brief (SPQ-B) was used to attain
measures of schizotypal personality traits (Raine & Benishay, 1995). The SPQ-B is brief
measure of 22-items condensed from the original Schizotypal Personality Questionnaire
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(SPQ) (Raine, 1991). Both the SPQ and SPQ-B comprise of three factors: CognitivePerceptual, Disorganised and Interpersonal (Mata, Mataix-Cols, & Peralta, 2005; Raine,
1991; Raine & Benishay, 1995). The benefit of this scale is that it assesses each of the nine
diagnostic criteria (APA, 2013) associated with schizotypal personality disorder (SPD) and
is promoted as a screening and assessment tool for SPD (Axelrod, Grilo, Sanislow, &
McGlashan, 2001; Raine & Benishay, 1995). Subsequent research has found a cut-off score
of 17 has 80% sensitivity and 85.5% specificity rate (Ma et al., 2010) and appears to be
accepted in the literature. The SPQ-B has demonstrated acceptable internal reliability (α =
.76) and criterion validity with independently rated DSM-III-R schizotypal personality traits.
Lastly, the SPQ, that is the original questionnaire, has demonstrated capacity to detect the
genetic vulnerability schizophrenia (Vollema et al., 2002), which may also be reflected in this
SPQ-B given the similar psychometric properties (Raine & Benishay, 1995).
Delusions.
Delusional ideation was measured using the 21-item Peters Delusions Inventory
(PDI), a measure designed for use in the non-clinical population (Peters, Day, et al., 1999)
and more recently applied in clinical populations (Goldstone, Farhall, & Ong, 2011;
Goldstone et al., 2013; Peters et al., 2004). The PDI measures a wide range of delusional
phenomena (summed to create a total score), in addition to subscales capturing associated
distress, preoccupation and conviction of the phenomena. Good reliability (α = .88) and
concurrent validity with schizotypy, magical ideation and delusions have been reported
(Peters, Day, et al., 1999).
Hallucinations.
The Launay-Slade Hallucination Scale (LSHS) is a revised 16-item measure
of hallucination experiences which is summed to create a total score (Larøi, Linden,
&
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Marczewski, 2004). It assesses a wide range of hallucinatory experiences including sleep
related, vivid daydreams, intrusive thoughts and auditory hallucinations. Historically the
LSHR was derived from the original 12 item Launay-Slade Hallucination Scale (Launay
& Slade, 1981) and was designed to use in non-clinical populations. However subsequent
research in clinical populations has validated it use. LSHS scores were found highest for
individuals with hallucinations in the context of psychosis, then remitting psychosis and
lowest for individuals with no history of hallucinations (Varese, Barkus, & Bentall, 2012).
Furthermore when compared, the LSHS demonstrated a similar factor structure in clinical
and non-clinical populations (Serper, Dill, Chang, Kot, & Elliot, 2005).
Sensitivity to reward and punishment.
The Behavioural Inhibition System/Behavioural Activation System (BIS/BAS)
Scale is a 20-item scale conceptualised as measuring two neural motivational systems; the
BIS is sensitivity to punishment/threat and activates avoidance behaviour, whilst the BAS is
sensitivity to reward underpinned by dopaminergic activity in the mesolimbic system
(Carver & White, 1994; Depue & Collins, 1999). The scale is comprises four subscales that
have been validated in a factor analysis (Jorm et al., 1998). These include Behavioural
Inhibition (“I feel worried when I think I have done poorly at something”). Behavioural
Activation System – Drive (“When I want something, I usually go all-out to get it”).
Behavioural Activation System – Fun Seeking (“I will often do things for no other reason
than that they might be fun”) and Behavioural Activation System – Reward and
Responsiveness (“It would excite me to win a contest”). The BAS has correlated with
measures of extroversion and positive affectivity (Jorm et al., 1998), trait reward dependence
(Carver & White, 1994) and trait aberrant salience (Cicero et al., 2010). Furthermore, the BAS
has been related to a polymorphism of a dopamine receptor gene (Lee et al., 2007). The BIS has
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correlated with harm avoidance (Carver & White, 1994), neuroticism and negative affectivity
(Jorm et al., 1998).
Procedure
Ethics approval was obtained from the university’s Human Research Ethics
Committee. Participants were recruited using online advertisement on social media groups,
emailing individuals about possible participation from the La Trobe University School of
Psychological Science Participant Registry (a voluntary, obligation free registry of La Trobe
University students who have expressed interest to be contacted regarding participation in
psychological research) and word of mouth (snowball effect). Participants were provided a
hyperlink directing them a page providing information about the study. Access to the online
survey (Qualtrics™) was given after consent was obtained. They survey began with the
demographic questionnaire, whilst the remaining measures of aberrant salience, schizotypal
personality traits, delusions, hallucinations, and sensitivity to reward and punishment were
presented in counterbalanced order.
Data Analysis
Prior to analysis, pro-rated totals were calculated if no more than 10% of the items in
a measure were missing (Tabachnick & Fidell, 2007). With the exception of the BAS
subscales, all other measures were positively skewed and required log transformation to
correct violations of normality.
The factor structure of the ASICS was compared to the 5-factor structure of the ASI
(Cicero et al., 2010). Given the ASI has a dichotomous response format, to enable more
direct comparison, the ASICS 4-point Likert scale (none of the time, a little of the time,
some of the time and most of the time) was collapsed into a dichotomous (yes/no) response
format, grouped by endorsing items (little of the time, some of the time and most of the time)
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and not endorsing items (none of the time). To determine if the response format changed the
way the measure behaved, confirmatory factor analyses were conducted using both response
formats, referred to as ASICS Likert and ASICS Dichotomous. Based on the
recommendations of Hu and Bentler (1999), the Chi-square (χ²), χ²/df ratio <2.5, root-meansquare residual (RMSEA) <.05 and standardised root-mean-square residual (SRMR) <.08,
were used to assess which model fitted the data best. Chi-square difference tests using a
scaled-difference test statistic (Satorra & Bentler, 2001) were used to determine whether a
second-order factor model, that would allow use of a single global score, was superior to a
first-order factor model.
Finally, the construct validity of the ASICS was examined using correlations with
theoretically related measures of schizotypal personality traits, delusions including distress,
preoccupation and conviction, hallucinations, sensitivity to reward and punishment.
Results
Reliability and Psychometric Properties of the Aberrant Salience Inventory Current
State
Table 1 outlines the internal consistency using Cronbach’s alpha and descriptive
statistics, including mean, standard deviation, range and shape of distribution for all
measures. The ASICS had excellent reliability determined by Cronbach’s α above .8.
Interestingly, the ASICS Dichotomous response format (M = 12.45, SD = 8.24) had
descriptive statistics highly similar to the original ASI (M = 13.73, SD = 6.62) reported by
Cicero et al. (2010).
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Table 1
Descriptive Statistics of the ASICS, Schizotypal Personality Traits, Delusions, Hallucinations
and Sensitivity to Reward and Punishment
M

SD

Min

Max

z
Skewness

z
Kurtosis

Cronbach
α

46.96

14.59

29.00

89.00

6.57

0.29

.95

Increased Significance

13.37

4.51

7.00

26.00

4.31

1.40

.85

Senses Sharpened

6.51

2.33

4.00

16.00

6.28

0.98

.78

Impending Understanding

8.21

3.18

5.00

18.00

6.59

1.00

.84

Heightened Emotionality

9.06

3.24

6.00

21.00

9.83

2.16

.81

Heightened Cognition

8.45

3.05

6.00

19.00

10.19

0.88

.80

SPQ-B

6.81

5.22

0.00

20.00

3.90

1.72

.87

PDI Total

46.55

5.66

39.00

71.00

9.81

2.94

.87

PDI - Distress

14.75

16.11

0.00

88.00

13.68

3.76

.89

PDI - Preoccupation

15.49

16.65

0.00

92.00

12.87

3.76

.89

PDI - Conviction

18.88

19.04

0.00

111.00

13.14

3.97

.88

LSHS

34.91

13.01

3.00

15.00

4.90

0.70

.88

BAS - Drive

10.01

2.24

4.00

16.00

2.83

0.51

.85

BAS –Fun

10.63

2.40

4.00

16.00

-.58

0.24

.81

BAS - Reward

16.11

2.16

8.00

20.00

-.62

0.39

.75

BIS

20.99

3.27

7.00

28.00

-3.77

2.26

.80

ASICS Total (Likert)

Note. Aberrant Salience Inventory Current State (ASICS), Schizotypal Personality Questionnaire –Brief (SPQB), Peters Delusional Ideation (PDI), Launay-Slade Hallucination Scale (LSHS), Behavioural Activation Scale
(BAS), Behavioural Inhibition Scale (BIS).

Confirmatory Factor Analysis
Using confirmatory factor analysis (CFA), the ASICS Likert and ASICS dichotomous
response formats were compared to determine 1) how well the data fitted the 5-factor
structure reported by Cicero et al. (2010) and, 2) whether a second-order factor model was
indicated, suggesting all factors have a single underlying factor. When factors were allowed

55

to correlate freely, the standardised loadings of ASICS Dichotomous items onto the 5-factors
of Cicero et al. (2010) ranged from .47 to .79, as is illustrated in Table 2. Furthermore, the
intercorrelations of the 5-factors for the ASICS Dichotomous model ranged from .73 to .98
(Table 3) supporting the likelihood that a second-order factor model is appropriate. An
equivalent CFA for the ASICS Likert produced standardised factor loadings between .49 and
.79 (see Table 2) with high intercorrelations between factors that ranged from .73 to .96,
illustrated in Table 3.
Table 2
Standardised Factor Loadings of Items from the CFA of ASICS Dichotomous and
Likert Response Format
Standardised Loadings
Factors
Dichotomous

Likert

Increased Significance
1. How often did certain trivial things ever suddenly seem especially...
5. How often did you notice small details that you had not noticed...
10. How often did you feel the need to make sense of seemingly...
15. How often did you go through periods in which songs sometimes...
16. How often did you attribute important to objects which you...
21. How often did you become fascinated by the little things around...
27. How often did you become interested in people, events, places or...

.47
.66
.69
.51
.62
.58
.67

.56
.73
.73
.65
.66
.66
.73

Senses Sharpening
3. How often did your senses seem sharpened?
9. How often did you go through periods of heightened awareness?
12. How often did you feel that you could hear with a greater clarity?
18. How often did your sense of taste seem more acute?
22. How often did your senses seem extremely strong or clear?

.60
.71
.64
.69
.79

.66
.76
.69
.57
.79

Impending Understanding
2. How often did you feel like you are on the verge of something...
6. How often did you feel like it is important for you to figure out...
11. Do you sometimes feel like you are finding the missing piece...
17. How often did you feel like you were on the verge of figuring...
29. Do you sometimes notice things that you haven’t before...

.67
.68
.65
.70
.77

.68
.76
.69
.72
.78
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Heightened Emotionality
8. How often did you have difficulty telling if you were thrilled...
14. How often did normally trivial observations sometimes take on...
20. How often did you go through periods in which you feel...
24. How often did you feel that your boundaries between inner and...
26. How often did you have a feeling of inexpressible urgency...
28. How often did your thought and perceptions ever come faster...

.51
.64
.50
.49
.70
.69

.62
.71
.58
.49
.77
.72

Heightened Cognition
4. How often did you feel like you were rapidly approaching the...
7. How often did you go through periods where you feel especially...
13. How often did you feel like you were an especially spiritually...
19. How often did you feel like the mysteries of the universe were...
23. How often did you feel like the whole world was opening up to you?
25. How often did you feel like the world was changing and you are...

.58
.61
.66
.71
.74
.57

.56
.57
.69
.75
.71
.64

Four CFA test statistics were used to assess if the ASICS Dichotomous and ASICS
Likert data fitted the Cicero et al. (2010) 5-factor model. According to these fit statistics in
Table 3, the first-order factor model for the ASICS Dichotomous and Likert response formats
adequately fitted the Cicero et al. (2010) 5-factor structure. A second-order factor analysis
model for the ASICS Dichotomous and Likert response format was also tested to determine if
the data fitted the Cicero et al. (2010) 5-factor structure and a single underlying factor exists.
As was the case for the first-order factor model, the second-order factor model fitted the
Cicero et al. (2010) 5-factor structure adequately.
To determine whether the ASICS can be summed and interpreted using a global
score, Chi-square difference tests using a scaled-difference test statistic were used to compare
the first and second-order models for the ASICS Likert response format (Satorra & Bentler,
2001). As a second-order factor structure is more restrictive than a first-order factor structure,
the first-order factor structure will be a better fit than the second-order factor structure. If the
second-order factor structure fits the data as well as the first-order factor structure, then it is
appropriate to use a global score (McGartland Rubio, Berg-Weger, & Tebb, 2001). The Chi-
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square difference test showed the ASICS Likert second-order model differed significantly
from the ASICS Likert first-order model where factors were allowed to correlate freely χ²
(5, N = 373) = 51.02, p < .01. The same result was found for the comparison between the ASICS
Dichotomous response format χ² (5, N = 373) = 27.53, p < .01.
Table 3
Comparison of the ASICS Dichotomous and ASICS Likert response formats, and
second-order factor structure of the ASICS to Cicero et al. (2010) five factor model
χ²

df

χ²/df

RMSEA

SRMR

ASICS Dichotomous

765.20

367

2.09

.06

.06

ASICS Likert

987.23

367

2.69

.07

.06

ASICS Dichotomous

792.73

372

2.13

.06

.06

ASICS Likert

1038.25

372

2.79

.07

.06

Model
First-order

Second-order

Exploratory Factor Analysis
An interesting result found in both ASICS Dichotomous and ASICS Likert CFA was
the very high correlations between the increased significance and impending understanding
factors, (ASICS Dichotomous: r = .98; ASICS Likert: r = .96), suggesting that these factors
are not meaningfully distinguishable. As a result, an exploratory factor analysis (EFA) was
conducted using the ASICS Dichotomous data set to explore the underlying factor structure
and determine whether increased significance and impending understanding loaded onto one
factor. An EFA using Principal Axes (common factor) extraction and Promax (oblique)
rotation yielded a 4-factor solution after consideration of both the Scree plots and Eigen
values. The 4-factor structure explained a total of 43.92% of the total variance. The Kaiser-
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Meyer-Olkin measure of sampling adequacy and Bartlett’s Test of Sphericity both indicated
that the set of variables was sufficient for factor analysis and the variance captured by each
variable in the factor solution (i.e., communalities) was > .30.
The pattern of loadings in this 4-factor solution, shown in Table 4, was very similar to
the loadings on the 5-factor solution reported by Cicero et al. (2010). The main difference
was the emergence of a first factor which appeared to be a combination of two of the original
factors increased significance and impending understanding factors. This is consistent with
the high correlation between these factors obtained in our sample and noted earlier (r = 0.98).
The second factor was similar to senses sharpening followed by the third factor of heightened
emotionality and the fourth heightened cognitions. All items in the EFA loaded as expected
on original factors, with the exception of item 4, which loaded on senses sharpening as
opposed to heightened cognition. Interestingly, items 11 and 14 failed to load on any factor.
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Table 4
Factor Loadings for the Exploratory Factor Analysis of the ASICS Dichotomous Response
Format
Factor Loadings
Factor
1

