Dissociating Variations in Attention
with Schizotypy and Anxiety

Kiri Tegan Granger BSc MSc

Thesis submitted to the University of Nottingham

for the Degree of Doctor of Philosophy

SeptembeR016



Abstract

Establishing howcognitiveabrormalities result in the signs and symptoms that define
schizophrenia and anxiety disorders (and theimoobidity) has become a prominent question
in clinically, and sukclinically, applied researchAbnormal performance in schizophrenia,
schizotypy andanxiety has been observed in comparison to healthy individuals on a range of
cognitive and behavioural tasks. For example, abnormal attention to irrelevant information has
long been recognised by clinicians, which has since encouraged researchers abeetbeid
nature of the relationship between schizophrenia, and anxiety more recently, with allocation of
attention to stimuli in laboratory studies providing empirical evidence for an attentional view

of these disorders.

The preexposure effecfslower learning to a stimulus that has been rendered familiar
by preexposure, relative to a novel cuereafter refered to as latent inhibitibas been shown
to be inversely correlated with schizotypy, and abnormal in people with schizophrenia, but
findings areinconsistent. One potential contributing factor to this inconsistency is that many
tasks that purport to measure latent inhibition are confounded by alternative effects that also
retard learmg and cevary with schizotypysuch as learned irrelevan@eqferience of a cue
as irrelevant to the occurrence of an outcome ductimsistent/uncorrelated presentations of
a cue and a target). The general aim of this thesis is to address, or begin to address, some of the
key questions and limitations with exigfinesearch that evaluate latent inhibition and learned
irrelevance as potentially useful cognitive endophenotypes for schizophrenia and anxiety
disorders. The current experiments separate out the effects of latent inhibition and learned
irrelevance to asss the independent effects of these phenantenschizotypy (and by

extension schizophrenia) and anxiety. By teasipgrt,the effects of latent inhibition and



learned irrelevance the attempt is to disentangle, and improve understanding of attentional

abrormalities observed in these sclmical traits and by extension, their related pathologies.

Across Experiments-4, the purpose was twold. The first was to address the
limitations of existing latent inhibition tasks by designing a paradigm thaheres a purer
effect of latent inhibition, by minimising the contribution of learned irrelevance, and assessing
how this latent inhibition task eearies with schizotypy and anxiety (Chapter 2: Experiments
1 and 2). The second was to examine the altemapotentially less equivocal, learned
attentional paradigm (learned irrelevance) and assess the relationship between this task with
both schizotypy and anxiety (Chapter 3: Experiments 3 and 4). Based on the assumption that
latent inhibition and learnedrelevance share similar psychological underpinnings (in this
case, attentional), we anticipated the effect of schizotypy and anxiety to be comparable in the
two types of attention tasks here. The results however indicate a double dissociation; an
abnormdly persistent latent inhibition effect in high positive schizotypy individuals
(Experiments 1 and 2) and a reduced learned irrelevance effect in high state anxious individuals
(Experiments 3 and 4). The possibility that latent inhibition is-atentionaland the

implications of these findings for associative models of attentioreanding are explored

The aim of Experiments 5 and 6 were to explore the causal relationship between
induced variations in anxiety (stress, relaxation or neutral mood) ancekk variations in
attention, using a less ambiguous measure of attention (compared to latent inhibition): learned
irrelevance. Based on the findings from Experiments 3 and 4, a reduced attentional bias towards
previously established predictive cues wageeted in individuals induced with an acute state
of anxiousness, relative to individuals induced with either a relaxed or neutral mood state. This

pattern of results was observed but to a weaker extent than the previous experiments,
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suggesting that inded variations in anxiety do not have the same relationship with learning

as naturally occurring variations in anxiety, as observed in Experiments 3 and 4. Further
analyses revealed that the relationship between reduced learned irrelevance and anxiety was
mediated by individuals who were also characterised by high levels of schizotypy, and by
extension vulnerability to schizophrenia. Given the potential common underlying cognitive
processes to both anxiety and schizophrenia, it seems likely that therapiastavbet the
symptoms of anxiety (e.g., Attentional Bias Modifion Treatment; ABMT) wouldbe

beneficial to individuals who have also been diagnosed with a psychotic disorder.

This work represents the first attempt to investigate the independerteaifdatent
inhibition and learned irrelevance on schizotypy and anxiety, using refined tasks that
minimised the contribution of either learning phenomenon on each other. How these learning
tasks cevary in patients with schizophrenia and clinically diaged anxiety however remains
for future research to determinéAt this juncture, the current findings lend support to the
potential cognitive endophenotype status of learned irrelevance (considering its status as a less
ambiguous measure of attention) arsdcontinued use to provide a base for the development

of relevant attentional bias modification treatments.

1 This workin clinically diagnosed populains (including preparation for publicatioGranger et al.is
currently ongoing in our lab.
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irrelevant cuesExperimert 4.

Figure 3.9. Percentagef correctresponseso targetcuedby relevantand irrelevantcuesfor
stagel, averagedeparatelyor high andlow stateanxietygroups;Experimentd.

Figure 3.10 Meandiscriminationscoredfor stage2, averagedeparatsl for separatelyfor
high andlow stateanxietygroups Experiment.
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Chapter 4: Learnedirrelevance: The relationship with induced anxiety and
schizotypy

Figure 4.1 Meanstateanxietyscoresatpre-testandposttestfor eachmoodcondition;speed,
relaxationandneutral;Experiment5.

Figure 4.2. A flow diagramto illustratethe orderof taskcompletion;Experiments.

Figure 4.3. Meanstateanxietyscoresat pre-testandposttestfor eachmoodcondition;speech,
relaxationandneutral;Experiment6.

Figure 4.4. Percentages of correct responses to target cued by relevant and irrelevant cues for
stage 1 irthe learned irrelevance taskygeriment 6.

Figure 4.5 Mean discrimination scores for stage 2, average separately foelévant and
irrelevant cues; Eperiment 6.

Figure 4.6. Percentage of correct responses to target cued by relevant and irrelevant cues for
stage 1, averadeseparatel for high and low sate anxiety.

Figure 4.7. Mean discrimination scores for stage 2, averaged sepafatelglevant and
irrelevant cues for the low and high anxious groups.

Figure 4.8. Percentage of correct responses to target cued by relevant and irrelevant cues for
stage 1, averaged separately for relaxation, neutral and control conditions.

Figure 4.9. Mean discrimination scores for stage 2, averaged separately for relaxation, neutral
and control conditions.

Figure 4.10 Model of state anxiety as a predictor of learned predictiveness, mediated by
unusual experiences and trait anxiety.

Figure 4.11. Modd of trait anxiety as a predictor of learned predictiveness, mediated by
unusual experiences and state anxiety.
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Chapter 1:
General Introduction

1. Introduction

It has been proposed that schizophrenia is associated with a breakdown of an attentional
filter; reflecting an inability to reduce attention to (or ignore) irrelevant stifMdiGhie &
Chapman, 1961; Hemsley, 198&hd such conclusions have prompted studies to elucidate the
nature of this relationship in the laboratory. Many of these studiesthanslated designs from
animal conditioning experiments (i.e., latent inhibition, learned irrelevance and blocking), in
an attempt to understand the interaction of attention and associative learning, and how this

might relate to schizophrenia and issaciated pathologies, such as anxiety.

Psychotic disorders such as schizophrenia exist on a continuum, ranging from typical
imaginative states (low schizotypy), to features related to schizophrenic symptoms (high
schizotypy), suggestintfpatnatural varations in these schizotypal characteristics can serve as
a proxy for the full blown condition (Claridge, 1997). This has been supported by studies
indicating that attentional mechanisms are similatigrupted in highpsychometrically
defined schizotypahidividuals and people with schizophrenia (e.g. Baruch, Hemsley & Gray,
198&b; Gray et al.,, 2002; Evans, Gray & Snowden, 2007; Schhmagisen, Killcross &
Honey, 2009; Le PelleyschmidtHansen, Harris, Lunter & Morri2010a; Granger, Prados &
Young, 202 ) . However, within a o6fully di mensiona
to represent the highest point ending, not only in clinical diagnoses of schizophrenia but also
in pathological spectra comorbid with schizophrenia, such astgufRossi et i, 2000; Rossi
& Daneluzzo, 2002)n line with this proposition, measures of anxiety have been shown to co
vary with schizotypal traits that also appear to moduddtentional effectshat havebeen

translated from animal conditioning stud{@aunsten-Bercovitz, 2002).
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The experiments reported in this thesis investigate the attentional mechanisms
underlying the suldimensions of schizotypy (and by extension schizophrenia) to assess
whether attentional abnormalities are specific to the symptomshafopdirenia, or whether

they arenonspecific effects, related to the high levels of anxiety that accompany these states.

A. Overview of Schizophrenia, Schizotypy and Anxiety

1.1 Schizophrenia: Symptoms, Classification & Causes

1.1.1 Schizophrenia at the symatm level

Schizophrenids a severeform of mentalillness affecting around1% of the global
populationwith directcostsof treatingthedisorcer estimatedo bearound£2.6billion peryear
in the UK alone(Tajima-Pozoetal., 2015).Thegeneraincidenceof schizophrenias reported
to beslightly lower in femaleswith alaterageof onsetin thelate2 0 detativeto theearly to
mid-2 0 dos males. Earlier age of onsetin males has beenlinked to worse premorbid
adjustmentJower educationalachievementind a worse overall prognosis(Diagnosticand
StatisticalManual of Mental Disorders|[DSM-V], AmericanPsychiatricAssociation,2013.
Lifetime prevalencalsovariesby race/ethnicityacrossountriesandby geographiorigin for
immigrantsand children of immigrants(DSM-V). Schizophrenids definedby 3 groupsof
symptoms.Positive symptomsreflect marked departuresfrom ordinary cognition, which
include; delusions; hdlucinations; disorganized speech (e.g. frequent derailment or
incoherence)grossly disorganizedor catatonicbehaviours.Negative symptomsreflect the
absencer diminutionof normaldaily functions,whichis characterizetby affectiveflattening,
alogia (povertyof speech)pr avolition (lack of motivation). Cognitive symptomsare subtle

and may only be recognisedwhen testsare performed;cognitive symptomsinclude: poor
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executive functioning, trouble focusing or paying attention, and problemswith working

memory(DSM-V, 2013.

1.1.2 Classification of symptoms

TheDSMis the handbook used by mental health care professionals worldwide to guide
diagnosis of mental disorders. In line with the development of new research and knowledge,
the DSM has been gedically reviewed since it was first published in 1952. The latest revision
is DSMV and the classification for schizophrenia based on this revision can be found in
Appendix 1. The DSMW/ states that in order for schizophrenia to be diagnosed, symptoms
mug have been present for six months and include at least one month of active symptoms (i.e.,
delusions, hallucination or disorganised speech). The diagnostic criteria no longer identify sub
types of schizophrenia (previously identified as Paranoid; Dismegdn Catatonic;
Undifferentiated and Residual st§ypes in the DSMV, 1994, due to overlapping stiype
symptoms and symptoms changing from onetgple to another. The sttgpes are now used
to provide further detail in diagnosis. For example, pararsoiizophrenia (marked by
delusions and auditory hallucinations) is now used to specify schizophrenia and other psychotic
conditions such as schizoaffective disorder (see also section 1.2.1). This specifier can also be
used to diagnose other disorder areash as bipolar disorder and major depressive disorder

(DSM-V, 2013.

This latest revision of the DSM, whilst not changing significantly from DSIW, has
made an important shift towards a dimensional approach rather than a categorical approach to
diagrosis. Previous classification systems based on a categorical approach, defined the
presence or absence of a disorder to be clear cut; for instance iAID&M DSMIV, a
schizophrenia diagnosis could only be given if present symptoms were clearly ntwt due

another Axis | disorder, such as an anxiety, mood or substance abuse disorder. However, the
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newly-adopted dimensional approach characterises the relationship between schizophrenia,
and other disorders such as schizoaffective disorder, bipolar disordenajor depression

(See also section 1.1.4). This current consensus also supports schizophrenia forming a
continuum with normal behaviour. For example several epidemiologic and clinical studies have
demonstrated a symptomatic continuum of psychotic ékperiences ranging from self
reported infrequent psychotic symptoms in the general population to schizotypal traits, to
schizotypal personality disorder, and finally to fiallbwn psychosis resulting in a diagnosable

primary psychotic disorddfor a revew see Esterberg & Compton, 2009).

1.1.3 Causes of schizophrenia

The degree of heterogeneity regarding the symptomatology of schizophrenia is one
reason for the difficulty in its classification and the confusion surrounding its aetiology. Despite
the vastamount of research dedicated to the topic, the exact causes of schizophrenia remain
unclear. It has been proposed there are multiple causes of schizophrenia and it is the result of
a complex interplay between a number of different environmental (e.g@sssind major
trauma; Morgan & Fisher, 2007), neurological (neurotransmitter abnormalities; Vallone,
Picetti & Borrelli, 2000) and genetic factors (see Sanders et al., 2008 for the reviewed role of

14 candidate genes).

1.1.31 Key Neurological factors
(1) Dopamine hypothesis of schizophrenia
The hypothesis that dopamine (DA) and dopaminergic mechanisms are central to
schizophrenia has been one of the most enduring theories in psychiatric research. Dopamine
(as well as adrenaline and noradrenaline)ni@bundant neurotransmitter that is part of the

catecholamine groupDopaminergic projections predominantly give rise to nigrostriatal,
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mesolimbic and mesocortical pathways and impairments in the dopamine system result from
dopamine dysfunctions in theseam areas(Birsch, 2014) The first formulation of the
hypothesis \ersion 1) emphasised the role of hyperactive dopamine transmission in the
etiology of schizophrenia. This emerged from the discovery ofpaythotic drugs and the
influential research y Carlsson and Lindqvit (1963) who demonstrated that these drugs
augmented the metabolism of dopamine in animals. Additionally, resperine, an effective drug
for treating psychosis, was found to block the reuptake of dopamine and other monoamines,
leading b their dissipation; whilst amphetamine, which increases synaptic monoamine levels,
was found to induce psychotic symptoms (Carlsson, Lindgvist & Magnusson, 1957). These
observations provided further evidence for the dopamine hypothesis of schizophdemiacén
emphasis in research then focused on excess transmission at dopamine receptors and blockade
of these receptors to treat psychosis (Matthysse, 1973; Snyder, 1976). However, whilst this
original version of the hypothesis could explain hyperactivitdappamine in schizophrenia,

little consideration was given to how it might relate todb@xistence of positive and negative

symptoms.

The dopamine hypothesis was later reformulated (version IlI) due to increasing
awareness of the chronicity of negatigsaed cognitive symptoms and their resistance to
dopamine D2 receptor antagonisnfthe main receptor for antipsychotic drugshhe
advancement of imaging data suggested that these symptoms were possibly the result of
reduceddopamineD1 receptor activationni the prefrontal cortex (PFC) and subsequent
findings emerged suggesting the importance of prefrontal dopamine transmission at D1
receptors (the main DA receptor in the neocortex) for optimal PFC performance (see Knable
& Weinberger, 1997). Such observatsoed to the hypothesis that the effects of abnormalities

in dopamine function could vary by brain region, and that whilst hyperactive dopamine
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transmission in the mesolimbic areas was found to be implicated in the positive symptoms;
hypoactive dopamineansmission in the prefrontal cortex was found to be implicated in the

cognitive and negative symptoms of schizophrenia (Howes & Kapur, 2009).

However, a major shortcoming of both the original hypothesis (version 1) and the
revised hypothesis (version) Nvas in theirlack of explanation detailingow dopaminergic
abnormalitiesactuallyled to the clinical expression of the disease. This omission gave way to
a third conceptualisation ofthetheevsh i ¢ h s u g g e s théstacttopethértovaudet i pl e
a dysregulation of dopamine, drawing upon evidence from environmental, animal, genetic,
family and imaging studies schizophrenia (Howes & Kapur, 2009). Version lll of the theory
implicates the developmentiheneurosciencéterature ofincreasing evidece for the role of
dopamine in motivational salience and reward predictam (Robbins & Everitt, 1982, 1996;

Schultz, Dayan & Montague, 1997), which provided a framework to link dopamine
dysregulation to the symptoms of schizophrenia using saliemceamrd. Such developments

of the hypothesis (seekapur, 2003; Kapur, Mizrahi & Li, 2005) have suggested that
dysregulated dopamine transmission disrupts the normal process of contextually driven
salience attribution and leads to an aberrant assignreatience to stimuli, independent of

and out of synchrony with the context. Such inappropriately distributed salience represents an
0altered experience of the worlddé and it is
hallucinations and delusioemerge over time as the individ@abwn eyerience of aberrant
salienceHallucinations and delusions are thus constructed by the individual and represent the
individualés existing cognitive and cultural background; allowing the same dopaminergic
abnorméity to have different clinical expressions across different individuals. Negative
symptoms are proposed to be downstream from this: dopamine dysregulation leading to

aberrant salience in turn cagse drowning oudof stimuli indicating reward (i.e., stiuli in
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synchrony with the context); the result being social withdrawal and neglect of interests. In
support of this explanation, schizophrenia has been associated with reduced ventral striatal
activation to reward, and greater reduction correlates witheased negative symptoms

(Juckel, Schlagenhauf & Koslowski, 2006).

(2) Glutamate hypothesis of schizophrenia

Whilst the dopamine hypothesis of schizophrenia has been the most influential in terms
of explanatory power for symptoms of the illness, tlemmvolving other neurotransmitters
have also been proposed. Glutamatergic hypofunction has also been implicated in the
pathophysiology of schizophrenia, since the observation that phencyclidine, ketamine and
otherN-methylD-aspartate (NMDA) receptor dtkers induced positive symptoms in healthy
volunteers or exacerbated the positive, negative and cognitive dysfunction in patients with
schizophrenia (Jav& Zukin, 1991; Krystal et al., 1994; Lahti et al., 1995). NMDA receptors
are a major subtype of gamate receptors which are important for complex behaviours such
as associative learning, attention and, executive function, each of which are dysfunctional in

schizophrenide.g., Robbing& Murphy, 2006)

Imaging studies also support the role of glutamatschizophrenia by demonstrating
reduced NMDA receptor binding in the hippocampus for patients free frorpsyahotic
medication (Pilowsky et al., 2006 Additionally, postmortem studies indicate increased
expression of glutamate receptors in fromtatl parieteéemporal brain areas in patients with
schizophrenia. It has been suggested that this increase in glutamate receptors is likely to reflect
postsynaptic ugregulation in response to lowered glutamatergic neuronal acfhaty &
Deakin,2001). These clinical observations suggest that symptoms of schizophrenia might be

improved by increasing glutamatergic neural transmission and have provided a salient driving
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force behind the glutamatergic hypothesis regarding the pathophysiology and tredtment o
schizophrenia. As such, clinical trial evidence has shown that four weeks of treatment with an
agonist for the metabotropic glutamate 2/3 receptor (mGlu2/3R) has similar efficacy to
olanzapine (D2 antagonist) in ameliorating both positive and negatingtsms of

schizophrenia (Patil et al., 2007). On this basis of such evidence, the NMDA model is now
considered to be one of the most useful models for both etiological conceptualisation of
schizophrenia and novel treatment development (Tamminga, 1998asite, 2010 for a

review).

1.1.3.2Genetic and evironmental factors

It is well-established that schizophrenia (and schizophrenia spectrum disdrasas)
hereditary component anbe risk of developing schizophrenia for relatives of schizophrenic
probands correlates with the degdeshared genes (Brown, 2011). For exampbeggared to
the general populan lifetime prevalence of 1%the risk of developing schizophrenia
increasedo 10-15% for dizygotic twins who share 50% of their genes and48% for
monozygotic twins who share 1%0of their genes (see Tsuang, 20&0ley et al., 2005;
Brown, 201). However, if the development of schizophrenia was based on genetic equivalence
alone then concordancates of 100% would be expected; the most pldeisiplanation is for
a role of environmental factors which act on a complex set of susceptibility démsen(
2011; see als®SM-V, 2013. Numerous environmental influences have been proposed to
interact with genetic liability in the development of sphreniahat may act right from the
period of conception, through tbe onset of the illnes&.g.,Dean & Murray, 2005)For
example, risk factors during early life inclugeenatal/postnatal exposure to infection (e.qg.,
rubella, influenza), maternahalnutrition (e.g., famine, folic acid, irorgnd vitaminD),

fetal/neonatal hypoxic and other obstetric complicatioasd maternal stress. Other



developmentaldeterminants include socioecononstatus;child abuse and cannabis/drug

abuse (see Brown, 201dr a comprehensive revigw

1.1.4 Psychiatric Cemorbidities and Schizophrenia

Psychiatric cemorbidities are common among individuals diagnosed with
schizophrenia. Genorbidity with anxiety and depressive symptdamparticularare high, with
an estinated prevalence of 15% for panic disorder, 29% for posttraumatic stress disorder, and
23% for obsessiveompulsive disorder(Buckley, Miller, Lehrer & Castle, 2009)
Approximately 50% of patients with schizophrenia have-eoobid diagnosis with depressio
(Buckley et al). Psychiatric canorbidities complicate the clinical picture of schizophrenia,
causing an increase in schizophrenic symptoms. For example, negative symptoms are worsened
by depression, panic attacks can drive paranoia and cannabis ahusersen positive and
disorganisation symptoms (Green, Canuso, Brenner & Wijcik, 2003; Harrison et al., 2008). In
order to deal with complex sets of symptoms, diagnostic symptoms have previously embraced
a hierarchy, where the management of psychotic symg have been considered more
important than the management of depression, anxiety or substance(ldbuseann &
Fleischhacker, 2002However the evolution of the diagnostic critefrathe different editions
of DSM is contributing to an increasedawness of these ¢oorbidities(Achim et al., 201}

The following section focuses on the-cmrbidity of anxiety in schizophrenia in particular.

1.1.4.1 Cemorbid anxiety in schizophrenia
The presence of anxiety disorders in individuals diagnosed whizaphrenia is
gaining increased attention. Approximately, 38.3% of individuals with schizophrenia spectrum
disorders present at least one anxiety disorder (compared to around 18.2% of the general

population with a diagnosed anxiety disorder), with adamnount of data suggesting this co
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morbidity is associated with more severe clinical characteristics and a profound effect on
prognosis (Buckley et al., 2009; Hausmann & Fleischakker, 2002). One study has shown that
in a group of 128 individuals diagnoseath schizophrenia, higher scores on psychometric
measures of anxiety were positively correlated with more ostensible symptoms of psychosis,
such as, hallucinations, and also with more prominent symptoms of depression, withdrawal and
poorer functioning (ksaker & Salvers, 2007). Moreover, a group of individuals with a high
risk of developing schizophrenia showed that increased levels of social anxiety were associated
with later progression to schizophrenia (Johnstone et al., Z008&3e data clearly empdiae

the importance of understanding the relationship between schizophrenia and anxiety.

1.2 Schizotypy

1.2.1 Overview of schizotypy

Meehl (1962) nt r o d u c esdhizataxidto descrbemthedgenetic predisposition
to schizophrenia that could be mantégl even without full manifestations of schizophrenia.
The schizophrenia spectrum disorders include schizotypal personality disorder, delusional
disorder, brief psychotic disorder, schizophreniform disorder, schizoaffective disorder,
substance/medicatianduced psychotic disorder and psychotic disorder due to another
medical condition, as defined in the diagnostic schema (IVSKI013). These personality
disorders reflect the phenotypic expression of a liability for schizophrenia, as evidenced from
familial studies but are not associated with the profound psychosocial disturbance characteristic
of schizophrenia (Battaglia et al., 1995). Advocates of this gliasnsional approach
consi der 060schizotypyo t o deri ve freatates t he
personality traits exist on a dimension but their presence is indicative of a greater disposition
towards (future) schizophrenia (EckBlad & Chapman, 1983; Claridge, 1997). However, within

a fully dimensional approach wchizophrenia (McCreery & Qflge, 1995), schizotypy is
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viewed as a personality continuum upon which all people vary, and may never reach a level
where diagnosis of a mental health condition is necessary. From this view, schizotypy is neutral
in terms of mental health but interact#glwenvironmental risk (e.g., stress) and protective

factors (e.g., supportive social networks), leading to healthy outcomes such as creativity, or

unhealthy outcomes such as psychosis (Nettle, 2006).

That schizotypal traits may exist on a continuum withizophrenia has, in many ways,
revolutionised schizophrenia research. As there is capacity to study individuals without clinical
diagnosis of schizophrenia but who should have similar cognitivdelmavioural profiles as
patientgroups. Psychometricglidentified schizotypy is adopted in order to avoid confounds
that can often accompany research in patients with schizophrenia, such as medication state,
disease chronicity, and symptom nature and severity (Foffsstero et al., 2008). Also, as
those wih higher levels of schizotypy are at a greater risk of later development of schizophrenia
spectrum disorders, there is opportunity to study what leads to manifestation of the illness
(Tyrka et al., 1995). The reliability and validity of schizotypy scales discussed in the

following section.

1.2.2 Measures of schizotypy

The dimensions of schizotypy are most commonly measured usingett scales
that can be broadly split into two categories based on their theoretical origin (Bentall, 1989;
Mason, Caridge & Williams, 1997): symptororiented or personalityoriented. The
assumption held by these different approaches however, remains the same; that symptoms of

schizophrenia and schizotypal traits exist on a continuum.
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Symptomoriented scales for scluigypy are based on the relationship between
psychosis proneness and DSWispecified conditions for schizotypal personality disorder; the
focus of items in these scales is based on psychotic percépttations and traits reflective
of schizophrenic symtpmology. A group of scales that belong to this category are those
developed by Chapman and his colleagues (Chapman et al., 1978; Eckblad et al., 1982; Eckblad
& Chapman, 1983). Included in the Chapman scales are: The Physical Anhedonia Scale
(Chapman etlg 1976) and the Revised Social Anhedonia Scale (Mishlove & Chapman, 1985),
assessing anhedonic tendencies, particularly indexing social withdrawal due to a lack of interest
in intimacy and interaction. The Perceptual Aberration Scale (Chapman et &) ,a53ésses
perceptual distortions, especially those related to body image; and the Magical Ideation Scale
(Eckblad & Chapman, 1983) which measures magical beliefs and ideas of reference. Such
clinical scales are advantageous as they use diagnosticacateneference points in the
development of these dimensional scales, providing a clear link between schizophrenia and

schizotypy.

The second category of sedport measures, personaldyiented scales; aim to
address the key issue that many schizotypgles (such as those outlined above), are not
acceptable to the newatients that typically complete them. For example, maeglthy
individuals feel uncomfortable recording positive responses to questions that clearly relate to
psychiatric illness, du# the stigma surrounding mental health illnesses. As an alternative
approach, other scales were constructed in order to be more applicable to the normal
population. The Launa$lade Hallucination Scale (LSHS; Launay and Slade, 1981) was
developed to assepredisposition to hallucinations in healthy individuals, and was developed
under the premise that experience of hallucinations occurs on a continuum with normal mental

states. The Rust Inventory for Schizotypal Cognitions (RISC; Rust, 1987) was devieloped
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measure schizotypical cognitions in relation to positive schizophrenic symptoms; which could
not be considered extreme, but once responses are collated can indicate those with high levels
of schizotypal traits. Other personaiyiented scales inclugehe Schizotypal Personality

Scale (STA, Claridge & Broks, 1984) and the Schizotypal Personality Questionnaire (SPQ;
Raine, 1991), designed to reflect the DAMdescriptions of schizotypal traits. Eysenck and
Eysenck (1975) developed the Eysenck PelggnQuestionnaire (EPQ) with one factor
relating to a general dimension of psychoticism; developed on the assumption of a continuum
of normal personality differences. Eysenckos
and thus a predispositioovwards psychosis. This scale however has been criticised in terms of

its validity in relation to reflecting psychosis, and it has instead been suggested that P more
accurately reflects traits of hostility and impulsivity, as opposed to the most prominent
psychotic like factors, such as unusual experiences and magical thinking (Zuckerman,

Kuhlman & Camac et al., 1988).

A major criticism of the scales described in the previous paragraphs is based on their
psychometric properties predominantly measuringtpaessymptomlike traits, categorizing
schizotypy as a single dimension. This weakens their applicability talmocal populations,
and furthermore fails to represent the heterogeneity of schizotypy as negative symptomology
is not accounted for in theajority of the scales. Newer scales have attempted to overcome
this shortcoming, whilst at the same time encapsulate elements of both syorgotad and
personalityoriented scales. They have aimed for increased reliability and a clear distinction of
sultomponents of schizotypy via largeale factor analysis studies. The consensus emerging
from such factoranalysisstudies suggest that schizotypy is a mdithensional construct
which has three main component s: 0 d@mas idtciowe i

di sorganisationdé (see Bentall et al ., 1989;
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These are consistent with the thfaetor model of schizophrenia symptoms (Vollema &
Hoijtinkm, 2000), which suggests a close similarity betwéraits and symptoms, providing
evidence for an uninterrupted continuum between normality @mdcally diagnoses
schizophrenigBentall et al., 1989). On the basis of these findings Mason, Claridge and Jackson
(1995) developed the Oxfoildverpool inventory of feelings and experience®-LIFE) to
measure these schizotypy factors in a single questionnaire. The development of this
guestionnaire was based on a factor analysis of fifteen existing psyphoiseness
guestionnaires in over 1000 subjects (Bdret al), which was later replicated to reveal the
same factor structure (Claridge et al., 1996). In addition to the three schizotypy factors, these
studies identified a fourth componesodal whi ch
b e h av i aliogron © thé Eysenckdtale (Eysenck and Eysenck, 1975), the Hypomania
scale (Eckblad and Chapman, 1986), and the Borderline Personality scale (STB; Claridge and
Broks (1984). On the basis of these findings, which to date, includes the most exteenlsive s

of schizotypy carried out; the 159 ite@LIFE questionnaire was developed to include four
scales, comprising; unusual experiences (positive schizotypy), introvertive anhedonia
(negative schizotypy), cognitive disorganization and impulsive noncortiorg@antisocial

behaviour).

The unusual experiences subscalentains hallucinatory, magicahinking and
perceptual aberration items which reflect positive schizotypy, consistent with positive
symptoms of schizophr eni a rthaughts sometimas doestrong e ms
t hat you can al mo s t-disorgaaisation sulescalz assesdesdisrumiansin t i v
attention, concentration and decision making, along with feelings of purposelessness,
moodiness and social anxiety. This subscaféects the disorganised aspects of psychosis

(such as disorganised speech and inappropri a
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feel that your speech is difficult to under:
ma k e s e n drevertive ahledonia sabscale reflects anhedonia (inability to experience
pleasure) and describes a dislike for emotional and physical intimacy. It also places emphasis

on independence and solitude and is consistent with negative symptoms of schizophrenia,
termed negative schizotypy. This subscale it
of f I f t hey stay al oof from emotional i ny
nonconformity measures recklessness, impulsivesatei§ive and antisocial behaurs and
includes items such as 6éDo you ever have t hq
subscale has not been found in any of the schizophrenic symptom validation studies; it has been
suggested that this scale is more likely to represent auneeaspsychopathy and criminality

than symptoms observed in schizophrenia (Zuckerman et al.,?1988)

The reliability and consistency of ti@-LIFE is well-established with all four scales
demonstrating high tesetest reliability of greater than 0.70uh et al., 1988), and high
internal consistency: Unusual Experiend¢s 0.89; Cognitive Disorganisatiod = 0.87;
Introvertive Anhedonia)= 0.82; and Impulsive Nonconformity= 0.77 (Mason et al., 1995
see alsdHaselgrove et al., 20)5These results have since been replicated to a similar degree
by Rawlings and Freemaif1997: 0.77, 0.81, 0.85 and 0.72). Extensive laboratory
investigations have also established the construct validity oDth&éFE as a measure of
schizotypal traits by demonstrating predictable effects in relation to neuropsychological

function; particulaly on measures of latent inhibition (see Lubow & Weiner, 2010 for a review)

2The adequacy of Impsive Nonconformityas a valid schizophrenl&e construct has been challenged. It has
instead been suggested that this scale is likely to represent a measure of psychopathy and criminality than
symptoms observed in schizophreniahas also been argued that IntrovAv and the CogDis dimensions are not
analogous to the Scale for the Assessment of Negative Symptoms (SANS) in patients with schizdpterenia.
UnEx dimensioras a measure of positive schizotypy has however been repodigphifacantly correlate with

the Scale for the Assessment of Positive Symptoms (SiNRS&tients with schizophren{g&ochrane, Petch &
Pickering, 2010).
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and on several other attentional, perceptual and reasoning paradigms (Jolley et al., 1999; Steel
et al., 2002; Tsakanikos and Reed, 2003; Mason et al., 2004; Sellen et al. B2@@8)on the
psychometric properties of tli& LIFE questionnaire and its ability to reflect the heterogeneity

of schizotypy, it is increasingly being utilised in current schizotypy/schizophrenia research,

and furthermore in relation to attention and aggo@ learning (see section 1.5).

1.3Clinical Anxiety: Symptoms, Classification & Causes

1.3.1Clinical Anxiety at the symptom level

Bothdanxietyd  afeadaredconstructs that underlie the symptoms of anxiety disorders.
Anxiety is defined as a futweriented mood state associated with preparation for possible,
upcoming negative events, and fear is an alarm response to real/perceived present or imminent
threat (Barlow, 2002). Whilst these two states overlap, they also differ as anxiety is more often
associated with worry, muscle tension and cautious or avoidant behaviours in preparation for
future danger. Whereas fear is more often associated with thoughts of imminent threat, escape
behaviours and increased autonomic arousal ready for fight or filgitilding sweating,
trembling, heart palpitations, and nausea (Lang, 1968; see Craske et al., 2009 for a review).
Panic attacks are a particular type of fear response which feature prominently as an anxiety
disorder, but also in other mental disorders af (DSM-V, 2013), discussed more in the

following section (1.3.2).

Clinical anxiety disorders can be separated from normative levels of transient fear or
anxiety (often stresmduced) by being excessive and persistent (e.g., at least 6 months),
however the duration is more flexible for children and often shorter (typically for separation
anxiety disorder and selective mutism). Cultural and contextual factors are taken into account

by the clinician to decide whether the symptoms of fear and anxietyxeessive or out of
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proportion to the situation. An anxiety disorder will only be diagnosed when the symptoms are
not the consequential physiological effects of medication or a substance, or to another mental

disorder/condition (DSM/, 2013).

1.3.2 Clasdication of symptoms

The DSMV includes 9 anxiety disorders, sequenced according to the typical age of
onset. Separation anxiety disorder (excessive fear and anxiety about being separated from
attachment figures to the degree that it is inappropriate)satettive mutism (consistent
reluctance to speak in social situations where speech is expected, e.g., at school) are now
classified as anxiety disorders; rather than disorders of early onset as classified-iv DSM
The remaining disorders include; spexiphobia (fearful or anxious of certain objects or
situations which can relate to animals; natural environment; higedtioninjury;
situational); panic disorder (recurrent, unexpected panic attacks in response to a typically
feared object or situationagoraphobia (fearful or anxious about certain situations e.g., being
in open/enclosed spaces, using public transportation). Substance/mediwhiiced anxiety
disorder involves anxiety due to substance intoxication or withdrawal. The last anxiety
disoder, generalised anxiety disorder (GAD), is the most common amongst adults and is
characterised by persistent and excessive anxiety and worry about various situations which the
individual finds difficult to control, such as performance at work or scho®D @lso includes
physical symptoms such as restlessness, fatigue, difficulty with concentration or mind going
blank, irritability, muscle tension and sleep disturbance. The diagnostic criteria for anxiety
disorders no longer include obsessbaanmpulsive dsorder (characterised by the presence of
repetitive behaviours that the individual feels driven to perform in response to unwanted

obsessive thoughts and urges) or trauarad stresserelated disorders (e.g., posttraumatic



stress disorder; anxiety, nighaimies and flashbacks caused by traumatic events). These

disorders now have their own respective chapters in the-MSM

The following sections focus on the causésnxiety disordersn general (GAD)as
the focus of the experiments reported in this ithéscus on subclinical lel& of general,

everyday anxietyThe DSMYV classification for GAD can be found in Appendix 2.

1.3.3 Causes of anxiety

Comparable to other forms of mental iliness (see section 1.1.3 for a discussion on
schizophrenia), the exact causeanxiety disorderss unknown, but are proposed to be the
result of a combination of factors, including a constellation of brain regrengochemical

mechanisms (Rauch, Shin & Phelps, 2086) environmental stress (see Craske et al., 2009).