Increased Significance / Impending Understanding
1. How often did certain trivial things ever suddenly seem…(IS)
2. How often did you feel like you are on the verge of something …(IU)
5. How often did you notice small details that you had not noticed …(IS)
6. How often did you feel like it is important for you to figure out…(IU)
10. How often did you feel the need to make sense of seemingly…(IS)
15. How often did you go through periods in which songs…(IS)
16. How often did you attribute importance to object which you…(IS)
17. How often did you feel like you were on the verge of figuring…(IU)
21. How often did you become fascinated by the little things around…(IS)
27. How often did you become interested in people, event, places or…(IS)
29. How often did you notice things that you haven’t noticed before…(IU)
Senses Sharpening
3. How often did your senses seem sharpened? (SS)
4. How often did you feel like you were rapidly approaching the…(HC)
9. How often did you go through periods of heightened awareness? (SS)
12. How often did you feel that you could hear with a greater clarity? (SS)
18. How often did your sense of taste seem more acute? (SS)
22. How often did your senses seem extremely strong or clear? (SS)
Heightened Emotionality
8. How often did you have difficulty telling if you were thrilled…(HE)
20. How often did you go through periods in which you feel…(HE)
24. How often did you feel that your boundaries between inner and…(HE)
26. How often did you have a feeling of inexpressible urgency…(HE)
28. How often did your thought and perceptions ever come faster…(HE)
Heightened Cognition
7. How often you go through periods where you feel especially…(HC)
13. How often did you feel like you were an especially spiritually…(HC)
19. How often did you feel like the mysteries of the universe were…(HC)
23. How often did you feel like the whole world was opening up to…(HC)

2

3

4

.66
.38
.66
.58
.54
.41
.41
.38
.48
.51
.52

.35 .52
.38
.48
.50
.50
.89

.52
.43
.43
.82
.62

.79
.71
.67
.57
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Note. Parentheses denote the ASI factor the item belonged (Cicero et al., 2010). Increased Significance (IS),
Impending Understanding (IU), Senses Sharpening (SS), Heightened Emotionality (HE), Heightened
Cognition (HC).

The construct validity of the ASICS was explored using correlations with
theoretically related measures. All correlations were in the theoretically consistent
direction. As is depicted in Table 5, the ASICS had moderate to high positive correlations
with schizotypal personality traits, psychosis proneness, delusions and associated distress,
preoccupation and conviction, hallucinations and small positive correlations with sensitivity
to reward and punishment.
Table 5
Correlations between the ASICS, Schizotypal Personality Traits, Delusions,
Hallucinations and Sensitivity to Reward and Punishment
1
1. ASICS

2

3

4

5

6

7

8

9

10

-

2. SPQ-B

.57**

-

3. PDI Distress

.61**

.69**

4. PDI Preocc

.66**

.70**

.97**

5. PDI Convict

.62**

.67**

.94**

.97**

6. PDI Total

.63**

.68**

.95**

.97**

.96**

7. LSHS

.49**

.54**

.63**

.61**

.58**

.59**

8. BAS Drive

.14*

.05

.03

.02

.01

.04

.01

9. BAS Fun

.25**

.13^

.17**

.19**

.19**

.17**

.12*

.33**

10. BAS Reward

.24**

.07

.15**

.16**

.17**

.15**

.17**

.50**

.41**

-

11. BIS

.18**

.25**

.35**

.31**

.29**

.24**

.24**

.10

.14*

.31**

-

Note. Aberrant Salience Inventory Current State (ASICS), Schizotypal Personality Questionnaire –Brief (SPQB), Peters Delusional Ideation (PDI) distress, preoccupation, conviction and total subscales, Launay-Slade
Hallucination Scale (LSHS), Behavioural Activation System (BAS), Behavioural Inhibition System (BIS). Log
transformed data with the exception of the BAS scales.
^ p <.05. * p < .01. ** p <.001.
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Discussion
The purpose of our study was to facilitate further research on aberrant salience theory
by developing a state based measure of aberrant salience (the ASICS) from an existing trait
based measure (the ASI; Cicero et al., 2010), and to determine its psychometric properties
and adherence to the original factor structure. In addition, our study extended the validation
of the measure by directly examining its relationship with subclinical psychotic symptom
measures, phenomena assumed to be driven by aberrant salience (Kapur, 2003).
The fundamental structure of the ASI was not affected by the new response format, as
data of both ASICS Dichotomous and Likert first-order factor models adequately fitted the 5factor ASI model with only minor differences in loadings. Thus, our findings justify the use
of the 4-point Likert scale version.
Linking subjective state aberrant salience with psychosis symptomatology is
theoretically central, but was not directly addressed in the original study of the ASI (Cicero et
al., 2010). As previously discussed, individuals with schizophrenia and delusions have higher
levels of aberrant salience (Roiser et al., 2009) and disrupted prediction-error processing,
indicative of aberrant learning (Corlett et al., 2007; Murray, Corlett, et al., 2008).
Furthermore, the dimensions of distress, preoccupation and conviction of delusions had not
been examined in relation to aberrant salience. The PDI Total had a strong correlation with
the ASICS which implicates aberrant salience across the breadth of delusional phenomena.
Furthermore, we found that delusional distress, preoccupation and conviction each correlated
strongly with the ASICS. If, as suggested by previous research, invasiveness and distress are
distinguishing features between non-clinical and clinical populations (Honig et al., 1998;
Peters, Day, et al., 1999; van Os et al., 2009); it is plausible that the level of aberrant salience
may be in some way related to these dimensions.
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Unlike delusions, the role of hallucinations and aberrant salience has been less clear
in previous research despite Kapur (2003) stating salience can be aberrantly assigned to
hallucinations (an internal percept) just as it can to external stimuli. Whilst brain imaging
studies have found a disruption in salience-related brain regions (Sommer et al., 2008),
surprisingly, two behavioural measures of aberrant salience have found no associations with
hallucinations in clinical populations (Corlett et al., 2007; Roiser et al., 2009). However,
despite being operationalised as a psychosis proneness measure, the Perceptual Aberration
Scale is thought to capture some degree of hallucinatory experiences and was moderately
correlated with the ASI (Cicero et al., 2010). We sought to extend this literature by using the
LSHS, a more specific measure of hallucinatory experience which has been validated in nonclinical and clinical populations. The moderate correlation found between the LSHS and the
ASICS lends support for Kapur’s theory of a relationship between hallucinations and aberrant
salience. In light of our findings and that of Cicero et al. (2010), it is interesting the two
studies that did not find a relationship between hallucinations and aberrant salience used
behavioural measures of the construct (Corlett et al., 2007; Roiser et al., 2009), which raises
the question of whether behavioural and subjective measures of aberrant salience capture
the same construct. Interestingly, delusions correlated with the ASICS more strongly than
hallucinations. The reason for this finding may be that aberrant salience is more central to
delusion than hallucination formation as reflected by Kapur’s (2003) original theorising.
However as discussed earlier, Beck and Rector (2003) specifically implicate the role of
hypersalience and hot cognitions in their model of hallucinations, whereby a stimulus
crosses a perceptual threshold and is experienced as a hallucination.
A broader, screening measure of schizotypal personality traits (Raine & Benishay,
1995) was included in our study to 1) address the measurement limitations of schizotypy
measures neglecting to capture all dimensions of the construct, 2) adhere to well-known
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diagnostic criteria (APA, 2013) in light of interchangeable terminology for schizotypy used
in the literature (Johns & van Os, 2001) and 3) to move the ASICS in a clinical direction in
line with our research goals. Furthermore, individuals with more schizotypal personality
traits have an increased chance of developing psychosis (Raine et al., 1995) and thus, the
performance of the SPQ-B is theoretically comparable to the psychosis proneness measures
employed by Cicero et al. (2010). Our results demonstrated a moderate relationship between
aberrant salience and schizotypal personality traits which provides further validation that the
non-clinical psychosis continuum experience is related to the ASICS and ASI, and
strengthens the observed association of subjective aberrant salience with a clinically
significant schizophrenia spectrum condition. Furthermore, our findings are supported by
previous research demonstrating that subjective and behavioural measures of aberrant
salience are related to psychosis proneness (Cicero et al., 2010) and schizotypy (Balog,
Somlai, & Kéri, 2012; Roiser et al., 2009).
Our theoretical basis for using the BIS/BAS was twofold. Firstly the BAS is theorised
to tap into the reward pathway underpinned by dopaminergic system, thus implicating
motivational salience, the precursor construct of the aberrant salience hypothesis (Depue &
Collins, 1999; Lee et al., 2007). This relationship is strengthened by a positive correlation
between the BAS and antipsychotic medication dosage in individuals with schizophrenia
(Scholten et al., 2006), of which a similar relationship has been proposed between aberrant
salience and antipsychotic medications (Roiser et al., 2009). Secondly, Cicero et al. (2010)
used the BIS/BAS, thus allowing a comparison between the ASICS and the original ASI. Our
hypothesis that the BAS would have small correlations with aberrant salience was supported.
Interestingly the correlation between the BAS – Drive and ASICS was notably smaller than
the other BAS subscales. This finding has not been noted in previous studies and we do not
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know of a theory explaining this result. The hypothesis that the BIS would correlate with
the ASICS was also supported. Whilst Cicero et al. (2010) found no correlation between the ASI
and BIS, and reported this was in line with their expectations and the literature, it is our
understanding that the BIS should be related to aberrant salience as sensitivity to punishment
or threat is a form of stress, which has been supposed as a pathway for the development of
psychotic symptoms (Scholten et al., 2006) in accordance with the stress-diathesis model
(Zubin & Spring, 1977). This has been supported by higher BIS scores for individuals
with schizophrenia in comparison to controls (Scholten et al., 2006; Strauss, Wilbur, Warren,
August, & Gold, 2011), and also appears to be consistent with the literature on threat salience
and delusions (Bentall & Kaney, 1989; Bentall, Kaney, & Bowen-Jones, 1995; Haralanova,
Haralanov, Beraldi, Möller, & Hennig-Fast, 2012; Holt et al., 2006). However, it is fair to state
that in comparison to the BAS, the theoretical links between the BIS and aberrant salience are
less clear despite our results finding a correlation.
Both ASICS Likert and Dichotomous response format CFAs revealed very high
correlations between the increased significance and impending understanding factors, prompting
further exploration via an ad hoc EFA to determine if there was a meaningful difference between
the factors. As suspected, the analyses resulted in all items from these two factors loading on a
single factor, whilst all other factors remained the same. As Cicero et al. (2010) did not report
intercorrelations of factors, a comparison cannot be made. However, the factor definitions
provided by Cicero et al. (2010) are not conceptually distinct: increased significance, “directly