1.3.3.1Functional neuroanatomy and neurochemical correlates

Autonomic activation, such as tachycardia (heart rate which exceeds the normal resting
rate) and increased arousal are among the most immediate psychophysiological responses
observed when experiencingtate of anxiety. As such, the ascending noradrenergic system,
which otiginates from the locus coerule(IC), has been proposed as the core system around
which feelings of anxiety are organised. The LC is highly responsive to alerting/stressful
stimuli and contains a large portion of noradrenaline (NA) cell bodies found in the brain. Some
LC neurons project to thgaraventricular nucleus (PVN) in the hypothalamus and activate the
hypothalamopituitanadrenocortical (HPA) axis, which triggers/facilitatbe stress response
associated with increased anxiety. Noradrenergic LC neurons also project to other brain areas
involved in the fear/anxiety response, i.e., the amygdala, prefrontal cortex, hippocampus,

hypothalamus and the thalamus. The LC is also imtedvby brain areas such as the amygdala
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which is involved in the assessment of threat and in forming associations with danger in the
environment. The LC is considered a key brain stem region involved in anxiety and is in a key
position to influence anxigirelated neuroanatomical structures, including cortical areas

(Sullivan, Coplan, Kent & Gorman, 1999).

It has been suggest#tatobserved limbic abnormalities in patients with anxiety may
result from the dysregulation of neurotransmitters, includinge@sed release of noradrenaline
(see Tanaka et al., 1982, 1988nori et al., 1982)serotonin (see Bagdy, 1998; Murphy et al.,
2001) and dopamine (Nutt et al., 1998), particulatly in the hypothalamus and amygdala regions.
GammaAminobutyric acid (GABA)is the main inhibitory neurotransmitter the brainand
theGABAA benzodiazepine receptorasothought to play an important role in anxiegfated
disorders and is an important target for several anxiolytic drugs, i.e., diazepam and lithium. For
exampe, the diazepars e n s i {GABAg sultlype appears to be specifically involved in
reducing anxiety (Mohler, Crestani & Rudolf, 2002) and is largely expressed in the

hippocampus, the amygdala, and the striatum

1.3.3.2. Familial, genetic and environmentatauses

The importance of the role of genetic factors in the familial clustering of anxiety has
been demonstrated by numerous twin studies of anxiety symptoms and disorders (Kendler,
Eaves & Walters, 1996). The evidence for GAD specifically however coropsd limited
amount of studies. The familial odds ratio for developing GAD has been reported to be
approximately 5 Noyes, Clarkson & rowe, 1987) and heritability is reported to be 0.32
among female pair twin&kendler, Neale &essler, 1992). There i¢s@ a 3.5% increased risk
of anxiety symptoms and disorders among offspring of parents with anxiety disorders,

compared to controls. Children at risk for developing an anxiety disorder have been

-35



characterised by behavioural inhibition (behavioural with@ain the face of neel and
challenging situations increased autonomic reactivity (Biedel, 1988), somatic symptom
(Reichler, Sylvester & Hyde, 1988), social fears (Turner, Beidel & Costello, 1987), enhanced
startle reflex Merikangas, AvenevaliDierker,1999) and respiratory sensitivity (Pine, Klein

& Coplan, 2000), relative to controls (for a review see; Merikangas & Pine, 2002).

Anxiety sensitivity is another potential trait marker for the development of anxiety
disorders, which is characterised byiéks that feelings of anxiety are predictive of harmful
physiological or psychological consequences such as fainting or having a heart attack.
Therefore, the fear alone of benign arousal/anxiety sensations and feelings produces an active
state of anxietyvhich can in turn increase the amount and intensity of the anxiousness/arousal
experienced. Anxiety sensitivity is thus considered a risk factor for the development of anxiety
disorders and is also reported to be a potential premorbid marker for thepeset@f anxiety
disorders in highrisk but not lowrisk youth (Pollock, Carter, & Dierker et al., 2008ther
environmental risk factors include family digtion, poor parental monitoringiv social class
of rearing stressful life events in childhooah@ adulthoodand mental health problenfsee
Gandy et al., 2012; Morer®eral, 2014; Newman et al., 201®hus the role of environmental
influences in the etiology of anxiety is well established and the relatively moderate magnitude
of heritability strondy implicates an important role for environmental influences in the

development of anxiety symptoms and disorder onset.

1.4 Subclinical Anxiety
1.4.1 Overview of sukclinical anxiety
Catell (1966) first introduced the distinction between state anctrgiety, which was

later elaborated by Speilberger (1966, 1972, 1976). Much research has since suggested that
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anxiety is best understood by conceptually and empirically distinguishing between these state
and trait facetge.g. Endler and Kocovski, 200Kpcovski, Endler, Cox, and Swinson, 2004;
Rapee and Medro, 1994; Reiss, 1997; Spielberger, 1985a, b). Speilberger (1983) defines state
anxiety as a transient emotion that consists of subjective feelings of tension, apprehension,
nervousness and worry iegponse to stress that varies in intensity and which fluctuates over
time. Trait anxiety, on the other hand, is not transient and reflects a stable tendency to
experience anxiety on a daily basis. This disposition to experience anxiety has been
conceptualied as a personality trait, and the validity of the diaii¢ anxiety distinction, as
investigated through psychometric evaluation, has received extensive support in the literature
(Spielberger, 1989; Spielberger, Vagg, Barker, Donham, & Westberry,, g#0also section

1.4.2.

Even at a suglinical level, everydayeelings of stress and worry constitute a burden,
and the impact of sublinical anxiety is becoming recognized as a major contributor to
psychological, social and economic costs. Anxietyn aaake concentration difficult
(Beddington et al., 2008), leading to problems in work environments {etated anxiety
resulted in 15 million working days lost in 2013; Office for National Statistics, 2014) and social

environments (including distress,thdrawal; NHS Choices, 2015).

1.4.2 Measures of suelinical anxiety

The distinction between state and trait anxiety is embodied in the TStateAnxiety
Inventory (STAI: Spielberger, 1983), consisting of twaeiin selfreport scales. The STAI
statescale assesses how respondents feel at the moment of completing the questionnaire and
the STAI trait scale assesses how frequently respondents generally experience symptoms of
anxiety. Since the development of the STAI, the measure continues to be expemsear in

psychological research, cited in over 400 peer reviewed journal articles. However, despite its
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extensive use, the state and trait scales of the STAI have been criticized for their inability to
discriminate between symptoms of anxiety and deppo@ (see Gros et al., 2007). Even with a
revision of the scales in response to these concerns, critiques of the STAI persist; factor analytic
investigation support that the STAI does not provide a pure measure of anxiety, as distinct from

depression (Caet al., 2003).

Ree, MacLeod, French & Locke (2008) developed the State Inventory for
Cognitive and Somatic Anxiety (STICSA) to address the limitations of the STAI. The STICSA
was designed to provide a more accurate measure of pure anxietytdyydtriminating
between the symptoms of anxiety and depression. Symptoms relatively unique to anxiety were
favoured (i.e., physiological arousal and anxious thoughts), whereas symptoms that were non
specific and unique to depression were not favourbd. STICSA replicates the format of the
state and trait scales in the STAI; each scale consists of 2kgett items. The STICSA state
scale assess how respondents Afeel right now
usually f etehle, ot rwahietr esacsa,l e assesses fihow ofte
you. 0O Each i t-moimLikest scalg taregidg fromn h¢aat &) to 4 very much

SO).

In contrast to the STAI, the STICSA separates anxiety into cognitive and somati
symptoms existing research suggests anxiety may comprise these distinct symptom
dimensions and therefore their inclusion in anxiety assessment is important (e.g., Clark and
Watson, 1991; Himadi, Boice, and Barlow, 1985; Koksal and Power, 1990; Ko&sadr Bnd
Sharp, 1991). The somatic scale includesggdbrt symptoms such as sweating, trembling,
palpitations and muscle tension. Whereas the cognitive scale includes symptoms that are

associated with thought processes, including worry, intrusive theugind lack of
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concentration. Other setéport scales have been developed to measure the somatic and
cognitive dimensions of anxiety, but unlike the STICSA questionnaire (Ree et al., 2008) none
have been designed to distinguish these dimensions withinsbete and trait anxiety. Some

of these scales include: The Cognitive Somatic Anxiety Questionnaire (Schwartz et al., 1978);
the Endler Multidimensional Anxiety Scales (EMAS: Endler, Parker, Bagby and Cox, 1991)
and the Lehrer and Woolfolk Anxiety Questnaire (Lehrer & Woolfolk, 1982; for a review

see Ree et al.,, 2008). In contrast, the STICSA questionnaire distinguishes state and trait
dimensions of both cognitive and somatic anxiety; with research suggesting the questionnaire
is a reliable and valid easure of anxiety in both sudtinical and clinical populations (Ree et

al., 2008). Based on the psychometric properties of the STICSA questionnaire and its ability to
reflect a purer measure of anxiety, distinct from depression, it is increasingly hiéseglun

current anxiety research, and furthermore in relation to attention and associative learning (see

section 1.6).

B. Cognitive dysfunction in Schizophrenia, Schizotypy and Anxiety

A prominent question in schizophrenia and anxiety research, cort@sna range of
neurological abnormalities result in the signs and symptoms that define these disorders. One
way to address this question is the study of cognitive endophenotypes. An endophenotype can
be described as a link between the genotype (the gemetkeup of an organism) and
phenotype (the organi smbés olbsar Wdd sbgeitidler ai tAs
endophenotype then is defined as a quantifiable trait linking overt clinical symptoms, to the
genetic and biological predispositioo the illness (Braff, Greenwood, Swerdlow, Light &

Schork, 2008). In relation to schizophrenia, the overt symptom might be psychosis, but an

underlying phenotype, for examplmay beaberrant salience attribution to environmental
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stimuli (as discussed irestion 1.1.3.1). For a cognitive deficit to be considered a viable
endophenotype for schizophrenia, it must be present when the individual is not suffering from
the illness, and there must be evidence to establish it as genetic (i.e., via studies ifivstiving
degree relatives, where the deficit is also demonstrated in these individuals). Deficits in
selective attention (e.g., latent inhibiti@lower learning to a previousbxposed cue, relative

to a novel cue) have been reported in {fitsgree relaties in individuals with schizophrenia
(Serra, Joene, Toone & Gray, 2001) and al so
symptoms similar to those observed in schizophrenia individuals (Lubow & Weiner, 2010, for
a review). These findings suggéatent inhibition deficits are a possible endophenotype for
schizophrenia. Similarly, disruptions in selective attention are also observed in individuals with
a diagnosis of anxiety and in individuals scoring highly ondirical measures of anxiety
(BraunsteirBercovitz, 2000, 2002); suggesting a deficit in attention that is also a possible
endophenotype for anxiety patients. How attentional dysfunction is associated with
schizophrenia, schizotypy and anxiety, is reviewed next, before moving on tegjistmore

detail, how these conditions interact in relation to such variations in selective attention.

1.5 Schizophrenia, Schizotypy and Attention Dysfunction

Disturbances in attention are considered to be a fundamental cognitive deficit in
patientswith schizophrenia (e.g. McGhie & Chapman, 1961; Hemsley, 1987). Various forms
of attentional impairment have been reported in schizophrenia, inclddiigts in sensory
motor gating (Braff, Geyer & Swerdlow, 200hktentional set shifting (Jazbec et, &007),
response inhibition (Barch, Carter, Hachten, Usher & Cohen, 19p8j)ial cuing (Posner,
Early, Reiman, Pardo & Dhawan, 1988; Strauss, Alphs & Boekamp, 1868),signal
detection (Servaschreiber, Cohen & Steingard, 1996). These examplesseyrdeficits in

how attention determines performance, typically under conditions of instruction where
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participants are told which cue is the target or where to attend. However, attention can also
determine how much is learned, and vice versagxample tests of latent inhibition (Lubow

& Moore, 1959) and learned irrelevance (Le Pelley & McLaren, 2003) indicate individuals can
learn to ignore irrelevant stimuli (i.e., stimuli which are poor predictors of the events that follow
them). However, in contragh healthy individuals, ihas been proposed that schizophrenia is
associated with a deficit in the ability to reduce attention to irrelevant stimuli (e.g. McGhie &
Chapman; Hemsley). Support for an attentional view of schizophrenia has since beerprovide
by studies investigating thelationship betweelatent inhibition (for a review see Lubow &
Moore, 2010; see section 1.5.1) and learned irrelevance (Le Pelley, S¢tang#n, Harris,
Lunter & Morris, 2010a; see section 1.5a23dschizophrenia. Whilghis thesis explores latent
inhibition and learned irrelevance designs, it should be noted that a similar literature exists for
blocking; reduced learning about the relationship between stimulus (Y) and an outcome when
presented in a compound (stimulusa®d stimulus Y) because the outcome has previously
been predicted by stimulus (§hanks, 1985). Criticallystudies have found reduced blocking

in schizophrenia (Bender, Muller, Oades, & Sartory, 200hed, Hemsley, Ball, & Serra,
1997; Moran, Owen, Crd@s, AtUzri, & Reveley, 2008) and high schizotypal individuals
relative to low schizotypal individuals (Haselgrove & Evans, 2010; Moraftyzix, Watson,

& Reveley, 2003)Thus, in comparison to healthy participants, individuals with schizophrenia
and hidn schizotypy individuals essentially learn as much about the redundant cue (stimulus
Y) as they do about the initially trained cue (stimulus X) which has been taken as evidence for
an inability to to ignore irrelevant stimuli in these individuals (see Mat al., 2012 for a
review).Therefore, there are conditioning procedula®nt inhibition, learned irrelevance and
blocking whichhave beerinterpreted aghe consequence d¢éarning to ignore irrelevant
stimuli, and evidence ofmpairmentsin each, n patients with schizophrenia and high

schizotypal individuals.
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1.5.1 Latent inhibition

In a typical latent inhibition task, a stimulus is rendered familiar by mere exposure,
before being established as a cue for another stimulus. Latent inhibitioenswdere
organisms learn more slowly about the preexposed stimulus, relative to a novel stimulus during
a subsequent test of learning (Lubow & Moore, 1959). The effect is extremely rélzaiohg
been demonstrated across a wide variety of species anthigpreparations (for a review see:
Hall, 1991; Lubow & Weiner, 2010). There are two explanations for latent inhibition. One
class of explanation emphasizes the acquisition stiraulus éothing of consequende o r
stimulus &contexbassociation duringre-exposure which interferes with the expression of the
stimulug outcome association during subsequent conditioning (e.g. Bouton, 1993; Weiner,
2003). Of more influence however, is the class of explanation which suggests that attention
decreases to the ewuring preexposure, retarding its ability to enter into an association with
the outcome during subsequent training (e.g. Lubow, 1989; Mackintosh, 1975; Pearce & Hall,

1980; Wagner, 1978).

The most common procedure used to demonstrate latent inhibifrmmansas been
a betweerparticipant task that comprises typbases: preexposure and test (e.g., Baruch,
Hemsley & Gray, 1988a; Gray, Fernandez, Williams, Ruddle & Snowden, 2002). During
preexposure, participants are allocated to either a preexpaagriara nofpreexposed group.
The preexposed group are exposed to an irrelevant stimulus which is followed by no further
consequence at this time, whereas, theprexposed group are not exposed to this stimulus.
Throughout the preexposure stage paréioig are typically engaged in a maskiagk. Both
preexposed and negreexposed groups then complete the test phase in which the preexposed
stimulus (a novel stimulus for the ngneexposed group) is paired with a target outcome.

Latent inhibition is demiestrated when the preexposed group is slower to learn the stimulus
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target association than the npreexposed group. Attentional analyses of latent inhibition
propose thatduring preexposureattention diminishes to the preexposed stimulus so that,
subsegently, participants in the preexposgiup take longer to learn the association between

the stimulus and the target (Lubow & Gerwitz, 1995; Mackintosh, 1975; Pearce & Hall, 1980).

1.5.1.1 Latent inhibition and schizophrenia

1.5.1.1.1 Attenuated latentnhibition in schizophrenia: Mixed findings

Consistent with the idea that individuals with schizophrenia have a deficit in attention
is the observation of an attenuation of latent inhibition in these individuals, which is reflected
as theabsencef slowe learning to the preexposed ¢cgempared to the nepreexposed cue
in a betweesparticipants desigrDuring the tesphase, clinical participants with schizophrenia
preexposed to the stimulus, show faster learning of the association between the stiulus

the target relative to healthy participants.

Attenuation of latent inhibition is typically seen in individuals with acute schizophrenia,
rather than individuals with chronic schizophrenia (e.g. Baruch et al; Gray, Hemsley & Gray,
1992; Rascle et a2Q01; Gray et al., 2002, Vaitl et al., 2002, but see also; Swerdlow et al.,
1996, Williams et al., 1998; Cohen et al., 2004). In line with the DA hypothesis of
schizophrenia (see section 1.1.8.1his relationship has been attributed to augmented DA
activity in acute patients as administration of the indirect dopamine agonist; amphetamine both
attenuates latent inhibition and induces positive symptomsDabjham et al., 1998; Breier
& Berg, 1999). This relationship has been expanded to account for gdhizoe ni a pati e
impaired ability to allocate attention to stimulian impairment that can lead to spurious

associations being formed between stimuli in the environment from which unusual thought
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patterns and positive symptoms (i.e., hallucinations, silahs) are formed (Kapur, 2005;
Cassaday & Moran, 2010, Moran et, 2008). This observed attentional disruption has been
proposed to represent the core cognitive deficit underlying the positive symptoms of acute
schizophrenia (Gray et al., 1991; Rascleak, 2001). However, the relationship between
attenuated latent inhibition and positive symptomatology has been challenged. Gray et al.
(1992) suggested that a reduction of latent inhibition is associated with the acute stage of
schizophrenia rather thdhe positive symptoms per se. When acute and chronic patients with
schizophrenia were matched for their level of positive symptoms, an attenuation of latent
inhibition was only observed in acute, not chronic patients. Later studies have provided mixed
findings: normal latent inhibition has been observed in both acute medicated (Swerdlow et al.,
1996) and ummedicated (Williams et al., 1998) patients. More recent studies have shown that
acute patients with schizophrenia do show attenuated latent inhiditiwrthat this was
correlated with their negative rather than positive symptoms (Rascle et al., 2001), whereas
Cohen et al. (2004) found latent inhibition in schizophrenia patients with high levels of positive
symptoms did not differ from that of healthgritrols (for a review see: Schmibansen & Le

Pelley, 2012).

1.5.1.1.2 Enhanced latent inhibition in schizophrenia
One possible explanation for the inconsistencies may be because the effect has an
additional pole of expressidnan enhanced, or abnorryapersistent, latent inhibition effect
with the chronic stage of schizophrenia (Weiner, 2003). Under certain experimental conditions,
abnormally persistent latent inhibition has been attributed to the effects of glutamate
antagonists at the -lethytD-asgartate (NMDA) receptor, as opposed to attenuated latent
inhibition - which has been attributed to owastivity of the DAergic system. In addition to

DAergic models of schizophrenia, which predominantly account for the positive symptoms of



the iliness, amssociation between schizophrenia and the glutamatergic system has been related
much more to the prevalence of negative and cognitive symptoms (which are typically
observed in the chronic phase of the iliness; for a review see; Javitt, 2007, 2010)b&stthe

of our knowledge, only three studies have shown that latent inhibition is abnormally persistent
in chronic patients. Rascle et al. (2001), Cohen et al. (2004) and Gal et al. (2009) all report
enhanced latent inhibition in patients in a chronic stdgder illness. Although enhanced

latent inhibition has been tentatively associated with negative symptoms, this effect appears
more specific to illness chronicity (Gal et,a2009. It thus seems accurate to suggest that
schizophrenia is associated wiém abnormal expression of latent inhibition. Whether an
attenuation or enhancement of the effect is observedndemm the stage of the illness and

possibly the patientds medication status.

1.5.1.2 Latent inhibition and schizotypy

As previously statedn section 1.2, comparisons of the cognitive abilities of
schizophrenic patients with controls can introduce a number of confounds, notably the
medication state of the different groups. To overcome this issue, a dimensional approach can
be adopted in whit variations in schizotypal personality characteristics are measured in a
normal population and correlated with performance on cognitive tasks. A number of studies
have now indicated that attentional mechanisms are simildigrupted in high
psychometriclly defined schizotypal individuals and people with schizophrenia schizophrenia
(e.g., Baruch, Hemsley & Gray, 1988b; Gray et al., 2002; Evans, Gray & Snowden, 2007;
SchmidtHansen, Killcross & Honey, 2009; Le PelleychmidtHansen, Harris, Lunter &
Morris, 2010; Granger, Prados & Young, 2012). However, like the schizophrenia literature

(e.g., Baruch et al., 1988Gray et al., 1992 Rascle et al., 200Igvous studies that have



investigated the relationship between schizotypy and latent inhibition rearealed mixed

results.

1.5.1.2.1 Attenuated latent inhibition in schizotypy: Mixed findings

Baruch, Hemsley and Gray (1988b) were the first to report a relationship between latent
inhibition and schizotypy in the normal populatiaeporting reducedatent inhibition in
participants who scored high, but not low (as determined by a median split) on the Psychoticism
dimersion of the Eysenck personaliuestionnaire (EPQ; Eysenck & Eysenck, 1975 see also;
Lubow et al., 1992; Allan et al., 1995). SimliarGray et al. (2003) reported measures of
schizotypy to be correlated with reduced latent inhibition, but only when using a between
participant latent inhibition task (see also: Braunsisncovitz & Lubow, 1998a; Burch,
Hemsley & Joseph, 2004). Howeyanother betweeparticipant latent inhibition task used by
Lipp, Siddle & Arnold (1994) reported no significant association of the effect with the EPQ
(Eysenck & Eysenck), and an association between latent inhibition and the schizotypal
personality queginnaire (Claridge & Broks, 1984) that only approached statistical
significance (see also: Lipp & Vaitl, 1992). Furthermore, this trend was due to differences in
the nonpreexposed control group, with high scorers tending to learn faster than low scorers,
rather than the theoretically more interesting, preexposed group. The bgavéeipant tasks
used by Baruch et al (1988b) alewvealedho association between latent inhibition and scores
on the LaunayBlade Hallucination Scale (Launay & Slade, 1981haD studies have shown
that, given sufficient preexposure, individuals high in schizotypy can in fact demonstrate a
latent facilitation effecf (De la CasaRuiz & Lubow, 1993), but see Burch et §2004).

Therefore, where some authors report a reductidatent inhibition with higher levels of

3 An increase in the rate of learning to the preexposed stimulus relative to tpeseoposed stimlus
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schizotypy, others do not, and with some authors suggesting a reversal of latent inhibition with
higherschizotypy (see also: Lubow & Weiner, 2010; Lubow, Kaplan & De la Casa, 2001; De
la Casa & Lubow, 2002; Skir& Kaplan, 2009; Kaplan & Lubow, 2001; Lubow & Kaplan

1997).

More recent studies have tended to employ a wiplirticipant procedure for detecting
latent inhibition in which learning about a novel and familiar stimulus is measured in the same
participant. Evans et al. (2007), Schmidansen et al. (2009) and Granger et al. (2012) all
showed a deficit in latent inhibition that was related to the positive dimension GkitheE
(Mason et al.1995). However, the attenuated latent inhibition effect withsual experiences
reported by Evans et al and Schrvititinsen et al, did not reach the conventionabdupoint
for statistical significance. A significant reduction in latent inhibition was attained by Granger
et al., but this was a result of an asation between thdifferencebetween the preexposed
and nonrpreexposed stimuli and unusual experiences. This latter observation is problematic,
because any correlation between schizotypy and a composite constructed from these two scores
does not reveal wbh of its components is, or is not, contributing to the overall effect. As such
it is entirely possible that it is a difference in performance totmepreexposedtimulus, not
the preexposedtimulus that contributes to the -gariation of the compositeneasure with
schizotypy. In support of this possibility, Granger et al did not see any significant relationship

between the unusual experiences dimension and learning about the preexposed stimulus alone.

1.5.1.2.2 Limitations of existing latent inhibitian designs
A number of studies of latent inhibition in humans have modified its basic procedure
in order to ensure that participants engage with the experiment durkeggsure. First, the

outcome from the second stage of the experiment might be alsdéd in the first stage of
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the experiment unpaired with the cue (e.g. Swerdlow et al., 1996; Cohen et al., 2004; Gal et
al., 2009; Lubow & Kaplan, 1997; De la Casa & Lubow, 2001; Lubow & De la Casa, 2002).
Second, a secondary, masking, task may bespted concurrently with the pexposed cue.

For example, a list of nonsense syllables may be presented and participants required to count
the number of times one syllable appears during preexposure (e.g. Baruch et al., 1988a; Gray,
Hemsley & Gray, 1992)The use of either of these modificatiammntrairstranslation between
human studies andnimal models that do not require such procedures to observe latent
inhibition (Lubow, 2005). But, more importantly, they also generate procedures that align
themselve with other learning phenomena, rather than latent inhibition. For example, by
exposing the target outcome during the@xposure stage of the experiment in an uncorrelated

(or unpaired) fashion with the pexposed cue may result in the establishmeneafned
irrelevance or conditioned inhibition to the peposed cue; which is known to retard the
acquisition of later learng(e.g.: Baker & Mackintosh, 197 Rescorla, 1969) and known to
co-vary with schizotypy (Schmididansen et al., 2009; Le Pelley al., 2010; Migo et al.,

2006). Evans et al. (2007) have described a wiplairicipant latent inhibition procedure that,

they suggest, circumvents the inclusion of a masking task during preexposure. However, this
task sets up an expectation of the targf@nulus, prior to the preexposure phase through
instruction; casting doubt on whether the retardation in learning reflects a genuine latent
inhibition effect rather than some other effect whose origin might be quite different (e.qg.,
conditioned inhibitbn; see Rescorla, 1969). Existing latent inhibition designs are described in

moredetail in Chapter 2, and the limitations of these designdeseribechnd addressed.

In addition whilst in the schizophrenia/schizotypy literature it has been explicitly
assumed that latent inhibition designs provide a measure of the influence of attentional

processes on associative learning (e.g., Bender et al., 2001; Rascle et al., 2001; Moran et al.,
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2003), there arether accounts of latent inhibition that make no mrefiee to attention. For
example, it has been arugued that latent inhibition can result from participants computing
conditional probabilities, where the conditional probability of a particular outcome given the
presence of a cue will be lower for a cue ted had extensive nonreinforced preexposure than
for a cue that has n@tubow & Weiner, 201Q)On this approach, the abnormal expression of
latent inhibition in individuals with high schizotypy/schizophrenigimieflect an abnormality

in inferential rasoning (cf, Garety et al., 1991; Sellen et al., 2005), rather than attention
However, this does not mean that the attentional view of schizophrenia is incorrect, merely that
the currentlyavailable evidence provides equivocal support for it (see LeyRali@l., 2010a).

A paradigm that can provide a less ambiguous measure of the impact of attention on learning
is thus desirable to provide support for the attentionsfiushgtion view of schizophrenia; one
potential candidate is the learned irrelevanceagigm which is discussed in the following

section.

1.5.2 Learned irrelevance

A related approach to the examination of the abnormalities of attentional control
displayed by individuals with schizophrenia makes use of a phenomenon inhibition known as
learred irrelevance (Mackintosh, 1973). Learned irrelevance refers to the finding that the
experience of a cue as irrelevant to the occurrence of an outcome (i.e., due to
inconsistent/uncorrelated presentations of a cue and a target), retards later new dbauting
that cue. For example, Mackintosh (1973) demonstrated that rats given uncorrelated exposure
between a tone and watshowedslowea subsequent learning about a contingent toager
relationship, compared to rats given no preexposure to the tonater(see also Baker &
Mackintosh, 1977; Allen et al., 2002; Linden et al., 1997; Baker et al., 2003; Bonardi & Ong,

2003; Baker, Murphy & Mehta, 2003A commonly accepted view of learned irrelevance
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states that it reflects a reduction in learning rate tue as a result of prior experience of that
cues irrelevance with respect to an outcome. Téulictionin learning is taken to reflect a
decrease in attention to the cue (on the assumption that attention is determined by relevance;
see Mackintosh, 1%7 Kruschke, 2001) and there is experimental evidence to support this view

(see Livesey, Harris & Harris, 2009).

The fact thatearned irrelevance involves slower learning about a cue follonamg
reinforcedpreexposurenakes itsimilar to latent inhiltion. However, the procedure used for
generating the two effects is differeffthe literature reports two different paradigms to
generate areffect of learned irrelevancelhe first involves exposure to inconsistent/
uncorrelated presentations of a cud artarget (rather than the cue presented without a target
in tasks of latent inhibition). In the learned irrelevance task reporte8ichynidtHansen,
Killcross & Honey (2009)participants are presented with a series of letters, presented one after
the oter in the centre of the screen and are instructed to press the spacebar as quickly as
possible when the letter X is presented. Amidst filler letters, the letter X is either preceded by
either a novel letter (e.g., H) or by a letter that has been preekf®ge, S) in conjunction
with uncorrelated presentations of X. Therefdree preexposed letter (e.g., S) is presented
without consequence on some trials, and precedes the occurrence of X on the others, see Table
1.1. Here, a learned irrelevance effectshown when participants are slower to respond to

presentations of X when it was cued by the preexposed letter than the novel letter.



Table 1.1
Experimental design: learned irrelevance with single cues (Scitaitteret al., 2009)

Preexposed &ge Test Stage
Preexposed stimulus Training
S Y X (4) S Y X (16)

H VYV X (16)

Filler trials Filler trials

D Y X (4) D Y X (4)
M Y X (4) M Y X (4)
T Y X (T41p) T ¥YX (4)
V Y X (4) vV Y X (4)

The second paradigm used to generate learned irrelezeacges focue(s)to always
befollowed by an outcome but the predictive validity of these cugiffersi thus one cuwvill
reliably predict a specific outcome whilst another cue will not A particularly clear
demonstration of this learned irrelevance paradigm is illustrated in an experiment by Le Pelley
and McLaren (2003) that used an allergist task (seeir,afitken & Dickinson, 1998), in
which participants are required to | earn abo
stage 1, compouncues (pictures of two different fruits) were followed by a given outcome
an allergic reaction experiencéy the patient as a consequence of consuming these fruits.
There were eight pairs of cues, and two possible outcoésome 1 and 2)lable 1.2 shows
that some food types ¢B) were established as being relevant predictors of an allergic reaction
to thefood (e.g.nausea): they consistently predicted an outcome on each trial. Whereas cues
V-Y were irrelevant: being inconsistently followed by an outcome. In the second stage of
training, new compounds of foods were created which each consisted of onaugiyevio

relevantcue and one previously irrelevant cue (i.e., AX, BY, DV, and DW), these were paired
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with different allergic reactions to staggdutcomes 3 and 4)mportantly, in this stage, the
objective statistical relationship all the stimuli and th&come were equal. In the absence of
any learned bias, therefore, participants should learn as much about A, B, Cand D as W, X, Y
and Z In a final test stage, participants had to rate the likelihood that new compounds (AC,
BD, VX, and WY) would result iroutcomes 3 and 4. Participants rated compounds AC and
BD as significantly more predictive of outcomes 3 and 4 respectively, than compounds VX and
WY. As the cues and compounds were all equally predictive of outcomes 3 and 4 during stage
2 the results at g¢ are taken as evidence for the acquisition of differences in attention to these
cues during the initial stage of training (see alsoPelley, Oakeshott, Wills & McLaren, 2005;

Le Pelley, Turnbull, Reimers & Knipe, 2010Burthermore, stage 1 trainimgnnot directly
influence stage 2 learning, as the outcomes in stage 2 are (i) different and (ii) statistically
independent as cues paired with outcome 1 during stage 1 were equally likely to be paired with
outcome 3 or outcome 4 in stage 2. Thus, leartiiag) a particular cue predicts outcome 1
during stage 1 does not inform the participant in any way about the effect of that cue in stage
2. That the objective contingentetween previously relevant and previously irrelevant cues

is identical during stag2 makesit difficult to account for these findings in terms of a bias in
learning favouring previously relevant over previously irrelevant cues. As such, compared to
explanations ofatent inhibition(cf, Garety et al., 1991; Sellen et al., 200%)s vaiant of
learned irrelevancécompared tahe variant which insteaidvolves exposure to inconsistent/
uncorrelated presentations of a cue and a tasgeSchmidtHansen et al., 2009s less
amenable to noeattentional accounts of its occurrerge it @annot readily be explained by

conditional probabilities or statistical inference

Le Pell ey and fiMindsuggests attentign s @ededmined by stimulus

relevance and in turn supports the role of attention in learning. In further suppbis of t
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contention, eydracking studies have demonstrated that overt attention (attending to a stimulus
or location by moving our eyes to look at it; Deubel & Schneider, 1996) is influenced by
learning about stimulus relevance. Using the compound cue learatxyance procedure
described above, Beesley, Le Pelley & Griffiths (2011) revealed that healthy adults reduced
overt attention, measured using ¢xacking, to the previously ngoredictive cues during stage

2 of the procedure (see also; Beesley & L#eye2011; Kruschke, Kappenman, & Hetrick,
2005; Wills, Lavric, Croft, & Hodgson, 2007 herefore,studies of learned irrelevance
provide support for an attentional bias toward predictive cues and away from irrelevant cues in
healthy adults, which is cerstent with theories of learned attention (Kruschke, 2001; Le
Pelley, 2004; Mackintosh, 1975). The following sections explore the relationship between
learned irrelevance task performance in individuals with schizophrenia and high schizotypal

individuals(sectionl1.5.2.).

Eiglgri%ﬁzental design: learned irrelevance with compound cues (Le Pelly & McLaren, 2003)
Stage 1 Stage 2 Stage 3

AVi1l AX1 3 AC 3?47

AWT 1 BYT 4 BD 37 4?

BVT 2 CVi 3 VX 3?7 47?

BWT 2 DWT 4 WY 3?7 47?

CX1 2

CYi 2

DXi1

DYi 1




1.5.2.1 Learned irrelevanceschizophrenia& schizotypy
1.5.2.1.1 Attenuated learned irrelevance in schizophreni@nd schizotypy

Similar tosomeof the existing schizophrenia and schizotypy literature that pesp@s
reduction in latent inhibition is associated with pesi symptomatology; variations dhe
singlecue learned irrelevance task (see Table Hale been reported show an attenuation
of learned irrelevance in participants with acute schizoph(se® Gal et al., 2005; Young et
al., 2005). Howeverin contrast to the latent inhibition literature that states latent inhibition
attenuation igpredominantlyassociated with the acute stages of schizophrenia, the studies
carried out by Gal et al and Yogiet al also demonstrate some degree of learned irrelevance
impairment in chronic schizophrenia patients. This impairment was however, ascribed to an
effect of a more general deficit in associative learning as opposed to a specific failure to ignore
the pe-exposed irrelevant cue. However, the experimental and control conditions in those
studies differed in level of preexposure to thééconditioned cue, making it possible that
the effects observed, relative to acute schizophrenia individuals, refkadt ilshibition rather
than learned irrelevance. Interpretation of these effects is made more complicated by the fact
that the stimuli used to represent the preexposed anepreemposed cues were not
counterbalancedSimilar experimentallimitations can k found in the schizotypkearned

irrelevancditerature €.g.,SchmidtHansen et al., 2009)

Using the singleeue learned irrelevance task described in TableSchmidtHansen
et al. (2009) reportetducediearned irrelevand@en individuals scoring ighly on the unusual
experiences dimension of tkeLIFE (Mason et al., 1995However, similato the singlecue
learned irrelevance paradigms utilised by see Gal et al. (2005) and Young et al. (2005), the
learned irrelevance task described by SclwH@asen et alalso presents the preexposed cue

an unequal number of times with the target. Tkhere were more presentations of the
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preexposed cue without conseque(roa followed by the target), than there weaaringsof
the preexposed cue followed biyettarget during the preexposure stage, resulting in the

paradigm being potentially confounded by latent inhibiaox/or conditioned inhibition.

The compoundue learned irrelevance taslescribed by Le Pelley and McLaren
(2003); see Table 1llibweverequates latent inhibition by presenting all cues an equal number
of times. Using a variant of Le Pelley and
Le Pelley & Weickert (2012) assessed whether an inability to discriminate between relevant
andirrelevant cues, as measured by the amount of learning in a novel test of attention, is related
to the positive symptoms of schizophrenia. Across two experiments, results were consistent
with models of attention which suggest that cues predictive of arpmet attract more
attention that cues nepredictive of an outcome in healthy individuals (Kruschke, 2001; Le
Pelley, 2004; Mackintosh, 1975However,in individuals with schizophrenia, this normal
attentional bias was impaired as patients were unabldistonguish between previously
relevant and irrelevant cues and there was a positive correlation between learning about the
previously irrelevant cue and higiositive symptom severity, measured using the Positive and
Negative Syndrome Scale (PANSS) fohigophrenia (Kay, Fiszbein & Opler, 1987). These
results provide evidence consistent with a failure of selective attention in schizophrenia and
that this deficit may be critical in the formation and experience of psychotic symptoms (Corlett,
Honey & Fletcker, 2007; Corlett, Murray & Honey, 2007h an extension of these findings
Le Pelley et al (2010a) assessed whether an observed attentional bias towards previously
established relevant cues is reduced in high schizotypy individuals, again using aofdhiant
compounecue learned irrelevance task described by Le Pelley and McLaren (2003; see section

1.5.2).



Le Pelley et al. (2010a) demonstrated an effect of learned irrelevance when participants
were taken as a whole; participants learnt faster in 2agjleout previously relevant cues,
relative to previously irrelevant cues. Importantly, however, individuals scoring highly on the
unusual experiences dimension of schizotypy measured usin@-tHEE questionnaire
(Mason et al., 1995) showed no effectl®&rned irrelevance: high schizotypal individuals
showed no significant difference in learning about previously relevamtetevantcuesin
stage 2relative to low schizotypal individuals who demonstrated increase learning towards
previously relevant wes. This finding supports the suggestion that schizotypy is associated
with a deficit in the appropriate allocation of attention to stimuli based on their previously
experienced relevance; with a specific inability to reduce attention to irrelevant atform
(see Lubow &Weiner, 201 MHaselgrove et al., 20).5This finding is consistent with attentional
interpretations of latent inhibition, consistent wisome of the existing schizotypy and
schizophrenia literature (see Lubow & Wein201Q that propose a reduction irlearned
variations in attentiors associated with positive symptomatology. This finding does however
encourage the parsimonious suggestion that masked latent inhibition tasks (which generate a
procedure that align themselves with learmedlevance, rather than latent inhibition, see
section 1.5.1.2.2) show sensitivity to schizotypy because it is actually generated by learned
irrelevance. This casts doubt on the assumption that masked latent inhibition in humans is
comparable to simple tant inhibition in animals, which could undermine the use of animal
latent inhibition preparations as models of schizophrenia; and other pathologies that are
associated with reduced masked latent inhibition (see section 1.6.1 for a discussion with

anxiety) These arguments are further explored in Chapter 3.

An additional line of research that might explain some of the controversies in the latent

inhibition literature (i.e., whether latent inhibition is attenuated or enhanced in individuals with

-56-



schizophrera/high in schizotypality) is that proposed by Braunstamncovitz (2000).
Suggesting, selective attention dysfunction may not be specific to schizophrenia and may
instead be related to the anxiety components of schizotypality and its related path®logies.
most commonly reported attentional biases observed in individuals experiencing anxiety, are
briefly reviewed next; before moving on to discuss the research (albeit limited) with latent
inhibition and anxiety, and crucially, with latent inhibition atie anxiety components of
schizotypy. To date, there are no studies that have directly investigated the relationship between

learned irrelevance and anxiety (see section 1.6.2).

1.6 Attention Dysfunction in Anxiety

Anxiety disorders constitute a major worldwide health burden with sizeable
psychologicalsocialandeconomiccosts(Beddingtonet al., 2008). The impactof anxietyon
cognitivefunctionis a majorcontributingfactorto thesecosts;anxietydisorderscanaugment
focusuponnegativelife eventsandmakeconcentratiordifficult, leadingto problemsin both
social and work environments.In such situationsthe state of anxiety can be seenas
maladaptive Anxiety can,howeveralsoimprovetheability to detectandavoiddangerwhich
undertheright circumstancessuchaswalking homealonein the dark- canbe adaptive.The

precisempactof anxietyon cognitionis, howeverunclear(Robinsoretal., 2013).

Recenfpsychologicamodelssuggesthatcoredeficitsin attentioncontrolareinvolved
in theetiologyandmaintenancef moodandanxietydisorderge.g.de Raedt& Koster,2010;
Sylvesteret al., 2012). Accordingto cognitive theories(e.g. Williams, Watts, MacLeod &
Mathews,1988; Bar-Haim, Lamy, PergaminBakermansKranenburg& Van, 2007)anxietyis
associatedwith biasedallocation of attention towards threatrelated stimuli becauseone

functionof anxietyis the detectionof threat,enablingthe individual to reactquickly.
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To understan@ognitivebiasef attention psychologicatheoresandclinical research
have increasinglyturned to informationprocessingparadigmsderived from experimental
cognitive psychology.A modified versionof the Stroop(1935) colournamingtaskis one of
the mostfrequentlyadaptecparadigmgo showattentonal biasesn high anxietyindividuals.
In this task, participantsare askedto namethe ink colour of words, whilst ignoring their
semanticcontent.Consistenwith the hypothesighat peoplewith heightenedulnerabilityto
anxiety are less able to ignore negativeinformation, the generalfinding is that, anxious
individualsdisplaydisproportionatelyongercolournaminglatencieswith threateningvords
suchasdragedycomparedo neutralwordssuchas&orner6This effecthasbeenreportedn
individualsclinically diagnosedvith havinga generalisednxietydisorder(e.g., Eysencket
al., 1987;Mathews& MaclLeod,1985;Moggetal.,1989,1995),posttraumaticstressdisorder
(Cassidayet al., 1992; Thrasher& Yule, 1994) and also nonclinical, heathy individuals
scoring highly on selfreport measuref anxiety (e.g., Dalgleish,1995; Fox, 1993, 1994;

MacLeod& Hagan,1992;Van-DenHoutetal., 1995;EdwardsBurt & Lipp, 2006).

More directmeasuresf selectiveattentionhaveservedo confirmthatindividualswith
high levels of anxietyvulnerability do indeedorient attentiontowardsnegativdy-valenced
stimuli. For examplethe6 d p t o precéduredescribedoy MacLeod,Mathews,and Tata
(1986)assesskattentionakresponseto emotionalinformation.In this task,participantsvere
presentedbriefly, with two wordssimultaneouslypne negativethreatrelatedword andone
neutralword. Following the terminationof this display,a small dot probeappearsn the prior
locationof oneof thesetwo wordsand participantswere requiredto pressa responséutton,
correspondingto target identity, as quickly as possible wheneverthe probe is detected.
Consistentvith existingattentionabiasrelatedresearchgeneraliseé@nxietydisorderpatients

were quickerto detectprobesthatappearedn the spatialvicinity of the morenegativewords.
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Non-anxiouscontrolstendedto detectprobesmoreslowly whentheyappearedn the vicinity
of the negativewords as opposedo the more neutralwords, suggestinghat low levels of
anxietyvulnerabilitymaybe associatedavith a dispositionto selectivelyorientattentionaway
from negativeinformation.This patternof findingswith thedot probetaskhasbeenreplicated
in patientswith generalise@nxietydisorde (e.g.Mogg, Mathews& Eysenck,1992)andalso
nonclinical, healthyindividualsscoringhighly on self-reportmeasuresf anxiety(Broadbent
& Broadbent]1988;MacLeod& Mathews,1988;Seealso:MacLeodetal.,2007;Kosteretal.,

2006;for areviewseeCisler& Koster,2010).

In addition to an attentional bias towards thredated stimuli, data also point to a
generalattentional bias toward irrelevant stimuli, in the absence of threat. For example, in a
modified version of the Stroop task, partenijs were required to name the colour of a centrally
located colowpatch, which was flanked top and bottom by either a neut@bur or threat
related distractor word. As we might expect, high anxious individuals produced slower colour
patch namingines when the patch was flanked by thnedéted distractor words, relative to
neutral distractor words. However, in addition to this finding, high anxious individuals also
show distraction by the colowelated distractor words (when the colour word weparate
from the colour patch) relative to the neutralated distractor words). By contrast, low anxious
individuals did not show any Stroop interference, when the colour words were conflicting with
the colourpatch (Fox et al., 1993). In general, highxious individuals produced slower
colourpatch naming latencies than the low anxious individuals regardless of whether the

distracting words were conflicting colour words, neutral or threlated words.

These findings have been taken as evidenceafaeneral inability to maintain

attentional focus in high anxious individuals, rather than an automatic attentional bias that is

-59-



specific towards threatlated information. In further support of this contention, Derryberry

and Reed (2002) have previousle por t ed a hi gh negative correl
anxiety scores and sekport of attentional control (see also; Enright and Beech, 1993; Fox,

1993, 1994; Mathews et al., 1990; Poy et al., 2004; Bishop, 2009; Pddgeetti, Acosta,

Callejas & Lupiafiez, 2010).

To date, many existing selective attention paradigms have been influential for
determining attentional biases in anxious individuals: indicating a bias in attentional processing
for irrelevant information (either in the presencerothe absence of threat; for a review see:
Eysenck et al., 2007). At this juncture, the selective attention tasks used in existing research
(highlighted above) are able to advocate a+esthblished differende attentional capture for
individuals high ad low in anxiety. What is less clearhswthis difference in attention to
relevant/irrelevant stimuli affects how well these stimuli are attended to, and learnt about in
subsequent, novel situatiorBased orassociative theories of learning for exampplhe prior
predictive history of a stimulus will affect how well that stimulus is attended to, and thus learnt
about in the future (e.g., Mackintosh, 1975; Pearce & Hall, 1980). Similar to the schizophrenia
literature, me prominent example of a learndteation task that has been used to investigate

impaired attentional processes in anxiety is the latent inhibition paradigm (Lubow, 1989).

1.6.1 Latent inhibition and anxiety
1.6.1.1 Attenuated latent inhibition and anxiety
As previouslystatedthe latentinhibition procedurgLubow, 1989) hasbeenusedto
investigate attentional biases,for both schizophreniaand schizotypy (for a review see:
BraunsteirBercovitz, DimentmanAshkenazi& Lubow, 2001, and section 1.5.1). Latent

inhibition hastypically beenusedfor thistaskbecausé hasbeenproposedo provideanindex
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of thedegreeof distractionby irrelevantstimuli (for areviewsee:BraunsteirBercovitzetal.,
2002),andit hasawell-establisheghharmacologicabasis(Moser,Hitchcock,Lister & Moran,
2000).Indeed avarietyof animalandhumanstudiessupportadisruptionof selectiveattention
with increasedinxietyandstresdevels,asreflectedin studiesof latentinhibition (seeWeiner,
1990; Weiner & Feldon, 1997; BraunsteirBercovitz 2000, 2002). More specifically,
BraunsteirBercovitz(2002)reportthatanxietymodulatedatentinhibition, asindividualshigh
in trait anxiety (BraunsteirBercovitz,2000) and stateanxiety (BraunsteirBercovitz,2001)
showanattenuatiorof latentinhibition. Thesedatahavebeentakenasfurtherevidenceor an
attentionalbias in anxiousindividuals. Furthermore this relationshipbetweenanxiety and
latentinhibition hasbeenproposedo effectivelyaccountor theattenuatiorof latentinhibition
in high-schizotypaindividualsandschizophrenigatientshatis oftenreportedn someof the
existingliterature(for areview seeBraunsteinBercovitz,2002).Evidencefor this suggestion

is discussedn thefollowing section.

1.6.1.2 Latent inhilition: The Anxiety components of schizotypy

Similar to schizophrenia, and as noted earlier, several lines of existing research suggest
anxiety is associated with a reduced ability to ignore irrelevant stimuli/information, reflecting
a general inability tanaintain attentional focus (Eysenck et al., 1987; Mathews & MacLeod,
1985; Mogg et al., 1989). As such, the disruption of latent inhibition reported in schizophrenia,
high-schizotypals (for a review see Lubow & Weiner, 2010) and anxious individuals (for a
review see BraunsteiBercovitz, 2002) is most commonly attributed to the relatively high
distractibility in these groups. Few studies, however, have attempted to bridge the gap between
schizotypy and anxiety in relation to learned attentional functiotongssess whether the
anxiety that characterises schizophrenia and schizotypy accounts for the difficulties individuals

with schizophrenia and schizotypadlividuals have in ignoring irrelevant information. This is
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surprising given the high emorbidity rate between schizophrenia and anxiety (Buckley et al.,
2009; see section 1.1.4) and the overlap between psychometrically identified schizotypy and
anxiety symptoms (BraunsteBercovitz, 2000). Both at clinical and sabnical levels, the

SPQ and State @it Anxiety Inventory are highly correlated (Braunst&e@rcovitz, 2000) and
several studies report a positive correlation between symptom type in patients with
schizophrenia and level of anxigttuppert et al., 2001; Lyons et al., 2001; Norman & Malla,

1993a, b).

In addition, as previously highlighted (see section 1.5.1.1.1), latent inhibition is
mediated by dopaminergic activiffor reviews see: Gray, 1998; Moser et al., 2000; Weiner &
Feldon, 1997), and both schizotypy (Caplan & Guthrie, 1994; Silg&4, 1995) and anxiety
(Mclvor et al., 1996; Nutt et al., 1998; Peroutka et al., 1998) are also characterized by increased
dopaminergic activity. The high correlations of schizotypal scale scores with anxiety scale
scores suggest that schizotypal scafesy contain an anxiety factor (or vice versa). This,
together with data that anxious individuals are distracted by irrelevant stimuli as measured by
latent inhibition (as well a®ther tasks which show slower learning/distraction towards
previously norreinforced irrelevant stimuli, such aggative priming; Fox, 1993, 1994; and
Strooptasks Mathews et al., 1990), reinforces the possibility that an anxiety component of the
disorder may account for selective attention deficits in high schizotypals analuads/with
schizophrenia. Furthermore, that disrupted latent inhibition in high schizotypals may be a result

of the high levels of anxiety which accompanies this state.

One attempt to cross the boundary between schizotypy and anxiety, and investigate
cognitive performance was in a study conducted by BraunBegicovitz (2000). This study

carried out a factor analysis to assess whether schizotypy is accompaniegliyisablevels
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of anxiety.This analysis produced two factors; one factor that waglated with trakanxiety
scores, and -l abdeeddd 6ahei segond factor repr
di sorder s, and wdiss drageer ieda toiposomedt th€ existig st en't
research, disrupted latent inhibition walsserved in high as compared to low schizotypy
individuals. However, latent inhibition was also disrupted in patients with high trait anxiety
scores and on the anxidaded factor. Latent inhibition deficits, then, appear not to represent

a specific mager for schizotypy, nor, by extension, for schizophrenia. Instead, such latent
inhibition deficits may be a contribution of the heightened anxieties that accompany many

different types of pathology.

1.6.2 Learned irrelevance and anxiety

Whilst there arestudies that have looked at latent inhibition with anxiety, there are no
studies that hawvdirectlyinvestigated the relationship between anxiety and learned irrelevance.
It is important to bear in mind however that, as previously highlighted, existerg lahibition
preparations including a masking task, generate a procedure that align themselves with learned
irrelevance, rather than latent inhibition (see section 1.5.1.2.2). Therefore, the conclusions of
these findings reported in the preceding sestioalating to disrupted latent inhibition with

schizophrenia schizotypy and anxiety remain open to debate.

C. Learning Theory Background

1.9 Associative Learning Theory

Abnormalities of association formation have been considered to have a role in the
pahogenesi s of schizophreni a since Baseul er
6contr adi ct,;andymore orolesp igdlevantgesponses [that] can no longer be
e X ¢ | wocmtahise the core deficits observed in schizophi@ieuler, Dementid&raecox,
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or the Group of Schizophrenias, p. 51A}¥ discussed previously, considerable evidence of
impairments in associative learning has accumulated; leading to the development of the idea
that a disruption in learning might be of relevance to undeistg the fragmented thinking

and delusions that characterise schizophrenia. As such, associative learning theory provides a
framework that can aid understanding of the disrupted psychological processes that give rise
to impaired behaviour observed in nepsychiatric disorders, which in turn, may help to
clarify the nature of these deficits. Considered here, are some fundamental features of attention
in associative learning that are of relevance to the attentional view of schizophrenia and

anxiety, focusig on the Mackintosh (1975) and Pearce and Hall (1980) theories, in particular.

1.9.1 Attention in associative learning

Decades of research have been spent discovering how animals, including humans, are
able to learn relationships between cues and ewetite environment surrounding them. For
it is the ability to learn about and use these cues to predict events of motivational significance
(reinforcers) that enables organisms to adapt and survive in a changing environment. Exactly
how both animals andimans come to attend to the appropriate cues has been of long standing
debate amongst learning theorists (see Le Pelley, 2004, for a review). Some theories postulate
thatattentionis a crucial mediating variable allowing the use of prior experience ¢omligie
which cues are, and which cues are not, processed for learning. Other theories focus on the

nature of the association that is formed ($&ePelley, 2004; Mitchell & Le Pelley, 2010).

Oneof the major goalsof associativdearningtheoryis to determinethe factorsthat
influencelearning;why undersomeconditionswe learnmoreaboutonestimulusthananother.
Researclirom animalconditioningstudiessuggestshatonefactorwhich determinegearning

aboutthe consequencesf stimuli is the prior predictivehistory of a stimulus. For example,
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previous experiencewith a cue (e.g., a light) as being predictive or nonpredictive of
reinforcement(e.g., food) will affect how well that stimulusis learntaboutin subsequent
conditioning(seelLe Pelley 2004 Le Pelleyetal. 2016 for areview). Researchwith human
learningalsoprovidessupportfor this suggestior(seeLe Pelley& Mclaren,2003;Le Pelley,
SchmidtHansen,Harris, Lunter & Morris, 2010a). The rate of learning aboutthe cue is
commonlyreferredto asthec u eagssciability( Unhichis relatedto theamountof attention

paid to thecue(Le Pelley,2004Y.

However,exactly how the prior predictivenes®f a cue determinedJ is inconsistent
acrossthe literature with findings supporting opposingtheoriesof associativeleaming.
AccordingtoMac ki nt oshdés (1975) theory cues that
past, acquire attentiot)(whilst poorer predictors lose attenti@md thus come to be ignored
T facilitating or attenuating subsequent learning, respegtivel contrast, Pearce and Hall
(1980) posit that attention should decrease to cues that reliably predict the outcome with which
they are paired. Instead, the Peatadl model assumes attention is allocated to cues that are
inaccurate or uncertain predics of reinforcement, so as to facilitate learning about the exact
significance of those cues. In accordance with these theories, there are certain studies which
are in line with the Mackintosh model; suggesting that stimuli previously establishedlalg relia
predictors of reinforcement, attain a highéand are subsequently learnt about faster, than
stimuli established as nepredictive (see Le Pelley, 2004). In opposition, other studies
demonstrate faster learning about stimuli previously establisheeimg uncertain/unreliable
predictors of reinforcement, compared to those experienced as being continuously predictive

(see Haselgrove, Esber, Pearce & Jones, 2010); thus fitting well with the-Pediroeodel.

4 Associability and attention are often used (perhaps incorrectly) interchangeably to descrie alpha
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The following sections provide a brief hisgaand overview of these theories and their ability

to explain latent inhibition and learned irrelevance, in particular.

1.9.1.1Mackintosh (1975): Thepredictiveness principle
According to the Mackintosh model, attention to a stimulus is increased wisehe
best predictor of an outcome, and decreases otherwise. The change in associative strength
between the stimulus (CS A) and the outcome (US B) is formalised by Equation 1.

W= UL & (- Va) (1)

In this equationtheerrorterm( aVa)is thediscrepancyetweerthe magnitudeof the
US ( aaipdtheassociativestrengthof the CS A (Va). & is determineddy the propertiesof the
US andis a learningrate parameterThe mostcrucial aspecbf this equatim is thatUis nota
fixed parametef CS-processingc.f. Rescorla& Wagner,1972),but a variableparameter
thatchangessaresultof experienceavith the CS;it increasesvhenthe CSis agoodpredictor
of the US (participantsattendto relevantstimui that predicttrial outcomes)and decreases
whenit is a poorpredictorof the US (participantsggnoreirrelevantstimuli thatdo not predict
trial outcomes)Therulesfor determiningtheseincreasesnddecreasem Uareformalisedin

Equation2aand?2b.

PW>0if |ai Va|<|ai Vy (2a)

PW<Oif [ Va|>|ai Vi (2b)

Here,Vxisthesummedassociativestrengthof all C S dbsesided/ A, presenpnthattrial.
If ( ®Va)issmallerthan( &Vy), thenCSA is a betterpredictorof the outcomeon thattrial

thananyotheravailablestimuli; if it is bigger,thenCSis a poorerpredictor.



Much research from animal studies provides evidence for a mechanism operating on
this predictiveness principle offered by the Mackintosh model, whiovides an explanation
for many standard conditioning effects including the itnad extradimensionahift effect,
blocking and overshadowing, overtrainirgyersal effects, learned irrelevance and latent
inhibition (for reviews, see Le Pelley, 200Bearce, 2008Pearce & Mackintosh, 2010; Le
Pelley et al., 2016 These conditioning effects are also well documented in human associative
learning, commonly being observed in seredctiontime tasks (Beesley & Le Pelley, 2010)
and eyegaze fixationsBeesley & Le Pelley, 2011; Le Pelley, Beesley & Griffiths, 2011). The
results of these studies support the suggestion that attention to a stimulus is governed by
learning about its predictivealidity i.e., its abilityto predict the occurrence of signifiot
outcomes. A particularly clear demonstration of the importance of learned predictiveness
firrelevance is illustrated in the experiment reported by Le Pelley and McLaren (2003); this

experiment was discussed at lengthent®n 1.5.2, see also Tabl.1.

According to the Mackintosh (1975) model, attention to a stimulus is increased when it
is the best predictor of an outcome, and decreases otherwise. In this way, Mackintosh describes
|l earned irrelevance as a dewaeaasdasseciability)tathet e nt i
previously uncertain/inconsistent cues, because the participant learns these cues are irrelevant
(i.e., as it is an uncertain predictor of a given outcome), in contrast to the previously predictive
cues. By the same token, Mautosh describes latent inhibition as a decrease in
attention/associability to the preexposed cue, as both thexprsed cue and the contexe
established as (at best) equally ggmedicbrs of nonreinforcement.Equation 2b will
therefore ensure thahe associability of the preexposed cue will reduce during stage 1.
Therefore at the outset of conditioninghe associability of the prexposed cue will be lower

than the associability of the novel (npre-exposed cue), hence reduced learning tgtke
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exposed familiar cue relative, to the novel
the occurrence of an outcome will result in reduced learning about this cue when these events
are eventually paired; a unitary mechanism underlying Ittt inhibition and learned

irrelevance.

1.9.1.2 The uncertainty principle (Pearce & Hall, 1980)
Despite the success of the Mackintosh model, Pearce and Hall (1980)thegyrather
than devoting attentional resources to stimuli that are accureticfars of reinforcement,
attention should be directed towards stimuli which are inaccurate predictors of their outcomes.
According to the Pearce and Hall model, when a stimulus is initially presented for conditioning,
the stimulus is a poor predictor itd consequence and thus attention to the stimulus should be
increased to facilitate learning on subsequent trials. Throughout conditioning, attention to the
stimulus may then decrease as it becomes a better predictor of its outcome, and ultimately cease
once the outcome is fully predicted by the stimulus. This change in associative strength
between the stimulus (CS A) and the outcome (US) is formalised by Equation 3.
PW=S.lh. & 3)
In this equation S is determined by the intensity of the CS and is a fixed legateng
parameter ana-representshe asymptoteof conditioning determined by the intensity of the
US. The parametdd againrepresentshe associabity of the CS (assumedo be high for a
novel CS)andis modified by experienceccordingo Equation4.
U™l=| a1V (4)
WhereE Vrepresents the sum of the associative strengths of all stimuli present on trial
n; the value otJontrial nis determinedy the absolutediscrepancyetweerthe asymptoteof
conditioningand the summedassociativestrengthexperiencecdn the precedingtrial n. In

simpleconditioning,Equation4 predictsthata CSwhichis reliably pairedwith aUSwill lose
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as®ciability andapproactzeroasasymptoteas reachedStudiesthatareconsistentith these
predictionsare, for example the Hall and Pearce (1979) negataresfer effect, in which
acquisition of conditioning between a CS and a strong US is attensatedansequence of
previous continuous reinforcement with the same CS and a weaker US. Another implication of
Equation 4 refers to the effect of a partial reinforcement schedule and how this determines the
degree of attention paid to a stimulus. By intdtemtly presenting a US after a CS, the
parametel| a1 |[EvNl alwaysbe positive no matterhow manytrials are given. Therefore,
whereassociability(andthusattention)to a continuouslyreinforcedCSwill ultimatelyreach

zero,theassociabilityof a partially reinforcedCSwill remainatarelativelyhighlevel.

Direct supporthassincebeenprovidedfor this predictionby usingthe associabilityof
astimulusasa measuref degreeof attentionpaidto it. Forexample Haselgroveetal., (2010)
conductedan appetitiveconditioningexperimenusingratsandfour auditorystimuli, A, B, X
andY. Thetraining stagewasdesignedo modify attentionto stimuli in accordancevith the
centraltenetsof the PearceHall model;with A andB consistentlypairedwith a food reward
anX andY intermittentlypaired with food. From this treatment it was expected, on the basis
of the Pearcédall model that the associability of A and B would be lower than that of X and
Y. In a subsequent test discrimination stage, rats were presented with an AY,+B¥X
discriminaton. The results support that more attention was paid to X and Y during test, as the
discriminaton between the compounds titfiferedin terms of partially reinforced CSs (AY
and AX) was acquired more readily than the discrimination between the compimatds
differed in terms of the continuously reinforced CSs (AY and BY). Thus, suggesting that
attention in rats is modulated in the way the Pe&talk model anticipateOtherstudies(see
Kaye & Pearce1984)haveusedthe orientingresponsehat the stimulus elicits to providean

indexof attentionpaidto the stimulus;whenacuefor the occurrencef food wasonly partially
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reinforced, orientation towards the predictor was maintainedrelative to a continuously

reinforcedcue(seealsa Wilson, Boumphrey& Pearcel1992).

There is only limited direct support for the Peakal model in studies of human
learning; Hogarth, Dickinson, Austin, Brown and Duka (2008) used aiga&ge measure as
an index of attention to visual cues associated with an aeamsige outcome. The visual cue
associated with an uncertain noise outcome, attracted a longetigaz¢han cues which
consistently predicted either the outcome (A), or its omission (C). These findings however fail
to explore whether or not learningféilitated for these cues predictive of uncertain outcomes
(although see Le Pelley et al., 2010b; discussed at length in Chapiord)recent work by
Beesley et al. (2015) also supports an increase in overt attention (as measureddregy@
cues tained in uncertain compounds (compounds that were paired with outcomes in a
probabilistic manner: i.e., Outcome o0l occurred on 70% of trials, and 02 occurred on the
remaining 30%). However, in a subsequent test of learning involving nevoutceme
relationships, there was no evidence aiaryover effect of participasdprevious experience

of uncertainty on overt attention or learning about these uncertain cues.

Applied to latent inhibition, the Pearttéall model suggests that the associability of a
stimulus declines during preexposure because it is consistently followed by no consequence,
therefore its outcome, nothing, is well predicted. Therefore, the model anticipates nominal
learning on the first conditioning trial when the preexposed stimulwgnsdwith the US By
a similar token, Pearce and Hall attempt to describe learned irrelevance as a decrease in
associability to the preexposed cue due to the random presentations of the CS and US, resulting
in the growth of a context!S association. Corguently, whenever the US is, by chance, paired

with the CS, it will be accurately predicted by the contextual stimuli, and thus attention to the
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CS will decline because it is followed by an accurately predicted event. However, as there are
trials in whichthe CS is followed by no consequence, the US will always be surprising;
presenting a problem for the Peatdall model in being able to explain learned irrelevance as

a decrease in associability to the preexposed cue. Nevertheless, theHdlarmalel siggests

that | earning a cue is Oirrelevanté to the o
about this cue when these events are eventually paired; suggesting a unitary mechanism (in this

case, attentional) underlying both latent inhibiteord learned irrelevance.

1.9.2 Overview of goplications to latent inhibition and learned irrelevance

Many researchers have adopted the view that latent inhibition and learned irrelevance
are the result of reduced stimulus processing, and explain the efféetsigrof mechanisms
that deal with attention and/or association (Le Pelley, 2004; Lubow, Weiner & Schnur, 1981,
Mackintosh, 1975; McLaren & Mackintosh, 2000; Pearce & Hall, 1980; Wagner, 1978, 1981).
Thesemodels assumethat latent inhibition is generatedby an attentionlike mechanism,
resultingfrom areductionin the processingf the stimulusduringnonreinforcedpreexposure.
And, learnedirrelevanceis viewed asreflectinga reductionin the processingin termsof a
changen attentionor associabity) asaresultof unpairedcorrelationsbetweera stimulusand
targetduring irrelevancepre-training. Theorieswhich adoptthis approachare referredto as
Oatt emod d eabtiecanexplainlatentinhibition andlearnedirrelevanceasthe result
of afailure to encodeherelationshipbetweerthe preexposedtimulusandthe US (Le Pelley,
2004;Lubow et al., 1981; Mackintosh,1975;McLaren& Mackintosh,2000; Pearce& Hall,
1980; Wagner,1978,1981). Therefore, despite the very different princgplen which their
theories are based, both Mackintosh (1975) and Pearce and Hall (1980) suggest the mechanism
(in this case, attentional) underlying an effect of latent inhibition is the same mechanism

underlying an effect of learned irrelevance. Whilstatibnal accounts of latent inhibition and
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learned irrelevance remain dominant, fadtentional accounts do exise.g. Hall, 1991,
Bouton, 1993; 1997; Miller & Matzel, 1988; Oswald, 2001) and these are considered in the

general discussion.

D. Aims of Thess

The above sections have reviewed the symptomology of schizophrenia, schizotypy and
anxiety (clinical and sublinical); with particular focus on the role attentional abnormalities
may play in the causes of the disorders and by extension, their nedasehality suktypes in
the normal population. Given the numerous factors likely to play a role in the manifestation of
clinically diagnosed schizophrenia and anxiety, evidence has been reviewed that supports the
study of attentional dysfunction as a gbkscognitive endophenotype. An endophenotype is
a Ohal fway pointé between the genetic/ biol o
that characterise the disorder and may further our understanding of schizophrenia and anxiety.
Braff (2008) propos# for an endophenotype to be viable, it must have a genetic basis,
confirming it is trait not state and therefore precedes disorder onset. One means of doing this
is by testing for the hypothesised endophenotype in healthy individuals using scales te measu

schizotypy and anxiety.

Latent inhibition has already been identified as a potential cognitive endophenotype
and there are plausible theories (Howes & Kapur, 2009; Kapur, 2003; Kapur et al., 2005) that
link empirical findings to the clinical picturef gchizophrenia. There is however, significant
co-morbidity between schizophrenia and anxiety. As anxiety also shows abnormalities in
dopaminergic functioning it maybe that latent inhibition dysfunction relates to symptom level.
The similar relationship ported between both schizotypy and anxiety with latent inhibition

(see BraunsteHBercovitz, 2002) suggests that latent inhibition disruption is possibly
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associated with general psychiatric illness or the anxiety components of schizotypy and by
extension ehizophrenia, rather than being a specific endophenotype for schizophrenia.
However, there are number of limitations encompassed within existing research, specifically
regarding the nature of latent inhibition paradigms, and whether they instead re#lect th
operation of learned irrelevance (ske Pelley etl., 2010a).This questions the curresiatus

of latent inhibition as aiableendophenotype for both sebphrenia andnxiety disorders by
constraining theomparisorbetween human studies and animmadelsthat instead produce
latent inhibition using only simple preexposure (thus latent inhibition not confounded by
alternative learning phenonmenB&yrther studies are required to ascertain whether this is the
case. The possibility that the learne®lievance paradigm might be more reliable, considering

it is less ambiguous in terms of attention, is also worth exploring as a potential endophenotype
for schizophrenia and anxietixisting research findings which indicate an attenuation of
learned irréevance in high schizotypy individuals provides supparthis exploraibn (see Le

Pelley et al., 201Qasection 1.5.2.1). Whether the distinction between latent inhibition and

learned irrelevance is an important one, is a focus of the current work.

The general aim of this thesis is to address, or begin to address, some of the key
guestions and limitations with existing research that evaluate latent inhibition and learned
irrelevance as potentially useful cognitive endophenotypes for schizophrenia xaty an

disorders.

(a) Experiments 1-4
The purpose is twofold: first, to address the limitations of existing latent inhibition tasks by
designing a paradigm that examines a p@fect of latent inhibition, by minimising the

contribution of learned irrelevar, and assessing how this latent inhibition taskarges with
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schizotypy and anxiety (Chapter 2: Experiments 1 and 2). Secondly, latent inhibition has been
argued, an equivocal measure of attentional processing (Weiner, 1990; Hall, 1991; Bouton,
1993; Gay & Snowden, 2005) which renders it difficult to draw inferences that attenuations

of latent inhibition infer a disruption of attention processes implicated in schizophrenia and
anxiety. Thus, whilst an effect of latent inhibition has been viewed amsegoence of
attention that influences learning; as already highlightadternative, and less equivocal,
attentional paradigms exist. The learned irrelevance paradigm has been proposed a less
ambiguous measure of the impact of attention on associatiu@rigain contrast to latent
inhibition (as previously discussed; see alsoPelley, 2010#). Therefore the second aim

was to design a learned irrelevance paradigm, and assess the relationship betweemlis task

measures of schizotypy and anxiety &pter 3: Experiments 3 and 4).

Examining the comparison between a true latent inhibition paradigm and a learned
irrelevance paradigm, will allow an assessment of hdiependent effectsn schizotypy and
anxiety. By teasing apart the effects of latemhilbition and learned irrelevance we are
attempting to disentangle, and constrain our understanding of attentional abnormalities
observed in these sudtinical traits and by extension, their related pathologies. We assess
whether the learned irrelevancergdigm has the potential to produce converging and

complimentary evidence to that of the latent inhibition work.

Based on the assumption then, that latent inhibition and learned irrelevance share
similar psychological underpinnings (in this case, atterati), we should expect the effect of
schizotypy and anxiety to be comparable in the two types of attention tasks here. This
proposition is supported by attentional theories of associative learning, such as Mackintosh
(1975) which suggesthe mechanism uterlying an effect of latent inhibition is the same

mechanism underlying an effect of learned irrelevance. Consequently, if we see an effect of
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schizotypy and anxiety with latent inhibition, then we would expect to see the same with
learned irrelevance. this does not turn out to be the case, a revision of existing attentional

associative models will be suggested.

(b) Experiments 5 & 6

To anticipate, e results from Experiments 3 and 4 demonstrated a reduced effect of
learned irrelevance which was specifacindividuals high in state anxiety. However, from
these results it remains unclear whether high anxiety causes an inaldiitydioattention, or
alternatively whether the inability to distinguish previously relevant from irrelevant cues
induces a stea of anxiousness. Therefore, the aim of chapter 4 (Experiments 5 and 6) was to
explore the direction of causality between anxiety and learned irrelevance, using a mood
manipulation procedure in which participants either received a negative mood incwskirig t
speech stressor task) to elevate stabeety levels; a positive mood inducing task (relaxed
breathing/meditation exercises) to reduce stagety levels; or a neutral mood inducing task
(passage from the National Geographic) to act as a cagrtvap. Experiment 5 sought to
explore the effectiveness of these mood induction tasks in modulating state anxiety before
assessing their ability to influence learned variations in attention using an established learned

irrelevance procedure (Experiment 6).