reflective of increased attribution of salience to stimuli” (p. 690), and impending
understanding, “general feeling of importance, salience of significance that is reported to
accompany a psychotic episode” (p. 690). Without greater conceptual or statistical
distinction, the utility of using these as separate factors is in doubt. Future research using the
ASI and ASICS is encouraged to investigate the factor structure of the data to establish
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whether this finding is replicated in different populations.
In contrast to the original study, our second-order factor model fitted the data
significantly less well than the first-order factor model, implying that the ASICS is best
interpreted as five subscales as opposed to a global score. However, in light of the high
intercorrelations of factors which suggest an underlying common factor, the statistically
significant difference between first and second-order models may reflect the sensitivity of
Chi-square analyses when used in large samples (Bentler & Bonett, 1980; Jöreskog &
Sörbom, 1993). On balance we suggest that the ASICS interpretable using subscales or a
global score. The global score interpretation is consistent with the original ASI (Cicero et al.,
2010), whilst support for the use of the factors as subscales is derived from our findings
establishing excellent internal consistency for each factor, which potentially tap into different
aspects of aberrant salience.
When considering our results, some limitations should be considered. The ASICS
was designed with the intention of future use in clinical populations as a process and
outcome measure. However, our use of a non-clinical sample for scale development work
thus leaves open the question of its performance and validity in a clinical psychosis
population. Furthermore, our use of a cross-sectional design does not determine whether the
ASICS is sensitive to fluctuations in aberrant salience across time. Nonetheless, our results
give confidence that the ASICS measures the same phenomena as the ASI, and can now be
extended to clinical samples to measure state aberrant salience. Therefore, we
recommended future research measures aberrant salience across clinical stages of
schizophrenia spectrum disorders (McGorry, Hickie, Yung, Pantelis, & Jackson, 2006) in
repeated-measures design. It is possible aberrant salience fluctuates according to different
phases of illness and are related to positive psychotic symptomatology. Such findings would
have strong theoretical and clinical implications for treatment, in particular interventions
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aimed at managing or correcting aberrant salience. Furthermore, a repeated-measures design
would psychometrically validate the ASICS capacity to capture change across time.
Additionally, it may be useful to utilise the Schizotypal Personality Questionnaire instead of
the SPQ-B to prevent possible measurement restriction. Other potential directions of future
research include exploring the five subscales of the ASICS, and further validate the ASICS
using a behavioural measure of aberrant salience to determine if both measures capture the
same construct.
In conclusion, our data demonstrated that the ASICS closely matched the original
ASI in factor structure and internal consistency showing that the modifications did not
change its fundamental properties. Our data also provided an independent replication of the
ASI five factor structure reported by Cicero et al. (2010). However, in the light of increased
significance and impending understanding loading together in an exploratory factor analysis,
a four factor structure may be more parsimonious, and should be examined in future studies.
Our extension of construct validity to measures of subclinical psychotic symptoms, and a
measure of schizotypal personality traits more directly links the measure to phenomena
central to the aberrant salience hypothesis, and strengthens the argument for the validity of
both the ASI and the ASICS as a subjective measure of aberrant salience. On the basis of its
reliability, strong psychometrics and validation against psychosis symptom measures, we
suggest that the ASICS is now ready for further validation work in clinical and sub-clinical
populations as a measurement of current state salience, which would open up significant
research and clinical application possibilities.
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Chapter 3: Continuing the validation of the measurement of state aberrant
salience – a comparison of a subjective and a behavioural measure of aberrant salience
In an attempt to link neurobiological and psychological theories explaining psychosis,
Kapur (2003) proposed the aberrant salience hypothesis. It describes how stimuli that are
typically regarded as irrelevant, become overwhelmingly significant. To temper this unusual
perceptual experience, individuals are driven to form delusional explanations resulting in
psychotic symptomatology. It is further theorised that sporadic release of dopamine (Kapur,
2003), a neurotransmitter responsible for the assignment of adaptive (motivational) salience
(Berridge, 2007; Berridge & Robinson, 1998) is the neurobiological substrate underpinning
aberrant salience phenomena (Kapur, 2004).
Theoretical Issues in the Measurement of Aberrant Salience
Compared with other theories attempting to explain psychosis symptomatology, the
aberrant salience hypothesis is a relatively new framework (Kapur, 2003). However, as
highlighted in the literature (Gray, 2004) there are significant parallels with earlier theories of
psychosis (Gaebel & Zielasek, 2011). Sensory gating theory describes an influx of
unmediated information entering the prefrontal cortex and being processed as important in
consciousness (Braver, Barch, & Cohen, 1999; Shaner, 1999), whilst learned irrelevance,
closely related to latent inhibition, describes an impaired capacity to determine if a stimulus
is insignificant (Gray et al., 1991). The theory underpinning learned irrelevance proposes a
malfunctioning comparator function which normally integrates previous experiences stored in
memory with current sensory input (Gray, 1998; Gray et al., 1991). Similar to this, prediction
error is a mismatch between expectancy and outcome, which drives further attentional
resources and learning (Corlett et al., 2007). Whilst each theory proposes an abnormality at a
different stage in processing, from the level of perception to higher functioning and thought
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processes, each theory appears to implicate the aberrant assignment of salience to typically
innocuous stimuli at some point. Furthermore, all theories have implicated the
dopaminergic system (Gaebel & Zielasek, 2011).
As with all areas of research, studies are only as robust as the measures utilised. To
validate the aberrant salience hypothesis and explore its role in psychosis phenomena, valid
and reliable measures of the construct are required to enable clarity about the research
findings. However, the current body of literature investigating salience and aberrant
salience has been inconsistent in the operationalisation of these constructs (Lahera et al.,
2013), thus raising concern as to the reliability and validity of the results.
Overall, the limitations in the research raise the question of whether the construct is
being validly and reliably captured. The following sections explore this theme by
addressing three issues: 1) Is aberrant salience a valid and distinct construct separate from
the other constructs (such as latent inhibition)? 2) Can aberrant salience be reliably and
validly measured? and, 3) What are the implications of measurement for research.
Assessing aberrant salience as a construct.
Given aberrant salience is a relatively new construct that has become a focus in the
current research, its validity warrants empirical enquiry. As reviewed in Chapter One, one
area of particular contention is the potential for theoretical overlap between aberrant salience
and learned irrelevance, and closely related latent inhibition (Gray, 2004).
Another area of contention with regards to measurement is the potential for
cognitive abilities and operant learning. As reviewed in Chapter One, there are two types of
measurement for aberrant salience. Subjective measurement relies on the judgement of the
participant to answer questions about themselves. Objective measurements are theoretically
free from judgement error, and require the participants to engage in computer-based tasks