Chapter 2:
Latent inhibition: The relationship with schizotypy and anxiety

2.1 Introduction

2.1.1 Latent inhibition: Recapitulation

Theoretical analyses of latent inhibition have focused upon an attentional explanation
proposing that during prgposure, attention diminishes to the preexposed stimulus so that,
subsequently, participants take longer to learn the association between this stimulus and the
outcome (Lubow & Gerwitz, 1995; Mackintosh, 1975; Pearce & Hall, 1980) than the non
preexposedue. Despite over 50 years of researtitere is still no generally accepted theory
of latent inhibition (Wagner, 1978, 1981; Bouton, 1993; Weiner, 2003), but the absence of a
theoretical consensus has not impeded the use of latent inhibition paradigpradhical
applications (e.g., screening potentially therapeutic drugs for schizophrenia; see Lubow &
Weiner, 2010). As such, the concept of latent inhibition and the notion that it might be reduced
in patients with schizophrenia has been a powerful heutesil for crossspecies studies (for
a review see Swerdlow & Williams, 2010). However, what is less clear is the evidence that
latent inhibition actuallyis reduced, as many latent inhibition tasks have failed to provide
replicable modulation of latennlnibition in patients with schizophrenia (for a review see
Swerdlow, 2010) and in high schizotypy individuals (for a review Lubow & Weiner, 2010).
Crucially, what is even less clear is whether existing latent inhibition paradigms instead reflect
alternatiwe learning phenomena. Detailed description of these findings, as well as a discussion
of possible conceptual and methodological ambiguities surrounding some of the existing latent

inhibition procedures, are discussed in the following introductory secfdtiato 2.1.5.



2.1.2 Latent inhibition and schizophrenia

Baruch et al (1988a) were the first to report an anomaly in latent inhibition in patients
with schizophrenia. This task was based on
Lubow (1975)in which participants had tsten to a recording of nonsense syllables and count
the frequency of one of therfRor the preexposure group only, short bursts of white noise were
provided as a background to the masking task. The subsequent task duriegt thisase
consisted of both preexposed andpoeexposed groups learning that a burst of white noise
(the CS) signalled the increment of a counter on a scoreboard (the US). The learning of the
noiseincrement association was slowed for control participaarid patients with chronic
schizophrenia who were preexposed to presentations of the white noise, whilst those with acute
schizophrenia showed absencef slower learning tthe preexposurstimulus Some studies
have replicated this experiment repagtercute, rather than chronic patients with schizophrenia
exhibit attenuated latent inhibition (Baruch et al; Gray, Hemsley & Gray, 1992; Rascle et al.,
2001; Gray et al., 2002, Vaitl et al., 2002). This relationship has been suggested to account for
the pesence of spurious associations being formed between stimuli in the environment from
which unusual thought patterns and positive symptoms may emerge (i.e., hallucinations and

delusions; Kapur, 2005; Cassaday & Moran, 2010, Moran et al 2008).

However, anumber of studieslemonstratecontroversy about the status of latent
inhibition in schizophrenia. For example, there are some studies that suggest no disruption of
latent inhibition in patients with schizophrenia (Lubow, Weiner, Schlossberg & Baruch, 1987;
Swerdlow et al., 1996; Williams et al., 1998; Lubow, Kaplan, Abramovich et al., 2000; Serra,
Jones, Toone & Gray, 2001), whilst others report an increased (or enhanced) effect of latent
inhibition (Rascle et al., 2001; Cohen et al., 2004; Gal et al.,)28@2mal latent inhibition

hasevenbeen reported in acute medicated patients with schizophrenia (Swerdlow et al., 1996;
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but see Williams et al., 199&yhich used the same auditory latent inhibition paradigm as
discussed above (see Ginton et al., 19&6jhors using a slight variation of this task however
reported an attenuation of latent inhibition but only in one or another subclinical subgroup or
sex (Lubow et al., 1987; Lubow et al., 2000). Others have alternatively suggested that
attenuated latent imbition simply reflects generalised learning deficits observed in the non
preexposed group (Serra et al., 20@Wisagreement also appears when the effects of disease
chronicity are taken into accourome have suggestd latent inhibition deficits refletcthe

acute stage of schizophrenia rather than the positive symptoms per se (Gray et al., 1992), whilst
othershavesuggestdlatent inhibition is attenuated in acute negatively symptomatic patients
(Rascle et al., 2001) or levels of latent inhibition aoemal in acute positively symptomatic
patients (Cohen et al., 2004). Each of these studies that show discrepant results not only
challenge the proposed relationship between attenuated latent inhibition and positive
symptomology in schizophrenia (Kapur,@&) but also highlight the number of reports that

fail to detet attenuated latent inhibitio®ne possible explanation for the inconsistencies in

the literature may be because the effect has an additional pole of expressienhanced, or
abnormally pesistent latent inhibition effect, with the chronic stage of schizophrenia (Weiner,
2003). For the first time, Rascle et al. (2001) reported an enhanced latent inhibition effect with
patients in a chronic stage of their illness, one that was positivegiatd with the negative
symptoms of schizophremiusing the betwegparticipantlatent inhibition task described by

Ginton et al. (1975).

However the betweesparticipantparadigms that have typically been used to measure
latent inhibition in patientswith schizophrenia have several limitations. Primarily, the
preexposed and negreexposed groups are composeddibferent participants, making it

difficult to match patients with identical states across groups. To avoid these problems, more
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recent studiehave tended to employ a withparticipant procedure for detecting latent
inhibition in which learning about a novel and familiar stimulus is measured in the same
participant. In a task reported by Cohen et al. (2004), participanespresented with giays

on a computer monitor that comprised 20 shapes. One of the shapes (X) was different from the
remaining nineteen (Y), and it was the part.
the odd shape was on the left, or the right hand side of tbersdfollowing 96 trials in which

the odd item, and the distracters, were presented to participants, participants received four
types of test trials in which: (1) the stimulus that had previously served as a distracter, Y, now
served as the odtem targé stimulus amongst an array of nineteen -Xthe preexposed
conditiony (2) trials in which a novel cue, Z, served as the target stimulus amongst an array of
nineteen Xs the nonpreexposed conditigr{3) filler trials identical to prexposure; and (4)

ti als in which the target and the distracts
demonstrated that reaction times during the preexposed condition were slower than during the
non-preexposed condition. Furthermore, similar to Rascle et al1§286ir results show that
patients in a chronic stage of their illness, displaying high negative and low positive symptoms,
show an enhanced latent inhibition effeéal et al. (2009) have also replicated this finding
using a variation of this withipaticipant visual recognition latent inhibition procedure.
Although Gal et al suggest enhanced latent inhibition is more specific to illness chronicity,
rather than negative symptoms per se. To the best of current knowledge, reports by Rascle et
al. (2001),Cohen et al. (2004) and Gal et al. (2009), are the first three studies to have shown
that latent inhibition is abnormally persistent in chronic patients. On the basis of the studies
reviewed thus far, it seems accurate to suggest that schizophrenia detadsaith an
abnormal expression of latent inhibition. Whether an attenuation or enhancement of the effect

is observed, depends on the stage of the iliness.



2.1.3 Latent inhibition and schizotypy

Comparable to the schizophrenia literat{eg., Barub et al., 1988aGray et al., 1992
Rascle et al., 2001)rgvious studies that have investigated the relationship between schizotypy
and latent inhibition have revealed mixed results. Baruch et al (1988b) were the first to report
a relationship between it inhibition and schizotypy in the normal population using the
masked betweeparticipant procedure to measure latent inhibition described by Ginton et al.
(1975). They report reduced latent inhibition in participants who scored high, but n@dow
determined by a median split) on the Psychoticism dimension of the Eysenck psychoticism
guestionnaire (EPQ; Eysenck & Eysenck, 1975). Although there was no relationship between
latent inhibition and the Launay and Slade (1981) hallucination scale and aelydafor a
reduced latent inhibition effect in participants scoring high (again as determined by median
split) on the STA; suggesting an apparent discrepancy in findings when alternative
psychometric measurements are used. In additi@oow, IngbergSachs ZalsteirOrda and
Gewirtz (1992)also found reduced latent inhibition in participants scoring high on the STA
but this effect was driven by a difference in learning in thepreexposed group, as opposed
to the theoretically more interesting, preexpoggdup.Usi ng Br auch et al o
(originally described by Ginton et al.), Allan, Williams, Wellman et al. (1995) were able to
demonstrate reduced latent inhibition in participants who scored high (as compared to low) on
the STA questionnaire, and tically, with a difference in learning only observed in the

preexposed group. Varying modulation of latent inhibition in schizotypy individuals is thus

widely reported across the literature.

Whilst the majority of existing studies have employ@d 06 ma préceddré to
demonstrate latent inhibitiofhe., Baruch et al., 1988b; Allan et al., 1995), some studies have

instead employed a differential conditioning procedure, in a betpasitipant comparison
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to assesshe generalityof existing findings. For xample, Lipp and Vaitl (1992) used a
differential conditioning procedure in which two visual stimuli were presented; one of which
served as the tbe-conditioned stimulus (CS+) and the other was thetambie-conditioned
stimulus (C$). The US that followe the CS+ was a tone that participants were required to
make a rapid button press respotsas soon as they heard it. One group received different
stimuli during preexposure and conditioning (Group Different), serving as a control for the
latent inhibiton effect, whereas a second group received the same CS+ throughout both stages
of the experiment (Group Same); and it is expected that latent inhibition would occur in this
latter group. The measure of conditioning was differential skin conductance thsigS+

and CS presentations to assess whether schizotypy measunes\cwvith latent inhibition
indexed by autonomic responses. Unl i-darg Bar uc
with | atent i nhi bition but ,cdamuinatye &t Swiatdle 0
hallucination scale also did not-wary with latentinhibition. Regarding STA (Cladge &

Broks, 1984) scores; participants scoring high as compared to low on this questionnaire,
determined by median splidid however show difi@nces in the extent of latent inhibition
displayed. Differential conditioning was significantly higher in Group Different than in Group
Same only for participants who scored low on the STA. For participants who scored high,
differential conditioning wasauivalently high in Groups Same and Different. Using a slight
variant of this procedure (an electric shock was instead used as the US); Lipp, Siddle & Arnold
(1994) also show differences in the extent of latent inhibition displbgesleen groups who

were divided by median split on the STA into low and high groups. Howeies unclear
whether this experiment reveals an effect of schizotypy that is specific to stimulus preexposure
as the high and low groups did not differ in the differential conditiotartge preexposed CS.
Instead thesgroups only differed in relatioto the norpreexposed CS. In contrast to an

attenuation of latent inhibition however, other studies have shown that, given limited
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preexposure, individuals high in schizotypy can in thahonstrate a latent facilitation effect
(Burch, Hemsley & Gray, 2004; but sBe la Casa, Ruiz & Lubow, 1993), these findings are

discussed next.

Burch, Hemsley and Joseph (2004) employed a variant of the auditory between
participant task previously emgpted by those such as Baruch et al. (1988b) and Allan et al.
(1995) involving a visual version of the task in which participants were required to complete a
masking task which involved counting the number of instances that a particular trigram of
letters was presented on screen during the preexposure stage of the experiment. For the
preexposure group only, these trigrams appeared on screen accompanied by insuabedy
polygons that subsequently served as tHestoonditioned stimulus. The number ahis that
the preexposed stimulus accompanied the trigrams during preexposure was either 0 (for a non
preexposed group), 5, 10, 40 or 80 trials. The subsequent task during the test phase consisted
of both preexposed and npneexposed groups learning thia¢ tpolgygon (CS) signaled the
increment of an oscreen counter (US). The learning of the polygarement association
was increased for participants scoring high as compared to low (determined by median split)
on the unusual experiences glimension ofthe O-LIFE questionnaire (Mason et al., 1995)
after only 5 preexposures to the polygon. For this group, learning was faster than for-the non
preexposed group. However, after 80 preexposures, no latent inhibition was observed in
participants scoring high dhe unusual experiences sdinension. Learning of the polygen
increment association was only slowed for participants scoring low on thidiregnsion.

These findings suggest that latent inhibition is a positive function of the amount of stimulus
preexpaure, and that with very low numbers of preexposure, latent facilitation will occur in

high schizotypy individuals relative to the positive symptom dimension of schizophrenia.
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What is clear from the above literature review is tiwaere some authors rapa
reduction in latent inhibition with higher levels of schizotypy, others do not, and some suggest
a reversal of latent inhibition with schizotypy (see also: Lubow & Weiner, 2010; Lubow,
Kaplan & De la Casa, 2001; De la Casa & Lubow, 2002; Shira & Kaf@a09; Kaplan &
Lubow, 2001; Lubow & Kaplan 1997). Adding further complexity to these discrepant results
however isthatthe association between schizotypy and latent inhibition is typically reported
with only smaltto-moderate effect size (see Gray kf 2003; Swerdlow et al., 2003). This
may first limit the success in detecting effects of schizotypy upon latent inhibition, and second,
it may indicate that schizotypy is perhaps not the only, or most, meaningful determinant of
latent inhibition modulatn in schizotypical individuals (and by extension schizophrenia). In
support of this proposal, attenuated latent inhibition has been reported in both state and trait
anxiety which has | ed to the conclusison tha
attention to irrelevanstimuli is related to both high levels of anxiety and schizophrkkéa
symptoms (BraunsteiBercovitz, 2000, 20012009. Curiously however, there are no data
examining whether anxiety or stress levels play a role in the mamtulat latent inhibition
observed in patients with schizophrenia. The attempts to cross this boundarycimisab

populations are explored in the following section.

2.1.4 Latent inhibition, schizotypy and anxiety

Schizotypy is a personality charaasgic that is cemorbid with a number of other traits
(see secion 1.6.1.25 is therefore possible that some of the variations in latent inhibition with
schizotypy are in fact a consequence of the influence of other, correlated personality traits. This
issue was addressed by Brauns®@amncovitz (2000) and in the first instance 219 participants
completed the SPQ and the trait subscale of the STAI (Speilberger et al., 1970). A factor

analysis of the items of the SPQ revealed two factors; the first tisateveelated with trait
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anxiety scores (labelledd a n x il eotayd e d 6 ) and i ncluded I nt e
disorganization factors such as social anxiety, no close friends, constricted affect and
suspiciousness. The second factor did not correlate veithtr anxi ety (4 abel |
di sorgani sationo) and included factors such
perceptual experiences, odd or eccentric behavior, and odd speech. Participants were then
required to complete a latent inhibition kasimilar to the maskedetweenrparticipants task

used by Baruch et al (1988a, b) and Allan et al. (1995). In this task participants were required

to complete a masking task by indicating whethgair of letters, presented on screen, were

the same or dferent. Forthe pre-exposed group only, these letters were accompanied by
irregular polygons. For the negreexposed group, only the letter pairs were presented. The
subsequent task during the test phase consisted on both preexposednedxjposed grgps

learning that the polygons signaled the increment of ascogen counter. Participants were

required to make a response when they thought the counter would increment.

Using a median split of scores, participants were separated into high and lgps gro
either factor 1 (anxiety loaded) or factor 2 (not anxiety loaded) of the SPQ. Latent inhibition
was attenuated only as a function of the anxiety loaded factor (factor 1), and not as a function
of the perceptual disorganization factor (factor 2).stvien participants were separated into
high and low schizotypy groups on the basis of factor 1, latent inhibition was only evident in
the low group. For the high group, learning was as rapid in the preexposed, as in-the non
preexposed groups. Whereas,tha basis of factor 2; a reliable latent inhibition effect was
detected in participants who were both high
deficitsdé component of factor 1 (anxiety | oes
schizophenia and schizotypy (see Raine, 1992), it appears that the negative and not positive

symptoms of schizophrenia are characterized by elevated levels of anxiety. However, both
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schizotypy and anxiety modulated latent inhibition independently, suggestigly
schizotypalé (and by extensignndividuals with schizophrenia) reduced ability to suppress
attention to irrelevant stimuli, is related to both high levels of anxiety and schizophkenia
symptoms (BraunsteiBercovitz, 2000). Further support for thisxding stems from a
subsequent study (see BraunstBie r covi t z, 2001) in which part.|
was manipulated using an acute stress induction procedure (see also Chapter 4). Participants in
the high, but not low, stress condition éited attenuated latent inhibition. Howevénge

limitations associated with existing latent inhibition paradigms question the validity of these
findings (both in relation to anxiety and schizotypy); these limitations are highlighted in the

following secton.

2.1.5 Experimental paradigms of latent inhibition: conceptual and
methodological limitations.

The latent inhibition procedures described thus far have modified its basic procedure in
order to ensure that participants engagghin the experiment ding preexposure. First, the
outcome from the second stage of the experiment might also be included in the first stage of
the experiment unpaired with theue (e.g. Swerdlow et al., 1996; Cohen et al., 2004; Gal et
al., 2009; Lubow & Kaplan, 1997; De @@asa & Lubow, 2001; Lubow & De la Casa, 2002).
Second, a masking task may be presented that accompanies the presentation of the stimulus
during the preexposure stage (e.g. Baruch et al., 1888eay, Hemsley & Gray, 1992). The
explicit use of a maskinppts k has been employed to divert
preexposed cue. It has been suggested that a masking task is a necessary condition for the
production of the latent inhibition effect in human participants (see Lubow & Gerwirz, 1995).
Given that animal lateninhibition studies do not require the use of either of these

modifications to observe latent inhibition, the suggestion that human and animal latent



inhibition are not mediated by the same underlying attentional processes undermumes the

of latent inhibition as an animal model of schizophrenia (for a review.sdeelley & Schmidt
Hansen, 201Q;ubow & Weiner, 2010). More importantly, however, these modifications also
align themselves with alternative learning phenomena, rather #iant linhibition. For
example, by exposing the target outcome during the preexposure stage of the experiment in an
uncorrelated (or unpaired) fashion with the preexposed cue may result in the establishment of
learned irrelevance or conditioned inhibitianthe preexposed cue; both of these effects are
known to retard the acquisition of later learning (e.g.: Baker & Mackintosh, 1997; Resccorla,
1969) and are known to s@ry with schizotypy (Schmiellansen et al., 2009; Le Pelley et

al., 201@; Migo et al.,2006). It could be argued, therefore, that all the studies that employed
these modifications to the latent inhibition procedure (see Adtaal, 1995; Baructlet al,

198&; BraunsteirBercovitz & Lubow, 1998; Della Casd al, 1999; Grat al, 2002;Lubow

et al, 1992) may instead demonstrate alternative learning phenomena, other than latent

inhibition.

Evans et al. (2007) have described a wipamticipant latentnhibition procedure that,
they suggest, circumvents the inclusion of a mastasy during preexposure. In this task
participants were presented with a series of letters, presented one after the other in the centre
of the screen and instructed to press the spacebar as quickly as possible when the letter X was
presented. The letter X wagher preceded on some trials by a letter (e.g., H) that had been
preexposed amidst the filler letters earlier in the experiment or by a letter (e.g., S) that had not
been preexposed. This task showed a latent inhibition effpatticipants were sloweot
respond to presentations of X when it was cued by the preexposed letter than-the non
preexposed letter, and a trend for a reduction in latent inhibition with the positive symptom

dimension of schizotypy was observed. As this procedure did not incluthearcent masking
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task during the preexposure stage of the experiment, it is difficult to explain this result in terms
of learned irrelevance. Furthermore, at first blush, it seems difficult to explain this result in
terms of conditioned inhibition, as tkerget outcome was not presented to participants during
the preexposure phase either. However, as Evans et al note, an expectation of the target
stimulus was established prior to the preexposure phase through instruction. Thus, conditioned
inhibition might be generated because the target outcome was expected to appear (but did not)
at a time when the preexposed stimulus was presented. This negative prediction error will lead
standard associative models of learning (e.g. Rescorla & Wagner, 1972) to pihedict
formation of an inhibitory association between the preexposed stimulus and the target X,
slowing later learning for reasons other than latent inhibition. Such limitations can be applied
then, to other studies that have utilised a similar within ppéidi paradigm and also report a
deficit in latent inhibition related to the positive dimension of @IFE questionnaire
(SchmidtHansen et al., 2009; Granger et al., 2012). The problem of such confounds has not
been addressed in the development of mieoent paradigms. Overcoming interpretational
problems in respect of latent inhibition dysfunction could enhance the development of

cognitive explanations about psychotic phenomena.

2.1.6 Aims and research questions

Here we introduce a procedure that mkaes variations in latent inhibition with
schizotypy under conditions where the contribution of conditioned inhibition and learned
irrelevance are minimised in order to provide a less ambiguous measure of the impact of
learned variations in attention. Hewer, removing the masking task altogether would result in
an experimental paradigm that participants have no requirement to engage in. An alternative
strategy then is to keep the masking task in place during preexposure but in such a way as to

establish ti as taskelevant. The two experiments reported here explored this possibility.
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Additionally, it is important to include a measure of anxiety based on existing propositions that
a) attentional dysfunction in high anxiety individuals has alemipelicated in latent inhibition
studies (BraunstetBercovitz, 2000, 2002). And b) measures of anxiety have been shown to
covary with schizotypal traits that appear to modulate latent inhibition performance
(BraunsteirBercovitz). Additional analyses are conductedassess how the relationship

between schizotypy and anxiety-earies with latent inhibition (see section 2.3.2.3).

2.2 Experiment 1

The first aim of Experiment 1 was to create a wHparticipant latentnhibition task
that minimises the possibilityf observing conditioned inhibition and learned irrelevance. The
second aim was to examine how this taskaoes with schizotypy and anxiety. Presented here
are two variations of a task by Evans et al. (2007; iteeHified from that designed byoting
et al., 2005see section 2.1)5The first version constituted a replication of the task described
by Evans et al, to demonstrate latent inhibition, predominantlyasiave contral The second
version constituted a modification of this task where mnpeetation of the target was
established during the preexposure stage either through instruction or explicit exposure to the
target outcomé thusremoving the contribution of conditioned inhibitigiwhere a reduction
in learning of the cuéarget associain during the test stage would occur due to the cue
predicting the absence of the target during preexpadustad, as suggested by Evans et al,
during the preexposure stage participants were simply asked to count the number of instances
of one of thdfiller letters (M). This manipulation also establishes all of the stimuli in stage 1
as task relevant as participants must process each letter in order to determine whether it is a
letter M or not. Consequently, this task is also less amenable to anatigaim terms of
learned irrelevance. In the subsequent test stage of both versions of the task, participants
continued to be presented with a series of letters, one after the other in the centre of the screen,
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but were now instructed to make a resporssquackly as possible when the letter X appeéar

On some occasions the letter X was preceded by-pre@xposed cue, whereas on other trials

it was preceded by a cue that had been rendered familiar by being presented during the
preexposure stage. Based the results of Evans et al. it was expected that resyiones

would be shorter to X when it had been preceded by thepremxposed, rather than the
preexposed cue. We are interested in assessing whether the same effect was evident in the
modified versgon of the task, as this would suggest the effect of a mechanism on stimulus
preexposure that is not sensitive to alternative effects of learning, and whether this is modulated

by schizotypy and/or anxiety.

2.2.1 Method

2.2.1.1 Participants

Sixty healthyNottingham University participants and members ofdbaeral public
(35 males and 2%females) took part, in exchange for course credit or a £4 inconvenience
allowance. The age range was34 Thirty participants completed the replicated vensas
the Exans et al. (2007) latent inhibitiana s k  ( o-r @ Pk | © @n dihdty compledegl , and
a modified versi onhasek t bbudiomissedqudstionmaire dataj e d
three participants were duded from the analysis leaving= 28 inthe replicatedask
condition and n= 29 in the modifigdsk conditionA sample size of 60 was chosen based on
an effect size (0.66) and a power of 0.95 for a linear regreaioi3-4 predictorgsee section
2.2.2.2 but also section 2.3.2.3 which uagsooled sample size n = 11Previous studies
using a similar task design in a similar cohort of participants have used a comparable sample

size to the current study (see Schntidinsen et al., 2009).



2.2.1.2 Apparatug Stimuli

All experimental stimuliappeared on a standard desktop computer running Windows
XP, and were programmed using Psychopy (Peirce, 2007; www.psychopy.org). Stimuli were
white capitalletters in Ariatfont (7mm(H) x 5mm(W)) presented for 1 second each on a
computerscreen (28cifiH) x 35an(W)) with a grey background. The stimullegters were S
and H, one of the letters served as the preexposed stimulus and the other was the non
preexposed stimulus, counterbalanced across participants. The target was the letter X, with

filler-letters D M, T and V; see Figure 2.1.

2.2.1.3 Procedure

2.2.1.3.1 Replicatethsk Condition

The task had two stages: preexposure and test. After reading an information sheet and
signing a conserform, the following instructions were presented to participamisthe

computer monitor:

Aln this task | want you to watch the seq
task is to try and predict when a letter 'X' is going to appear. If you think you know

when the X' will appear then you can press the spacearly in the sequence, that is

before the 'X' appears on screen. Alternatively, if you are unable to do this please press

the spacebar as quickly as possible when you see the letter 'X.' There may be more than
one rule that predicts the 'X.' Please toybe as accurate as you can, but do not worry

about making the occasional error. If you understand your task and are ready to start

press the spacebar to begin. o



During the preexposure stage the preexposed stimulus was presented 20 times,
intermixed ina random order with presentations of filler letters each of which was presented
15 times; each stimulus was presented for 1000ms separated by a SOstsnmitiers interval.

The nonpreexposed stimulus and target letter X were not presented during tRpgaee

stage. The test stage followed, without interruption, the preexposure stage, during which the
preexposed stimulus and the Aanreexposed stimulus were each presented 20 times followed
by a 1000ms presentation of the target stimulus X. There way&@lnorcued presentations

of X during which the target was preceded by one of the 4 filler letters, each of which preceding
the target 5 times. In total there were 64 presentations of the filler letters throughout the test
phase. The whole task lastethihutes. Participants were required to press the dpaceither

when X appeared on screen, or if they could predict when the X would appear as the next letter

in the sequence.

2.2.1.3.2 Modifiedtask Condition

The procedure for the modified versiohthe task was as described for the replicated
versn of the Evans et al. (2007) latent inhibitiaisk (sectiorR.2.13.1), with the excen
that participants received tweets of instructions, one set appeared on screen prior to the

preexposure staginstructing the following:

Aln this task | want you to watch the seq
task is to count how many times the letter ‘M' appears. This task will last about 3mins.

When this task ends, you will be given a newokatstructions. Press any key when

you are ready to start the experiment. o
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Thus for the modifiedask condition participants were not aware that the target
stimulus would appear until after the preexposure phase. A sseboflinstructions (identita
to those administered at the outset of the replicttski condition) were then presented prior
to the test stage. Otherwise, all procedural details of the preexposure and test stages were

identical to the replicatethsk condition.

Preexposure Stage Test Stage
Preexpoced stimulus Traming

S Q0 S —X(20)

H— X (20)

PE Cue Filler triais Filler mals
(1000 ms) (15) D—X (5) D (64)
M (15 M—=X(5) M (64)
T (15) T—X (3) T (64)
IsI v (15) V=X () V(69

(50 ms)
Target
(1000 ms)
18I
| == (50 ms)
Filler Letter
(1000 ms)
ISI
(50 ms)
NPE Cue
(1000 ms)
ISI
(50 ms)
Target
(1000 ms)

Figure 2.1. Expeimental design and example stimuli for the test stage of the iatgibition task.

Each trial comprised a 1000ms presentation of a stimulus separated by -stinmigrs interval (I1SI)

of 50ms. Participants were required to press the spacebar eitherwheh e t ar get sti mul u:
on screen, or before it appeared if they could predict it as the next letter in the sequence. The preexposed
(PE) and nopreexposed (NPE) stimuli were counterbalanced across participants. Numbers in
parentheses in thasert refer to trial frequencies.
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A computerbased version of th®-LIFE (Mason et al., 1995) was administered to
assess individual schizotypgee Appendix .3This questionnaire assesses four dimensions of
schizotypy. The Unusual Experiences (UnEx) smatbe measures auditory hallucinations,
magical thinking and perceptual aberrations reflecting positive symptoms of schizophrenia
(e. g., AHave you ever felt you have speci al
Anhedonia (IntAn) subscale reflectsealonia (inability to experience pleasure); analogous to
the negative symptoms of schizophrenia (e.g.
youbre with peopled). The Cognitive Disorgart

in attention/oncentration; consistent with the disorganised symptoms of schizophrenia (e.g.,

ADo you ever feel t hat your speech is diffic
up and donot ma k e sense?0) . Lastl vy, | mpul
reck essness, i mpul sivity and antisoci al behayv
someone?o0) ; similar to the Psychoticism sca

(Eysenck & Eysenck, 1975). Ti@LIFE questionnaire has good validity as it mapsto the
same multdimensional structure as schizophrenia; assessing positive, negative and

disorganised symptoms (Mason et al.).

A papetrversion of the STICSA (Ree et al., 2008) was administered to assess individual
anxietylevels see Appendix 4This questionnaire assesses sonmgtinptoms of anxiety (e.g.,
increased heart rate, sweating) and cognitsygmptoms of anxiety(e.g., difficulty
concentrating, confusionpoth in general; how often the statements are true gfateipant
(trait-anxiety) and their current symptoms of anxiety; right now, at this very moment-(state
anxiety). Each scale (state and trait) encompasses 2fepelted items, rated on apéint
Likert-type scale (1 =ot at allto 4 =very much sp The questionnaires were pegsed in a

counterbalanced order across participants.
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2.2.1.4 Scoring

Reaction times (RTOs) in stage 2 were 1 ec¢
nonpreexposed stimulus that preceded the target (X) for each participant. As each stimulus
was preseted for 1000ms separated by a 50ms #stéri mul us i nterval, par
rangefrom@ 050ms. | f participantsdéd RT was | ess tt
if their RT was between 1050 and 2050ms, they responded to the X. Median Resptorses
to the preexposed stimulus and feexposed stimulus were calculated for each participant
as it is less biased by extreme values compared to the mean. The scores derived for the four
schizotypy subtypes (complete for Experiment 1 and the subsedExperiment 2) are

presented in Table 2.2.

2.2.2 Results and Discussion

2.2.2.1 Latent inhibition

Figure 2.2 shows the mean of individual median reaction times to X across the 20 test
trials® with the preexposed and ngneexposed stimuli. Both theeplicatedtask and the
modifiedtask groups showed faster RTs to the-pogexposed stimulus than the preexposed
stimulusi latent inhibition. A 2 (condition: replicate@sk, modifieetask) x 2 (stimulus:
preexposed, nepreexposed) mixed analysis of \arce (ANOVA) of individual median
reaction times revealed a significant main effect of stimb(is55) = 16.626p <.001, partial
d] = .23, but no mai n d&$1)eugyestingreactionriestvareo n o r
similar for participants in both the replicateatsk and the modifiethsk irrespective of target

expectation during preexposuralthough not gtictly warrantedfrom the main effect of

5> Due toaprogram limitationtrial order could not be specified; hence tlaga were collapseatrosghetrials of
thetest stageAn updatd version of the program was used &irsubsequent experimenidich circumvented
this issue
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stimulus, and the absence of an interaction, it is instructive to examine whether the latent
inhibition effect is present in both conditions. When median RT is employed as the measure of
central tendency, repeatectasures t tests revealed an effect of preexposure for the replicated
task condition (t (27) = 3.87, p=.001) and an effect of preexposure for the modgied ta
condition that just missedatistical significance (t(28) = 2.02, p=.053). When mean RT is
employed as the measure of central tendency instead, both comparisons reach statistical
significance (srallest t (28) = 2.57, p=.016). Thus, to increasatistical powerfor the
subsequent analysethe data were combined from the two test conditions for gulese

analyses.

1.4

=
(Y

=

o
fo°)

m Preexposed
ONon-preexposed

Reaction Time (s)
o
[ep)

o
N

o
(V)

Replicated-Task ConditionModified-Task Condition

Figure 2.2 The mearof individual mediarreaction timsto the target cued by preexposed stimuli and
nonpreexposed stimuli for participants in the replicatgsk condition and the modifigdsk
conditions in stage 2 of experiment 1.dtrbars are 1+Mvithin-subject standard error of the mean (see:
Cousineau, 2005).

2.2.2.2 Latent inhibition and schizotypy
A multiple regression analysis was carried out using the four schizotypy subscales taken
from the O-LIFE: UnEx, IntAn, InpNon and CogDis as the predictor variables, and median
reaction time to the preexposed and-poeexposed stimuli as the dependent variables. If any

of the predictor variables are associated with latent inhibition it would be expected that a
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relationship wuld be found with the preexposed stimulus, but not with the contrel non
preexposed stimulus. When reaction time to the preexposed stimulus was entered as the
dependent variable, UnEx was a significant predictor of RTs.862, p =.021), reflecting
slowerlearningto the preexposestimulus with individual$iighin UnEx, i.e. enhanced latent
inhibition. ImpNon was also a significant predictor of reaction time tpthexposegtimulus

(b -3360, p =.014), reflectingaster learningo the preexposed stirtus for individualshigh

in ImpNon, i.e. an attenuation of latent inhibition. Neither of the remaining schizotypy
subscales (CogDis and IntAn) were significant predictors of reaction time to the preexposed
stimulus ps>.05). When median reaction timettee norpreexposed stimulus was entered as
the dependent variable, the only significant predictor of reaction time was ImpNon, which
again was negatively correlated with FbI=-.318, p =.035). None of the remaining schizotypy
dimensions were significant predictors of reaction to thepreexposed stimulugp$ >.05).

All standardised regression coefficients &id/alues can be seen in Table 2.1.

Table 2.1

Betacoefficiens from the multiple regression analyses of schizotypy subscales (predictor
variables), with reaction times to preexposed and-preexposed stimuli as dependent
variables. Summary information includes all participants from the replitaskd and
modifiedtask conditions of Experiment 1.

Beta-coefficient
Preexposed Non-preexposed
Unusual Experiences .362* .188
Cognitive Disorganisation -.179 -.054
Introvertive Anhedonia .032 .026
Impulsive Nonconformity -.360* -.318*
R? .164 .092

Note:* p <.05; Significant results are in bold.



The results indicate that individuals high in UnEx are slower to learn the association
between the preexposedimulus and the target than individuals low in UnEx. This, in
conjunction with the finding that UnEx was not a significant predictor of reaction time to the
non-preexposed stimulus, indicates that individuals high in this subtype are exhibiting an
enhancementf latent inhibition. A relationship between ImpNon and RTs to both the
preexposed and negreexposed stimuli was also found, this suggests that ImiN@sociated
with responding irrespective of whether the stimulus is familiar or novel, as oppdseihdo
related to latent inhibition per sédditional analyses which assess how the relationship

between schizotypy and anxiety-earies with latent inhibition are reported in section 2.3.2.3.

The enhancement of latent inhibition with high UnEx, dogsagoee with a number of
schizotypy studies that have used a similar experimental procedure (Evans et al., 2007,
SchmidtHansen et al., 2009; Granger et al., 2012). However, the atteraggedinhibition
effect with unusual experiences reported by Edrad and Schmidtlansen et al did not reach
the conventional cubff point for statistical significare A significant reduction in latent
inhibition was attained by Granger et al, but this was a result of an association between the
difference between th preexposed and ngmeexposed stimuli and unusual experiences.
Furthermore, it cannot be ruled out that the latent inhibition task employed in each of these
studies could be showing alternative learning phenomena instead of latent inhibition, due to
thelimitations previously described. However, before we can draw any further conclusions, it
is important to acknowledge the possibility that we still might be observingvaration of
schizotypy with learned irrelevance in the current study, as oppoksdrbinhibition. Whilst
the modifiedtask condition successfully minimised the contribution of conditioned inhibition,
it still included a masking task (count the letter M). Although this proceidwuraich requires

continuous monitoring of the experintahstimuli - establishes a situation in which all of the

97-



experimental stimuli are task relevant, it is conceivable that it still establishes learned
irrelevance. In this task, participants are required to respond (albeit covertly) to the letter M,
ratherthan any other stimulus. In this sense, then, the preexposed stimulus is irrelevant to the
task in hand, thus learned irrelevance may still be the cause of the slower learning to the
preexposed stimulus, rather than latent inhibition. As previously dsdulesrned irrelevance

is an effect which has been shown to influence human learning (Le Pelley & McLaren, 2003)
and also cevary with schizotypy (Schmietanseret at Le Pelley et al., 20H). However, as
previously outlined, it would be problematic temove the masking taskltogether as
participants would have no requirement to engage in the task during the preexposure stage.
Therefore, the aim of Experiment 2 was to design a procedure that examined latent inhibition
under conditions where the conutibn ofbothlearned irrelevance and conditioned inhibition
were minimised, but keep the masking task in place during preexposure but in such a way as
to establish it adirectlyrelevant (as opposed to irrelevant) to the preexposed stimulus. If latent
inhibition is still observed under these circumstances, it would permit an evaluation of the
effect in terms of models of attention that do not emphasise the importance of learned

irrelevance (e.g. Pearce & Hall, 1980; Esber & Haselgrove, 2011).

2.3 Experiment 2

To minimise the contribution déarned irrelevancgs well aconditioned inhibitioi,
the purpose of Experiment 2 was to adjust the parameters of the mea#kednditionfrom
Experiment 1. Irthe preexposure stagearticipants wer@ow askedto say out louckachof
the letters that appeared on the scr@émns manipulation directly establishes all of the stimuli
in stage 1 as task relevant as participanist process each letter by reading each of them
aloud. Consequently, this version ofetlbask rules out an explanatiaf any subsequent
attenuation of learning to the preexposed stimulus with an appeal to learned irrelevance.
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Furthermore, as no expectation of the target stimulus (X) is established prior to, or during,
preexposure the task also not amenable to an explanation in terms of conditioned inhibition
The test stage of the task remained the same as the mddgledonditiorfrom Experiment

1: participants were required to make a response as quickly as possible when the letter X
appeaed on screen. We are first interested in assessing whether an effect of stimulus
preexposure is still observed under these different circumstances and second, vehaskess

the task cevaries with schizotypgnd anxietyThisbeing the caseould suggesa relationship
between these personality characteristics @tmdulus preexposurehat goes beyond learned

irrelevance

2.3.1 Metod

2.3.1.1 Participants

In keeping with Experiment Xxty healthy Nottingham University participants and
membes of the general public (10 males and 50 females) took part, in exchange for course

credit or a £4 inconvenience allowance. The age range wa3 {&ars.

2.3.1.2 Apparatus

The apparatus were the same as described in Experiment 1.

2.3.1.3 Procedure

The procedure for Experiment 2 was as described in the mothfsdcondition in
Experiment 1 with the exception that the instructions received prior to the preexposure stage
asked participants to say aloedch letterthat appeared on the screen. A seesetdof
instructions (identical to those administered at the outset of the test stage of the ntaskfied

condition from Experiment 1) were presented prior to theplease. As per the previous
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experiments, participants completed @IFE (Mason et al.1995) and the STICSA (Ree et
al., 2008) questionnaires. All scoring was performed in the same manner as described in

Experiment 1.

2.3.2 Results and Discussion

The scores derived for the four schizotypy subtypes (complete for Experiment2)l and
are shown in Table 2.2. Unpair¢dest analyses were carried out to assess if the reported
schizotypy means differ from the population norms for each subscale. While the means for
CogDis and IntAn do not differ significantly from the normative valdles,means for UnEx
and ImpNon are both significantly lower than the normative values for the meothBkd
version of Experiment 1, and for Experiment 2. Significant differences are highlighted in bold
in Table 2.2. Previous studies have also obtainechreeaizotypy scores that are below Mason

et al.dés (1995) normative values, and si mi

Granger et al., 2012; Sellen et al., 2005).
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Table 2.2

Summary information forO-LIFE scores for theparticipants in the replicatadsk and
modifiedtask conditions of Experiment 1, and all participants from Experiment 2. All values
are mean (SD). Populatioarorms taken from Mason et al., (1995), are also shown (mean (SD)).

O-LIFE dimension Mean (SD)
UnEXx CogDis IntAn ImpNon
Experiment 1
Replicated Task 10.1 (6.7) 11.4(6.3) 6.7(43)  8.2(3.6)
Modified Task 6.9(6.3* 11.2(6.3) 6.0(51) 7.8(3.3)*
Experiment 2 6.7(5.4)* 12.3(6.6) 5.0(4.1) 7.1(3.6)
Population Norm 9.7 (6.7) 11.6(5.8) 6.1(4.6) 9.7 (4.3)

Note:* p <.05; Significant results that differ from the population norm for these subscales are in bold.

2.3.2.1 Latent inhiltion

Figure 2.3 shows the median reaction times to X across the test trials of Experiment 2
(shown in twatrial blocks) with the preexposed and Rmeexposed stimuli. It can be seen
that reaction times became faster following the-pmrexposed than thegexposed stimulus
as this stage progressed. This impression was confirmed with a 2 (stimulkseeaposed,
nonpreexposed) x 10 (trial block1l0) ANOVA of individual reaction times, which revealed
a significant main effect of stimulug;(1,59) = 25.69, p <.00L , parti al d)
significant main effect of trial numbeF,(9,51) = 7.949,p<.00L,par t i al d ] =

significant interaction between these variablesl.
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—4— Preexposed
--Non-preexposed

Median Reaction Time (s)
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Trial Block

Figure 2.3. Themedianreaction times (sec) to the preexposed andpreaxmsed stimuli over the 10
two-trial blocks of stage 2 of Experiment 2. Dotted line indicates the slowest reaction time at which
participants can be regarded as anticipating the target (< 1005ms). Egoejmasent 1+Mithin-
subjectstandard error (se€ousineau, 2005).

In line with bah conditions from Experiment Experiment 2 successfully generated
an effect of preexposure on reaction times during subsequent ledaterg inhibition. The
task presented in Experiment 2 however, produced latéitiiiion when the target was not
expected during preexposure, and importantly, when using a mdskinghat was not
irrelevant to stimulus preexposure. These results encourage the suggestion that that an effect
of exposure on learning is being observexiei that is to say latent inhibition rather than

conditioned inhibition or learned irrelevance.

2.3.2.2 Latent inhibition and schizotypy

In keeping with Experiment 1, a multiple regression was carried out using the four
schizotypy subscales from ti@LIFE (UnEx, IntAn, ImpNon and CogDis) as the predictor
variables, and reaction time to the preexposed anepremxposed stimuli as the dependent
variables. Again, when reaction time to the preexposed stimulus was entered as the dependent

variable, UnEx wa a significant predictor of reaction times to the preexposed stimbilus (
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=.402, p =.021), reflectingslower leaning to the preexposed stimulus with individu&igh

in UnExT replicating the enhanced latent inhibition effect observed in Experiment 1. Unlike
Experiment 1, however, ImpNon was not a significant predictor ofticeatime to the
preexposed stimulus, nor were the remaining schizotypy subtypes. When median reaction time
to the norpreexposed stimulus was entered as the dependent variable, none of the schizotypy
subtypes were significant predictors of reaction timéhe norpreexposed stimulupg>.05).
Standardised regression coefficients BAdalues can be seen in Table 2.3.

Table 2.3

Betacoefficients from the multiple regression analyses of schizotypy subtypes (predictor

variables), with reaction times tpreexposed and neureexposed stimuli as dependent
variables.

Beta-coefficient
Preexposed Non-preexposed
Unusual Experiences A402* .238
Cognitive Disorganisation -.249 .012
Introvertive Anhedonia .015 -.019
Impulsive Nonconformity -.160 -.215
R? A11 .054

Note:* p <.05; Significant results are in bold.

In keeping with Experiment 1, the results of Experiment 2 show that individuals high
in UnEx are slower to learn the association between the preexposed stimulus and the target
than individuals low in UnEx. In both Experiments 1 and 2, we observed facilitation in RTs in
individuals high in UnEx that was specific to the preexposed stimuluse Tégglts encourage
the suggestion that we are observing an enhancement of latent inhibition, rather than a more
general effect of schizotypy on learning to both stimuli. Whilst the findings from both

experiments presented here are comparable, the tas@yehin Experiment 2 is particularly
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notable as it comprises a relatively O6purebod

the contribution of both conditioned inhibition and learned irrelevance to stimulus preexposure.

2.3.2.3Latent inhibitbon, schizotypy and anxiety
The purpose of the subsequent analyses was to address the question posed by Braunstein
Bercovitz (2000); whether the attentional dysfunction in schizotypy is related to anxiety. The
following analyses aimed to investigathe relationship between latent ipition, schizotypy
and anxiety. Tie scores for both anxiesubtypes, foExperiment 1 (pooled data from the

replicated andnodified task conditions) andkgeriment 2, are shown in Table 2.4.
Table 2.4

Summary infomation for STICSAscores; all values are mean(SD). Values in brackets
represent the range of scores for both angetytypes.

Anxiety-Subtype Mean(SD)
State State State  Trait Trait Trait
Somatic Cognitive Somatic Cognitive
Expeiment 1 31.3(8.4) 15.6(4.9) 16.4(6.1) 33.1(10.7) 14.9(5.1) 18.8(6.4)
Experiment 2 31.7(9.9) 15.5(4.7) 16.2(6.1) 33.6(9.5) 14.7(4.1) 18.6(6.0)
Population Norm 30.9(9.3) 13.6(4.0) 17.21(5.4) 32.4(8.1) 13.5(3.3)  18.8(4.8)

As a preliminary measur@earson produghoment correlation coefficientsere run
to assess whether the schizotypy dimensions were correlated with anxigpasigiven the
exploratory nature of thisnalysis no adjustments for multiple compsons were made.HEre
were significant correlationserewithin each schizotypy dimension and each anxietyysgbt
(see Table2.5); all p-values <.01, excluding IntrovAn in Experiment 4;>.05. These
significant relationships suggest an anxiety compbirethe schizotypy scale; on this basis
subsequent analyses were continued to examine the effect of schizotypy on latent inhibition
once anxiety had been controlled fdwo hierarchical multiple regressions were conducted

with reaction time to the (1) pexposed stimulus and (2) npreexposed stimulus as the
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dependent variables. State and trait anxiety scores were entered into the model in step 1 to

assess the main effect of anxiety on latent inhibition and to control for the effect of anxiety on

the sulsequent relationships between UnEx, CogDis, IntAn and ImpNon, and latent inhibition

in step 2.These analyses were completed separately using the data from Experiments 1 and 2,

as described below.

Table 2.5

Pearson produghoment correlation coefficiés for anxiety and schizotypy variables:
Experimens 1 (pooled data from the replicated and modified task conditems

Trait Unex CogDis IntrovAn ImpNon

Experiment 1

State 375" 513" 527" .080 .393"
Trait 461" 576" .153 .290
Unex 484" .088 415"
CogDis .248 .330
IntrovAn .039
Experiment 2

State 734" .266 444 .322 .340
Trait .296 428" 515" .354"
Unex 532" 120 498"
CogDis 453" .350"
IntrovAn .253
Note Val ues shown amomentRaralatisncoeficientpr oduct

** Correlation is significant at the 0.01 level.
* Correlation is significant at the 0.05 level.

Significant results are bolde
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2.3.2.3.1 Experiment 1

Hierarchical multiple regression analyses were carried out using the state and trait
anxiety subtypes taken from the STICSA (step 1) and the four schizotypy subtypes taken from
O-LIFE; UnEx, IntAn, ImpNon and CogDis (step 2} tne predictor variables. Md reaction

time to the preexposed and Rpreexposed cues were entered as the dependent variables.

When Md reaction time to preexposed trials was entered as the dependent variable, the
effect of the predictor variables in st&épvas not significan® = .027;F <1. Neither State nor
trait anxiety were significant predictors of reaction time to the preexposeg@ eu@sj. When
the schizotypy subtypes were entered into the regression in step 2, the change in the variance
accouned f or ( @R] ) was p3a.0§2pwhiisithe averall;modplRvas clese ®0 9
significance;F(6,56) =2.206p=.058. The only significant predictor of reactiome to the
preexposed cue was ImpNdn ( -375 p =.011). This finding reflects fastézarning to the
preexposed stimulus for individuals high in ImpNon and shows a comparable finding to that
observed in the main analyses foxgeriment 1. Also snilar to the main analyses for
Experiments 1 and 2, there was a trend for a relationship betlweEx and reaction time to

the preexposed cub ( .299 p =.070).

When Md reaction time to negpreexposed trials was entered as the dependent variable,
the effect of the predictor variables in step 1 was signifi€édnt .155;F(2,56) = 4.951p
=.011. Both state and trait anxiety were significargdgstors of reaction time to the non
preexposed cue (state anxidiy; -:354 p =.011; trait anxietyp 350 p =.012); reflecting,
faster learning to the nepreexposed cue for individuals high in state anxiety, and slower
learning to the preexposedector individuals high in trait anxiety. There was no significant
change irR2 in step 2, but the effect of the predictor variables on learning to thpreerposed

were significantR? = .239;F(6,56) = 2.619p =.028. Trait anxiety remained a significant
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predictor b 404, p =.013), with state anxiety showing a trend for an association with the
nonpreexposed cud( -277, p =.085). The only significant schizotypy predictor of reaction
time to the norpreexposed cue was impNob ( 293 p =.041). Standardisedegression

coefficients andR? values can be seen in Table.2.6

The results indicate a dissociation between state and trait anxiety for reaction time to
the nonpreexposed cue. Individuals high in state anxiety show faster leamitige non
preexposed cue, whereas individuals high in trait anxiety show slower learning to the non
preexposed cue. This could simply reflect a difference in the observed means between state
and trait anxiety; as the mean (and range of scores) foartradty is larger than those observed
for state anxiety. Thus trait anxious individuals nbaydisplaying slower learningpbmpared
to state anxious individuals (refer to Table Déyause their mean level of anxiety is higher
However, there was no relatiship between state or trait anxiety and reaction time to the
preexposed cue, suggesting anxiety influences basic associative learning, as opposed to latent
inhibition more specificallyThis finding is in opposition to the results reported by Braunstein
Bercovitz (2000) who foundn abnormality in learning that was specific to the preexposed
stimuli in high anxious individual€Once the schizotypy suiimensions were added to the
regression model in step 2, there was no increase in the predictive vadidigyreaction time
to either the preexposed cue or the-poeexposed as the dependent variable. The key finding
of interest here is that our earlier observation indicating enhanceditatéition with high
UnEx (see Eperiments 1 and 2; sections 22 and 2.3.2.2, respectively) approathe
significance  =.070). Considering, this relationship is no longer significant though, suggests
anxietysubtypesmight mediate the relationship between unusual experiences and latent
inhibition. Once anxiety is aurolled for, our previously observed effect is reduced below the
significance threshold. This would lend support towards findings which suggest latent

inhibition might not be a specific marker for schizophrenia/schizotypy, but-apexific effect
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assocated with anxiety (BraunsteiBercovitz, 2000). In line witlExperiment 1 though, we
observe a relationship between ImpNon and both the preexposed apceagposed cues,
suggesting that ImpNon influences learning irrespective of whether the cue isfamilovel

an effect, which appears to be, independent of anxiety. This finding adds to the heterogeneity
in the literature regarding the relationship between latent inhibition and ImpNon; with some
authors reporting eiendfor enhanced latent inhibito(Evans et al., 2007) and others reporting
reduced latent inhibition due to the high degree of correlation between ImpNon and UnEx

(Gray et al., 2002).

2.3.2.3.2 Experiment 2

As in Experiment 1, hierarchical multiple regression analyses were cauiagiog the
state and trait anxiety subtypes taken from the STICSA (step 1) and the four schizotypy
subtypes taken from®-LIFE; UnEx, IntAn, ImpNon and CogDis (step 2), as the predictor
variables. Md reaction time to the preexposed andpmeaxposed cuesere entered as the

dependent variables.

When Md reaction time to preexposed trials was entered as the dependent variable, the
effect of the predictor variables in step 1 was not signifiednt .018;F <1. Neither state nor
trait anxiety were signifiant predictors of reaction time to the preexposed gee06). When
the schizotypy subtypes were entered into the regression, the change in R2 was not significant;
R ] =p>D% Smilar to our main analgfor Experiment 2 (see section 2.3.2. 2usual
experiences was a significant predictor of reactiore to the preexposed cub (.433 p
=.017), indicating an enhanced latent inhibition effect with high UnEx scores. In addition, we
observe a novel relationship here as CogDis was also a significant predictor404 p

=.031), indicating an attented latent inhibition effect with high CogDis scores.
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When Md reaction time to ngoreexposed trials was entered as the dependent variable, the
effect of the predictor variables in step 1 was not signifiednt .023;F <1. Neither state nor
trait anxiey were significant predictors of reactitime to the nofpreexposed cue (>.05).
There was no significant changeRhin step 2, and the effect of the predictor variables on non
preexposed were not significaRt = .073;F <1. None of the schizotypy vables were
significant predictors of reaction time to the qumreexposed cue. Standardised regression

coefficients andR? values can be seen in Table.2.6

In contrastio the analyses of¥periment 1 (sectio.3.2.3.), the results here indita
no relationship between state or trait anxiety and reaction time to thpreexposed cue,
which questions our previous observation indicating an influence of anxiety on basic
associative learnindgn addition the pattern of resultshservedetween w@te and trait anxiety
and reaction time to theonpreexposed cue are in the opposite direction to those observed in
Experiment 1with high state anxious individuals now displaying slower learning towards the
nonpreexposed cue (albeit nsignificanty) compared to high trait anxiety individuals. This
discrepancy howevecan possibly bexplained by the difference in the observed range of
scores between state and trait anxiety from Experiment 1 to ExperimasttRe standard
deviationof scoredor trait anxietyis higher in Experiment 1 compared to Experiment 2 and
the oppositas true for state anxiety (refer back to Table 2Akguably of more impdance
though and comparable toxgeriment 1, we observe no relationship between state or trait
anxiety and reaction time to the preexposed cue. This encourages our previous suggestion that
anxiety alone, does not appear to specifically influence latent inhibition.céhientionis
further sipported from the results ofxperiment 2, adoth anenhancedeffect of latent
inhibition with high UnEx, and a reduced effect of latent inhibition with high CogDis, remain

to be seen when anxiety is accounted feurthermore, the direction of results for each
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schizotypy suldlomain relative to both the preeoged andhonpreexposed cues atlge same
across both Experiments 1 and 2 thus indicating consistency in the observed findings (see Table

2.6).

These results from ¥periment 2 suggest enhanced latent inhibition with UnEx and
attenuated latent inhibitiowith CogDis arespecificeffects of schizotypy that aretrelated
to anxiety. These findings appear to contrast with those observed by BraiBesteowitz
(2000), which suggest latent inhibition is attenuated in relation to the negative dimensions of
schizotypy (including disorganisational factors) that are loaded with arxaeBctor derived
using factor analysis. Based on our pn@hary correlations (see Tal?b) we do also observe
a relationship between CogDis and both trait and state anxigtyhib relationship does not
account for the attenuated latent inhibition effect we observe. Here we observe an attenuation
of latent inhibition that is specifically related to increased CogDis scores. We return to this

issue in the general discussiongsection 2.4).
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Table 2.6

Betacoefficients from the hierarchical multiple regression analyses of schizotypy subtypes and anxiety subtypes (preditdsy, waitiab
reaction time to the preexposed and-poeexposed stimuli as dependent variables.

ReactionTime

PE NPE PE NPE
Experiment 1 Experiment 2
Step 1
State Anxiety -.106 -.354* 197 .045
Trait Anxiety 172 .350* -.125 -.183
R2 .027 155 .018 .023
Step 2
State Anxiety .008 =277 .306 077
Trait Anxiety 270 404* -.099 -.272
Unusual Experiences 299 176 433 .266
Cognitive Disorganisation -.303 -.138 -.404* -.064
Introvertive Anhedonia .027 .008 .031 131
Impulsive Nonconformity -.375* -.293* =217 -.148
R? .209 .239 .168 .073

Note.* p <.05; Significant results are bolded.
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2.3.2.33 Summary of findings

Consistent with some of the clinical literature (iRascle et al., 2001;dDen et al.,
2004; Gal et al., 20093 positive association was found between the rate of learning to the
familiar, but not the novektimulus and the UnEx dimension of schizotyipymplying
abnormally persistent latent inhibition in these high schizotgdividuals.Once anxiety
was controlled for, the previously observed positive association between UnEx and latent
inhibition approached significance in Experiment 1 and was significant in Experiment 2.
There was also a negative association betweeratheof learning to the familiar, but not
the novel stimulus and the CogDis dimension of schizotypynplying an attenuation of
latent inhibition in these high schizotypy individuals. These findings seqgbort for an
attentional difference in schizotyp(and by extension schizophrenia) that suggests
attentional dysfunctionare specific effects of schizotypy, antbt nonspecific effects
related to anxiety. This conclusion contradicts reports by BraurBtitovitz (2000,
2001)- we return to a more thiled discussion of this, in the following section and in the

overall general discussion (see Chapter 5).

2.4 General Discussion

Two experiments revealed slower learning of a stimtduget association with a
stimulus that had been rendered familiaotilgh prior exposure than a stimulus that had
noti latent inhibition. In both experiments learning about the preexposed, but not the non
preexposedstimulus was related to the UnEx dimension of @&IFE T revealing an
enhancement of latent inhibitioniimdividuals scoring higher on the positive dimension of
schizotypy. Experiment 2, in particular, arranged preexposure in a manner that resulted in

the subsequent retardation of learning to be explicable in terms of the effects of mere
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exposure but not theonfounding effects of conditioned inhibition or learned irrelevance.
This is in contrast to other studies in the latent inhibition literature (e.g. Swerdlow et al.,
1996;BraunsteirBercovitz, 2000, 2001De la Casa & Lubow, 2002; De la Casa & Lubow,
200% Lubow & De la Casa, 20QEvans et al., 2007; Schmitiansen et al., 2009; Granger

et al., 2012, which can be explained in terms of these alternative learning phenomena.
Using the refined latent inhibition procedure described in Experiment 2, the ysivio
observed enhanced latent inhibition effect in high schizotypal individuals remained
significant once anxiety was controlled for. In addition, neither state nor trait anxiety were
related to learning about the preexposed andpneaxposed cuesvhich also contrasts

with previous research findings€e BraunstetBercovitz, 2000, 200 that are confounded

by alternative learning phenomerdecurrentfindings suggest enhanced latent inhibition

in individuals with high UnEx scores are specific effedtsahizotypy that areotrelated

to anxiety.

To the best of our knowledge, the current data constitute the first observation of
enhanced latent inhibition in swdinical high schizotypy individuals. Three studies (Rascle
et al., 2001; Cohen et al., 2Q03al et al., 2009) have reported enhanced latent inhibition
in schizophrenia patients. The first study by Rascle et al. used a bgiasierpants design
in which chronic schizophrenia patients in the preexposed group showed slower learning in
comparisonto controls, resulting in an enhancement of latent inhibition. The remaining
studies, by Cohen et al. and Gal et al, like the current study, employed a-switijgct
manipulation of stimulus familiarity to demonstrate latent inhibition and were aleto s
an abnormality in learning that was specific to the preexposed stimuli. Both Cohen et al.
and Gal et al. showed that latent inhibition enhancement was associated with the negative

symptoms experienced by adolescents with schizophrenia. These resultatiwould be
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predicted based on Weineros (2003) model t
associated with depleted levels of glutamate (see Javiit, 2007; Javiit, 2010), which may be
related to the prevalence of negative symptoms. On the otleeofsihe coin, is the reported
relationship between the positive symptoms of schizophrenia and attenuated latent
inhibition (e.g. Baruch et al., 1988a; Gray et al., 2002; Gray et al., 1992; Rascle et al; Vaitl

et al.,, 2002). This latter pattern of results consi stent with Gray et
cognitive and neural associates of positive acute schizophrenia symptoms: that a loss of
latent inhibition is due to oveactivity in the mesolimbic dopaminergic system. At first

glance, the results presedthere, an enhancement of latent inhibition with the positive

UnEx dimension of schizotypy, conflict with these analyses.

There has been considerable disagreement about the relationship between the
attenuation of latent inhibition in schizophrenia apasitive symptomatology: some
authors have found a relationship between latent inhibition and positive symptoms (Baruch
et al., 1988a; Gray et al., 2002; Gray et al., 1992; Vaitl et al., 2002), others have not (Rascle
et al., 2001; Swerdlow et al., 1996;illldms et al., 1998; Cohen et al., 2004; Gal et al.,
2009; for a review see: SchmiHiansen et al., 2012). In particular, Rascle et al. reported
an attenuation of latent inhibition was associated with low levels of negative symptoms in
patients with schigphrenia, rather than with levels of positive symptoms. Whereas Cohen
et al. reported no difference in the magnitude of latent inhibition between high levels of
positive symptoms in schizophrenia patients, and healthy controls. These findings, along
with the current results, do not support the relationship between latent inhibition attenuation
and positive symptomatology. On the other hand, the proposition by Weiner (26@8)
enhanced latent inhibition is related to negative symptoms, refers mainlgrooic

patients. However, the findings reported by Cohen et al. and Gal et al. were able to show
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an association between enhanced latent inhibition and clinical condition (chronic
schizophrenia), but not with the level of negative symptoms per se. Thepdiacy
between these findings, and the results reported here are possibly due to the nature of the
tasks employed by Cohen et al and Gal et al; as previously highlighted, these existing tasks
confound learned irrelevance with latent inhibition itself. Hoe refined latent inhibition

task reported here covaries with individuals with schizophrenia, is the focus of future

research.

Only two other studies have attempted to bridge the gap between schizotypy and
anxiety in relation to learned attentional fuoaing to assess whether the anxiety that
characterises schizophrenia and schizotypy accounts for the difficulties individuals with
schizophrenia and schizotypal individuals have in ignoring irrelevant information (see
BraunsteirBercovitz, 2000, 20D. In contrast to the results observed by Braunstein
Bercovitz, the current results suggest that neither component of anxiety, state nor trait,
influence latent inhibition alone, or modulates the ability of schizotgpyodify learning
about a prexposed stimlus. Although, as previously discussétk limitations associated
with existing latent inhibition paradigms question the validity of the findings reported by
BraunsteirBercovitz (2000, 2001). The latent inhibition taskployed in their study
included asecondary masking task (whether a pair of letters were the same or different)
which accompanied the presentation of the preexposure stimulus (irregularly shaped
polygons) during the preexposure phase of the experiment (see section 2.1.4). By presenting
the preexposed cue in a manner that is irrelevant to the solution of gkéngnéask raises
the possibility of learned irrelevance being meadure this study instead of latent
inhibition; an effect which has been shown to influence human learning (Ley Bek.,

20108. The current findings instead suggest that when a refined latent inhibition task is

-115



used that removes the confound of such alternative learning effectayit@ns observed
in latent inhibition appear to be specific effects of schigptyas opposed to nespecific
effects of anxiety. We return to a more detailed discussion of this finding in the general

discussion (see Chapter 5).

One possible shortcoming of employing the multiple regression analysis that we
have used in Experimeai and 2, see sections 2.2.2.2 and 2.3.2.2, respectively, is that the
observed correlations between UnEx and RT to thepneexposed stimulus could have
been caused by any processes that impact upon the RTs to the preexposed stimulus,
including those wiah also impact on RTs to the nogpexposed stimulus; that is to say,
the common variance components affecting RTs to both preexposed aptearposed
conditions. In order to evaluate this possibility, we pooled the data across Experiments 1
and 2 and caducted a hierarchical multiple regression in which RTs to theopneexposed
stimulus were added in the model in step 1 to act as a covariate, and examined the
subsequent relationships between UnEx, CogDis, IntAn and ImpNon (as predictor
variables), and Rs to the preexposed stimulus (as the dependent variable) in step 2. UnEx
remained as a significant predictor of RT to thegxposed stimulus in stepR, 230, t
= 2.64, p=.010, as did CogDis nowph =175 t = 2.067, p=.041. The remaining sub
dimensions of théD-LIFE were not significant howeveh, s -.010, ts< 1.204, ps>.231 It
therefore appears that the relationship that we observed between schizotypy and RT in the
current studies is specific to the mrposed stimulus. For the purposes aipleteness,
we also repeated the previous regresbiatrthis time withRTsto thepre-exposed stimulus
entered as a covariate in step 1, and examined the subsequent relationships between UnEXx,

CogDis, IntAn and ImpNon (as edictor variables), and RTs tthe nonpreexposed
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stimulus (as the dependent variable) in step 2. None of the dmefficients were

significant;b & .03L, ts< 1.3, ps>.385

In order to ensure that participants were engaged with the task during the
preexposure stage of Experiment 2, a secondary task was employed in which participants
were required to repeat, out loud, each stimulus that vesepted on the screen. We have
argued that immersing preexposure within such a procedure precludes the current results
from being explained in terms of learned irrelevancas the preexposed stimulus was
established as task relevant. This raises theiQuesten, of whether the current results are
a demonstration of latent inhibition or, instead, a circumstance in which establishing a
stimulus as task relevant in stage 1 might hinder learning in stage 2 when the same stimulus
is established as an expticue for a target stimulus. On balance, this possibility seems
unlikely, for a number of studies have establishastiraulus as relevant to the solution of
one task have then gone on to show that the same stimulus is subsequently better, not worse,
at seving as a cue for a second stimulus in different task than a control stimulus (e.g. Le
Pelley et al., 2010b; Bonardi, Graham, Hall & Mitchell, 2005), pexdormance in tasks of
these sort hakeen shown to have a negative, not a positive, correlationseiitizotypy
(e.g Le Pelley et al., 2010a). To the best of our knowledge there is only one demonstration,
in humans, of a stimulus being established as task relevant then going on to show a
subsequent retardation in learning (Griffiths, Johnson & Mitc2€ll,1) However, this
negative transfer effect was demonstrated under circumstances in which the task type was
the same between pexposure and learning (only the magnitude of the target outcome was
changed). Furthermore, to date, there is no evidendasoéffect having any relationship

with schizotypy.
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To summarise, the two experiments presented here show an effect of schizotypy
(that isnotunderpinned by anxiety) on learning about a preexposed stimulus using a refined
latent inhibition procedure.d@h Experiments 1 and 2 show a comparable and novel effect
of enhanced latent inhibition in individuals high in Unixat is not influenced by anxiety
We advocate the use of the task described in Experiment 2, as this task successfully
minimised the comibution of both conditioned inhibition and learned irrelevance on the
preexposure effect, and could be a useful tool for assessing attentional dysfunction in
schizophrenia, as well as other clinical and-sliical populations. The aim of the
following chapter is te@explore the comparability of these findingsing an alternative task
that also measures garguably more directeffect of attention on learning; learned

irrelevance.
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Chapter 3:
Learned irrelevance: The relationship with schzotypy and anxiety

3.1 Introduction

3.1.1 Latent inhibition: Overview & limitations

As discussed ithe preceding chapterthe association between latent inhibition,
schizophrenia and schizotypy has a vestablished framework that has been invettida
both pharmacologicallyyeuropsychologically, and incorporated into a neuropsychological
model for schizophrenia (see Gray et al., 1991; Gray, ;1988 Chapter 1 for a revigw
Latent inhibition has since become a prominent model of choice in studessigating the
attentional dysfunction view of schizophrenia; mostly because studies investigating latent
inhibition have often assumed that latent inhibition provides a direct measure of attentional
processing in human associative learning (Bender e2@01; Rascle et al., 2001). This
approach explains latent inhibition as reflecting a reduction in attention to the stimulus
during nonreinforced preexposure (Mackintosh, 1975; Pearce & Hall, 1980; Lubow, 1989;

Kruschke, 2001).

However, the findings stounding latent inhibition, schizophrenia and schizotypy
have not been consistently demonstrated in the literatbome authors suggdatent
inhibition is either normal (Swerdlow et al., 1996; Williams et al., 1998; Rascle et al., 2001),
or even enhance(Rascle et al., 2001; Cohen et al., 2004; Gal et al., 2009, see also Chapter
2), with others suggesting that the anxiety components of schizophrenia are accountable for
disruptionsobservedn latent inhibition(see BraunstetBercovitz, 2000) Adding futher
complexity to the interpretation of the latent inhibitischizophrenia relationshippwever,

is the fact that many existing latent inhibition paradigms either include an explicit masking
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paradigm (e.g. Baruch et al., 1988a; Gray, Hemsley & Gray)189include the outcome

from the second stage of the experiment in the first stage of the expeiriomgraired with

the cue (e.g. Swerdlow et al., 1996; Cohen et al., 2004; Gal et al., 2009; Lubow & Kaplan,
1997; De la Casa & Lubow, 2001; Lubow & DeGQasa, 2002). As a consequence, these
paradigms encompass components of learned irrelevance, rather than true latent inhibition.
Whether this is an important distinction; and whether learned irrelevance and latent
inhibition are manifestations of similaognitive processes, remains to be establisret

is a focus of the current chaptdihe following sections provide a comparison of latent
inhibition and learned irrelevance summarised from the existing literature, before moving
on to explore the relatiohg between learned irrelevance, schizotypy and anxiety in more
detail. How the results from Experiments 1 and 2, which observed an enhanced effect of
latent inhibition in high schizotypy individuals using a refined latent inhibition task,
corroborates wit a learned irrelevance task that uses a similar task design is explored across

Experiments 3 and 4.

3.1.2 Latent inhibition vslearned irrelevance

There are numerous accounts of latent inhibition that make no reference to attention
(Weiner, 1990; Hall, 1991; Bouton, 1993; Gray & Snowden, 20G08hich has raised
concerns over the interpretation of attention dysfunction in schizophrenia and schizotypy
(i.e., Le Pelley et al., 2010ayhese accounts argue that attention is not reduced to the
preexposed cuend instead regard latent inhibition as a deficit in the translation between
learning and performance. For exameuton (1993; 1997) attributed latent inhibition to
an effect of proactive interference in which memory dotueno target association is
edablished during preexposure that subsequently interferes with memory for retrieval of

the cuetarget associations during conditioning. Bouton suggests that retrieval of these
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opposing associations is determined by contextual stimuli, including time idétayals
between preexposure and conditioning (84eCloskey & Cohen, 1989 Miller and

Mat zel 0s (1988) Cc instepdamges thatdurihgy preexposerean s
association is established between the cue and the context which subsequently strengthe
an indirect activation of the target during conditioning (via-caetext and contexarget

links). This initial cuecontext association reduces the strength of the direct target activation
which thus hinders learning of the etaget relationshigdt has also been argued that latent
inhibition can result from participants computing conditional probabilities, where the
conditional probability of a particular outcome given the presence of a cue will be lower
for a cue that has had extensive nonreinfdnegesexposure than for a cue that has not (see

Le Pelley et al., 2010a,b; Lubow & Weiner, 2010).

Le Pelley et al (2010a) instead proposeuse of thelearned irrelevan@paradigm
to investigate the attentional view of schizophreiifa2e most commonlgccepted view of
learned irrelevance states that it reflects a reduction in learning rate to a cue as a result of
prior experience of that cGeirrelevance with respect to an outcome. This retardation in
learning is taken to reflect a decrease in atbert the cue (on the assumption that attention
is determined by relevance; see Mackintosh, 1975; Kruschke, 2001) and there is
experimental evidenc@ncluding eyetracking data; Beesley et al., 201b)support this
view which was discussed in Chapterdr a reviewsee Livesey, Harris & Harri2(09).
In contrast to latent inhibition, learned irrelevance has been proposed a less ambiguous
measure of the impact of attention on associative learning, as it is less amenable to non
attentional theories of isccurrencesuch as rational inferen¢as discussed in the general
introduction; see alske Pelley et a] 201@&,H. Whether the true measure of latent

inhibition used in Experiments 1 and 2 (Chapter 2) aligns itself with a comparable design
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to measurdearned irrelevance is exploréd this chapter; this comparison will help to
elucidate whether learned irrelevance and latent inhibition are manifestations of similar
cognitive processed review of the experimental paradigms used to measure learned
irrelevance are recapitulated in the following section (see also Chapter 1, sectidorl.5.2

a review before moving on to discuss existing research relative to patients with
schizophrenia (Gal et al., 2005; Orosz et al., 2008; Young et al., 2005) and ygohizot

individuals (SchmidHansen et al 2009; Le Pelley et al., 2010a).

3.1.3Experimental paradigms of learned irrelevance

As described in Chaptertiyo differentprocedures have been employedenerate
an effect oflearned irrelevanceThe firstinvolves exposure to inconsistent/uncorrelated
presentations of a cue and autcome, otarget (rather than the cue presented without a
target in tasks of latent inhibitiorfpeveral authors hawenployedvariations othe6 | et t er s
S e quenc e AsepinExperdnergsr and ® generate learned irrelevance in which
participants ar@resentedvith a series of letters, presented one after the other in the centre
of the screen and are instructed to press the spacebar as quickly as possiladanipen
letter, X, is presented. Amidst filler letters, the letter X is either preceded by either a novel
letter (e.g., H) or by a letter that has been preexposed (e.g., S) in conjunction with
uncorrelated presentations of Xherefore,the preexposed letter (e.g., iS) presented
without consequence on some trials, and precedes the occurrence of X on theeahers (
Young et al., 2005; Gal et al., 2008; Orosz et al., 200BnitHansen et al., 2009efer
back to Table 1.1, Chapter 1). Here, a learned irrelevdfesd# s shown when participants
are slower to respond to presentations of X when it was cued by the preexposed letter than

the novel letterHowever,the following section3.1.4 discusses some limitations in the
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task parameters chosen by these authtishwguestions whether learned irrelevance, or

aternative learning phenomena dx@ing measured.