69

that produces outcome variables, such as reaction time, to measure the construct (Muckler &
Seven, 1992). Whilst objective measurement being theoretically immune from judgement
bias, such paradigms are, to a degree, dependent on general cognitive abilities and learning
capacity for successful engagement. These abilities can include sustained concentration and
attention, executive functioning abilities such as inhibition, set-shifting and working memory,
and the ability to learn pair a stimulus and a consequence (Schmidt & Roiser, 2009). In the
clinical literature, it is well known that individuals with schizophrenia-spectrum disorders
have cognitive deficits in executive functioning and learning (Heinrichs & Zakzanis, 1998;
Paulsen et al., 1995). Additionally, individuals with schizotypal personality disorder, and
even asymptomatic first degree unaffected relatives of an individuals with a schizophreniaspectrum disorder, also demonstrate similar cognitive deficits, albeit to a lesser extent
(Cadenhead, Perry, Shafer, & Braff, 1999; Snitz et al., 2006). Therefore, there is the potential
for the objective measures to be confounded by cognitive deficits, particularly in clinical
populations.
To tease apart and assess aberrant salience as a construct, Schmidt and Roiser (2009)
conducted a factor analysis using variance measure of schizotypal personality traits, the
Oxford-Liverpool Inventory of Feelings and Experiences (O-LIFE) (Mason et al., 2005), in a
non-clinical population. Implicit and explicit, aberrant and adaptive salience were measured
using the Salience attribution test (SAT) (Roiser et al., 2009), intelligence by the Wechsler
Test of Adult Reading (Wechsler, 2001), learned irrelevance task (Orosz, Feldon, Gal,
Simon, & Cattapan-Ludewig, 2008), gambling task (Rogers et al., 2003) and a probabilistic
reversal learning paradigm (Rogers et al., 1999), continuous performance task (J. D. Cohen,
Barch, Carter, & Servan-Schreiber, 1999) and working memory using forward and
backwards digit span (Wechsler, 1981). A 5-factor solution of operant/explicit learning,
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general cognitive ability, contingency based speeding, implicit aberrant salience and
attentional vigilance that accounted for 75% of the schizotypy variance.
There are a few important findings to highlight from this study, pertaining to the
validity of aberrant and adaptive salience. Whilst many of the measures loaded on multiple
factors, suggesting considerable commonality, implicit aberrant salience was largely distinct
from other constructs, in particular learned irrelevance. This is evidenced by the SAT
implicit aberrant salience variable loading high (-.92) on only one factor, defined as implicit
aberrant salience. Furthermore, the learned irrelevance loading on this factor was small and
in the opposite direction (.21), indicating little relationship with the factor. Instead, learned
irrelevance loaded highly (.83) on contingency-based speeding. Additionally, working
memory and continuous performance - general cognitive abilities theorised to have the
potential confounding effects - loaded on other factors, which suggests implicit aberrant
salience may be a distinct construct and its measurement by the SAT may not confounded by
these abilities. Interestingly, intelligence loaded on implicit aberrant salience to a small
degree (-.33). Nonetheless, these findings provide some strong support for the divergent
validity of implicit aberrant salience in relation to theoretically related constructs.
Although implicit aberrant salience was for the most part separated from other
theoretically related constructs, the picture of the remaining salience variables (implicit
adaptive salience, explicit aberrant and adaptive salience) is less clear. Implicit adaptive
salience and learned irrelevance loaded highly together on the contingency based speeding
factor, which potentially highlights the covariance between the two constructs (Kapur, 2003;
Gray et al., 1991). Furthermore, the factor defined as operant/explicit learning comprised
explicit adaptive salience, explicit aberrant salience, and probabilistic learning (Schmidt &
Roiser, 2009). This raises an important theoretical question about the distinction between
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motivational salience (interchangeable with incentive and adaptive salience) and operant
learning (Berridge et al., 2009) and thus the validity of these SAT variables as measures
of salience. These points will be discussed later in this chapter.
A parsimonious interpretation of these findings is that the SAT may primarily be a
learning paradigm that, to some extent, targets motivational salience by the use of monetary
reward. Such an interpretation suggests that implicit aberrant salience should be the primary
variable relied upon when attempting to measure aberrant salience. Interestingly, when
compared to implicit variables of the SAT, the explicit variables appear to more consistently
demonstrate statistically significant relationships with psychosis symptomatology than
implicit variables (Roiser, personal communication, 2013).
Can aberrant salience be reliably and validly measured?
Aberrant salience is an abstract and subjective experienced construct that is theorised
to fluctuate in accordance with dopamine levels, and thus poses challenges for accurate
measurement. Subjective measures can be particularly suited to capturing unobservable
personal experiences through their use of language to articulate such experiences (Muckler &
Seven, 1992). The previous chapter drew upon evidence from first person accounts of
psychosis that appeared to be describing the internal experience of aberrant salience. This
evidence suggests individuals have a subjective awareness of aberrantly salient experiences
that are available for introspection and self-report (J. Chapman, 1966; Matussek, 1952;
McGhie & Chapman, 1961). Together, this indicates measurement based on subjective
reports is plausible. This notion has been supported by the reliable and valid subjective
measurement of trait aberrant salience using the ASI (Cicero et al., 2010), and, reinforced by
Study One which demonstrated excellent internal consistency and construct validity of the
ASICS.
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The operationalisation of aberrant salience in the literature, previously reviewed in
Chapter One, found the most commonly reported approach to measurement of aberrant
salience was through objective measures in the form of computer based learning paradigms.
Some of the intended benefits of objective behavioural measures include the not prone to the
introduction of bias from human cognition. Examples include social desirability and
response set (Muckler & Seven, 1992). However, as highlighted earlier, the majority of
objective measures have been novel unpublished measures which have lacked psychometric
data. Furthermore, as reviewed in Chapter One, some measures have been operationalised as
aberrant salience, despite being designed for a different purpose (e.g.: executive functioning
task). Lastly, the operationalisation of aberrant salience has been largely inconsistent which
further limits studies to be more directly compared. In sum, these points raise the issue of
whether aberrant salience has been accurately measured and thus are a significant limitation
of the research to date.
Currently, the only psychometrically validated, objective measure of aberrant
salience is the Salience attribution test (SAT). The SAT is a computerised probabilistic
learning paradigm (Roiser et al., 2009) that aims to capture the attribution of salience to task
relevant and task irrelevant stimuli. Participants are informed that faster responses to the
presentation of a black probe will result in higher monetary reward if money, should money
be available on that trial. Prior to the presentation of the black square, conditioned stimuli are
presented including red animals, red objects, blue animals and blue objects. Participants are
expected to learn which aspect of the presented stimuli cues a higher probability of winning
money. Two types of measurement are incorporated into the task: ‘implicit’, where reaction
time is measured for each trial; and explicit, where participants are asked at the end of each
block of trials to rate on a Visual Analogue Scale (VAS) the estimated percentage of trials
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that each stimuli rewarded money (Roiser et al., 2009). The SAT variables are defined,
depending on participant’s pattern of response. Higher ad responded quicker, or rated
(on the VAS) high-probability-reinforced trials in comparison to low-probability-reinforced
trials. Higher aberrant salience is defined by participants responding biasedly to a task irrelevant
stimulus more so than another task irrelevant stimulus, with equal reward return probability
(Roiser et al., 2009). A detailed account of the SAT is described later in the materials section.
The SAT has been validated in both clinical and non-clinical populations. In a study
comparing patients with a schizophrenia spectrum disorder (of whom 85% were adherent to
antipsychotic medications) to a non-clinical control group, there was no difference between
controls and patients on implicit and explicit aberrant salience. Patients were also found to
have reduced implicit and explicit adaptive salience in comparison to controls (Roiser et al.,
2009). These findings were predicted by reference to the literature proposing antipsychotics
to have an undiscriminating global dampening effect on salience. As a result, there is both a
desirable reduction in aberrant salience and an undesirable reduction of adaptive salience
(Kapur et al., 2006). Interestingly, patients with persisting delusions, and hence assumed to
be sub-optimally treated with antipsychotic medications, were found to have higher explicit
aberrant salience than those without (Roiser et al., 2009). The findings for delusions and
implicit aberrant salience were not reported. Nonetheless, these findings are consistent with
Kapur’s (2003) hypothesis of aberrant salience. However, it is important to note, no effect
was found for hallucinations in two separate studies (Roiser et al., 2013; Roiser et al.,2009)
despite a strong relationship in the literature between delusions and hallucinations in
psychosis (Garety et al., 2001), and the theoretical relationship between hallucinations and
aberrant salience (Kapur, 2003). As discussed in Study One, perceptual aberrations and
hallucinations have reliably been related to aberrant salience in subjective measures such as
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the ASI (Cicero et al., 2010) and the ASICS. The implications of this discrepancy in the
literature will be discussed later in this chapter.
Patients with negative symptoms were also found to exhibit more explicit aberrant
salience than patients without negative symptoms after positive symptoms were covaried
(Roiser et al., 2009). Supporting this finding in a non-clinical population, introverted
anhedonia has been demonstrated to positively correlate with explicit aberrant salience
(Roiser et al., 2009), implicit aberrant salience (Schmidt & Roiser, 2009) and the ASI (Cicero
et al., 2010). Notably, introverted anhedonia appears to be the most consistently related trait
of schizotypy to the SAT (Roiser et al., 2013; Roiser et al., 2009; Schmidt & Roiser, 2009).
Notably, in Study One we found that all schizotypal personality traits were positively
associated with aberrant salience. Nonetheless, these findings suggest a link between aberrant
salience and negative psychosis symptomatology and phenomena. The focus of the aberrant
salience hypothesis was to describe positive psychosis symptomatology, as opposed to a
model for schizophrenia spectrum disorders, or a model that could explain negative
symptomatology. However, in light of the recent findings indicating aberrant salience and
negative symptoms have a positive relationship; it may be that aberrant salience may
underpin more psychosis phenomena than first anticipated. Roiser et al. (2009) proposed that
aberrant salience may result in the individual being distracted by irrelevant stimuli, to the
detriment of typically rewarding stimuli being focused upon.
When attempting to explain negative symptoms, it may also be important to consider
the role of reduced adaptive salience. There has long been the notion that antipsychotic
medications, may result in, or increase, negative symptoms (Schooler, 1994). Antipsychotic
medications, and in particular typical antipsychotic medications, have been found to a high
affinity to D2 receptors in the ventral striatum and nucleus accumbens. As a consequence,
this has been implicated in the interference of reward anticipation (Schlagenhauf et al.,
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2008) and reward interpretation (Gold, Waltz, Prentice, Morris, & Heerey, 2008), and thus
result in unwanted negative symptoms such as avolition and flat affect.
Together these findings may suggest that an accumulation of reduced adaptive
salience and increased aberrant salience that results in negative symptomatology, with
rewarding stimuli not being attributed salience and other unrewarding stimuli distracting the
individual due to aberrant salience. This notion falls in line with the research which
suggesting dopamine’s role in reward is that of wanting the reward (also described as
incentive salience), rather than the liking of the reward (hedonic impact) (Berridge, 2007).
However further research is required to detail the link between salience and negative symptoms
and perhaps the relationship between aberrant and adaptive salience.
Further validation of the SAT is derived from a brain imaging study in a nonclinical population, demonstrating that adaptive salience was linked with brain regions
related to salience and reward learning (Roiser et al., 2010). This was confirmed in another
study comparing individuals at ultra-high-risk of psychosis when compared with a control
group (Roiser et al., 2013).
Overall, the measurement of aberrant salience has been inconsistent, however there
evidence is a solid basis to suggest that it can be reliably and validly measured. However
the two current peer-reviewed measures available appear to achieve this objective
differently. Therefore, the comparison of these two measures would be useful to further
elucidate the validity of the measures.
What are the implications of measurement for research?
As previously highlighted in this chapter, the use of reliable and valid measures of
aberrant salience is crucial to instil confidence in the findings of a given research program.
At present, the use of psychometrically untested and unpublished measures in a significant
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portion of research raises uncertainty about the extent to which the current body of literature
assessing aberrant salience in psychosis symptomatology can be relied upon. Furthermore,
it is plausible that different measures, and types of measures, including subjective and
objective, may capture different elements of the construct, have different degrees of
reliability and validity or vary in their sensitivity and specificity.
There is some evidence for a discrepancy between correlates of objectively and
subjectively measured ‘aberrant salience’, partly the relationship between objectively
measured aberrant salience and hallucinations. In two studies using a clinical population and
an ultra-high-risk of psychosis population, no association was found between hallucinations
and aberrant salience (Roiser et al., 2013; Roiser et al., 2009). This is despite a clear
theoretical basis for a relationship between aberrant salience and hallucinations (Kapur,
2003), subjectively measured aberrant salience is related to hallucinations (Study One;
Cicero et al. 2010) and that hallucinations activate dopamine related brain regions (Sommer
et al., 2008) implicated to be involved with aberrant salience. Furthermore, objectively
measured aberrant salience (with the SAT) has failed to capture the full spectrum of
schizotypal personality traits. Correlates have generally been established for introverted
anhedonia (Roiser et al., 2013; Roiser et al., 2009; Schmidt & Roiser, 2009), however by
contrast, as we demonstrated in Study One and previously demonstrated by Cicero et al,
subjective measures revealed a stronger relationship with all dimensions of schizotypy.
These observations prompt the question of whether behavioural and subjective measures of
aberrant salience capture the same construct, particularly considering a significant domain of
psychosis (hallucinations) is not being accounted for.
Rationale
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It is clear from the literature reviewed that although aberrant salience has been
measured using subjective and objective measures, the relationships of these measures
with theoretically relevant constructs, in particular hallucinations and schizotypal
personality traits, are not consistent. This raises the important theoretical and practical
question of to what extent these measures are tapping the same construct.
Furthermore, whilst the SAT has gone through considerable validation, a
methodological limitation to the body of work is the comparison of clinical and non-clinical
groups (Roiser et al., 2009) without controlling for cognitive deficits known to be present in
schizophrenia spectrum disorders. Furthermore, when the SAT was used in a non-clinical
sample, the only psychosis phenomena measured was schizotypy. To address the cognitive
functioning limitation, further research with non-clinical populations is warranted, and such
research would benefit from use of a clinically based measure of schizotypy, and specific
measures of hallucinations and delusions. This approach would more specifically capture
psychosis phenomena and be free from cognitive deficits known to be in clinical
populations.
In addition, the SAT includes two salience variables with somewhat different
correlates (aberrant and adaptive salience). Clarifying the relationship between subjective
and objective measures would assist in understanding the validity of each measure; however,
to date this comparison has not been made.
Aim and Hypotheses
The primary aim of Study Two was to further examine the validity of measurement
of aberrant salience by comparing a subjective measure with an objective measure. The SAT
and the ASICS were chosen as both are state-based measures of aberrant salience, and have
demonstrated reasonable levels of reliability, and some validity, in previous research (Cicero
et al., 2010; Roiser et al., 2009). The SAT served as an objective measure of aberrant
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salience, whilst the ASICS was the subjective measure of aberrant salience. The study
reported here used a non-clinical sample to allow for direct comparison to the ASICS which
was the focus of Study One.
To further facilitate comparison between the SAT and the ASICS, all the measures
from Study One were retained. This was particularly important, given the inconsistencies in
the relationship between aberrant salience and hallucinations and schizotypal personality
traits, dependent on the type of measurement used (objective or subjective). Furthermore,
this also allowed us to extend study of the validity of the SAT in a non-clinical population, as
specific measures for delusions and hallucinations had not previously been compared to the
SAT in a non-clinical sample.
Consistent with previous psychometric data supporting both instruments as measures
of aberrant salience, it was hypothesised the ASICS Total score and the SAT implicit and
explicit aberrant salience variables would positively correlate. Based on this prediction, it
was also expected that the factors of the ASICS would correlate with the SAT. It was also
hypothesised that the SAT explicit aberrant salience would have a stronger positive
relationship with the ASICS than SAT implicit aberrant salience, given explicit aberrant
salience and the ASICS are both subjective measures. An exploratory stance was taken for
the relationship between the ASICS and the SAT implicit and explicit adaptive salience
variables, as the previous research, including the paper presenting the SAT (Roiser et al.,
2009), did not discuss the relationship between these variables.
Previous literature has not examined the relationship between SAT salience measures
and specific psychosis-related measures, such as subclinical delusions and hallucinations, in a
non-clinical population. However there is strong support for the relationship between
aberrant salience and delusions. Given that psychosis phenomena are theorised to be on a
continuum with normal functioning (van Os et al., 2009), and aberrant salience has positively
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correlated with treatment resistant delusions in patients (Roiser et al., 2009) and delusional
phenomena in ultra-high-risk of psychosis group, it was hypothesised that SAT implicit and
explicit aberrant salience would positively correlate with delusions. Although a relationship
between hallucinations and objectively measured aberrant salience has not been established,
the theoretical basis to expect a relationship is strong, and therefore it was also hypothesised
that a positive correlation between the SAT implicit and explicit aberrant salience and
hallucinations would be found. A hypothesis for the relationship between psychosis related
measures and SAT adaptive salience variables was reserved, due to an absence of reports of
this relationship in the previous literature (Roiser et al., 2009).
In line with the relationships found between the SAT implicit and explicit, aberrant
and adaptive salience and schizotypy, it was also hypothesised that the SAT variables would
correlate with schizotypal personality traits.
Lastly, the BAS is theorised to be related to the reward pathway by measuring
sensitivity to reward. This construct has been linked to dopaminergic activity in the
mesolimbic pathway, thus implicating motivational salience (Depue & Collins, 1999; Lee et
al., 2007). It was hypothesised that SAT implicit and explicit aberrant salience would have
small correlations with the BAS subscales based on the shared neurobiological substrate for
both constructs. It was further hypothesised that the BAS would also have small correlations
with SAT implicit and explicit adaptive salience, given the significant theoretical overlap
between adaptive salience and motivational salience and reward.
Method
Participants
All participants of Study Two also participated in Study One. The sample
comprised 50 participants aged between 18 and 57 (M = 27.60, SD = 8.77), of whom 68%
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were female and 32% male all living in Australia. The ethnic background of the sample was
72% Australian, 14% European and 14 % Asian. The level of education included 18% who
had completed high school, 20% who had completed a Technical and Further Education
(TAFE) certificate, 52% who had completed an undergraduate degree and 10 % who had
completed a postgraduate degree.
Two participants from the sample were excluded due to under-performance during
the SAT main game blocks when compared to the practice tutorial. The practice tutorial
served not only as familiarisation to the task but also as a reference point for calculating
participant variability in reaction speeds. Substantially slower performance in the main trials
meant that the data for these two individuals would be skewed and unable to be used (Roiser,
personal communication, 2013).
Materials
The materials for measuring demographics, schizotypal personality traits,
delusions, hallucinations and sensitivity to reward and punishment are the same as reported
in Study One.
Aberrant Salience.
The subjective self-report measure used was the Aberrant Salience Inventory Clinical
State (ASICS), developed in Study One. That study demonstrated the ASICS has excellent
internal consistency (α = .95) in a non-clinical population, and construct validity as evidenced
by correlations with measures of sub-clinical psychosis experiences, schizotypal personality
traits and reward and punishment sensitivity.
The Salience attribution test (SAT) is an objective, computerised probabilistic
learning task theorised to capture the construct of aberrant and adaptive salience (Roiser et
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al., 2009). The SAT has achieved acceptable construct validity (Schmidt & Roiser, 2009) and
has been used in both clinical and non-clinical samples (Roiser et al., 2009).
Participants initially complete two practice tutorials followed by two identical main
game blocks totalling 64 trails. The practice tutorials were designed to explain the concepts
of the game, in addition to obtaining control data for individual differences in reaction
speed.
In a trial, participants are instructed to respond as quickly as possible in response to a
probe (black square) presented in the centre of the screen. Faster responses are rewarded with
more money on a trial with earning potential ranging from $5 to $20. Prior to the probe, two
pictures are presented at the top and bottom of the screen. These pictures have two visual
domains; colour (red and blue) and shape (animals or objects) and thus, four conditioned
stimuli: red animals, red objects, blue animals and blue objects. The SAT is comprised of
four conditions where a particular characteristic of the stimuli (red, blue, animal or object)
increases the probability of rewarding money. Participants will be exposed to only one of the
four conditions. Conditions were allocated in numerical sequence to ensure an even amount
of each condition was trialled. Participants were not informed of these contingencies,
however were provided with auditory (beep increasing in pitch) and written feedback on
screen regarding reaction time speed. Figure 1 illustrates the sequencing of the SAT.
Figure 2 depicts the various probabilities of reward for stimuli in a block of the main
game if the task relevant domain is colour and red is the level or conditioned stimulus
rewarding money. In this case, red rewards money on 87.5% of trials and blue rewards
money on 12.5% of trials. Due to the stimulus presented during a trial represents both
domains (a colour and a shape), colour rewards money on 50% of trials and is deemed as task
irrelevant.
Two constructs are derived from the SAT; aberrant and adaptive salience. These
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constructs are measured in two ways; implicitly (i.e. measured behaviourally) using
reaction time (in milliseconds) and explicitly (i.e. subjectively) using a visual analogue scale
(VAS; in millimetres) presented at the end of a main game block, which asks participants to
rate the probability a particular conditioned stimulus rewards money. As a result, the SAT
produces four variables: implicit aberrant salience, explicit aberrant salience, implicit
adaptive salience and explicit adaptive salience. Aberrant salience is defined as the absolute
difference between the two levels of the task irrelevant domain and is hypothesised to denote
the level to which participants erroneously attribute salience to irrelevant stimuli. Using the
previous example from Figure 2, the task irrelevant domain is shape; therefore aberrant
salience would be the absolute difference between animals and objects for reaction time
(milliseconds) or VAS (millimetres). Adaptive salience is defined as the increase in
probability rating or speeded response for high-probability-reinforcement trials (e.g.: red
stimuli) relative to low-probability-reinforcement trials for the task relevant domain and is
hypothesised to indicate motivational salience, or in other words, the imprinting of salience to
a previously neutral stimulus as a result of operant learning. Premature responses (responses
prior to the black probe) and omissions are also recorded.
It should be noted that the only difference between this study and the original SAT
was that participants were rewarded in Australian dollars, despite the SAT rewarding in
pounds Sterling. Consultation with the developer of the task suggested giving dollars instead
of pounds would suffice and not foreseeably confound the results (Roiser, personal
communication, 2013).
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Figure 1. The Salience Attribution Test sequencing (Roiser et al., 2009).
* denotes the reinforced level of the task-relevant domain