The second paradigm used to generate learned irrelevance differs in that the cue(s)
are always followed by a given outcome but the predictive validity sktbaes (the degree
to which they reliably predict an outcome) are established as either relevant cues
(consistently predict an outcome) or irrelevant cues (inconsistently predict an outcome). A
particularly clear demonstration of this learned irrelevgraradigmwas described in detail
in Chapter 1, section 1.5.2, but to reiterate, this task included eight compound cues (pictures
of two different fruits) during stage 1, and two possible outcomes (i.e., naudiearboea
see Chapter 1, Table2). One d the cueswasestablished as being a relevant predictor of
a reaction to the food, whereas the other cue in each compound was irrelevant, being
followed by one outcome on 50% of the trials, and a second outcome on the remaining 50%
of the trials. In the econd stage of training, new compounds of foadscreated which
each consisted of one previously relevant cue and one previously irrelevant cuar¢hese
paired with different reactions to stage 1, importantly, however, all cues were equally
predictiveof the novel outcomes in stage 2. In a final test stage participants rate the cues
that were previously predictive of an outcome during stage 1 as significantly more
predictive of an allergic reaction in stage 2, than compounds that were previouslantelev
as a predictor during stage 1. As the cues and compounds were all equally predictive of the
outcomes during stage 2, the results at test are taken as evidence for the acquisition of
differences in attention to these cues during the initial stage iofngawhich biased
subsequent learning in stage 2 (see Pelley, Oakeshott, Wills & McLaren, 2005; Le

Pelley et al., 2010b).
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The following section provides an overview of existing studies which have utilised
these two different learned irrelevance payat to examine their relationship with
individuals with schizophrenia and high schizotypyal individuals. The literature does not
report on any studies that have examined the relationship between learned irrelevance and
anxiety but the possible confoundle&rned irrelevance in some existing latent inhibition
paradigmsis discussedndit is parsimoniouslysuggestd how these findings relate to

anxiety (e.g., BraunsteiBercovitz, 20002001).

3.1.4 Learned irrelevance and schizophrenia

In comparisorto the latent inhibition literature, there are oalyimited number of
studiesthat have explored thiearned irrelevanceffectas away in whch to study the
cognitive disruptions observeal patients with schizophrenia.§.,Young et al., 2005; Gal
et al., 2005; Orosz et al., 200Blorris et al, 2019. For example, sing variations of the
singlecue Ol etter sequenced t ¥ourgettalo(2005),Gadaetce | e a
al (2005) and Orosz et al. (2008) each showed attenuated learnedaimed effect in
patients with acute schizophrenia asquisition ofthe cuetarget associations for the
preexposed irrelevant cueere just as fast as for the npreexposedelevant cue,
compared to healthy volunteer participafach of these studietsa demonstrated some
degree of learned irrelevance impairments with patients in a chronic phase of schizophrenia.
Thus these findings are also in line with some of the latent inhibstbizophrenia
literature which has shown variations in latent inlmdoitwith both acute and chronic
schizophrenia patients.Q., Baruch et al., 1988; Gray et al., 1992; Rascle et al., 2001; Gray
etal., 2002; Vaitl et al., 2002However, the task parameters utilised by Young et al. (2005),
Gal et al (2005) and Orosz dt €008) to generate learned irrelevace@be criticisedof

being subject taneasurindatent inhibitioninstead
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In the Young et al. (2005) studydre were five 30 second presentation blocks which
each used a different vowel as the preexposed irnelégtier. Within each block one of
the vowels and the target letter X were each presented 5 times in a random order, followed
by a test phase in which the vowel was again presented 5 times but now consistently
followed by the X thus appearing to conforta a learned irrelevance procedure. However,
the key issue here is that within eaatthe 5blocks the stimuli were counterbalanced so
that a vowel from the predeng block which would havereviously presented without
consequence (not followed by Xyould then beused as the preexposed irrelevant letter
(the tebe conditioned cue) in threextblock. Thus this sequence reflects the influence of a
preexposed cue that has in previous blocks been presented without conséqtrsce
conforming more to a la inhibition rather than a learned irrelevance procedure. A similar
limitation can be pplied to the Gal edl and Orosz et al studies. In each of these studies, a
single preexposure and test phase was included in which preexposure consisted of 5 cued
presentations of the preexposed irrelevant cue followed by 5 presentations of the target, as
well as 20 randonpresentations of the preexpodeelevant cue Therefore, there were
more presentations of the preexposeslevantcuewithout consequence, thamere were
presentations of thereexposed irrelevantue followed by the target. Thusagain
presenting a paradigm that is potentially influenced by a preexposure effect akin to latent
inhibition, rather than learned irrelevandéne confounding effect dhtent inhibitionin
these paradigms thus permits interpretation of their effects in patients with schizophrenia
to suffer from thesame norattentional accounts thatay apply to the latent inhibition
literature. The same limitation can be ascribed t@ thingle cue learned irrelevance
schizotypy research, as Schraidiinsen et al. (2009) also presented the preexposed
irrelevant cue without consequence on more occasionspfééentations than the

preexposed irrelevant cue followed by the targgpreserdtions), see section 1.5.Phus
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their findings which suggest an attenuated effect of learned irrelevance in high schizotypy

individuals is confounded by latent inhibition and possibly conditioned inhibition.

InsteadMorris et al (2012 useda variant dthe compoungue learned irrelevance
paradigm(described by Le Pelley and McLare2003)to assess the eariation of this
task in patients with schizophrenia. This tasteadequates latent inhibition by presenting
all cuesan equal number of timeghe difference being, that tvalidity of these cues (the
degree to which they reliably predict an outcomehanipulated in order to establish them
aseither relevant cues@nsistently predict an outcome on 100% of trials) or irrelevant cues
(inconsisently predict an outcome one cue followed by one outcome on 50% of trials,
and a second outcome on the remaining 50% of the trials). Across two expertments,
results were consistent with models of attention which suggest that cues predictive of an
outcome attract more attention that cues -poedictive of an outcome in healthy
individuals (Kruschke, 2001; Le Pelley, 2004; Mackintosh, 198&jvever,in individuals
with schizophrenia, this normal attentional bias was impaired as patients were unable to
distinguish between previously relevant and irrelevant cues and there was a positive
correlation between learning about the previously irrelevant cue angbsifive symptom
severity, measured using the PANSS assessment for schizophrenia (Kay, Fis@ipén, &

1987).

3.1.5. Learned irrelevance and schizotypy

Using a variant of théearned irrelevanceompounecue paradigm (Le Pelley &
McLaren, 2003),Le Pelley et al (2010a) assessed whether an observed attentional bias
towards previously establishedeeant cues islsoreduced in high schizotypy individuals

Le Pelley et al. demonstrated an effect of learned irrelevance when participants were taken
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as a whole; participants learnt more in stage 2 about previously relevant cues, relative to
previously rrelevant cues. Importantly, however, individuals scoring highly on the
unusualexperiences (UnEx) dimension of schizotypy showed an abolished effect of
learned irrelevance, with high schizotypal individuals learning significantly more about the
previouslyirrelevant cues, than previously relevant cues, compared to low schizotypal
individuals.In an extension of these findingsaselgrove et al. (2015) demonstratieata
schizotypy related difference in learning about previously relevant and irrelevanti sti
was accompanied by a corresponding difference int@tention (measured using eye
tracking). Thesdéindings supportthe suggestion that schizotypy is associated with a deficit
in the appropriate allocation of attention to stimuli based on thewqugly experienced
relevance; with a specific inability to reduce attention to irrelevant information (see Lubow
& Weiner, 2010). This finding is consistent with attentional interpretations of latent
inhibition andconsistent wittsomeof the existingschizophrenia andgchizotypyliterature

that proposes a reduction in latent inhibition is associated with positive symptomatology
(e.g., Baruch et al., 1988a; Gray et al., 2002)s important to bear in mind that these
findings might be comparable becaysevious demonstrations of latent inhibition have

been confounded by learned irrelevance.

3.1.6 Learned irrelevance and anxiety

Similar to schizophrenia, several lines of existing research suggest anxiety is
associated with a reduced ability to ignoreslevant stimuli/information, reflecting a
general inability to maintain attentional focus (Eysenck et al., 1987; Mathews & MacLeod,
1985; Mogg et al.,, 1989 owever, wilst there are studies that have lookedtts
rel ationshi p betandaexiety asdiscussed ih preceding chbapters (icen 6

BraunsteirBercovitz, 2000, 2001)here are no studies that hadigectly attempted to
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investigatehe relationship between anxiety and learned irrelevafmaever, as discussed

at length previously,the limitations encompassed within existing latent inhibition
paradigms (i.e., the inclusion of an explicit masking task) makes it possible that these
existing paradigms are actually generating an effect of learned irrelevance, instead of latent
inhibition. In which case, these existing results might be interpreted as a reduction in
learned irrelevance with high anxiety individuals. Therefore, how a task specifically
designed to measure learned irrelevance, covaries with anxiety, as well as schizotypy, is

explored in the following experiments.

3.1.7 Aims and research questions

Experiments 1 and 2 (Chapter 2) used a latent inhibition task which measured a pure
effect of exposure. Thythe finding that latent inhibition was enhanced in high schizotypy,
but not high anxietyindividualsis difficult to explain in terms ofn effect of learned
irrelevance. Interestingly, thabsence of a relationship betwelktent inhibition and
anxiety seemingly contradicts previous research findings BraunsteirBercovitz, 2000,
2001) which claim that latent inhibition is reduced in high anxious individuals. However,
as previously highlighted, the limitations encompassed within those existing latent
inhibition designs makes it plausible that Braunst&gmcovtiz (20002001) were actually
observing an attenuation of learned irrelevance in individuals with high anxiety, and also
high schizotypy. Thus, the first aim of Experiments 3 and 4 was to examine the relationship
between learned irrelevance, anxiety and schizofjjpyensure a direct measure of learned
irrelevance, exposure to all cues were equated across these experiments; a description of

these tasks are provided below.
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The second aim dhis chaptewas to explore how the latent inhibition results from
Experimens 1 and 2 corroborate with a learned irrelevance task that uses similar task
parameters whilst removing the potential confound of latent inhibition. Thus allowing us to
compare the effects of a pure effect of preexposure (latent inhibition; Experinsamd<2)
with a direct measure of learned irrelevance (Experiments 3 affdegrned irrelevance
is underpinned by the same unitary mechanism (i.e., attentional mechamigm;
Mackintosh, 1975) as latent inhibition, it would be expected that the effsch@oipy,
and anxiety, observed in tHatent inhibition paradigm to be comparable in a learned
irrelevance paradigmWhether this assumption holds true, is assessed following the
subsequent learned irrelevance experiments. Alternatively, if leaneézl/ance and latent
inhibition paradigms are not underpinned by the same psychological mechanism, then
understanding this difference and exploring how #ades in the schizophrenia spectrum

will allow further insights into the mechanisms of the diseas

One reason to questionisiprediction is based on the results provided by Le Pelley
et al (2010a), which suggest that schizotypy individuals show a reduced (as opposed to the
predicted enhanced) effect of learned irrelevance. Although, the leamselance
paradigm employed by Le Pelley et al (2010a) is a rather complex design that used
compound cues, which is in contrast to the simple, single cue task that employed for the
latent inhibition experiments in the preceding Chatenaking comparisaacross these
experiments difficult. What is desirable then is to generate a singl@aradigm similar to
that used for the latent inhibition design, to enable more direct comparisons, to examine the
effects of latent inhibition and learned irrelevamreschizotypy and anxiety. To the best
of current knowledge, an effect of learned irrelevance using single cue training has only

been utilised in one other study (see Le Pelley et al., 2010b), which did not take measures
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of schizotypy or anxiety into accoy this omission is addressed in the following

experiments.

3.2 Experiment 3

Experiment 3 presentsa learnedirrelevancetask the procedureof which is
comparablgo thatemployedin Experimentsl and?2 to generatdatentinhibition. In this
learnedrrelevancdask participantsverepresentedvith a seriesof letters,presenteane
afterthe otherin the centreof the computermonitor, andrequiredto makea responseas
quickly aspossiblewhenatargetletterappearedimmersedwithin this taskwasa relevant
versudrrelevanttargetdesignemployingfour typesof cues U, O, C andD (seeTable3.1).
During the training-stage participantsreceivedtrials in which two cues(U and O) were
consistentlyfollowed by thesametarget(anX oraY respectivéy), thusestablishingJ and
O astaskrelevantcues.Two othercues(C andD) wereeachfollowed on half of thetrials
with one of the targets(X) and on the remainingtrials with the othertarget(Y) thus
establishinghemastaskirrelevantcues.In thesecondiest stageall cueswereestablished
asreliablepredictorsof two noveltargetgP andQ). If attentionto U andO is greaterthan
to C andD thenlearningaboutU and O, asmeasuredy reactiontimes, shoud proceed
morerapidlyin stage2. Tade 3.1 providesa summaryof the overall designof Experiment
3. Individual measuresof schizotypy and anxiety were also taken to explore their

relationshipwith learnedrrelevance.
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Table 3.1

ExperimentaDesignof Experiment3

Stage 1 Stage 2
UT X (10) Ui P (20)
Qi Y (10) 0i Q (20)
Ci X (5) Ci P (20)
Ci Y (5) Di Q (20)
Di X (5)

D- Y (5)

Filler trials Filler trials
Ji (40) Ji (40)
Ti (40) Ti (40)
Li (40) Li (40)
3.2.1Method

3.2.1.1 Participants

Sixty-four healthy studentsfrom Nottingham University and membersfrom the
generalpublic took partin exchangeor coursecredit, or a £5 inconveniencellowance.
Therewere50 femalesand14 males,agerangel8-36. Giventhe comparablanatureof the

currentprocedurdgo Experimentsl and2, acomparablesamplewasalsoselected.

3.2.1.2Apparatus
All experimental stimuli appearedon a standard desktop computer running
Windows XP, andwere programmedisingPsychopy(Peirce,2007;www.psychopy.org).

Stimuli werewhite capitatlettersin Arial-font (7mm(H) x 5Smm(W))presentedor 1 second
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eachonacomputerscreen28cn(H) x 35cmW)) with agreybackgroundAll participants
receivedacquisitiortrainingwith four cues(D, U, O andC), two of whichwereconsstently
followed by anoutcome(relevantcues)andtwo of which wereintermittentlyfollowed by
an outcome (irrelevantcues); counterbalancedicross participants. During acquisition
training, targetletterswere X andY, thetargetlettersduringthe testphasewerechanged
toPandQ. Filler letters(L, T andJ),wererandomlyinterspersethroughoutheacquisition
andtest phase.As in the previousexperimentsa computerizedversion of the O-LIFE
guestionnairéMasonetal., 1995)wasadministeredo asessndividual schizotypylevels,
andapaperversionof the STICSA(Reeetal.,2008)wasadministeredo assessdividual

anxietylevels.

3.2.1.3Procedure
After reading an information sheet and signing a consent form, the following
instructions wer@resented to participants on the computer monitor prior to commencement

of the task:

A T h ayauKor participating in this experimentln this experimentyou will see
individual lettersappearin the centreof the screenlt is your job to pressX when
you seeX appearandpressY whenyouseeY appear.At first youwill only beable
to respondo thesdetterswhenyou seethem,but asthe experimentontinuesyou
might be able to anticipatewhentheyare going to be presentedIf you think you
knowwheneither X or Y are going to appear,you can pressthemBEFOREthey
are presentedPleasetry to respondasquicklyasyoucanwhenyouthink youknow
whenX or Y are goingto appear.If youhaveno questionspleasehaveyourfingers

readyoverthe X andthe Y,andthenpressthe spacebar to beginthee x per i ment . 0
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Duringtheacquisitionstage therelevantcuesandtheirrelevantcues(eitherU, O,
C or D) wereeachpresented.0 timesin arandomorder,followed by a 1s presentatiorof
thetargetletters(eitherX or Y); theinter-stimulusintervalwas1s. Onerelevanticuewas
alwaysfollowedby X (presented Otimes),andtheotherrelevantcuewasalwaysfollowed
orY (presented Otimes).Following eachof theirrelevantcueswere5 presentationsach
of X andY. Filler letterswererandomlyinterspersedvithin this sequenceachpresented
atotal of 40times(butwerenotpresentedfterU, O, C andD). Participantsvererequired
to pressX whentheysawtheyletterX onscreenandY whentheysawY appear,or if they
could predictwhenthentheseletterswould appearasthe nextletterin the sequenceThe
testphasdollowed onfrom acquisition,andprior to thetestphaseparticipantsveregiven

anewsetof instructions statingthe following:

i N o wewould like youto continueto watcha sequencef lettersappearingon
the screenHowever yourtasknowis to pressP whenyouseeP appearandpress
Q whenyouseeQ appear.Again,youwill at first only be ableto respondto these
letterswhenyou seethem,but as the experimentontinuesyou might be able to
anticipatewhentheyare presentedIf youthink youknowwheneitherP or Q are
going to appear,you can pressthemBEFOREthey are presentedPleasetry to
respondas quickly asyou canwhenyouthink youknowwhenP or Q are goingto
appear.Pleasehaveyour fingersready overthe P and the Q, and then pressthe

spacebartob e g.i no

During the testphasethetargetletters were P andQ eachpresentedlO timesand
wereconsistentlyprecededy eitherthe previouslyrelevantor irrelevantcues Thusduring

stage2, the cues(D, U, O andC) wereconsistentlypredictive(100%) of the target(P or
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Q). The previouslyrelevantandirrelevantcues(D, U, O andC) were eachpresented®0
times Eachstimuluswaspresentedor 1sseparatedby a 1sinter-stimulusinterval. Filler

letterswererandomlyinterspersedvithin this sequenceachpresented total of 40times
(but werenot presentedfter U, O, C andD). Participantsvererequiredto pressP when
they sawthe letter P on screenand Q whenthey sawQ appearor if they could predict
whentheseletterswould appearasthe next letterin the sequenceThe whole tasklasted
approximatelyl 5 minutes.Following completionof thetask,participantscompletedhe O-

LIFE (Masonetal.,1995)andthestateandtrait subscalef the STICSA(Reeetal.,2008)

guestionnaire.

3.2.1.4Scoring

In keeping withExperiments1land RT6s wer e recorded for eac
could range from 8000ms, as th predictive and noepredictive letters were shown for
1000ms, followed by a 1000ms intstimulus interval, and the targletiter presented from
2000ms3000ms. Therefore, if participantsd RT wke
or Y; whereas if theiRT was between 2000 and 3000ms, they responded to the target.
Mean RT for responses to the predictive and-pidictive cues were calculated for each

participant.

3.2.2Results and Discussion

The scores for each of the four schizotypy-duhensions ad for both anxiety
subtypes are shown in Tables 3.2 andi@8pectivelyUnpaired test analyses were carried
out to assess if the reported schizotypy and anxiety means differ from the population norms

for each subscale. Comparable to Experiments 2 émdschizotypy, the means for CogDis
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and IntAn do not differ significantly from the normative values but the means for UnEx

and ImpNon are both significantlpwer than the normative values. As discussed in the
preceding chapter, previossudieshave #so0 obtained mean schizotypy scores that are

bel ow Mason et al.o6s (1995) normative values
et al., 2007; Granger et al., 2012; Sellen et al., 2005). Significant findings are highlighted

in bold in Table 3.2. & the anxiety subtypes, means were not significantly different from

the normative values.

Table 3.2

Summary information folO-LIFE scores; all values are mean(SD). Values in brackets
represent the range of scores for each schizedymgnsion. Populatienorms taken from
Mason et al., 1995, are also shown (mean (SD)).

O-LIFE -dimension Mean (SD)
UnEx CogDis IntAn ImpNon
All Participants (N= 64) 7.6 (6.1 122 (6.1) 5.7(4.0) 7.8(3.4F
Population Norm 9.7 (6.7) 11.6 (5.8) 6.1 (4.6) 9.7 (4.3)

Table 3.3
Summary information for STICSAcores; all values are mean(SD). Values in bracket
represent the range of scores for both amnsetytypes.

Anxiety-Subtype Mean(SD)
State State State Trait Trait Trait
Somatic Cognitive Somatic Cognitive

All Participant  33.5(9.2) 17.05.1)  16.3(5.8) 35.0(8.8) 16.0(4.2) 18.9(5.7)
(N= 64)

Population 30.9(93) 13.6(4.0) 17.21(5.4) 32.4(8.1) 13.5(3.3) 18.8(4.8)
Norm
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3.2.2.1Learned irrelevance

Figure 3.1shows the mean reactitimes across 10-®ial blocks of stage 1. There

was a small trend for reactidimes to be faster to relevaoes than irrelevasdues. The

relevant trials were compared with the irrelevargls using a 2 (cue: relevaate,

irrelevantcue) x 20 (trials 220) repeated measures ANOVA. For stage 1 this analysis
revealed a significant ain-effect of cuef(1,63) =5.739p =. 020,

a significant maireffect of trial numberf(1945) =5.232 p <.

no significant interactignF(< 1).

parti al

001, p6Bs with a |

Figure 3.2shows the mean reaction times across the-&thPblocks of stage 2.

q )
q )

Reaction tnes remained marginally faster to the cues that had previously been a consistent

predictor of an outcome than those that had been an inconsistent/uncertain predictor. The

relevanttrials were compared with the irrelevanals using a 2 (cue: relevaotig

irrelevantcue) x 20 (blocked trials-20) repeated measures ANOVA but this analysis

revealed no significant maieffect of cueF <1, a significant maireffect of trial number;

F(1,19=10.827p < .
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Figure 3.1 Reaction times to target cued by relevant and irrelevant cues for stage 1. Dotted line indicates
the point of anticipation for predicting the target (< 2000m@&)pr bars re@sent 1+/within-subject standard
error (see: Cousineau, 2005).
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Figure 3.2 Reaction times to target cued by relevant and irrelevant cues for stage 2. Dotted line indicates
the point of anticipation for predicting the target (< 2000m@s&)r bars regesent 1+/within-subject standard
error (see: Cousineau, 2005).

In contrast to the singleue learned irrelevance task employed by Le Pelley et al
(2010b), the current findings fail wbservea learned irrelevance effect. It is not entirely
clear why he relevant and irrelevant cues were learnt about at comparable rates in stage
two. Perhaps the amount of training in stagea$ not sufficient to observe variations in
stimulus attentiorwhich is supported by the fact that participants wereraspondng
below <2000ms by the end of stage 1 and thus not predicting the occurrence of the target.
Alternatively, it is possible that the data do contain an effect of relevance and irrelevance
on cue associability, but this is being masked by a personalityateastic, which we go

on to address next.
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3.2.2.2Learned irrelevance, Schizotypy and Anxiety
3.2.2.2.1Preliminary analyses

Pearson produghoment correlation coefficients were computed between the
learning scores (calculated for each participantyracting the difference in RT between
relevant and irrelevant cuebligher learning scores indicate better learning about the
predictive cuesfor stage 1 and stage 2 data, and each of the four schizotypy dimensions
and both state and trait anxiety subsce s ( P,eisy a partidpants; see Table 3.4
Given the preliminary, exploratory nature of tlsalysis no adjustments for multiple
comparisons were mad€or stage 1 learning score, correlations were significant for;
CogDis;r=-.269 p=.031, ImpNon;r=-.276,p= .027and stage 2 learning score; .384,
p=.002 Stage 1 data thus provides evidence for a general deficit in learning the difference
between relevant and irrelevant cues associated withshighotypy (ImpNon and CogDis
subdimensions), but not with state or trait anxiefyhe significant correlation between
stage 1 and stagelearning scores suggests a possible transfer of reaction time from stage
1 to stage 2; this possibility is further explored in the general discusBionjg stage 2,
the only correlation that was significant was that between the learning score and state
anxiety; r= -.313,p= .012. The direction of this correlation indicates a reduced learned
irrelevance effect in high state anxious individuals. Cont@expectations, there were no
correlations with schizotypyrhe results of experiments 1 and 2, in direct contrast, showed
an augmentation of a purported attentional effect (latent inhibition), in high schizotypy
individuals. This omission also contrastghwexisting research findings that support an
attentional dysfunction in high schizotypy individuals (see Le Pelley et al., 2010a). We
return to a more detailed discussion concerning this finding in the General Discussion (see

section 3.4).
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Table 3.4
Correlationmatricesamong study variables

Stage 2
Learning Score UnEX CogDis  IntrovAn ImpNon State Trait

Stage 1 Learning Score ~ .384" -.160 -.269 -.012 -.276 -.203 -.157
Stage 2 Learning Score -.113 -.074 .046 -.104 -.313 -.147
UnEx 515" -.031 .194 344" 490"

CogDis 135 .186 .359" 622"
IntrovAn -.219 .016 .155
ImpNon 353" 352"

State 691"

Note Val ues s ho productamomentRa@relatisncaefficents.

** Correlation is significant at the 0.01 level.
* Correlation is significant at the 0.05 level.
Significant results are bolded.



3.2.2.3Learned irelevance and Anxiety

Basedon the preliminary correlationalanalysegarticipantswere assignednto a
0 | ostatéanxietygroup(N = 31)if theirscorelay on or belowa meanstateanxietyscore
of 31, andto a highdstateanxietygroup(N = 33)if ther scorelay abovethis mean This
split wasdeterminedoy the populationnorm (mean=30.9)reportedfor stateanxietyin a
healthystudenpopulation(seeReeetal.,2008),similar to thesamplerepresentativef the
currentstudies.To investigatewhetrer therewasa significanteffect of high or low state
anxietyon attentionto relevantandirrelevantcues,a 2 (stateanxiety:high, low) x 2 (cue:

relevantcue,irrelevantcue)mixed ANOVA wascarriedout for stagel andstage2.

Figure3.3 showsthe meanreactiontimesto relevantandirrelevantcuescollapsed
acrossall trialsfor the high andlow anxietygroupsin stagel. It is evidentfrom thisfigure
thatreactiontimeswerefasterto the relevantcuescomparedo theirrelevantcuesfor all
paricipants. This impressionwas confirmedfor stagel astherewasa significant main
effectof cueF(1, 62)=6.274,p =.015,partiald F .092,andno significantmain-effect of
stateanxiety(F<1) andno significantstimulusx stateanxietyinteractionF(1,62)=3.678,

p >.05.

Figure 3.4 showsthe meanreactiontimesto the relevantandirrelevantcues,for
high andlow anxiety groupsin stage2. Low-anxietyindividuals showedfasterreaction
timesto cuesthathadpreviouslybeena consistenpredictorof anoutcomethanthosethat
hadbeenaninconsistent/uncertaipredictor.ln contrasthigh-anxietyindividualsshow,if
anything,the reversepatternof results.Analysisof stage2 revealedno significantmain
effectof cue (F<1), andno significantmain-effect of stateanxiety(F<1) but a significant

stateanxiety x cueinteraction;F(1, 62) = 5.644,p =.021, partial d J= .083. Follow-up
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simpleeffectsanalysisrevealeda significanteffectof cuefor the low-anxietygroup,F(1,

62)=5.057,p =.028,partiald F .075butnotfor the high-anxietygroup(F<1), seeFigure

3.4

2.3 A
2.2 A
2.1 -

2. -
1.9 1
1.8 -

Reaction Time (s)

1.7 -
1.6 1

1.5 -

Stage 1

Low Anxiety

High Anxiety

m [rrelevant
ORelevant

Figure 3.3 Reactiortimesto targetcuedby relevantandirrelevantcuesfor stagel. Error barsrepresenti+/-
within-subjectstandarcerror (see:Cousineau2005).

Reaction Time (s)
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P BN w s o N oo™

Stage 2
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Figure 3.4 Reactiortimesto targetcuedby relevantandirrelevantcuesfor stage?. Error barsrepresentl+/-
within-subjectstandarcerror (see:Cousineau2005).
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The results from the reactidime data for stage 2 indicate that individuals low in
statearxiety are faster to learn the association between the releuastand the target than
between the irrelevastues and the target; suggesting that low stateety individuals
devote more attention to stimuli that are good predictors of subsequent thant®
stimuli that are followed by irrelevant/uncertain events. In contrast, there appeared to be no
influence of prior relevance on the cues on novel learning for individuals high in state
anxiety, as the learning rate between the relewaes and thérelevantcues with the
target was not significant. Indicating that, higihxious individuals show approximately
equal learning about these cues in stage 2. However, FigliteiStrates, a reverse in the
direction of results for high anxiety individisa(increased learning to irrelevagues), in
comparison to low anxiety individualShe significant stateanxiety x cuenteraction does
not survive however,if we includeparticipantgschizotypy scores (for each subscale) and
mean RT responses to theedictive and noipredictive cues duringtage 1 (to control for
any differences in learning rates between high and low state anxiety indivicisals)
covariatesF(1, 55) = 2.133 p =.150 This analysis suggests that the effect of anxiety on
the currenteéarned irrelevance task is influenced by both stage 1 learningdimaiuals

schizotypy scores.

Based on our fidings fromExperiments 1 and 2 which indicated an enhanced effect
of latent inhibition in high schizotypy individuals (but not in high atxiedividuals), we
anticipated to find a comparableffect of schizotypy on learned irrelevanddore
specificallywe expected to obsenaesuperior learned irrelevaneffectwith individuals
high in unusual experiences, witlo effect of anxiety on leaed irrelevance. This follows
from singleprocess models of learning and attentieng(Mackintosh, 1975) which

employs the same (single) algorithm to vary attention to a eueether it be in a case of
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simple preexposure (latent inhibition) or in a s#tion where the cue is more (or less)
predictive of an outcome (learned irrelevance). That we can ddigseciate latent
inhibition and learned irrelevance with schizotypy and anxiety suggests a single mechanism
of attention is not sufficient (e.d-e Pelley, 2004;Le Pelley, Haselgrove & Esber, 2012

Pearce & Mackintosi£010.

3.2.2.4Summary of findings

The current findings fail to observe an overall effect of learned irrelevance when
participants are taken as a whole. Additionally, and contragxpectations, there was no
effect of schizotypy on learned irrelevance thére was an effect of anxiety on learned
irrelevance with high state anxiety individualsvho demonstrated insensitivitp the
difference between relevant and irrelevant infororat relative to low state anxiety
individuals (who shown increased learning towards the previously predictive This)
finding is consistent with the existing literature that high anxiety individuals are impaired
in their ability to distribute attenticsppropriately between previously experienced relevant
and irrelevant information; with an inappropriate allocation of attention to irrelevant
stimuli. This finding has previously been indicated by existing studies of latent inhibition
(Weiner, 1990; Weine & Feldon, 1997; BraunsteiBercovitz, 2000; 2001; 2002).
However, before we attempt to draw any conclusions from the results obtained here, it is
important to acknowledge the possibility that we might simply be observing a transfer of
reaction time fromstage 1 to stage 2; (i.e., low anxious individuals were learning faster
about the predictive cues in stage 1, which might explain faster learning about these cues
in stage 2 based on the similarity between stage 1 and stage 2 tashis) possibility is
further supported by the fact that the cue x anxiety interaction did not remain significant

once stage 1 learning was included as a covariate in the ANOVA rmndddased on the
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significant correlation observed between stage 1 and stage 2 learning'seergéable3.4)

The aim of Experiment 4 was to circumvent this probsmsing an entirely different task

and a different cover story between stage 1 and stage 2 of the task (see Le Pelley et al.,
2010b). Using a novel task during stage 2 will ensurentadie to all cues for novel
outcomes, begin stage 2 at zérw difference in thdJ of the cues) thus providing a
paradigm that can assess a pure difference in associabitigrefore any subsequent
difference in learning rate to these cues can be atitibto a difference in attention to cues
previously experienced as being relevant or irrelevésing thistask, the purposeof

Experiment 4vas to assess tlgenerality ofExperiment 3

3.3 Experiment4

As perExperiment3, this studyusedsingle-cuetrainingdesignduring stagel (Le
Pelleyet al., 2010b) Here, participantswere askedto predictwhich of two background
colours(pink or orange)a particularfictional companyhadusedfor their businessards.
LettersA-Y in Table 3.5 representslifferentcompanynames Stagel comprisedeachof
the 6 trial types shownin Table 3.5; each companyappearedtwice in each block.
Throughoutstagel companies\-D wereconsistentlypairedwith the samecolour; cuesA
andD were pairedwith pink andB and C with orange.ThuscuesA-D arereferredto as
relevantcues.WhereascompaniesX andY wereinconsistenfpredictors;in eachblock,
eachcompanywas pairedoncewith pink andoncewith orange.ThuscuesX andY are
referredto as irrelevant cues. It is important to highlight that all cueswere trained
individually; on eachtrial, only onecompanynamewaspresentedlf participantshought
the backgrounctolourfor thebusinessardswasé o r atheghadto pressd Odb if they

thoughtthe backgroundcolourwaso p i thelgh@adto pressd FPoé the computerkeyboard.
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Duringeachstage? trial, participantsveretold thattheyhadinvestedn acompany
andhadto predictwhetherthat companywould makea profit or aloss.In Table3.5, 6 A
p r o foriexatple,indicatesthatinvestmentin a companywould be profitable,whereas
B-losDdindicateghatinvestmentvould belossmaking.In stage2 cueswereeitherpaired
with all profits or all lossesThe point of interesthereis how quickly participantsareable
to learnaboutprofitability duringstage?2. Theobjectivestatisticalrelationshipbetweerthe
cuesandprofitability wasidenticalfor companieshathadbeenpredictiveof businessard
coloursduringstagel, andfor thosethathadbeennon-predictive.Thereforecompanie
andC (relevantcues)werepairedwith the sameamountof profitability aswascompanyX
(anirrelevantcue),andc o mp a B and B @elevanicues)were pairedwith the same
amountof lossesaswascompanyY (anirrelevantcue).Thus,anysubsequentifferences
in learning rate about these cues can be attributed from differencesin their learned
relevance/irrelevanceegardingstagel colours.On the basisof Le Pelleyeta | (2@18b)
findings, more rapid learning is expectedabout relevanicues, than irrelevantcues.
Learningwasassessedsingp a r t i adsporsesluringstage? of thetask i.e., if the
participantthoughtthe companywould makea losstheyhadto ratethe companylow ona
21-point scale,andif theythoughtthe companywould makea profit, theyhadto ratethe
companyhigh onthe 21-point scale Herethereis a changan the dependenvariablefrom
stagel (keyboardresponsdo businesscard colour) to stage2 (mouseclick to rate the
companiedorofitability on the 21-point scale),so unlike Experiment3 the resultswill be

moredifficult to interpretin termsof a straightforwardransferof responding.
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Table 3.5
ExperimentalDesignof Experiment4

Stage 1 Stage 2

AT Pink (12) AT Profit (10)
BT Orange (12) BT Loss (10)
Ci Orange (12) Ci Profit (10)
Di Pink (12) Di Loss (10)
X1 Pink/Orange (12) X1 Profit (10)
Y 1 Pink/Orange (12) Y i Loss (10)

Note.The numberin parenthesemdicatesthe numberof eachrepetitionof eachtrial type

3.3.1 Method

3.3.1.1 Participants

Eighty-eight healthy university of Nottingham students and members of the general
public took part in exchange for course credit, or a £5 inconvenience allowance. There were
68 females and 20 males, age rangeb48A sample size of 88 was based on previous
studies using a similar learned irrelevance task in a similar population of participants (see

Haselgrove et al., 2015).

3.3.1.2 Apparatus
All experimental stimuli appeared on a standard desktop computer running

Windows XP, and were programmed using Psychopy (Peirce, 200 psychopy.orj

The six company names were Stonedge, Hedgend, Woodrow, Cornfield, Lakeside and
Maylawn. These names were independently assigned to thre kef¥ein the experimental
design, and fully counterbalanced, for each participasiper previous experiments, the

O-LIFE questionnaire (Mason et al., 1995) was administered to assess individual
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schizotypy levels, and a papegrsion of the STICSA (Red al., 2008) was administered

to assess individual anxiety levels.

3.3.1.3 Procedure
After readingan information sheetand signing a consentform, the following
instructionsverepresentedo participant©nthecomputemonitorprior to commencement

of thetask:

AThank you for participating in this exp
several batches of business cards. It is your task to decide which colour the company

has used for the background of their cards. On each trial, two different cdloure

business cards (PINK and ORANGE) will appear on the screen, each bearing the
company name. At first you will have to guess the colour, but after each trial you

will be told which colour that company used for their business cards, and you can

use this fegback to guide your subsequent decisions. If you think the background

colour for that particular batch is ORANGE, press 'O' or if you think the
background colour is PINK press 'P' on the computer keyboard. To continue press

the 'SPACE' bar on your keyboard

Thetaskwasseli-timedandon eachtrial, themessagé w h icatotirdid [company
name]usefor this batchof business a r dagp@abedhboveimagesof two cards,each
statingthe nameof the companylisted at the top of the screenanddiffering only in their
backgroundcolour (one pink, the other orange) see Figure 3.5(a) The colour of the
businesgardsandtheir positiononthescreenpresentean eithertheleft or theright) was

determinedrandomly for each participant, but remained consistentacross stage 1.
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Participantanadetheir decisionby pressingd Poé the computerkeyboardf theythought
thebackgrounctolourwasé P i an#fidOib theythoughtthe colourwasé Or a 15tgge 0 .
1 comprised training blocks,with eachof the 6 trial typesshownin Table3.5, occurring
twice perblockin arandomorder.Stage2 followed on from stagel, andprior to stage2,

participantsveregivena newsetof instructions statingthe following:

AFor the next part of t heanvestadinkacogmpany wi | | b
and it is your task to predict whether that company will make a profit or a loss. If

you think that the company will make a loss then rate that company low on the 21

point scale. If you think that company will make a profit thee tagt company

high on the scale. If you think that company is equally likely to make a profit or a

loss then rate that company in the middle of the scale. Please try to be as accurate

as you can with your ratings and use the feedback you get to guideayiogs.

Pl ease press the '"SPACE' bar to begin the

On eachtrial the messageat the top of the screenreadii Y ohave investedin
[companyname].What do you think will h a p p 8aloW the messagevasa horizontal
scalewith 21 maiked gradationsThe low anchorpoint of the scalewaslabeledii S uto e
makeal o sasdthe upperanchorpoint of the scalewaslabeledii S ute neakea profito,
seeFigure3.6(a).After participantamade their selectionon theratingscale andconfirmed
their choice by clicking the box containing the number underneaththe rating scale,
immediatefeedbackwasprovided.If thetrial wasa profit trial, the messagé Y omadea
p r o &ppearadnh green;if it wasalosstrial, the messagélYou madealos appearedn
red seeFigure3.6(b) Duringstage2, eachof the6 trial typesshownin Table3.5, appeared

onceperblockin arandomorder,with 10blocksin total. Following completionof thetask,
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participantcompletedhe O-LIFE (Masonetal., 1995)andthe stateandtrait sub-scaleof

the STICSA(Reeetal., 2008)questionnaire.

Which colour did Hedgend use for this batch of business cards?

Hedgend Hedend)

Figure 3.5(a) Screenshot example of a typical trial from stagé)lSaeenshot example of stage 1 trial
feedback

You have invested in Hedgend. What do you think will happen?

Sure to make a loss Sure to make a profit

Figure 3.6(a) Screenshot example of a typical trial from stagé?Screenshot example
of stage 2 trial feedback

3.3.1.4 Scoring
For stagel the meanpercentagef correctresponsewereaveragesgeparatelyor
relevantand irrelevant cues. For stage 2, meandiscrimination scoreswere calculated

separatelyor relevantandirrelevantcues.Therescoresnverecalculatedby subtractinghe
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meanratingfor lossmakingcompaniesrom thatreceivedoy profit makingcompaniesto
removevalenceasa factor. An overall discriminationscorewasthencalculatedfor each

participantby subtractingelevantcuesfrom irrelevantcues.

3.3.2 Results and Discussion

The scores derived for the four schizotypy subtypes and the two arsxibtypes
are shown in Tables 3.6 and 3r@&spectively.Unpairedt test analyses were carried out to
assess if the reportesthizotypy and anxiety means differ from the population ndans
each subscale. Comparable to previous experiments for schizotypy (Experiments 1, 2 & 3),
the meandor CogDis and IntAn do not differ signifiodly from the normative values but
the means for UnEx and ImpNon are both significalatyer than the normate values.
As discussed previously, existing studies have also obtained mean schizotypy scores that
are below Mason et al . 6s (1995) noregati ve
Evans et al., 2007; Granger et al.,, 2012; Sellen et al.,)2@gnificant findings are
highlighted in bold in Table 3.6. For the anxiety subtypes, means were not significantly

different from the normative values.

Table 3.6

Summary information folO-LIFE scores; all values are mean(SD). Values in brackets
representhie range of scores for each schizotgayension. Populatienorms taken from
Mason et al., 1995, are also shown (mean (SD)).

O-LIFE -dimension Mean(SD) [Range]
UnEx CogDis IntAn ImpNon
All Participants (N= 88) 6.5 (5.9 11.8(6.1) 5.2(4.3) 7.7 (3.8¥
PopulatioaNorm 9.7 (6.7) 11.6 (5.8) 6.1(4.6) 9.7 (4.3)
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Table 3.7

Summary information for STICSAcores; all values are mean(SD). Values in brackets
represent the range of scores for both angetytypes.

Anxiety-Subtype Mean(SD)
State State State Trait  Trait Trait
Somatic Cognitive Somatic Cognitive
All Participants (N=88) 32.7(8.7) 15.5(3.8) 17.1(6.1) 35.6(9.1) 15.6(3.5) ap.1(e.
Population Norm 30.9(9.3) 13.6(4.0)17.21(5.4)  32.4(8.1) 13.5(3.3) 18.8(4.8)

3.3.2.1 Learned irfevance

Figure3.7 shows the mean percentages of cotresponses per block across the 6
blocks of stage 1As expected, @uracy increased rapidly for the relevant cues as the
participants learnt the correct responses, in comparison to the irrelevantwéueh
remained slightly below the chance level of 50% throughout stéae the irrelevant cues
were only 50% predictive of an outcom@ne-samplet tess usingthe mean percentages
correctdata for the irrelevardndcues collapsgacross the 6 bloskof stage 1, revealed
thatparticipants did score significantly below chance (50%) for the irrelevant {8&%=
-7.01Q p <.001, and significantly above chance for the relevant d(@s) =14.815 p
<.001.Subsequentlyhie relevant trials were coraped with the irrelevant trials using a 2
(cue: relevant cue, irrelevant cue) x 6 (bloe&)Iepeated measures ANOVA. For stage 1
this analysis revealed a significant main effect of €&;87) = 299.265p <.001, partial
d] = .775, a signifi cEM435)maz2ilnp «.fGdkl,t mdr ttirala
= .086, and a significant interactior(5, 435) =4.341p <0, par ti afbllog] = . 04
up simple effects analysis revealed a significant effiécue across all 6 trial blockgial

1; Smallest~(1,87) =21.529p <. 001, partial dq] = .196.
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Figure 3.8shows the mean discrimination scores across stage 2; the mean
discrimination scores for previously relevamtes appear higher than previoustglevant
cues during the first few blocks, with equal discrimination scores by the end of stage 2. The
relevant trials were compared with the irrelevant trials using a 2 (cue: relevant cue,
irrelevant cue) x 10 (blocked trials1D) repeated measures AN@ but this analysis
revealed no significant main effect of cl1,87) = 2.034,p =.157, a significant main
effect of trial numberF(9,783) =37.190p <. 001, partial d] = .299,

asignificant interactior~(9,783) = 1.698p =.086.

Stage 1
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o O O o

.

—e—|rrelevant
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—a— Relevant

Percent Correct (%)
w b (o)'l [© 2N
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o O

o

Figure 3.7. Mean percentages of correct responses across the six blocks of stage 1, averaged separately for
relevant and irrelevant cues. Dotted lislsows theoretical level of chance responding (5@#jor bars
represent 1+/within-subject standard error (see: Cousineau, 2005).
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Figure 3.8. Mean discrimination scores for stage 2, averaged separately for relevant and irrelevant cues.
Error bars reprsent 1+/within-subject standard error (see: Cousineau, 2005).

Whilst the overall cue x trial interaction didtmeachthe conventnal threshold for
significancethe current findings do show suggest an effect of learned irrelevance which is
present arly on in stage 2 (betwediocks 1-5) with the mean discrimination scofer
previously relevantues appearg higher than previously irrelevactes This impression
was confirmedacross the first five trialasing a2 (cue: relevant cue, irrelevantedux 5
(blocked trials 15) repeated measures ANOW#ich revealed aignificant main effect of
cue;F(1,87) =4.837 p =03, p ar t i @93,a sighificant maireffect of trial number;
F(4,348 =26.32]1 p <. 001, p a73twithanb sigdificantanteractiort-(4,348) =
2.036 p =.08. This finding lends support to the stutly Le Pelleyet al £0100.
However t is possible that the data across all 10 trials do contain an effect of predictiveness
and uncertainty on cue associability, but this is being masked by a personality characteristic.
It is arguable that participants in the study carried out by Le Pelleywegd.less varied
in their personality traitsthus allowing an overall effect of learned irrelevance to be

demonstrated.
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3.3.2.2 Learned irrelevance, Schizotypy and Anxiety
3.3.2.2.1 Preliminary Analyses

Pearson produghoment correlation coefficients ere computed betweeithe
mean percentages of correct responses for relevant and irrelevant cues for stage 1; the mean
discrimination scores for relevant and irrelevant cues for stage 2; the overall difference
scores (relevant cues minus irrelevant cueshpbth stage 1 and stagea?id each of the
four schizotypy di mensions and botisingst at e
all participants; see Tabl&s8 & 3.9. Given the preliminary, exploratory nature of this
analysis no adjustments for uftiple comparisons were madeor stagel, there were no
significant correlations for any of the personality variables with either overall
discrimination score, relevant or irrelevant cues. For stage 2, correlations were only
significant for the relevantue and state anxietys= -.229, p= .032.In keeping with
experiment 3, there were no correlations with schizotypy. We return to a more detailed

discussion concerning this finding in the General Discussion (section 3.4).
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Table 3.8

Correlation matrices among study variables for stage 1

Stage 1 Stage 1

Relevant Cue Irrelevant Cue State Trait Unex Cogdis Introvan Impnon
Discrimination Score 784" -.506" -.065 -.111 -.090 .009 110 -.074
Stage 1 Relevant cue .139 -.04 -.099 -.071 -.038 .013 -.038
Stage 1 Irrelevant cue -.027 .039 .046 -.067 -.157 .065
State 57 524" 672" .280" 3017
Trait .584" 811" .395" 273"
UnEx 653" 531" 293"
CogDis 540" .304"
IntrovAn .239

Note Values shown amomentRarelatiencoefficentpr oduct

** Correlation is significant at the 0.01 level.
* Correlation is significant at the 0.05 level.
Significant results are bolded.
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Table 3.9
Correlation matrices among study variables for stage 2

Stage 2 Stage 2

Relvant Cue lIrrelevant Cue State Trait Unex Cogdis Introvan Impnon
Discrimination Score .380" -.500" -.048 -.065 .049 .000 -.050 114
Stage 1 Relevant cue 612" -.229 -.146 -.157 -.116 .002 .021
Stage 1 Irrelevant cue -.173 -.081 -.189 -.109 .044 -.077
State 757" 524" 672" .280" .301"
Trait .584" 811" .395" 273"
UnEx .653" 531" .293"
CogDis 540" .304"
IntrovAn 239

Note Values shown amomentRarelatiencoefficentpr oduct
** Correlation is significant at the 0.01 level.
* Correlation is signifiant at the 0.05 level.

Significant results are bolded.
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3.3.2.3Learned irrelevance and Anxiety

Basedonthepreliminarycorrelationabnalysegsparticipantsvereassignednto adowo
stateanxietygroup(N = 46) if their scorelay on or belowa meanstateanxiety scoreof 31,and
to a chighd stateanxiety group (N = 42) if their scorelay abovethis mean.This split was
determinedy the populationnorm(mean=30.9)reportedor stateanxietyin ahealthystudent
population(seeReeetal., 2008).To investigatevhethertherewasa significanteffectof high
or low stateanxietyon attentionto relevantandirrelevantcues,a 2 (stateanxiety:high, low) x

2 (cue:relevantcue,irrelevantcue)mixed ANOVA wascarriedout for stages 1 and2.

Figure 3.9 showsthe mean percentage®f correct responsedo the relevantand
irrelevantcuescollapsedacrosghe six blocksfor high andlow anxietygroupsin stagel. It is
evidentfrom this figure that the percentagef correctresponsesvas higherto the relevant
cuescomparedo theirrelevantcuesfor all participants.This impressiornwas confirmedfor
stagel astherewasa significantmaineffectof CueF(1, 86) = 296.919p < .001,partiald
775, no significant main-effect of Stateanxiety (F<1) and no significant Stimulusx State

anxietyinteraction(F<1).

Figure 3.10showsthe meandiscriminationscoredor the relevantandirrelevantcues
collapsedacrossall trials of stage?2, for the high and low anxiety groups.Low anxious
individualsshowincreasedearningto previouslyrelevantcues thanto previouslyirrelevant
cues.In contrast,highranxiousindividuals show, if anything,the reversepatternof results.
Analysisof stage2 revealedno significantmain effectof CueF(1, 86) = 1.395,p =.241, and
no significantmain effect of Stateanxiety F(1, 86) = 2.787,p =.099 but a significant State
anxietyx Cueinteraction;F(1, 86) = 4.183,p =.044, partiald | .046.Given the significant

stateanxietyx cueinteraction,follow-up simple effectsanalysisrevealeda significanteffect
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of cuefor thelow anxietygroup,F(1, 86) = 5.452,p =.022, partiald | .060,but not for the
high anxiety group (F<1), seeFigure 3.1Q Additionally, the significant stateanxietyx cue-
interactionsurvivesif we include participantsschizotypyscoregfor eachsubscaleandmean
accuracyresponseto the predictiveandnon-predictivecuesduringstagel (to controlfor any
differencesn learningratesbetweerhighandlow stateanxietyindividuals)ascovariatesfF(1,
79) = 7.052 p =.010 This analysissuggestghatthe effect of anxietyon the currentlearned
irrelevancetask is not influencedby stagel learningand the effect is specific to the state

anxietysubscale.
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Figure 3.9. Percentagef correctresposesto targetcuedby relevantandirrelevantcuesfor stagel. Dottedline
showstheoreticalevelsof chanceaespondingd50%). Error barsrepreseni +/~ within-subjectstandarcderror(see:
Cousineau2005).
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Figure3.10 Meandiscriminationscoresfor stage2, averagedeparatelyfor relevantandirrelevantcuesfor the
low andhigh anxiousgroups.Error barsrepresent.+/- within-subjectstandarderror (see:Cousineau2005).

When participants are taken as a whdie, ¢urrent results suggest a treaddrds an
effect of learned irrelevance early imrstage 2 (between trialsg). This finding is comparable
to that observed by Le Pelley et al. (2010a) who also observed better discrimination for relevant
cues than for irrelevant cues during trial blotks. Crucially, and in keepingith Experiment
3, the results from stage 2 indicate that individuals low in state anxiety are faster to learn the
associatiorbetween the previously relevaciies and the target thantlveen the previously
irrelevant cues ad the target; suggesting that low stateiety individuals devote more
attention to stimuli that are good predictors of subsequent events than to stimuli that are
followed by uncertain events. In contrast, there appeared to be no influence of priancelev
of the cues on novel learning for individuals high in stgiety, as the leaing rate between
the relevant cues and the irrelevanes with the target was not significant. Indicating that,
high anxious individuals show approximately equal leagrabout these cues in stagele
results from Experiment 4 thusdicate a replication of the direction of results presented in

Expeiment 3, buextend the generality; as the curreBikperiment4 employed a task design
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that directly examined a diffemee in associability, and therefore the amount of attention paid

to the predictive and uncertain cues.

3.3.2.4 Summary of findings

From these resulis appears we are observingsensitivity to the difference between
relevant and irrelevant information high state anxiety individuals. This finding is however
in contrast to our predictis; based on our findings fronxjgerimens 1 and 2. Across all 4
experimentgpresented in the current and preceding chaptappears that we are observing
a double @sociation; an effect of schizotypput not anxiety)that cevaries with latent
inhibition, and an effect of anxieffput not schizotpy)hat cevaries with learned irrelevance.

This possibility is explored in more detail, in the general discussion.

3.4 General Discussion

Two experimentgevealedthatlearningabouta cuethatwaspreviouslypredictiveof
anoutcomewashigherthanthecuethatwaspreviouslyirrelevant butonlyin low stateanxious
participants. Therefore,low anxious individuals, suacessfully demonstrateda significant
learnedrrelevanceeffect,whereasigh anxiousindividualsshoweda disruptionof this effect.
In contrastto predictions, there was no relationship between schizotypy and learned
irrelevance suggestingariationsobservedn learnedrrelevancearespecificto stateanxiety.
This suggestioris supportedparticularly by the findings reportedfor Experiment4, which
show that when variationsin the schizotypysubscalesvere statistically controlledfor, the

criticial interactionbetweerstateanxietyx cuepersisted.

Based on the results from Experimentsl and 2, these findings contradict our

predictions;we expectedo effect of anxietyon learnedirrelevance aswe sawno effect of
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anxietyon latentinhibition. We did howeverexpectto observean enhanceeffectof learned
irrelevancein high schizotypy individuals, comparableto the enhancedeffect of latent
inhibition observedacrossExperimentsl and2. This predictionis basedon theassumptiorof
singleprocessnodelsof attentionandlearningsuchasMackintosh(1975)andPearceandHall
(1980)which assumehatthe mechanisnunderlyinganeffectof latentinhibition (in this case,

attentional)s the samemechanisnunderlyinganeffectof learnedrrelevance.

Theseopposingindings suggesthatlearnedrrelevanceandlatentinhibition maynot
underpinnedby the sameunitary,attentionaimechanisnaspredictedby attentionatheoriesof
associativelearning (i.e., Mackintosh,1975) A more detaileddiscussio of this double
dissociationis discussedin the overall General Discussion(see Chapter5). Whilst the
differencein learningrate betweenthe previouslyrelevantcuesand irrelevantcuesare not
significant for high anxiety individuals, in either Experiment 3 or 4; Figures3.4 and 3.10
illustrateareversdan thedirectionof theresultsin comparisorio low anxietyindividuals.This
tentativedirection of resultssuggestghat high-anxietyis associatedvith fasterlearningto
previouslyirrelevantcues andfalls in line with the PearceandHall (1980)theoryof attention
onlearning.Whereashefinding thatlow anxietyis associatewith significantlyfasterlearning
to the previouslyrelevant/predictiveuesfalls in line with the predictionsof the Mackintosh
(1975) model. Theseresultsmay suggesia duatprocessamodel of attention(e.g.:Le Pelley,
2004) on anxiety,in which the relative weightingsof PearceHall-like and Mackintoshlike

effectsaredeterminedy stateanxiety.

The resultsof Expeliments 3 and 4 are however comparable suggestingreduced
learnedrrelevances relatedo high state(but nottrait) anxietyscore§ suggestingnimpaired

ability to distribute attention appropriatelybetweencueson the basisof their previously
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experenced relevance,is specific to state anxiety using single cue learned irrelevance
paradigmsAt first glance this finding doesappearconsistentvith the existingliterature.For
example,othershavereportedthat high anxiety individuals are impairedin their ability to
distribute attention appropriatelybetweenpreviously experiencedrelevant and irrelevant
information;with aninappropriatellocationof attentionto irrelevantstimuli. Thisfinding has
previouslybeenindicatedby existing studiesof latentinhibition (Weiner, 1990; Weiner &
Feldon, 1997; see BraunsteirBercovitz, 2002). However, as previously discussed,the
limitations encompassedithin existinglatentinhibition task designsmakesit possiblethat
existinglatentinhibition tasksareactuallygeneratingan effectof learnedrrelevanceln light
of this limitation, it is possiblethat previousobservationf reducedlatentinhibition with
anxiety (i.e., BraunsteirBercovitz, 2000, 2001), are actually generatingreducedlearned
irrelevancewhich would be consistentvith theresultswe areobservinghere.If the effectof
prior relevanceof cueson subsequentearningdependsn the ability to unequallydistribute
attentionbetweerrelevant/irrelevantuesthennaturallywe might anticipatethatindividuals
with impaired ability to equally distribute attentionwill show a reducedeffect of prior
relevanceof cues.Therefore thereducedattentionabiastowardspreviouslyrelevantcuesin
high anxiousindividuals may be takenas evidenceof an attentionaldeficit- but, is an effect
restrictedto observation®of learnedirrelevance not latentinhibition. This possibility could
alsolend supportto the null finding observedvith anxietyandlatentinhibition, observedn
the previousExperimentsl and2. Thefactthatschizotypydid nothoweverhaveaneffecton
learnedirrelevancecontradictsexisting researchfindings which report a reducedlearned
irrelevanceeffect in high positive schizotypyindividuals using a compoundcue learred
irrelevancetask(seelLe Pelleyetal., 2010a).This could howeverhavesomethingo do with

theinherentdifferencesbetweerncompoundcuetasks(e.g.,Le Pelleyetal., 2010a)andsingle
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cuetasks(usedin the currentexperiments)this ideais explored furtherin the overallgeneral

discussior(seeChapters).

It isimportantto notethis disruptedearnedrrelevanceeffectwasobservedisingonly
neutral (nonemotional/northreat related) information (See also: Derryberry and Reed,
2002;Eysencket al., 2007; PachecdJnguetti et al., 2010). Great difficulty to disengage
attentionfrom threatrelatedinformationin anxiousparticipantshasbeenshownin different
studies(for a review see:PergamirHight et al., 2014). Thesestudieshave typically used
compouncdcuesasit haspreviouslybeenclaimedthatno associationfavebeenfoundin tasks
whereoneemotionalor neutralstimulusis presente@sa singlecue(e.g.Mathews& Milroy,
1994). Therefore,an importantcontributionof the currentfindings is that we observedhe
effectstypically expectedor anxiousindividualsdealingwith threateningstimuli, in spite of
usingstimuli presente@ssinglecueswith no affectivevalue.Furthermorethe currentresults
corroboratehis andextendit to circumstances which attentionabiasesareacquiredduring
learning. Here,peoplewith high levelsof stateanxietyfailed to showthe normalattentional
biastowardsinformationthatwasrelevantto the solutionof alearningtask.This suggestshat
evaydayanxietydisruptsp e o pdpmapr&atallocationof attentionto stimuli basedon their
previousexperiencesTlhisdiscoveryis importantbecaus¢éhenaturalvariationin attentionthat
stemsfrom p e o pihtera@t®nwith the environmenpermitsthem to tuneoutirrelevancelf
this is disrupted,thenthe repercussionare substantialas a diminishedability to tune out
irrelevancemay slow the solution of complextasksand perpetuatea focus on unimportant
information (seeHullinger, Kruschke& Todd, 2014).To the bestof currentknowledge this
result constitutesthe first observationof disruptedlearnedirrelevancein high stateanxious

individuals.
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PacheeUnguetti et al. (2010) demonstratethat state and trait anxiety influence
attentionaprocesseslifferently andsuggesthe effectsof stateandtrait anxietyon attentional
biascanbe dissociatedMore specifically, they reporthigh stateanxietyinvolves a vigilant
stateassociateavith assessinguerelevanceandthe detectionof infrequentstimuli. Whereas
high trait anxiety is linked to attentionalprocessesunderpinnedby the executivecontrol
network, involving conflict resolutionbetweentwo stimuli presentedn compound On this
basisthen,it is notsurprisingthatwe only observeadisruptionin high stateanxiousindividuals
usingthe single cue learnedirrelevancetasksemployedhere As the relevantandirrelevant
cuesarepresentegingularly,ratherthanin compoundthereis no needfor the activationof a
mechanismwhere corflict resolution(i.e., betweentwo stimuli) is required The cuesare
trainedto beeitherpredictive(100%)or irrelevant(50%)to the occurencef the outcomeand
thusprovidinganaptsituationfor the effectsof stateanxietyto be detectedThus,it would be
of interest for future researchto assesswhether a comparablecompoundcue learned
irrelevancetaskwould elicit a disruptionwith high trait anxietyindividuals. This remainsfor

futureresearcho determine.

The current findings propose a reoambitious framework to explain the attentional
functioning of anxious individuals. Currently, the hypervigilance theory (Eysenck, 1992),
suggests that anxious individuals, as compared withamaous individuals, have a greater
tendency to scan the emynment regardless of the presence of threat or aversive stimuli (see
also: Mathews, May, Mogg, & Eysenck, 1990). Our results suggest this framework does not
only operate when multiple neutral cues are competing for attention, but when single, neutral
cuesare presented. Therefore the learned irrelevance paradigm could be a useful tool to
investigate the attentional view of anxiety; more specifically, for how individuals in a transient

state of anxiety learn and shift their attention to everyday cues.
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At thisjuncturehowever the causaktatusof therelationshipbetweerdisruptedearned
attentionandanxietyis unclear It is unclearwhetherhigh anxietycausesninability to direct
attention, or alternatively whether the inability to distinguish previausly relevant from
irrelevantcuesinducesa stateof anxiousnesskExisting researchhasservedto establishthe
causalnatureof the relationshipbetweenanxiety and an attentionalbias for threat related
information (seeMathews& MaclLeod,2002).Suchresearchhasfocusedon the hypothesis
thatinducedprocessindgpiasescancauseanxiety,while leavingopenthe possibilitythatcausal
effectscouldalsooperatan thereversedirection,providinga feedbackoop (seealsoChapter
4). Findingsthatimplicate athreatrelatedattentionbiasin anxiety(i.e., Mathews& MacLeod,
2002) havegeneratednterestin anoveld At t eBia$ Modifitation T r e a t (RBMTY). 6
ABMT arisedrom thenotionthatcognitivebiasegesultin pathologicabnxiety.Thisideaalso
underliesCognitiveBehaviouralTherapy(CBT) which targetsa rangeof biasesfor example;
exposurdo fearedsituationsin orderto learnthatfearedsituations/objectaresafe.However,
in contrastto CBT, ABMT currentlyhasa directtargetof therauticactionthatfocuseson a
specificbiasin threatrelatedattention(For reviewssee:Bar-Haim et al., 2007; Hakamateet
al.,2010).Whilst previousresearcHindingsarepromisingin showingsupportfor ABMT asa
novel treatmentfor anxiety the findings from the current study and those of others(e.g.
PachecdJnguetti et al., 2010 also using neutral information in the absenceof affective
stimuli, urgesthe continueddevelopmenbf thesecognitivetraining programmesin relation
to learnedattentian tasks,for examplethereareimportantramificationsfor thistyperesearch
on learning and shifting attentionto everydaycuesfor individuals experiencingstressful
situationsthat might elevatecurrentlevelsof anxiety. Partof therapycould not only include

retrainingof attentionbut alsoretraining,moregenerally, whatthe cuesareassociateavith.
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In conclusion,the findings of the presentchaptercontributeto existing knowledge
highlightingthedisruptedattentionamechanismghatareinvolvedin individualsexperiencing
anxietyand how they could be relatedto the day-to-day difficulties associatedvith clinical
anxiety.It is importantto highlight thatwe haveidentified an effect of stateanxietyon these
disordersby using neutral, single cue, information. The current findings allow a greater
opportunityto generaliseexistingknowledge with insightsthathavepotentialimplicationsfor
thetreatmenof anxietyproblemsn generabndattentionakcontrolstrategiesn particular.The
cauwsaldirectionof therelationshipbetweeranxietyandlearnedattentionto cueswith a history
or relevanceor irrelevance,is the focus of the following chapterbefore more specific
conclusionanbedrawnregardinghefuturedevelopmenbf cognitivetrainingprogrammes,

suchasABMT.
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Chapter 4:
Learned irrelevance: The relationship with induced anxiety and schizotypy

4.1 Introduction

Chapter 3 investigated the relationship between anxiety, and learning about stimuli that
have a histry of learnedpredictiveness or irrelevance. Across two experiments, learning about
the cue that was previously predictive (100%) was higher than the cue that was previously
irrelevant (50%), but only in low staBnxious individuals. High statnxious imlividuals
demonstrated a reduced attentional bias towards previously established predictive cues,
suggesting an impaired ability of high anxiety individuals to distribute attention appropriately
between cues based on their previously experienced releyaumgce BraunstenBercovitz,

2001; Eysenck et al, 2007). At this juncture however, the causal status of the relationship
between disruptetearned attentiorand anxiety is ambiguous. It is unclear whether high

anxiety causes an inability to direct attentiappropriately, or alternatively whether the

inability to distinguish previously relevant from irrelevant cues induces a state of anxiousness.
The experiments reported in this chapter aim to address this question. The following sections
discuss the litetare which has previously endeavoured to establish the causal status of the
relationship between attentional biases and anxiety, before moving on to discuss, in more

detail, how the current experiments provide advancement in this literature.

4.1.1 Attentional bias and vulnerability to anxiety
Existing research has served to establish the causal nature of the relationship between anxiety
and an attentional bias fdhreat relatedinformation (see Mathews & MaclLeod, 2002;
MacLeod, Rutherford, Campbell, Ebsithy & Holker, 2002). Such research has focused on

the hypothesis that induced processing bi

-167-

a



responses towards processing negative/threat information) can cause anxiety, while leaving
open the possibility tit causal effects could also operate in the reverse direction (i.e., anxiety
causing a bias towards processing negative/threat information), providing a feedback loop. For
example, MacLeod et al. employed a dot probe task designed to induce a tempaméionatt

bias either towards or away from threalated information, followed by exposure to a mildly
stressful task to assess the effects of an induced attentional bias (i.e., toward negative
information) on emotional vulnerability to subsequent str&aging this dot probe task,
participants were presented, briefly, with two words simultaneously, one negative threat
related word and one neutral word. Following the termination of this display, a small dot probe
was presented in the prior location of @i¢hese two words and participants were required to
press a response button, corresponding to target identity, as quickly as possible, whenever the
probes were detected. The discrimination latencies relative to the probes occurring in either
locatonprov ded a measure of i ndi vidual O-selatedt t ent i
stimuli. During the training trials, the probes always appeared in the vicinity of tielattd

word for half of the participants, to induce an attentional bias towardsvegainuli. For the

other half of participants, the probes always appeared in the vicinity of the neutral word to
induce an attentional bias away from negative stimuli and toward neutral stimuli. During the
test trials the probes were presented in thenitycof either the neutral or the threalated

word, with equal frequency and the discrimination latencies to detect the probes in each
location served to indicate the attentional impact of the training manipulation. At the end of
this task, all partiggants were exposed to a stressor task involving the attempt to complete 30
difficult or insoluble anagrams under timed conditions whilst being videotaped and anxiety

levels measured prand postest (MacLeod et al).
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For participants exposed to the triaig procedure designed to induce an attentional bias
towards the threatlated words, reaction times were faster to the probes in the vicinity of these
words relative to the neutral words, thus resulting in an attentional vigilance to this information.
Whereas those individuals exposed to the training procedure designed to induce an attentional
avoidance away from threatlated words, reaction times were faster to the probes in the
vicinity of the neutral words relative to the neutral words. Thus thprdbe training procedure
effectively manipul ated participantods attent
di fferenti al attentional bias served to modi
task. Participants trained to exhibit attentional bias towards threaated stimuli,
demonstrated increased elevations of anxiety in response to the anagram stress task relative to
those participants trained to orient attention away from emotionally negative information.
These findings thefore provide support for the hypothesis that attentional biases towards

threatrelated information can exert a causal influence on increased emotional vulnerability.

On the basis of the above results it appears that induced biases can affect vilynerabil
to anxiety through their influence on how stimuli are processed or interpreted. However, whilst
findings using tasks such as the dot probe (Mathews & MacLeod, 2002) can tell iogdexv
selective attention, either towards or away from threat relstietuli, (by experimentally
inducing a processing bias) can serve to establish individuals vulnerability to a situational level
of anxiety, it cannot tells us holwarnedselective attention (i.e., attention that is governed by
whether a stimulus reliabjyredicts an outcome or not) towards or away from cues correlates
with individuals level of situational anxiety or what the causal direction of this relationship
might be. To date there are only two experiments that have looked at the causal relationship
between anxiety and learned variations in attention (see BrawBsesovitz, 2001), and these

are discussed in the following section.
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4.1.2 Experimentally induced anxiety and latent inhibition

As discussed in the preceding chapters (see Chapter 1nsé@)othere is empirical
evidence that shows a general attentional bias towards irrelevant stimuli, in the absence of
threat, in individuals who are characterised by high levels of anxiety (e.g. Derryberry & Reed,
2002; Poy et al., 2004; Bishop, 2009cRacUnguetti, Acosta, Callejas & Lupiafiez, 2010).
As with latent inhibition, for example, high trait anxious individuals show an inability to gate
out irrelevant information resulting in high distractibility and difficulty in focusing attention
on informdion that is task relevant; the consequence of which is attenuated latent inhibition
(BraunsteirBercovitz, 2000). In an extension of these findings, Braun@encovitz et al.
(2001) suggested that situational stress should also disrupt latent inteitianse it is known
to elicit anxiety (e.g., Houston, 1987) and to increase scores on the state anxiety scale of the
STAI (Speilberger et al., 1970), which is correlated with trait anxiety. Thus on the basis that
state and trait anxiety are related thaskinduced stress should attenuate latent inhibition,

comparable to trait anxiety.

To test this prediction BraunsteBercovitz (2001) conducted two experiments using
two separate stress manipulation procedures and an established latent inhibiticlrproce
(BraunsteirBercovitz & Lubow, 1998a, 1988b). In this latent inhibition task, participants were
either preexposed, or not preexposed to an irrelevant shape (preexposed stimulus), whilst they
completed a masking task in which they had to indicate wehetlpair of letters, presented on
screen, were the same or different. In the subsequent test stage of the experiment participants
had to make a response when they thought ascoeen counter would increment. The
increment in the counter was preceded t®spntation of the polygon (see Chapter 2, section
2.1.4 for the full procedure). In experiment 1, stress was induced by threatsdstseth in a

difficult numberseries completion task said to be related to intelligence (high stress group).

-170



For the lowstress group, the number task was easy and not related to intelligence (Keinan,
Friedland, Kahneman & Roth, 1999). In experiment 2, the participants were job seekers and
the latent inhibition task was described as part of the interview selection proggsst(ess
group) or not (low stress group). Across both experiments latent inhibition was attenuated in
high as compared to low stress induced individuals; suggesting induced stress/anxiety impairs
selective attention caused by disrupted attentionabitidm. This finding adds to the generality

of previous findings and suggests that the attentional processes governing latent inhibition (if
we accept the attentional view of latent inhibition; i.e., Mackintosh, 1975; Pearce & Hall, 1980)
are impaired byrait anxiety, as well as by situations such as indistegks which elevate
levels of state anxiety. As previously discussed, Braunfeioovitz (2000) also report
attenuated latent inhibition is the result of high levels of anxiety experienced in high
schizotypal individuals (see Chapter 2, section 2.1.4). However, one reason to question these
findings is based on the inherent limitations encompassed with latent inhibition designs. For
example the latent inhibition procedure described by BraunsBsroovitz (2000, 2001)
includes an explicit masking task, consequently encompassing components of learned
irrelevance within the paradigm. Thus the conclusion of the findings reported by Braunstein
Bercovitz (2000, 2001) remains open to debate. Whether thetgowever, an important
distinction between latent inhibition and learned irrelevance; and whether they are
manifestations of similar cognitive processes, is agang question that this thesis aims to
answer. As discussed in the preceding chaptersietlreed irrelevance paradigm is a less
ambiguous measure of the impact of attention on associative learning. Thefrefarerrent
experiments make use of the learned irrelevance paradighoyad in Chapter 3,periment

4 (see section 4.1f8r a raticnale) to establish the causal status of the relationship between
anxiety and disruptettarned attentionTherefore the focus of the following experiments is

to establish the relationship between induced state anxiety and its effect on learned attention,
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in a similar way to that of previous studies (i.e., BraungBsrcovitz, 2001). In a further
extension of this literature, we also include a relaxation task (low anxiety) and a neutral task
(control condition) to compare with a group of individuals indlieath a state of anxiety,

using a stressor task. Failure to find evidence of the existence of a relationship between induced
state anxiety and disrupted learned attention may suggest that the causal effect operates in the

reverse direction.