Red animals
(14/16)
Red (28/32)*
Red objects
(14/16)

Colour
(task relevant)

Blue animals
(2/16)
Blue (4/32)

Domain

Blue objects
(2/16)

Animal (16/32)
Shape
(task irrelevant)
Object (16/32)
* denotes the reinforced level of the task-relevant domain
Figure 2. The probabilities for each stimulus in a given trial during a block of the SAT
main game.
Procedure
Ethics approval was obtained from the university’s Human Research Ethics
Committee (FHEC12R16). The same method for recruiting participants in Study One was
used for Study Two. Additionally, a small number of participants who completed Study
One earlier in the participant recruitment stage expressed interest in further research
participation and were contacted directly via email for possible participation in Study Two.
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Participants were provided with information about the study, offered an appointment
time in our laboratory to complete the SAT with a researcher and provided with a hyperlink
for an internet survey (Qualtrics™). Consent the online survey, and in writing prior to access of
the online survey, and in writing prior to the commencement of the SAT. Participants were
encouraged to complete the internet survey at their own convenience. The questionnaires as
part of the online survey were presented in counterbalanced order; the same manner as Study
One.
Results
All participants from Study Two were involved in Study One. To check that the selfselected sample of Study Two was representative of the larger sample of Study One, and not
confounded by selection bias, the two samples were compared. An independent samples t-test
was conducted to compare age. There was no significant difference in the age of those from
the sub-sample (M = 27.78, SD = 9.10) and those unselected (M = 28.49, SD = 11.65), t (345)
= 0.39, p = .70. A chi-square test for independence indicated no significant association
between the gender N =gender, χ² (2, N = 347) = 1.48, p = .48, ethnicity, χ² (4, N = 347) = 4.94,
p = .29, and education, χ² (10, N = 347) = 16.20, p = .09, for the selected sub-sample and
unselected participants.
Prior to analysis, pro-rated totals for all measures were calculated if less than 10% of
the items were missing in a respective measure (Tabachnick & Fidell, 2007). With the
exception of the BAS subscales and the SAT adaptive salience measures, all other measures
were positively skewed and required log transformation to correct violations of normality.
Descriptive statistics.
Table 6 presents the internal consistency using Cronbach’s alpha, and descriptive
statistics, including mean, standard deviation, range and shape of distribution.
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Table 6
Descriptive Statistics of the Subjectively and Objectively Measured Aberrant Salience,
Schizotypal Personality Traits, Delusions, Hallucinations and Sensitivity to Reward and
Punishment.
z
Skewness

z
Kurtosis

Cronbach
α

89.00

2.93

.53

.96

7.00

25.00

3.13

1.15

.87

2.33

4.00

14.00

3.52

2.14

.80

8.11

3.00

5.00

15.00

1.84

-1.19

.83

Heightened Emotionality

9.06

3.27

6.00

19.00

3.24

.94

.80

Heightened Cognition

8.38

3.33

6.00

17.00

4.30

1.48

.84

Aberrant Salience (explicit)

11.90

8.10

1.89

32.69

2.56

-.19

-

Aberrant Salience (implicit)

9.43

9.82

0.00

38.75

3.04

.57

-

Adaptive Salience (explicit)

41.35

28.26

-11.25

87.50

-.61

-1.83

-

Adaptive Salience (implicit)

5.19

12.90

-25.20

42.21

.51

1.17

-

SPQ-B

5.60

5.52

0.00

20.00

3.06

.47

.91

PDI Total

46.89

8.91

40.00

78.00

6.51

7.80

.96

PDI - Distress

9.45

11.65

0.00

41.00

3.87

1.41

.86

PDI - Preoccupation

9.92

13.05

0.00

56.00

5.18

4.80

.88

PDI - Conviction

13.21

16.91

0.00

83.00

6.29

8.92

.90

LSHS

32.32

12.92

16.00

67.00

2.44

.41

.90

BAS - Drive

10.33

2.46

6.00

16.00

1.88

-.16

.87

BAS - Fun

10.19

2.57

5.00

16.00

1.06

-.52

.85

BAS - Reward

15.67

2.86

5.00

20.00

-3.50

4.60

.88

BIS

20.33

3.41

11.00

28.00

-.80

.86

.80

M

SD

Min

Max

Total

45.81

15.09

29.00

Increased Significance

12.77

4.55

Senses Sharpened

6.15

Impending Understanding

ASICS

Salience attribution test

Note. Aberrant Salience Inventory Current State (ASICS), Salience attribution test (SAT) including the scores for
aberrant and adaptive salience, Schizotypal Personality Questionnaire –Brief (SPQ-B), Peters Delusional
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Ideation (PDI), Launay-Slade Hallucination Scale (LSHS), Behavioural Activation Scale (BAS), Behavioural
Inhibition Scale (BIS).

Comparing an objective and subjective measure of aberrant salience.
To determine the relationship between the objective measure of aberrant salience
(SAT) and the subjective measure (ASICS), the SAT implicit and explicit aberrant salience
variables and the ASICS total score and five factors (increased significance, senses
sharpening, impending understanding, heightened cognition, heightened emotionality) were
correlated using Pearson product-moment correlation co-efficient. Preliminary analyses were
performed to check any violation of the assumptions of normality, linearity and
homoscedasticity. After data transformations, none were identified. Pearson’s r is widely
used measure of effect size for paired data. Cohen (1977) suggests that values of r of .10,
.30 and .50 can be considered as low, medium, and high effect size, respectively.
Table 7 presents the correlations between the ASICS and SAT measures. The average
correlation between the implicit and explicit aberrant salience, and the ASICS variables was r
= -.16, with correlations ranging from r = -.31 to.-.06. This indicates a low effect size and
therefore low shared variance (J. Cohen, 1977), and a negative relationship between the two
variables. Aside from a statistically significant relationship between the ASICS factor
Senses Sharpening and SAT implicit aberrant salience, which may be a chance finding given
the 12 correlations performed, no other statistically significant relationships were found.
Correlations between the adaptive salience measures of the SAT implicit and explicit
aberrant salience and the ASICS factors were also performed. Similar to these findings,
implicit and explicit adaptive salience and the ASICS also had a low effect size and a
negative relationship with the mean correlation, r = -.13, and a range of r = -.37 to .01. The
correlation matrix for this analysis can be found in Appendix D.
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Table 7
Correlations of Aberrant Salience as Measured by the ASICS and the SAT Aberrant Salience
1
1. ASICS Total

2

3

4

5

6

7

-

2. Increased Significance

.92**

-

3. Impending Understanding

.92**

.84**

-

4. Senses Sharpening

.87**

.71**

.79**

-

5. Heightened Cognitions

.86**

.68**

.76**

.73**

-

6. Heightened Emotionality

.87**

.71**

.73**

.75**

.78**

-

7. SAT Implicit AbS (ms)

-.21

-.31*

-.21

-.07

-.11

-.12

-

8. SAT Explicit AbS (VAS)

-.14

-.21

-.21

-.15

-.18

-.09

.11

Note. Aberrant Salience Inventory Current State (ASICS) including factors, Salience attribution test (SAT):
Aberrant Salience (AbS); milliseconds (ms) and visual analogue scale (VAS). Log transformed data.
* p <.05. ** p < .01.

Exploring the relationship between an objective measure of aberrant salience
and psychosis-related measures.
The correlations for the SAT implicit and explicit aberrant salience, and psychosis
related measures including schizotypal personality traits, delusional ideation (breadth/total,
distress, preoccupation and conviction) and hallucinations are depicted in Table 8. The
average correlation between the implicit and explicit aberrant salience, and schizotypal
personality traits was r = -.11, with correlations range of r = -.17 to -.05. Similarly, the
average correlation between implicit and explicit salience and delusions, including distress,
preoccupation and conviction was r = -.12 with a range of r = -.27 to.02. The average
correlation between implicit and explicit salience and hallucinations was r = -.09 with a
range of r = -.10 to -.08. These findings indicate a low level of shared variance between these
variables. Furthermore, the relationships were negative and thus in the opposite direction to
that predicted by the theoretical model.
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The correlations for the SAT implicit and explicit aberrant salience and
schizotypal personality traits (r = -.02, range of r = -.09 to .05) and hallucinations (r = .02,
range of r =.02 to.03) and delusions, including distress, preoccupation and conviction (r =
-.09, range of r = -.14 to.01), had uniformly low effect sizes. Furthermore, delusions found
to have a negative relationship with the adaptive salience. The correlation matrix for this
analysis can be found in Appendix D.
Table 8
Correlations between the SAT Aberrant Salience, Schizotypal Personality Traits, Delusions,
Hallucinations and Sensitivity to Reward and Punishment
1
1. SAT Aberrant Salience (ms)

2

3

4

5

6

7

-

2. SAT Aberrant Salience (VAS)

.11

-

3. SPQ-B

-17

-.05

-

4. PDI Distress

-.27

-.06

.62**

-

5. PDI Preoccupation

-.27

-.08

.62**

.99**

-

6. PDI Conviction

-.31*

-.04

.59**

.98**

.97**

-

7. PDI Total

-.11

.02

.54**

.55**

.56**

.54**

-

8. LSHS

-.09

-.10

.68**

.68**

.67**

.62**

.47**

Note. Salience attribution test (SAT): Implicit (ms) and explicit (VAS), Schizotypal Personality Questionnaire –
Brief (SPQ-B), Peters Delusional Ideation (PDI), Launay-Slade Hallucination Scale (LSHS). Log transformed
data.
* p <.05. ** p < .01.

Relationship between an objective measure of aberrant salience and sensitivity to
reward and punishment.
Table 9 presents the correlations between the SAT and sensitivity to reward
(operationalised as the BAS subscales Drive, Fun and Reward) and punishment
(operationalised as the BIS). The average correlation between implicit and explicit aberrant
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salience and sensitivity to reward subscales was r = -.16 with a range of r = -.32 to .13, whilst
sensitivity to punishment subscale was r = -.17 with a range of r = -.19 to -.14. Similarly,
implicit and explicit adaptive salience and sensitivity to reward was r = .06 with a range of r
= -.06 to .27, whilst sensitivity to punishment was r = -.03, with a range of r = -.04 to -.03.
Overall, relationships between all subscales from the SAT and the BIS/BAS demonstrated
a low effect size. Comparably with previous correlations, all relationships were generally in
a negative direction.
Table 9
Correlations between the SAT Aberrant Salience, Adaptive Salience and Sensitivity
to Reward and Punishment
1
1. SAT Aberrant Salience (ms)

2

3

4

5

6

7

-

2. SAT Aberrant Salience (VAS)

.11

-

3. SAT Adaptive Salience (ms)

.02

.28

-

4. SAT Adaptive Salience (VAS)

-.01

.02

.16

-

5. BAS Drive

.13

-.21

.12

.07

-

6. BAS Fun

-.32*

-.09

.27

.02

.44**

-

7. BAS Reward

-.18

-.31*

-.06

-.05

.55**

.49**

-

8. BIS

-.14

-.19

-.04

-.03

.24

.04

.61**

Note. Salience attribution test (SAT): Implicit (ms) and explicit (VAS), Behavioural Activation System
(BAS), Behavioural Inhibition System (BIS). Log transformed data with the exception of SAT Adaptive
Salience variables and BAS subscales.
* p <.05. ** p < .01.

Discussion
The purpose of this research program is to explore the construct of aberrant salience
and develop a reliable state-based subjective measure of aberrant salience. Study Two aimed
to contribute to this goal by extending the validation of the ASICS by comparing it to the
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SAT; a measure with some reliability and validity data to support its claim of being an
objective measure of aberrant salience. Furthermore, our study is the first in the literature
to compare subjective and objective measures of aberrant salience.
The ASICS and the SAT both purport to capture state aberrant salience. Thus, it was
expected that the ASICS variables and the SAT implicit and explicit aberrant salience
variables would have significant positive correlations. Contrary to our expectation, the SAT
aberrant salience variables were negatively correlated with the ASICS total score and five
factors, with an average low effect size (r = -.16 for aberrant salience). With the exception of
a significant negative correlation between ASICS senses sharpening factor and SAT implicit
aberrant salience, no other correlations were statistically significant. Additionally, despite
being both being subjective variables, SAT explicit variables did not correlate any better
with the ASICS, despite a theoretical basis for a stronger relationship. We are hesitant to
draw any conclusions from this one statistically significant finding due to the number of
comparisons made and the probability some correlations will be statistically significant by
chance.
We hypothesised that aberrant salience would positively correlate with psychosis
phenomena and schizotypal personality traits. Delusions have been empirically linked with
measures of aberrant salience in a clinical population (Roiser et al., 2009) and non-clinical
population (as we demonstrated in Study One), whilst a strong theoretical link exists between
aberrant salience and hallucinations (Kapur, 2003). Introverted anhedonia has also been
consistently linked with objectively measured aberrant salience (Roiser et al., 2013; Roiser et
al., 2009; Schmidt & Roiser, 2009). In addition, Study One demonstrated that multiple
schizotypal personality traits are associated with subjectively measured aberrant salience and
is supported by the previous literature (Cicero et al., 2010). However, our findings in Study
Two do not support these hypotheses or the previous literature. The relationship between
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objectively measured aberrant salience and delusions (r = -.09), hallucinations (r = .02) and
schizotypal personality traits (r = -.02) were again, in the opposite theoretical direction.
Furthermore, with the exception of implicit aberrant salience and delusional conviction, these
correlations were not significantly different from zero. Again, we are sceptical of the
relevance of one significant correlation, given the large number of correlations made and the
chance that some of these correlations will be statistically significant due to chance variation.
In light of these unexpected findings, our discussion will focus on possible
explanations for the lack of positive correlation between subjectively measured aberrant
salience and psychosis phenomena, then briefly touch on the sensitivity to reward and
punishment results for both SAT aberrant and adaptive salience measures. The following
explanations will be considered. 1) Subjective and objective measure of aberrant salience
tap into different aspects of a multifaceted construct that is salience, 2) The two measures
are sensitive to different parts of the aberrant salience continuum, 3) The two measures are
capturing different constructs, and 4) The results are confounded by data error or limitations
of the methodology.
The ASICS and SAT May Not Measure the Same Aspects of Aberrant Salience
The first potential explanation for these findings is that the ASICS and SAT are
tapping into different aspects of a broader construct. As discussed in Chapter One, salience is
a broad and multifaceted construct; it describes a cognitive process where particular stimuli
are highlighted to direct attention and demark relevance, thus impacting on subsequent
thoughts and behaviour. This idea is strengthened by the various types of salience
visual/perceptual, emotional and social (Lahera et al., 2013). Nonetheless, the main focus of
salience literature is incentive or motivational salience (often interchangeable) which is
described as the focus on reward-related cues, or in plain language, the wanting of a
rewarding stimulus. The understanding, knowledge or learning of a reward-related cue is
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often concluded from prior experience with the stimulus and thus is potentially a more
complex process than visual/perceptual salience (Berridge & Robinson, 1998). In
consideration of these elements, it is plausible that the different measures of aberrant
salience may be tapping differentially into these types of salience. This explanation may
account for the low correlations found between aberrant salience measured by the SAT and
psychosis phenomena. However, we still would have expected a positive relationship, not
the weak negative relationship observed, even if different types of salience were being
measured.
The ASICS and SAT May Have Different Sensitivity
The next domain of interpretation to be considered for the results between aberrant
salience and psychosis phenomena is that subjective and objective measures of aberrant
salience may differ in the degree of measurement sensitivity. As previously discussed,
psychotic-like experiences lie on a continuum from non-clinical to clinical populations (van
Os et al., 2009). Given aberrant salience is theorised to underpin the development of such
symptoms, particularly delusions (Kapur, Mizrahi, & Li, 2005), it is reasonable to assume
aberrantly salient experiences may also lie on a similar continuum.
In light of this, a lack of correspondence between the ASICS and SAT may be due to
the measures being sensitive to part of the range of variation of aberrant salience for which
the measure was developed, as opposed to being sensitive across the larger spectrum. This
may have occurred due to the main validation work for the SAT being with clinical
populations and the ASI and ASICS with non-clinical groups. Although, each instrument has
shown meaningful relationships in both populations. However, objectively measured
aberrant salience has been less convincingly demonstrated in a non-clinical population.
Specifically, aberrant salience measured by the SAT has only consistently correlated with
introverted anhedonia which is one aspect of schizotypal personality traits (Roiser et al.,
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2009; Schmidt & Roiser, 2009). Interestingly, introverted anhedonia has been linked more
strongly than other traits with the development of future schizophrenia spectrum disorders
(L. J. Chapman, Chapman, Kwapil, Eckblad, & Zinser, 1994; Kwapil, 1998) which may
indicate the SAT is sensitive to sub-clinical levels of aberrant salience. Importantly, the ASI,
the basis of the ASICS, has been compared in both a history-of-psychosis group, high-risk of
psychosis (psychosis proneness) group and a psychiatric control group. It was established
that the ASI is sensitive within these groups with scores corresponding highest for the highrisk of psychosis group, followed by history of psychosis and then control group (Cicero et
al., 2010). Considering the ASICS is arguably a more sensitive measure due to the addition
of a four-point Likert scale, it is expected the ASICS would have similar properties.
Nonetheless, the suggestion that the ASICS and SAT are sensitive to different parts of the
aberrant salience spectrum, and that the ASICS may capture a larger portion of this
spectrum, requires empirical investigation.
The ASICS and SAT May Not Measure the Same Construct
The validation work for both measures has been acceptable. However the fact that
our findings demonstrated a relationships for aberrant salience and psychosis phenomena that
was observed to be opposite of what was theoretically expected is perplexing. Thus, it may
be a possibility that the ASICS and SAT are measuring different constructs.
The SAT is based on the concept that when high probability reward-related cues are
learnt, the individual can predict the associated reward from these past experiences, which
subsequently triggers the wanting of the reward or assignment of motivational salience to the
high probability reward-related cue. Therefore, the assumptions the SAT makes include that
a) learning what the specific high-probability reward-related stimulus equates to
motivational salience and erroneous learning corresponds with aberrant salience;
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b) assignment of salience (adaptive or aberrant) is reflected by the bias (either adaptive or
aberrant) in response pattern either in reaction time or using the VAS; and c) that the
unconditioned stimulus (money) is motivating or a reward-related cue. However, we will
discuss how each of these assumptions could plausibly be incorrect and thus potentially
contribute to the findings of our study.
The distinction between salience and reward learning.
The SAT has a heavy reliance on accurate learning of an operant paradigm.
As highlighted earlier in this chapter, Roiser (2012) has also acknowledged that
adaptive salience can be considered as a variable tapping into general learning
impairment. Individuals are required to learn the high and low reward probability
conditioned stimuli in a novel paradigm (adaptive salience), and unknowingly avoid
responding to one task irrelevant stimulus more so than the other task irrelevant
stimulus (as this becomes scored as aberrant salience). As a result, there is a risk that
learning the ‘salience’ results primarily reflect poor learning. Evidence for the
reliance of the SAT on learning may be interpreted from Schmidt and Roiser’s (2009)
factor analysis, whereby an operant learning paradigm loaded on the same factor as
both SAT explicit aberrant and adaptive salience. Nonetheless, it should be noted
that neither of the implicit variables loaded with the operant learning factor, indicating
a degree of separation of at least those indicators of salience from operant learning.
The SATs dependence on the learning paradigm is reflected in a situation whereby
erroneous learning has occurred and is considered as the individual is not responding
appropriately to the high probability reward stimulus and potentially responding to another
stimulus. This may be to a low-probability stimulus or task irrelevant stimuli. Responding
biasedly to the low-probability stimulus would be interpreted by the SAT as poor adaptive
salience; whist responding to task irrelevant stimuli would indicate higher levels of

95

aberrant salience. However from our perspective, it seems plausible that an individual may
justifiably respond biasedly to a task irrelevant stimulus, given that task irrelevant stimuli
are rewarded in 50% of trials. The bias responding could be a result of salience being
attributed to the stimuli, or alternatively the individual may be conducting a process of
elimination, seeking confirmatory evidence or jumping to conclusions. In other words, a
50% reward for the task irrelevant stimulus may be too rewarding for an individual to reject
the stimulus as being non-rewarding. This prompts the question of whether 50% of trials
being rewarded is sufficient for salience to be assigned considering the ecological validity of
50% winnings appear reasonable. Should this be occurring, there is a significant chance of
the data reflecting higher levels of aberrant salience which does not appear to represent the
construct from a theoretical stand-point. Furthermore, we would also argue that individuals
responding biasedly to low-probability stimuli, which the SAT would interpret as low
adaptive salience, are potentially more in line with aberrant salience. This notion appears to
be supported in other salience measures (Abler et al., 2005; Downes et al., 1989), discussed
in Chapter One, that equate poor performance on the operant learning paradigms as being
aberrant salience. This also raises the question of the distinction between low adaptive
salience and high aberrant salience which is not explicitly discussed by Roiser et al. (2009).
It may be that adaptive and aberrant salience exists on the same continuum. However, our
findings did not ascertain a correlation between aberrant and adaptive salience. This is
surprising considering both variables are purporting to capture salience, and each
conditioned stimulus presented is represented by both domains; colour and shape. Thus, we
would expect that at least a small correlation depicting this link.
The learning format of the SAT raises the question of the nature of the relationship
between learning and motivational salience. Berridge et al (2009) argue for a distinction
between reward learning (capacity to learn and thus predict a reward) and motivational
salience, otherwise described as wanting. The first distinction is that the assignment of
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motivational salience can vary between individuals and is not always assigned to that which
is the rewarding stimulus. Robinson and Flagel (2009) found that animals’ conditioned
response upon the presentation of a paired lever and food reward had one of two responses;
either sign-tracking by approaching and interacting with the lever (conditioned stimulus) or
goal-tracking by going to the site where food (reward) is delivered. It was concluded that
salience was attributed to the lever in the case of sign-trackers, but not the goal-trackers for
whom the food site is more likely attributed salience. This is supported by preliminary data
that demonstrated when animals were presented with the lever, sign-trackers exhibited an
increase in dopaminergic activity, indicative of the attribution of motivational salience to the
lever (Berridge, 2007), whilst goal-trackers had no change (Phillip et al., 2008). Despite the
animals being in the same learning paradigm, the evidence suggests that motivational
salience can be assigned to different stimuli. Based on this observation, the evidence
indicates learning and motivational salience are distinct psychological constructs (Berridge
et al., 2009).
The assignment of salience cannot be controlled.
In terms of the SAT, salience could plausibly be assigned to the stimuli (signtrackers), the feedback from speeded responses (e.g.: good, excellent accompanied by a beep)
or the monetary reward itself (akin to goal-tracking). Reaction time, and hence implicit
variables, may also be confounded, particularly for goal-trackers who, as a strategy to
increase earning potential, respond quickly to every trial regardless of the stimuli presented
before the probe. Anecdotal evidence supporting this interpretation comes from informal
conversations with participants after SAT test taking. In our study a number of participants
indicated that their test-taking strategy was to “respond quickly to everything”. This strategy
does not reflect the accurate learning of reward-related cues. Instead, it is plausible that the
money has been assigned salience (Phillip et al., 2008) or potentially the on-screen feedback

97

of a speeded response. This line of research also demonstrates how a learning paradigm,
such as the SAT, is limited in its ability to control where salience is assigned by participants,
whether it be to the high probability reward stimulus, a less rewarding stimulus (such as one
of the task irrelevant stimuli) or even to the onscreen feedback or reward itself (money).
A reward may not be rewarding to all individuals.
Lastly, the SAT assumes that the hedonic impact (liking) of money is rewarding
enough and thus motivationally salient to participants. There is significant support in the
literature for this assumption (Lea & Webley, 2006). Theoretically, Berridge, Robinson and
Aldridge (2009) highlight that although the individuals want what they like; these
constructs are distinct as evidenced by dopamine mediating the wanting of stimuli
(motivational salience) and not the liking. Therefore, money is required to be valued by the
individual, but it does not equate to motivational salience. This raises the possibility that
culture and individual differences may impact on the perception of monetary reward
(Diener & Oishi, 2000). Furthermore, it is also plausible that the amount of money in the
SAT may not have been large enough to have a sufficient liking response. Again, this would
likely be impacted by individual differences and cultural values.
In summation, the assumptions of the SAT learning paradigm including: learning
infers salience and is reflected in reaction time or self-rating on a VAS; that salience is
automatically assigned to the high probability reward stimulus as opposed to other reasonably
rewarding stimuli; and that the quantity of money has sufficient hedonic impact to be
motivational salient. However, these assumptions are not clearly supported by the theoretical
research, or the findings of our study, and cast doubt on the construct being targeting by the
SAT.
Objectively Measured Aberrant Salience and Sensitivity to Reward and Punishment
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This study included variables measuring sensitivity to reward and punishment in order
to validate the SAT, and allow for a direct comparison of results with the ASICS in Study
One and the ASI (Cicero et al., 2010). Implicit and explicit aberrant and adaptive salience
were compared to sensitivity to reward and punishment as measured by the BIS/BAS (Carver
& White, 1994). We hypothesised that adaptive salience and sensitivity to reward were
similar constructs, given that both are theoretically underpinned by dopaminergic
functioning. Therefore we hypothesised a positive correlation between the two constructs.
This was also hypothesised for aberrant salience variables, given the positive correlations
found between subjectively measures aberrant salience and the BAS from Study One.
However these hypotheses were not supported, with relationships being weak and in a
negative direction.
Limitations and Future Research
Possible limitations of this study should be taken into account when considering the
findings of our study. The sample size of 50 was not large and the effect size not known prior
to the study, thus there may have been insufficient power to find an effect. However, the
sample size was consistent with previous studies using the SAT, was and thus thought to be
ample. The non-clinical nature of the sample may also have impacted the results by having
relatively low variation in aberrant salience. However, the variance of schizotypal personality
traits was respectable, with two participants screening positive (scores above 17/22) for
schizotypal personality disorder, a result that could be expected given the 1-5% of individuals
with schizotypal personality disorder in the population (Ekselius, Tillfors, Furmark, &
Fredrikson, 2001). Data error was also considered as an explanation, however given we
consulted with the author of the SAT for guidance on running the SAT program, interpreting
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data and exploring any potential errors in light of the current findings, this explanation
is unlikely.
In light of our findings, future research would benefit from extended validation by
comparing both measures in both clinical and non-clinical populations. This will allow for
testing of sensitivity of the measures across the spectrum of aberrant salience and avoid
confounding by cognitive deficits in clinical populations. The theoretical considerations of
the types of salience are also an area for exploration. Future research may compare other
types of salience measures with the SAT and ASICS. Controlling for, or measuring, the
hedonic impact of reward and the assignment of salience is also worthy of consideration,
albeit a difficult task.
In the interest of clarifying the validity of the SAT, another prospect for future
research would be to more formally collect data on participant’s test-taking strategies for
the SAT. Whilst some anecdotal evidence was attained during this research program, it
was not systematically attained. Further, it would be interesting to explore participant’s
strategies and compare them response patterns and SAT salience outcome variables.
In light of these findings, future research may also benefit by controlling for
learning, using an operant learning paradigm, and executive functioning, using various
tasks. Of particular interest would be the measures used by Schmidt and Roiser (2009).
This approach would allow salience variance to be separated from potential confounding
variables.
In conclusion, our study showed little relationship between scores on the subjective
ASICS and objective SAT. Furthermore, objectively measured aberrant salience did not
correlate with psychosis phenomena.
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Chapter 4: Discussion
The aim of this program of research was to enhance the measurement of aberrant
salience by transitioning the ASI, a trait measure of aberrant salience, into a state measure of
aberrant salience, the ASICS, and in doing so, not only demonstrate its psychometric
properties, but also consider the findings for their contribution to the understanding of
aberrant salience as a construct.
Summary of the Findings
In Study One, the ASICS demonstrated to be a reliable and valid state measure of
aberrant salience in a large non-clinical sample. This was achieved by high internal
consistency, and correlations with schizotypal personality traits, delusions and delusional
distress, preoccupation and conviction, hallucinations and sensitivity to reward and
punishment. Furthermore, the ASICS data adequately fit the ASI 5-factor structure in a
confirmatory factor analysis. However, the high intercorrelations between increased
significance and impending understanding precipitated an ad hoc exploratory factor
analysis which confirmed these two factors loaded together. We concluded that a 4-factor
structure that may a better statistical fit and, in light of the exceptionally similar factor
definitions (Cicero et al., 2010), that there may not be a may not be a meaningful theoretical
difference between the factors.
In Study Two, we aimed to further extend the psychometric validation of the
ASICS, and explore the validity of aberrant salience as a construct. We compared the
ASICS and SAT, in addition to schizotypal personality traits, delusions, delusional distress,
preoccupation and conviction, hallucinations, and sensitivity to reward and punishment. The
ASICS and SAT did not significantly correlate. Moreover, the SAT aberrant salience
outcome variable did not demonstrate meaningful relationships with any psychosis
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phenomena measures, or sensitivity to reward and punishment. The implications of these
findings for research, theory and clinical practise will be discussed.
Implications for Research
This program of research was generated from the identified need for further reliable
and valid measures of aberrant salience. Kapur (2003) proposed aberrant salience as a
dynamic and changing cognitive construct, governed by aberrant dopaminergic activity. In
the subjective measurement domain, the only measure of aberrant salience was that of the
ASI (Cicero et al., 2010). Due to the ASI being a trait measure, it is inherently insufficient to
capture change over time, which we argue is essential for any form of measurement
attempting to capture aberrant salience. Therefore, we considered the development of a
subjective state measure of aberrant salience a priority to enhance research potential. Further,
whilst state objective measures such as the SAT are available, we proposed that subjective
measures have a unique capacity to capture a subjective experience and an abstract construct,
as items describe the experiences using language (Muckler & Seven, 1992). Further, an
additional benefit of subjective measures is that they are convenient and cost-effective. In
consideration of these points, we argue that the measure we have developed, the ASICS, is a
valuable contribution to the literature.
Aberrant salience can be subjectively measured.
In Study One, we demonstrated that state subjective aberrant salience can be reliably
and validly measured using the ASICS. The ASICS demonstrated excellent construct validity
with schizotypal personality traits and psychosis phenomena, in addition to maintaining the
same 5-factor structure as the ASI (Cicero et al., 2010). This places the ASICS as a viable
measure of aberrant salience, paving the way for validation studies in clinical populations
and further work to determine the sensitivity of the measure to change.
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Subjective and objective measures of aberrant salience are not equal.
Two separate findings from this research program suggest that the subjective and
objective measures of aberrant salience were either, not measuring the same elements of
aberrant salience, or plausibly measuring different constructs entirely. The first finding was
that hallucinations did not have the comparable relationship with the ASICS and the SAT as
we expected. Study One found that hallucinations correlated with subjectively measured
aberrant salience, whilst in Study Two, no correlation was established between hallucinations
and objectively measured aberrant salience. We consider this finding particularly significant,
as it is supported by previous literature. The relationship between aberrant salience and
hallucinations appears more readily detectable when subjective measures of aberrant salience
are used, instead of objective measures. This is evidenced by the finding of a positive
correlation between the ASI and perceptual aberrations (Cicero et al., 2010), whilst no
relationship between the SAT and hallucinations have been found in two separate studies
(Roiser et al., 2013; Roiser et al., 2009). The theoretical basis for a relationship between
aberrant salience and hallucinations is clear; hallucinations are internal percepts that can
equally be assigned aberrant salience (Kapur, 2003). Furthermore, delusions and
hallucinations have a strong association in the literature (Garety et al., 2001) and frequently
occur together in psychotic episodes (APA, 2013).
The second finding is derived from Study Two were we explored the relationship
between a subjective and objective measure of aberrant salience. We found that the ASICS
and SAT did not correlate, with generally weak correlations, in the opposite direction to that
predicted by the theory. Importantly, the SAT also failed to have meaningful relationships
with psychosis phenomena, which may also provide further support that the ASICS and
SAT are not capturing the same phenomena. However attesting to the SATs validity, the
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previous literature has established meaningful relationships between the SAT and
delusions, and schizotypal personality traits (Roiser et al., 2013; Roiser et al., 2009;
Schmidt & Roiser, 2009). Nonetheless, we conclude based on the body of literature and
our findings that there are some significant differences in the phenomena being measured
by the ASICS and SAT.
One possible explanation for the inconsistent findings between hallucinations and
subjectively and objectively measured aberrant salience and the lack of relationship between
the two measures, is that are measuring different aspects of aberrant salience. This idea is
supported by Muckler and Seven (1992) who discussed that often, subjective and objective
measures of the same construct tap into different elements of the construct, particularly if the
construct is multifaceted and complex. We suggest that given the various types of salience
(Lahera et al., 2013), the multi-factored structure of at least subjectively measured aberrant
salience (Cicero et al., 2010) and the various operationalisations of salience in the literature
(Lahera et al., 2013), that this is grounds to consider aberrant salience a complex concept. A
more thorough discussion of this point can be found in Chapter Three.
Another potential explanation is that the ASICS and SAT differ in their sensitivity,
with the SAT capturing more sub-clinical and clinical levels of aberrant salience. This may
have been a result of the majority of the SAT validation work being conducted in clinical
populations, which theoretically are expected to have higher levels of aberrant salience than a
non-clinical population. However, as discussed in Chapter Three, the SAT has previously
demonstrated to have meaningful relationships with schizotypal personality traits in nonclinical populations (Roiser et al., 2009; Schmidt & Roiser, 2009). Further, we would have
expected to have found a relationship using the SAT with schizotypal personality traits, given
that our sample had a good distribution of traits that was reflective of the population
prevalence (between 1-4.5%) (Ekselius et al., 2001) and included participants who screened
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positive for schizotypal personality disorder. Furthermore, even if the measures differed in
sensitivity we still would have expected some positive correlation between the SAT and
schizotypal personality traits, and psychosis phenomena (delusions and hallucinations).
In consideration of the poor validity findings for the SAT found by this research
program, and the lack of relationship found between the ASICS and SAT; it is plausible that
the ASICS and SAT are measuring different constructs. As discussed in Chapter Three,
objective measures of aberrant salience largely rely on learning paradigms which are
arguably related, but not equal to the salience construct. Berridge et al. (2009) concluded
from a series of animal studies that whilst motivational salience and learning are related,
they are in fact distinct constructs.
We also posit that the SAT has a number of limitations which has the potential to
confound the measure and conceivable may have contributed to our findings. Firstly, the
assignment of salience is not controlled. It is plausible that the conditioned stimulus, the
reward or the on-screen feedback of the speeded response are tagged as being salient,
depending on individual differences. This notion is supported by the observation in animal
studies, that mice had a tendency to either assign salience to the reward itself (food), or the
conditioned stimulus (lever) (Berridge et al., 2009). Secondly, the hedonic impact of the
reward in the SAT is not controlled for. As discussed in Chapter Three, it is possible that the
low levels of money may not have been sufficient for the participant to deem it as rewarding,
and therefore would theoretically impact the performance of the test taker, whether that be by
the test taker not assigning salience or simply being unmotivated. Thirdly, the potential
confounds of poor executive function (Minzenberg et al., 2009) and learning capacity
(Paulsen et al., 1995) on objectively measured aberrant salience casts doubt on the purity of
such measures.
The limitations of the SAT are likely generalisable to other objective measures of

105

aberrant salience, and thus are important implications for research. In light of this, we raise
the possibility that aberrant salience may be better measured subjectively, at least until there
is more direct indications of validity in objective measures. Objective measurements are a
valuable resource to research endeavour and therefore we encourage future studies to
enhance and address these limitations. Objective measures require the capacity to control for
the assignment of salience and check for the hedonic impact of the reward. In doing this,
greater confidence can be assured that the internal cognitive processes hypothesised, namely
the assignment of salience to a rewarding stimulus, are actually occurring. Furthermore,
controlling for these proposed confounding factors would achieve insight into the validity of
objective measurement. Dependent on these findings, a more dramatic shift away from using
operant learning paradigms to operationalise aberrant salience may be required.
Implications for the Theory
Our research program has some key implications for the theory of aberrant salience.
Foremost, we have found support for the aberrant salience hypothesis. We also argue that
our findings support the notion of an aberrant salience continuum, suggested in Chapter One.
Additionally, we also conclude that our findings provide some support for aberrant salience
levels being a discriminating feature of psychosis phenomena in non-clinical and clinical
populations. In light of our suggestions, we will also review the evidence and consensus on
whether aberrant salience is best conceptualised as a trait or state phenomena.
Support for the aberrant salience hypothesis.
Although the primary focuses of this program of research were on expanding the
subjective measurement of aberrant salience, we in turn found further evidence for the
aberrant salience hypothesis. The findings of Study One are in line with the predictions
made by the aberrant salience hypothesis (Kapur, 2003). We replicated the findings of a
positive relationship between aberrant salience and schizotypal personality traits (Cicero et
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al., 2010; Roiser et al., 2009; Schmidt & Roiser, 2009); and aberrant salience and delusions
(Cicero et al., 2013; Roiser et al., 2013; Roiser et al., 2009). However, we are the first study
to link aberrant salience and delusional distress, preoccupation and conviction. Furthermore,
we extend on the findings of a positive correlation between aberrant salience and perceptual
aberrations (Cicero et al., 2010), and linked aberrant salience with hallucinations. As
discussed earlier, this is a particularly interesting finding, as it appears unique to studies that
have used subjective (Cicero et al., 2010) rather than objective measures (Roiser et al., 2013;
Roiser et al., 2009) of aberrant salience. Lastly, we confirmed that more peripheral measure
of sensitivity to reward (Cicero et al., 2010), theorised to tap into the reward pathway
underpinned by the dopaminergic system, had small positive correlations.
Contrary to the strong support found for the aberrant salience hypothesis in Study
One, the results from Study Two do not provide the same support. However, as discussed
earlier in this chapter, and in greater detail in Chapter Three, we posit that drawing theoretical
conclusions for the aberrant salience hypothesis from this study may be hasty, on the basis of
our concerns for the objective measure capacity to measure aberrant salience.
Support for the aberrant salience continuum.
The aberrant salience hypothesis is silent on whether aberrant salience is present to some
degree in non-clinical populations. However, if the argument is made that aberrant salience is
fundamental to the development and maintenance of psychotic symptomatology and all
individuals have a degree of schizotypal personality traits in non-clinical populations, this leads
us to the conclusion that aberrant salience is present in non-clinical populations. Notably, this
notion is in-line with other cognitive biases found in psychosis which are also present in nonclinical populations, although this is to a much lesser degree (van Os et al., 2009). Nonetheless,
this research program found supports for this notion, as subjectively measured aberrant salience

was present and detectable in our non-clinical sample. Further, we had a good range of
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schizotypal personality traits with a few screening positive for schizotypal personality
disorder, which was in line with the population prevalence (Ekselius et al., 2001).
Additionally, our findings are congruent with the previous studies also identifying aberrant
salience in non-clinical populations (Cicero et al., 2013; Cicero et al., 2010; Roiser et al.,
2013; Roiser et al., 2009; Schmidt & Roiser, 2009). Together these findings provide
evidence for a continuum of aberrant salience spanning across non-clinical and clinical
populations, which as discussed in Chapter One, and may parallel or underpin the psychosis
continuum (van Os et al., 2009).
Support for aberrant salience distinguishing non-clinical and clinical psychosis
phenomena.
Chapter One discussed the potential for aberrant salience, when reaching certain
levels, may differentiate between psychosis phenomena in non-clinical and clinical
populations. This idea arose from the previous research indicating that the preoccupation
(invasiveness) and distress of psychosis phenomena was significantly higher in clinical
populations, than non-clinical populations, and thus were a distinguishing feature between the
two (Honig et al., 1998; Nayani & David, 1996; Sommer et al., 2008; van Os et al., 2009). In
view of our findings showing a positive association between subjectively measured aberrant
salience and delusional distress, preoccupation and conviction, we posit that aberrant salience
may potentially underpin this phenomenon and thus be a distinguishing characteristic
between clinical and non-clinical populations. Nonetheless, our hypothesis needs further
empirical enquiry for confirmation.
Is aberrant salience a trait or state?
In light of our suggestion that aberrant salience may vary along a continuum of
severity, and thus may underpin the psychosis continuum, it is important to discuss
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whether the construct is best conceptualised as a trait or state. A trait is defined as a
distinguishing quality or characteristic that it typically stable longitudinally, whilst a state is a
transient and dynamic experience which can change moment to moment. The hypothesis
described by Kapur (2003) clearly articulates aberrant salience is a dynamic state, which is
underpinned by the phasic release of dopamine that disrupts the normal assignment of
salience, leading to the emergence of positive psychotic symptomatology.
On the contrary, Cicero et al. (2010) conceptualised aberrant salience as a trait that
could assist in identifying individuals who are psychosis prone, thus raising the question of
whether the ASI captures the essence of the theory proposed by Kapur (2003). Although not
elaborated upon by Cicero et al. (2010), it may be that trait aberrant salience is a vulnerability
factor for psychosis, with additional factors required to trigger psychosis symptomatology.
However, a trait conceptualisation is insufficient to explain psychotic symptomatology.
Furthermore, in consideration of aberrant salience being mediated by the spurious release of
dopamine, a trait conceptualisation would also suggest that the spurious release of dopamine
is relatively consistent across time. This seems unlikely for a few reasons; schizotypal
personality disorder has been found to have fluctuations in symptomatology (Raine, 2006),
despite theoretically being a personality disorder and a set of traits. This has led to a debate
of whether the diagnosis is better thought of as an attenuated schizophrenia (Raine, 2006).
Furthermore, neurobiological evidence of schizotypal personality disorder resembles that of
schizophrenia, including hyperdopaminergia and HPA dysregulation (Raine, 2006),
suggesting random dopaminergic release and episodic hyperdopaminergia as opposed to a
continuous aberrance. Importantly, the psychiatric field’s conceptualisation has also shifted
in line with this evidence. The DSM-5 removed the multiaxial diagnoses as there is no
fundamental difference between trait based diagnoses and state/episodic based psychiatric
diagnoses.
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Interestingly, Cicero et al. (2010) account is not entirely consistent with a trait
conceptualisation of aberrant salience. Specifically, when defining the factor increased
significance, it was defined as occurring prior to or within a ‘psychotic episode’, which
is more indicative of a state than trait. Furthermore, it could be argued that, due to the lack of a
time anchor (e.g..“over the last two weeks”), items may reflect aberrant salience levels from
the present (and therefore state) and past time point. Nonetheless, a trait conceptualisation of
aberrant salience appears to be unique to Cicero et al. (2010). With the exception of Cicero
et al. (2010, 2013), all other research groups have investigated aberrant salience using objective
measures, and thus have interpreted Kapur’s (2003) aberrant salience as being a state (Juckel,
Schlagenhauf, Koslowski, Filonov, et al., 2006; Juckel, Schlagenhauf, Koslowski, Wüstenberg,
et al., 2006; Roiser et al., 2013; Roiser et al., 2009; Roiser et al., 2010; Schlagenhauf et al., 2008;
Schmidt & Roiser, 2009). We therefore conclude that a state conceptualisation of aberrant
salience is the consensus in the literature and consistent with theory (Kapur, 2003).
Implications for Clinical Practice
At this stage, due to the relative infancy of this research, there are limited implications
for clinical practice. However, having clinical tools that tap aberrant salience directly may
open up exciting possibilities for clinical practice. It is our ambition to have the ASICS as a
clinical outcome measure and potentially screening tool to identify individuals at risk for
psychosis. Considering the aberrant salience continuum and the psychosis continuum, and
that aberrant salience is theorised to precipitate psychosis symptomatology, the ASICS may
have the capacity to pick up individuals at risk for psychosis in non-clinical populations,
prior to the onset of frank psychosis symptomatology. Thus, this would be an additional
benefit not found in current psychosis proneness and ultra-high-risk of psychosis screening
tools. Furthermore, the ASICS could feasibly be utilised as a clinical outcome measure for
psychopharmacological and psychotherapeutic interventions. Whilst it is acknowledged there
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are a multitude of psychosis symptom measures, the ASICS may more directly assess the
effectiveness of medications on dopamine receptors due to the construct being underpinned
by dopamine. Furthermore, the ASICS may differentiate psychosis phenomena that are
associated with aberrant salience, such as primary delusions, and those that are not, such as
secondary delusions. Nonetheless, whilst these applications require further research,
clinicians could begin assessing for the phenomena of aberrant salience, and become
acquainted with the experience, to improve our understanding of prodromal and acute
psychosis and better facilitate empathy of consumers.
Limitations and Future Research
Our findings and conclusions must be seen in light of our limitations. The specific
limitations for each study have been discussed in the respective chapters. Therefore, the
following points discussed are considered to be limitations of the general research program,
and recommendations for improving these in future research.
Our research program was limited to a non-clinical population. This was a deliberate
decision to facilitate psychometric comparison of the ASI to the ASICS. Further, it was
beyond the scope of what could be addressed in this research program to continue validation
in a clinical population. Thus, our findings may only be generalisable to such populations.
Nonetheless, our findings provide a strong rationale for future research to extend the
validation of the ASICS and would be opportunity to address this limitation.
This research program also stopped short of investigating the sensitivity of the ASICS
to identify change in aberrant salience levels across time. Again, this aspect of validation was
beyond the scope of what could be addressed in this research program. However, we consider
this to be an important property of a state measure and therefore imperative for future
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research to address. We therefore recommend a repeated measures design to determine the
ASICS sensitivity.
Conclusion
In conclusion, we have demonstrated that subjectively measured aberrant salience is
reliable and valid when measured using the ASICS and warrants further research to expand
on the promising psychometric properties found in this research program. Furthermore, our
findings in turn provide solid support for the aberrant salience hypothesis proposed by Kapur
(2003).
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Appendix A: Advertisement

Healthy
participants
wanted!

School of Psychological Science
Postgraduate Programs

VICTORIA 3086
AUSTRALIA
email: smbenton@students.latrobe.edu.au

Can you spare less than an hour completing an
online survey? Read on..!

Interested in participation?: Contact Sharlene (details below) to be sent the
link to the online survey and a Participant Information Sheet. After completing the
online survey, if you have some more time to spare, you can also volunteer to complete
a computer based task with the researcher which will put you in the raffle to win a
$100 or $250 Coles Myer voucher. Interested? Simply contact Sharlene (details below)!
What are we researching? This research aims to refine a measure of ‘aberrant
salience’, a phenomenon thought to be important in psychosis, in a normal population.
What are the benefits of participation?
o
o
o
o

To learn through participation how experiments are conducted.
To help a doctoral student fulfil requirements of their degree.
To contribute by supporting low cost university research programmes.
To contribute new knowledge to a particular research area.
Contact: Sharlene Benton on email: smbenton@students.latrobe.edu.au

Project Supervisor: John Farhall email: jfarhall@latrobe.edu.au
The research has been approved by the FSTE Human Ethics Committee:
FSTE HEC 12/R16
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Appendix B: Study 1 Participant Information Statement and Consent

School of Psychological Science

PARTICIPANT INFORMATION & CONSENT FORM
Measuring and Assessing the Construct Validity of Aberrant Salience
in Psychotic Symptomatology
Student Investigator: Sharlene Benton (Doctorate of Psychology in Clinical Psychology student, School of
Psychological Science, La Trobe University, email: smbenton@students.latrobe.edu.au)
Staff Supervisor: Dr John Farhall (Senior Lecturer, Psychological Science, La Trobe
University, email: j.farhall@latrobe.edu.au)

This study aims to psychometrically validate a revised measure aberrant
salience in a non-clinical population and explore the underlying factors of the revised
measure. Participants will be required to complete an online survey, which will take
less than one hour. Upon completion, participants will also be given the opportunity to
express interest in participating in Phase II of the study which will entail completing a
computer based task with a researcher at a mutually convenient time. It is anticipated
this will also take less than one hour to complete.
The study will contribute to the research body by refining a measurement of
aberrant salience and thereby assisting researchers in explore its relationship to
psychopathology.
It is the aim of the researchers to avoid harming participants in any way, and
great care has been taken in excluding measures which may cause discomfort or
distress. No personal information which can identify any participant will be
collected, and information will be either electronically stored with password
protection or secured in a locked filing cabinet to ensure security and confidentiality.
Results will be available for public viewing and a brief summary can be
requested by sending an email to the Sharlene Benton
(smbenton@students.latrobe.edu.au). Individual data can only be obtained for
further expansion of research with prior consent from researchers. This process will
not remove any confidentiality from individual data and raw data will be deleted
from electronic storage after 5 years.
Whilst participation in this research is considered to be low risk, should you
require counselling, you can contact the La Trobe University Counselling Service on
ph: +61 3 9479 2956 or email: counselling@latrobe.edu.au during business hours, or
Lifeline on 13 11 14 available 24 hours a day.
Any questions regarding this project may be directed to Sharlene
Benton (email: smbenton@students.latrobe.edu.au) Dr John Farhall (ph:
+61 3 9479 1626 or email: j.farhall@latrobe.edu.au)
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If you have any complaints or queries that the investigator has not been able to
answer to your satisfaction, you may contact Kaye Collins, Faculty Human Ethics
Committee, Faculty Science, Technology and Engineering, La Trobe University,
Victoria, 3086, ph: 03 9479 1443, e-mail: k.collins@latrobe.edu.au”
“I (the participant) have read and understood the participant information sheet, and
any questions I have asked have been answered to my satisfaction. I agree to participate
in the project, realising that I may withdraw at any time. I agree that research data
provided by me or with my permission during the project may be included in a thesis,
presented at conferences and published in journals on the condition that neither my
name nor any other identifying information is used.”
Participation in this study and completion of the online questionnaire and measures
implies consent to the above statement.
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Appendix C: Study 2 Participant Information Statement and Consent

School of Psychological Science

PARTICIPANT INFORMATION & CONSENT FORM
Measuring and Assessing the Construct Validity of Aberrant Salience
in Psychotic Symptomatology
Student Investigator: Sharlene Benton (Doctorate of Psychology in Clinical Psychology student, School of
Psychological Science, La Trobe University, email: smbenton@students.latrobe.edu.au)
Staff Supervisor: Dr John Farhall (Senior Lecturer, Psychological Science, La Trobe
University, email: j.farhall@latrobe.edu.au)

This study aims to psychometrically validate a revised measure aberrant
salience in a non-clinical population and explore the underlying factors of the revised
measure. Participants will be required to complete an online survey, which will take
less than one hour. Upon completion, participants will also be given the opportunity to
express interest in participating in Phase II of the study which will entail completing a
computer based task with a researcher at a mutually convenient time. It is anticipated
this will also take less than one hour to complete.
The study will contribute to the research body by refining a measurement of
aberrant salience and thereby assisting researchers in explore its relationship to
psychopathology.
It is the aim of the researchers to avoid harming participants in any way, and
great care has been taken in excluding measures which may cause discomfort or
distress. No personal information which can identify any participant will be
collected, and information will be either electronically stored with password
protection or secured in a locked filing cabinet to ensure security and confidentiality.
Results will be available for public viewing and a brief summary can be
requested by sending an email to the Sharlene Benton
(smbenton@students.latrobe.edu.au). Individual data can only be obtained for
further expansion of research with prior consent from researchers. This process will
not remove any confidentiality from individual data and raw data will be deleted
from electronic storage after 5 years.
Whilst participation in this research is considered to be low risk, should you
require counselling, you can contact the La Trobe University Counselling Service on
ph: +61 3 9479 2956 or email: counselling@latrobe.edu.au during business hours, or
Lifeline on 13 11 14 available 24 hours a day.
Any questions regarding this project may be directed to Sharlene
Benton (email: smbenton@students.latrobe.edu.au) Dr John Farhall (ph:
+61 3 9479 1626 or email: j.farhall@latrobe.edu.au)
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If you have any complaints or queries that the investigator has not been able to
answer to your satisfaction, you may contact Kaye Collins, Faculty Human Ethics
Committee, Faculty Science, Technology and Engineering, La Trobe University,
Victoria, 3086, ph: 03 9479 1443, e-mail: k.collins@latrobe.edu.au”
“I (the participant) have read and understood the participant information sheet, and
any questions I have asked have been answered to my satisfaction. I agree to participate
in the project, realising that I may withdraw at any time. I agree that research data
provided by me or with my permission during the project may be included in a thesis,
presented at conferences and published in journals on the condition that neither my
name nor any other identifying information is used.”
Name of participant:
_____________________________________

Name of researcher:
_____________________________________

Signature: _____________________________________

Signature: _____________________________________

Date: _____________________________________

Date: _____________________________________
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Appendix D: Adaptive Salience Correlations
Correlations of Aberrant Salience as Measured by the ASICS and the SAT Adaptive Salience
1
1. ASICS Total

2

3

4

5

6

7

-

2. Increased Significance

.92**

-

3. Impending Understanding

.92**

.84**

-

4. Senses Sharpening

.87**

.71**

.79**

-

5. Heightened Cognitions

.86**

.68**

.76**

.73**

-

6. Heightened Emotionality

.87**

.71**

.73**

.75**

.78**

-

7. SAT Implicit AdS (ms)

-.05

-.03

-.06

.01

-.14

-.03

-

8. SAT Explicit AdS (VAS)

-.23

-.12

-.23

-.37*

-.23

-.12

.16

Note. Aberrant Salience Inventory Current State (ASICS) including factors, Salience attribution test (SAT):
Aberrant Salience (AdS); milliseconds (ms) and visual analogue scale (VAS). Log transformed data.

* p <.05. ** p < .01.

Correlations between the SAT Adaptive Salience, Schizotypal Personality Traits, Delusions,
Hallucinations and Sensitivity to Reward and Punishment
1
1. SAT Adaptive Salience (ms)

2

3

4

5

6

7

-

2. SAT Adaptive Salience (VAS)

.16

-

3. SPQ-B

-.09

.05

-

4. PDI Distress

-.08

-.09

.62**

-

5. PDI Preoccupation

-.09

-.12

.62**

.99**

-

6. PDI Conviction

-.14

-.12

.59**

.98**

.97**

-

7. PDI Total

-.10

.01

.54**

.55**

.56**

.54**

-

8. LSHS

.03

.02

.68**

.68**

.67**

.62**

.47**

Note. Salience attribution test (SAT): Implicit (ms) and explicit (VAS), Schizotypal Personality Questionnaire –
Brief (SPQ-B), Peters Delusional Ideation (PDI), Launay-Slade Hallucination Scale (LSHS). Log transformed
data with the exception of SAT Adaptive Salience variables.
* p <.05. ** p < .01.
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