4.1.3 Aimsand research questions

Here, we introduce a mood induction procedure to examine the relative influence of
state anxiety otearned attentionusing the learned irrelevance task previously eggdan
Chapter 3, Kperiment 4. This learned irrelevance tas&swused over that employed for
Experiment 3 because it has the sensitivity to examine a pure difference in associability using
a different cover story between stages 1 and 2 of the task. For the mood induction procedure,
participants either received a néga mood inducing task (a speech stressor task) to elevate
stateanxiety levels; a positive mood inducing task (relaxed breathing/meditation exercises) to
reduce statanxiety levels; or a neutral mood inducing task (passage from the National
Geographic)o act as a control group. The first part of this chapter explores the effectiveness
of these mood induction tasks in modulating state anxiety (Experiment 5) before assessing their
ability to influence learned variations in attention using an establiskerddd irrelevance
procedure (Experiment 6). In a second part to this chapter, mediation analyses are run to
explore whether there is a direct causal relationship between state anxiety and learned

irrelevance or whether schizotypy is a mediator of thistiehship.
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Part 1. Mood Manipulation

4.2 Experiment 5

The aim of Experiment 5 was to investigate the effectiveness of the mood induction
procedures; here we assess the ability of a negative and positive mood induction procedure to
induce a state of anxietjfferent from baseline mood state scores, and the ability of a neutral
mood induction procedure to maintain state anxiety levels relative to baseline. Participants
were either exposed to: a speech stressor task (see Sayette, Martin, Perrott, Wertz, and
Huf f or d 6°slesign2dtd@elic)t a transient anxious state; a relaxation response task (NHS
Choices, 2015) to induce a calming state by reducing state anxiety (or at least not increase their
level of state anxiety if it is already of a low level at bag)} or a neutral reading task (see

Dyson & Haselgrove, 2000) designed to neither increase or decrease state anxiety levels.

4.2.1 Method

4.2.1.1 Participants

Eighteen healthy Nottingham University participants (3 males and 15 females) took
part, inexchange for course credit. The age range waa718 he participants were randomly
allocated to one of three conditions, with 6 participants in each. One group of participants was
designated the O0speech str ess oduceatmmsientdtateon, 6
of anxiousness. The second group were design
given a task to induce a state of relaxation. The third group made up the control group and
designated t he 0 n e ughedtomaintam patticipagts state andietytscoen 6 d

comparative to their baseline measurbe sample size was kept deliberately low prior to

8 These task instructions have been chosen for the following study due to the sensitivity and effectiveness of these
tasks being established in an undergradpaprilation (see Phillips & Giancola, 2008).
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Experiment 6 as the effectiveness of the mood induction conditions, in our lab, was unknown
thus a small pilot studwas necessary to explore thbility of the mood induction tasks to
modulate levels of state anxiety. In additioaséd on previous research findings (see Phillips

& Giancola, 2008) it was anticipated that tteessinduction would be effective and thas

large sample size would be redundant. An n of 18 also ensured equal counterbalancing across

the 3 mood conditions.

4.2.1.2 Materials
4.2.1.2.1 Speech Stressor Task
A Canon DVD DC95 video camera and a full screenlim® stopwatch

(http://www.onlinestopwatch.com/fulscreenstopwatchy presented on a standard desktop

computer were used to enhance the subjective stressfulness of this procedure.

4.2.1.2.2 Relaxation Response K as
Relaxation meditation music (taken from:

https://www.youtube.com/watch?v=n17BzBecVy8mas played using Windows Media

Player through a standard desktop computer. Lightening in the laboratodarkased and

mood lights used to create ambient and relaxing lighting effects.

4.2.1.2.3 Mood Assessment Scale
To assessndividual stateanxiety levels, the stateanxiety subscaleof the STICSA
guestionnaire(Ree et al., 2008) was administered.The stae anxiety subscale of this
guestionnaireassessesomaticand cognitivesymptomsof anxiety; right now, at this very
moment.The scaleencompassel self-reportedtems,ratedon a 4-point Likert-type scale(1

= notat all to 4 = verymuchso).
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4.2.1.3 RPocedure

After reading an information sheet and signing a consent form, participants completed
the state anxiety subscale of the STICSA (Ree et al., 2008) questionnaire to measure each
i ndi vi dual 6s b aasxeetly upore enteriegr thel studyhm® ofsthe ahree task
conditions (6speech stressor, 6 Orelaxation r
completed before the state anxietybscale was administered for second time. The
comparison between the scores on this mood scale imrekydigfore and immediately after
the designated task enabled an examination of the degree to which the mood manipulation
procedure served to elevate, reduce or maintain individual level ofastaiety. This
procedure lasted 25 minutes. At the end ofsgsion participants were fully debriefed about
the true purpose of the stua@wd for paticipants in thestressor conditignthe relaxation
exercises, which formed the relaxation conditwasofferedas a way to | ower

level of state anxigtback to baseline before leaving the laboratory.

4.2.1.3.1 Speech Stressor Task
This task vas an adaptation of the procedure introduced by Sayette, Martin, Perrott,
Wertz, and Hadministared t slicit(a Zrahgleht)state of anxiousneghidnask
participants were nf or med t hat twasheing assesked hykthein apilitysto y | e 6
prepare and deliver a short speech in front of a video cainéwemed consent for the video

recording was sought after participants were read alautbtltowing task instructions:

AThis part of the study is to test yol
ability to think quickly with limited time for preparation. Research has shown that these
skills are related to cognitive ability. For thiagk you must quickly prepare and then

deliver a short speech about what you like and dislike about your body while standing
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directly in front of this video camera that will record your speech. You will have 5
minutes to prepare a-Binute speech. Your smdewill be delivered later in the study
when prompted by the researcher. It is very important that you think about the speech
you are about to give and how best to present this to the video camera. This stopwatch
will now give you a 8ninute countdown. Yawill have this time to prepare your speech

in your mind. When the 5 minutes are up,

At the end of the session, participants were debriefed about the true purpose of the
study, informed that they did not havedigiver a speech, and given the assurance that no video

record of their performance had actually been taken.

4.2.1.3.2 Relaxation Response Task
A relaxation response task (recommended by NHS Choices as an effective relaxation
procedure:

http://www.nhs.uk/Conditions/stressxietydepression/Pages/wayalieve stress.aspgx was

administered to reduce the level of state anxiety in each participant. lagkipdrticipants
were informed that they would practice deep breathing exercises for 5 minutes whilst listening
to relaxation meditation music (taken from:

https://www.youtube.com/watch?v=n17BzB8a). The following instructions were read

aloud and presented visually to participants on the computer screen:

AFor this part of the study you wil/
exercises whilst listening to relaxation meditation muslieafe sit comfortably in your
chair, placing your arms on the chair arms with your palms up. Good relaxation always

starts with focusing on your breathing, and the wagddadhis is to breathe in ahout
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slowly and in a regular rhythm as this will helpridax the body and induce a calming
state. Please follow the step by step instructions in front of you, and repeat for 5

mi nut es. The researcher wil |l inform you w

At this stage, the relaxation meditation music was started and tbeifodj step by step
instructions were read aloud once to participants (and presented visually on the computer

screen for the duration of the exercises) before being left to practice the exercises unaided:

Al. Fill up t he wh oloetforihg. lpnagme yod'rasfilirggsp wi t h

a bottle, so that your lungs fill from the bottom.

2. Breathe in through your nose and out through your mouth.

3. Breathe in slowly and regularly counting frame tofive( dondét worry i f
reachfive at first).

4. Then let the breath escape slowly, counting from one to five.

5. Keep doing this for approximately 3 minutes, or until you feel calm. Breathe

without pausing or holding your breath. o

Once the 5 minutes were up, the researcher turned off theatir@dmusic, and in their
own time participants were asked to let the researcher know when they felt ready to begin the
next part of the experiment. At the end of the session, participants were debriefed about the

true purpose of the study.

4.2.1.3.3 Natral Reading Task
A neutral reading task (passage taken from the National Geographic) was administered

to elicit/maintain a neutral mood state, providing a neutral control group. In this task
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participants were simply asked to read a passage providedpen ipafront of them for 5
minutes. At the end of the session, participants were fully debriefed about the true purpose of

the study.

4.2.2 Results and Discussion

Figure 4.1 showsthe mean,pre and posttest state anxiety scoresfor eachmood
inductioncondition. It is evidentfrom this figure, thatprior to anymoodinductioncondition;
meanstateanxiety scoreswere similar acrossall participants.Whereasobservationof state
anxiety scores,post mood induction, show an increasein mean state anxiety scores for
participantsin the speechstressorcondition; a decreasen meanstateanxietyscoresfor the
relaxation condition and little or no changein mean state anxiety scoresfor the neutral
condition. This impressionwas confirmed using a 2 (stateanxety: pre, post) x 3 (mood
condition:stressyelaxationandneutral)mixed ANOVA which revealedno significantmain
effect of pre and post stateanxiety (F<1), but a significant pre post stateanxiety x mood
conditioninteractionF(2,15)=7.188,p =.004 partiald fE .489 Follow upsimplemaineffects
analysiswith applied Bonferroni adjustment revealedno significant effect of stateanxiety
betweereachof themoodconditionsat pre-test(Fs<1), whereastherewasasignificanteffect
of stateanxietybetweeneachof the mood conditionsat posttestF(2, 15) = 4.853 p =.024,
partial g2 = .393. At posttest,stateanxietyscoreswere only significantly different between
the speeclcondition(M = 41.00,SD = 13.84)andthe relaxationcondition(M = 25.33, SD=

3.88),p =.028.

" Bonferroni adjustment was applied for the current analyses due to multiple comparisons made between the 3
mood conditions which is in contrast to Experiments 3 and 4 that only compared high versus low anxiety
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Simple main effects analysisalso revealedstate anxiety scoreswere: significantly
higherposttesthanpretestin the speectstressorconditionF(1, 15) = 6.902,p =.019, partial
d F .315,andsignificantlylower posttesthanpretestin therelaxationresponseonditionF(1,
15) = 7.155,p =.017, partial d J= .323. Stateanxiety scoresat pretestand posttestdid not

significantlydiffer in the neutralcondition(F<1), seeFigure4.1.

46.00
44.00
42.00
40.00
38.00
36.00
34.00
32.00
30.00
28.00
26.00
24.00
22.00
20.00

Mean State Anxiety Score

Pre Post

—4—Speech =ll=Relaxation =—#e=Neutral

Figure 4.1. Mean state anxiety scoresmetest and postest for each mood condition; speech, relaxation and
neutral.Error bars are 1+betweersubject standard error of the mean.

The results of this experiment confirm the ability of the speech and relaxation
procedures to induce eithehagh or low level of state anxiety, respectively. Furthermore, the
neutral condition sustained anxiety at its initial, intermediate, level. The primary aim of
Experiment 6 was to assess the ability of these mood induction procedures to influence learned
variations in attention, using the learned irrelevance paradigm described by Le Pelley et al.

(2010b).
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4.3 Experiment 6

The first aim of Experiment 6 was to replicate the results from Experimématsthe
three mood induction procedures; speech, relaxatnd neutral tasks serve to increase,
decrease or maintain levels of state anxiety, respectively. The second aim was to examine how
the varying levels of induced state anxiety influence learned variations in attention, using a
learned irrelevance parayin (see Le Pelley et al., 2010b). Experimeeingployedthe same
learned irrelevance paradigm as described in Experiment 4, (see Chigaen&jrrelevance
and anxiety for further discussion). Assuming that the mood manipulation procedures prove
effecive in creating three groups of participants who differ in their level of state anxiety
(comparable to the pattern of results observed in Experiment 5); comparigpresioft i ci pant
performance on the learned irrelevance task will enable appraisal ofentegim anxiety
causes an inability to direct attention, resulting in a disruption of learned irrelevance, relative
to low anxious individuals and controls. First the effectiveness of the mood induction task in
modulating state anxiety is explored beforgsessing the ability of these procedures to

influence learned variations in attention.

4.3.1 Method

4.3.1.1 Participants

Ninety healthy Nottingham University participants and members of the general public
(25 males and 65 femaleg)ok part, in excharegfor course credit or a £5 inconvenience
allowance. The age range was33& The participants were randomly allocated to one of the
three mood induction conditions (speech stressor, relaxation response, or neutral reading), with

30 participants in eacl sample size of 90 ensured equal counterbalancing across the 3 mood
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conditions and a total sample size in keeping with Experiment 4 (as the current experiment

employed the same learned irrelevance paradigm as described in Experiment 4).

4.3.1.2 Material Apparatus
4.3.1.2.1 Mood induction tasks
The materials for the speech stressor task and relaxation response task were the same
as described in sections 4.2.1.2.1 and 4.2.1.2.2, respectively.
4.3.1.22 Mood Assessment Scale
As per previous experimenthie STICSA both state and trait subscalgee et al.,
2008) andhe O-LIFE (Mason et al., 1995) were administered for participants to complete.
4.3.1.23 Learned irrelevance task

The apparatus were the same as described in Chapter 3, Experimetiod:38cl.2.

4.3.1.3 Procedure
4.3.1.3.1 Mood induction tasks

The procedure for the speech stressor task, relaxation response task and neutral reading
task was the same as described in sections 4.2.1.3.1, 4.2.1.3.2 and 4\With &rticipants
comgeting only one task condition. The state anxiety subscale of the STICSA (Ree et al., 2008)
was completed both before and after the mood induction procedure to mieaselire and
postmood induction level of state anxiety. The STICSA was then completeal third time
following completion of the learned irrelamce task (see section 4.3.1.B&low) to assess
whether leved of state anxiety following the mood induction procedure, remained consistent

at follow-up (after completion ohie learned irrelevare task), see Figure 4.2 below.
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Figure 4.2. A flow diagram to illustrate the order of task completionExperiment 6.

4.3.1.32 Learned irrelevance task

The procedure was the same as described in Chapter 3, Experiment 4: section 3.3.1.3.
At the end bthe session, all participants were fully debriefed about the true purpose of the
study.Again, for participants in the stressor condition, the relaxation exercises, which formed
the relaxation condition, wer eofstafefrxietyehdck as a
to baseline before leaving the laboratoffhe complete produce lasted approximately 40
minutes.

4.3.1.32.1 Scoring

The scoring was the same as described in Chapter 3, Experiment 4: section 3.3.1.4.

4.3.2 Results and Discussion

First, it is necessary to analyse the mood induction data to determine whether the
separate procedures were effective in inducing differential mood states for this group of
participants. If this mood induction procedure is found to be effective, then thealkected
from the learned irrelevance task can be analysed to reveal the attentional variation as a

consequence of inducing either a high, low or neutral state of anxiety.
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Figure4.3 showsthemeanpre-test,posttestandfollow-up stateanxietyscoresfor each
mood induction condition. It is evidentfrom this figure, that prior to any mood induction
condition;meanstateanxietyscoresveresimilaracrossall participantsWhereastateanxiety
scoregpostmoodinduction,showanincreasdor participantsin the speeclstressorcondition;
a decreasdor therelaxationconditionandlittle or no changefor the neutralcondition. State
anxietyscoresatfollow-up showthereis aslight convergencéowardsthe meanfor thespeech
andrelaxationconditionsbut meanstateanxiety scoresremainhigherthanboth neutraland
relaxationconditionsThisimpressiorwasconfirmedusinga3 (stateanxiety:pre,post,follow-
up) x 3 (mood condition: stress,relaxationand neutral) mixed ANOVA which revealeda
significant main effect of stateanxiety F(2, 86) = 3.348,p =.040, partial d |]= .072,anda
significantstateanxietyx moodconditioninteractionF(4, 174)=20.002,p <.001,partiald F
.315.Simplemaineffectsanalysiswith appliedBonferroniadjustmeritrevealecho significant
effectof stateanxietybetweeneachof the moodconditionsat pre-test(F<1), whereasthere
wasa significanteffect of stateanxietybetweereachof the moodconditionsat posttestF(2,
87)=22.706 p <.001,partial 2 = .343,andat follow-up F(2, 87) = 6.089,p =.003,partiald |
= .123. At posttest, stateanxietyscoresor the speechconditionwere significantly different
from both the relaxation condition and the neutral condition. However, with Bonferroni
correctionin place therewasno significantdifferencebetweerthe stae anxietyscoredor the
relaxationand neutral conditionsat posttest. At follow-up, stateanxiety scoresremained
significantly different betweenthe speechcondition andthe relaxationcondition, seeTable

4.1.

8 Bonferroni adjustment was applied for the current analyses due to multiple comparisons made between the 3
mood conditions which is in contrast to Experiments 3 and 4 that only compared high versus low anxiety.
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Figure 4.3.Mean state anxiety saes at preaest, postest and followup for each mood condition; speech,
relaxation and neutraError bars are 1 +betweepsubject standard error of the mean.
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Table 4.1
Pairwisecomparisongor stateanxietyscoredbetweerthedifferentmoodconditionat pre-test,
posttestandfollow-up.

Mean Differences

Speech Relaxation Neutral
Pre-test
Speech - -.967 5.433E015
Relaxation .967 - .967
Neutral -5.433E015 -.967 -
Posttest
Speech - 12.267 8.433
Relaxation -12.267 - -3.833
Neutral -8.433 3.833 -
Follow-up
Speech - 6.767 4.667
Relaxation -6.767 - -2.100
Neutral -4.667 2.100 -

Note *. The mean difference is significant at the .05 level.
b. Adjustment for muiple comparisons: Bonferroni.
Significant findings are bolded.

Additional simplemaineffectsanalysigevealedstateanxietyscoresveresignificantly
differentat pre-test,posttestandfollow-up for individualsin the speeckconditionF(2, 86) =
34530,p <.001,partiald F .445,thosein therelaxationconditionF(2, 86) = 38.288,p <.001,
partiald | .471,andtheneutralconditionF(2,86) = 3.567,p =.032,partiald E .077.Ascan
be seenin Table 4.2 therewas a significantincreasein stateanxiety scoresfor the speech
conditionfrom pretest(M = 32.27,SD = 6.52) to posttest(M = 38.83,SD = 9.44),anda
significantdeclinein stateanxietyscoresrom posttestto follow-up (M = 35.00,SD= 9.31).

For therelaxationcondition,therewasa significantdecreasén stateanxietyscoredrom pre-
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test(M = 33.23,SD=5.52)to posttest(M = 26.57,SD = 4.65),andno significantdifference
from posttestto follow-up (M = 28.23,SD = 5.30). For the neutral group, therewere no
significantchargesin stateanxietyscorebetweemretest(M = 32.27,SD=7.07),posttest(M

= 30.04,SD=6.73)andfollow-up (M = 30.33,SD= 7.91)with Bonferronicorrectionin place

Table 4.2

Pairwise comparisondor the pre, postand follow-up anxiety scoresfor eachof the mood
conditions.

Mean Differences

Pre-test Posttest Follow-up
Speech
Pretest - -6.567 -2.733
Posttest 6.567 - 3.833
Follow-up 2.733 -3.833 -
Relaxation
Pretest - 6.667 5.000
Posttest -6.667 - -1.667
Follow-up -5.000 1.667 -
Neutral
Pretest - 1.867 1.933
Posttest -1.867 - .067
Follow-up -1.933 -.067 -

Note *. The mean difference is significant at the .05 level.
b. Adjustment for multiple comparisons: Bonferroni.
Significant findings are bolded.

4.3.2.1 Learned irrelevance
Figure 4.4 shows the mean percentages of correct responses per block across the 6

blocks of stage 1. Accuracy increased rapidly for the relevant cues as the participants learnt the
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correct esponses, in comparison to the irrelevant cues. The relevant trials were compared with
the irrelevant trials using a 2 (cue: relevane, irrelevantue) x 6 (block 16) repeated
measures ANOVAThis analysis revealed a significant maiffiect of cuef~(1,89) = 255.528,
p<00L, partial d] = -efféctoRtrial namberf(g 85) f6i232p 1.001, ma i n

parti al d] = .268, HFHM8)=d.78p g.12b.f i cant i nterac

Figure 4.5 shows the mean discrimination scores across stage 2; the mean
discrimindion scores for previously relevaaties appear higher than previously irrelevant
cues during the first few blocks, with equal discrimination scores by the end of stage 2. The
relevant trials were compared with the irrelevant trials using a 2 (cue: relwnrrelevant
cue) x 10 (blocked trials-10) repeated measures ANOVPRis analysis revealed a significant

main-effect of cueF(1,89) = 8.658,p =.004,par t i al a dignificant mairedfert, of

trial number;F(9, 81) =20.379p <. 001, partial dq)] = .6&®4, and
81)=2286,p=. 024, partial d] = .203.
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Figure 4.4. Mean percentages of correct responses acrossxthmosks of stage 1, averaged separately for
relevant and irrelevant cues. Dotted line shows theoretical level of chance responding=fs0etars are 1+/
betweensubject standard error of the mean.

-187-



14 +

Stage 2
(O]
5 12 -
®
- 10 -
i)
T 8 -
C
c
£ 6-
5 —e—|rrelevant
a 41 —a—Relevant
c
c 2 -
()
2 0 T T T T T T T T T T 1
f 2 3 4 5 6 7 8 9 10
-2
4 -

Trial Block

Figure 4.5. Mean discrimination scores for stagea2eraged separately for relevant and irrelevant. daesr
bars are 1+/betweersubject standard error of the mean.

In contrast to Experiment 4 (see Chapter 3) that used this same task, the current results
provide support for an effect of learned leneance, similar that reported by Le Pelley et a.
(2010b), when taking into account all 10 blocks of stage 2. It is possible that the data presented
in Experiment4, do contain an effect of predictiveness and uncertainty on cue associability,
but varying evels of state anxiety are masking this effast previously discussed in Chapter
3, see sectioB.3.2.]. Due to the nature of the mood induction tasks used in Experiment 6, it
would be expected that levels of anxiety would be at the extremes for dahspel relaxation
groups, and in the middle for the neutral grodgsereforelevels of state anxiety are expected
to be less vaable in experiment6 (relative to Experiment 4)thus allowing an effect of
predictiveness and uncertainty on cue assodiald be demonstrated he statistical power
of the current sample may also be increased due to the larger samptosizéese induced
levels of state anxiety eeary with learned irrelevance, is thecus of the following sectian
In order tomake a dect comparison with ¥periments 3 and 4, wiest calculated a total state
anxiety score and dichotomised participants into high and low anxiety grobgssanalysis

-188



permittedassessient as tavhether a comparable result was observed ictihent expgment
relative to Experiments 3 and Before moving on to investigate the 3 separate mood induced

conditions and their relationship with learned irrelevance.

4.3.2.2 Learned irrelevance and anxiéthiigh vs low state anxiety groups

In orderthento make adirectcomparisomwith Experiments3 and4, atotal stateanxiety
scorewascalculatedor eachparticipantin the currentexperimentaverageof pre-test,post
testandfollow-up stateanxietyscores) assignednto a dowd stateanxietygroup (N = 48) if
theirscorelay on or belowa meanstateanxietyscoreof 31, andto a chighbstateanxietygroup
(N =42)if their scorelay abovethis mean.Comparabldo the previousexperimentsthis split
was determinedby the population norm reportedfor state anxiety in a healthy student
population(seeReeetal., 2008).To investigatewhethertherewasa significanteffectof high
or low stateanxietyon attentionto relevantandirrelevantcues,a 2 (stateanxiety: high, low)
x 2 (cue:relevantcue,irrelevent cue)mixed ANOVA wascarriedoutfor stagel anda 2 (state
anxiety: high, low) x 2 (cue:relevant,relevant)x 3 (trial block: 1-3) mixed ANOVA was

carriedout for stage2.

Figure 4.6 showsthe mean percentage®f correct responsedo the relevantamnd
irrelevantcuescollapsedacrosghe six blocksfor high andlow anxietygroupsin stagel. It is
evidentfrom thisfigure thatthe percentagef correctresponsewashigherto therelevantcues
comparedo theirrelevantcuesfor all participantsThisimpressionwasconfirmedfor stagel
astherewasasignificantmaineffectof CueF(1, 87) = 246.504p < .001,partiald F.739,n0
significant main effect of Stateanxiety (F<1) and no significant Stimulus x State anxiety

interaction(F<1).
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Figure 4.7 showsthe meandiscriminationscoresfor the relevantandirrelevantcues
collapsedacrosshethree3-trial blocksof stage2, for high andlow anxietygroups.Indicating
a patternof resultsin keepingwith Experiments3 and 4; low anxiousindividuals show
increasedccuracyto previouslyrelevantcues,thanto previouslyirrelevantcues.ln contrast,
high anxiousindividualsshow a reducedinfluence of prior relevanceof the cueson novel
learning.Although, analysisof stage? did reveala significantmain effectof CueF(1, 87) =
8.834,p =.004,andno significantmain effect of StateanxietyF(<1) = 2.787,p =.099but no
significant Stateanxietyx Cueinteraction;F <1. This nonsignificantinteractionsuggests
weakerrelationshipbetweeranxietyandlearningaboutthe previouslyrelevantandirrelevant
cues(in comparisoro theresultsof experiment8 and4). However,in light of thecomparable
patternof resultsto the previousexperimentsandthe expectedifferencesbetweerthe high
andlow anxiousgroups simplemaineffectsanalysiswith Bonferroniadjustmentverecarried
outandrevealed significanteffed of cuefor thelow-anxietygroup,F(1,87)=7.213,p=.009,
partiald F .077butnotfor thehighanxietygroupF(1,87)=2.449,p =.121, partiald F .027,

seeFigure4.7.
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Figure 4.6. Percentagef correctresponseso targetcuedby relevantard irrelevantcuesfor stagel. Dottedline
showstheoreticallevelsof chanceresponding’50%). Error barsare 1+/- betweersubjectstandarderror of the
mean.
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Figure 4.7. Meandiscriminationscoresfor stage2, averagedseparatelyfor relevantandirrelevantcuesfor the
low andhigh anxiousgroups Error barsare1+/- betweersubjectstandarcerror of the mean.

4.3.23 Learned irrelevance and anxietySpeech, Relaxation and Neutral conditions

Figure 4.8 shows the mean percentages of correct reggsohs the relevant and
irrelevant cues collapsed across the six blocks for relaxation, neutral and speech groups for
stage 1. It is evident from this figure that the percentage of correct responses was higher to the
relevant cues compared to the irrelevauts for all participantd.o investigate whether there
was a significant effect of mood manipulation condition on attention to relevant and irrelevant
cues, a 3 (mood manipulation: speech, relaxation and neutral) x 2 (cue: relevant cue, irrelevant
cue) nixed ANOVA was carried out for stage 1. This analysis revealed a significant main effect
of CueF(1, 87) = 256.824p< . 001, parti al d] = . 742, a s
manipulationF(1, 87) = 5.565p=. 00 5, parti al d] Gue x Mod® , but
manipulation interactiof(1, 87) = 1.226p =.299 Follow-up simple main effectsnalysis was
ran to explore the significant main effect across mood conditions. This arralysaedhat

the percentage of correct responses (collapsed amwe$svere higher for participants in the
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relaxation conditiomompared to the speech stressor condRi@) 87) = 5.565p =.005, partial

d] = .113.

Figure 4.9 showsthe mean percentage®f correct responsedo the relevantand
irrelevantcuescollapsedacrosshe3 3-trial blocksof stage2, for relaxation neutralandspeech
groups. Similar to the patternof datafrom stagel, it is evidentfrom this figure that all
participantsshowincreasedccuracyto previouslyrelevantcues thanto previouslyirrelevant
cuesA 3 (moodmanipulationspeechrelaxationandneutral)x 2 (cue:relevantrelevant)x 3
(trial block: 1-3) mixed ANOVA wascarriedoutfor stage2 whichrevealeda significantmairt
effectof CueF(1, 87)=9.686,p =.003,partiald F .100,no significantmain-effectof Mood

manipulationF <1 andno significantMood manipulationx Cueinteraction;F <1.
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Figure 4.8 Percentagef correctresponseo targetcuedby relevantandirrelevantcuesfor stagel. Dottedline

showstheoreticallevels of chanceresponding50%). Error barsare 1+/- betweersubjectstandarderror of the
mean.

-192-



Stage 2

10 +
o 97
3 8-
N
c 7 4
.
g6
E 5 m [rrelevant
? 4 - ORelevant
&)
c 3
&
s 27
1 -
0 T T 1

Relaxation Neutral Speech

Figure 4.9. Mean discriminationscoresfor stage2, averagedseparatelyfor relaxation, neutraland control
conditions.Error barsare1+/- betweersubjectstandarcderrorof the mean.

In contrast tdexperimens 3 and 4 (see Chapter 3), there was no significant difference
in the experimentally inducédigh and low state anxusindividuals (denoted by the speech
and relaxation conditionsespectively) and their ability to learn the association between cues
with history relevance or irrelevance and a targae pattern of results howevedicatesan
increase in learning towardsoth cues in high state anxiety individuals (in the speech
condition) compared to low state anxiety individuals (in the relaxation conditibmis
observation is in the opposite direction to the pattern of results reported in Experiments 3 and
4; the possible reasons for this are discussed later in this sdti®important, havever, to
determine whether &éhcurrentnon-significant result supports the null hypothesis (that there
was no difference between speech and relaxation conditions in learning about the previously
relevant and irrelevant cues), or suppertsconclusion at all (Dienes, 2011). To determine
between these possibilities a Bayes factor was calculated, where values less than .33 indicate
support for the null hypothesis, values above 3 indicate support for the alternative hypothesis,
and values beteen .33 and 3 indicate data no support for either hypothesis (Jefferys, 1961; see

Dienes, 2008 for a rationale). To calculate a Bayes factor, it is necessary to estimate a plausible
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effect size. In order to achieve this, the data from the 88 particifggmtsted from Experiment

4° were used to calculate the mean difference between high and low anxiety individuals and
learning about the previously predictive ti@ mean difference of 2.91 was observed. In the
current experiment, a mean difference2fi7 (SE= 1.48) was observed between the speech
and relaxation conditions for learning about the previously predictive cue. Following Dienes
(2011: see also http://www.lifesci.sussex.ac.uk/home/Zoltan_Dienes/inference/Bayes.htm),
Experiment 6 was modelled thi a 2tailed distribution with a mean of 0 (indicating no
differencein learning about the previously relevant duetween thespeech and relaxation
conditions)and aSDset to 2.91. This yielded a Bayes factor of 1.06, indicating no support for
either hyothesis. However on the basis of the current findings from Experiment 6, which point
in theoppositedirection to both Experiments 3 and 4, suggests that if we were to recruit more
participants, we wouldither sustain ancrease the effect being ologed here rather than the

reverse effect.

There are two possible reasons why all participants, regardless of their induced level of
anxiety, show increased learning towards the previously predictive cue over theedastive
cue. First, it might be argdehat the mood induction procedures fail to manipulate anxiety in
the same way in which anxiety is influenced in the real world. For example, some authors
suggest that stressful life episodes do not induce stress unless the situation is appraised as
thredening. Thereforghe way individuals think about situations determines how they respond
emotionally to them (e.g., Lazarus, 1990; See the General Discussion for further exploration

of this issue). Second, there might be additional variables that cervathtanxiety such as

9 Data from experiment 4 were used foe Bayes factor analysis as this experiment uses the same learned irrelevance task

as that used in the current experiment 6.

10Here the predictive cue is used in the analysis as the correlations in Experiment 4 were only significant betweentgtate anxie
ard learning about the previously predictive cue. A significant SE is required for Bayes analysis to determine whether a
comparative nosignificant result supports the null hypothesis, or no conclusion at all (see Dienes, 2011).
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schizotypy,which subsequently mediate the relationship between state anxetyismpted
learned irrelevanceThe following analysesexplore the correlations between the study
variables from experiment 6, to enable direct congpas with experiments 3 and(éhat
instead measured nanduced levels of anxielyPart 2 of this chapter then moves oas$sess

potential mediators of the relationship between anxiety and learned irrelevance.

Pearson produghoment correlation coeffients were computed betweeelevant and
irrelevant cues and the overall discrimination scores (calculated by subtracting the relevant
cues from irrelevant cuesjtate anxiety scores (ptest, postest and followup); trait anxiety
scores each of theour schizotypy suldlimensions( P e a rrsusingbal participants; see
Table4.3 & 4.4). Given the exploratory nature of themalysis no adjustments for multiple
comparisons were madd-or stage 1 there were significant correlations between the
discrimination score and unusual experiences;212,p=.046, the irrelevantue and unusual
experiences;=-.213,p= .045 and the predictiveue and followup state anxiety scores; -
.213,p= .044. For stage 2, correlations were only significant for ¢levantcue and unusual
experiencest= -.229,p= .032.Therefore,in contrast to Experiments 3 and Experiment 6
revealeda weaker relationship between state anxiety and learned irrelewdice suggests
variations in anxiety that have been generateitié current experiment do not have the same
relationship with learning as naturally occurring variations in anxiety, as observed in
Experiments 3 and &ee general discussion for a more detailed discussion concerning this
finding). There were howevesignificant positive correlations between state anxiety, trait
anxiety and the four sulimensions of schizotypy suggesting that levels of anxiety exist in the
schizotypy scales. Whether schizotypy is a medidtetprin the relationship between state

anxiety and learned irrelevance is ¢éoqed in Part 2 of this chapter using a mediation analysis.

-195



Table 4.3
Correlation matrices among study variables for stage 1.

Stage 1 Stage 1 Pre- Post Follow-
Relevant Irrelevant Mood Mood up Mood Trait UnEXx CogDis IntrovAn  ImpNon
Cue Cue State State State
Stage 1 . z
Discriminationscore .833" -.625 -.074 -.058 -172 -.031 21 -.116 .062 .011
Stage 1 Relevant Cue -.089 -.041 -.143 -213 -.020 .120 -.113 .072 -.118
Stage 1 Irrelevant Cue
.075 -.099 .009 .029 -.213 .050 -.010 -.186
PreMood State
621" 672" 657" 228 .386" 147 197
PostMood State
763" 374" .164 2471 222 240
Follow-up Mood State
Wup 545" 128 266 143 177
Trait
.281" 578" .180 .209
UnEx
.340" 277 525"
CogDis
g .350" 192
IntrovAn
.200

Note Values shown amomentRa&relatiencoefiicentp r oduct
** Correlation is significant at the 0.01 level.
* Correlation is significant at the 0.05 level.

Significant results are bolded.
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Table 4.4

Correlation matrices among study variables for stage 2.

Stage 2 Stage 2 Pre- Post Follow-
Relevant Irrelevant ~ Mood Mood  up Mood Trait UnEx CogDis  IntrovAn  ImpNon
Cue Cue State State State
Stage 2 X
Discriminationscore 344" -.295 -.118 -.063 -.115 -.015 -.166 -.106 -.023 -.103
Stage 2 Relevant Cue 796" -.116 017 -.129 -.149 -.280" -173 012 -.090
Stage 2 Irrelevant Cue
-.042 .058 -.058 -.142 =177 -.106 .028 -.024
PreMood State . X X X
.621 672 .657 .228 .386 147 197
PostMood State
763" 3747 .164 241 222 240
Follow-up Mood State X
.545 128 .266 .143 A77
Trait N X
.281 578 .180 .209
UnEx X X X
.340 277 .525
CogDis X
.350 192
IntrovAn
.200
Note Values shown amomentRarelatiencoefiicentp r oduct

** Correlation is significant at the 0.01 level.
* Correlation is significant at the 0.05 level.
Significant results are bolded.
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Part 2: Learned irelevance- Experiments 3, 4 and 6 combined

4.4 Experiments 3, 4 & 6 combined

Part 1 of this chapter observed a null regulierms ofthe relationship between the 3
induced mood condition&peech, relaxation and neutrahd learned irrelevancélowe\er,
follow-up correlation analysésee Table 4 Ysuggestthere may be personality variables.,
schizotypy) that mediate the relationship between state anxiety and reduced learned
irrelevance.This is further supported by the contention tlaént nhibition has previously
been reported to bthe result of high levels of anxiety experienced in high schizotypal
individuals (see BraunsteiBercovitz, 2000; see Chapter 1, section, 1.6.Wlath begs the
guestion as to whether schizotypy mediates thatioaship between anxiety and learned
irrelevance.Particularly given the limitations with previous latent inhibitiorethodsand
whether these findings actually represent learned irrelevanceC(egser 2, section 2.1.5
Support for thisnvestigationstems from further inspection of the resultsrirBxperiments 3,

4 and 6. Upon observation of the correlation matrices drawn from these experjsamnts
Tables3.4, 3.8, 3.9, 4.3 and 9,4here are significargositivecorrelations between both state
and trait anxiety scores, and the schizotygyb-dimensions These significant correlations
suggest that schizotypal scales may contain an anxiety f&etahermore, the data show a
trend for individuals high in unusual experienaisplaying reduced learrmgnabout both
previously predictive and irrelevant cues, and thus a reduced effect of learned irrel€h&nce.
is consistent withexisting researchfindings that show an attenuated effect of learned
irrelevance withindividuals high in unusual experiencesee Le Pelley, 2010a; see also
Chapter 1, section 1.5.2.1.1 and Chapter 3, section 3.1.5 for a discu3sies¢ findings

provideabasis for the subsequent analysemvestigate whether unusual experiences mediate
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the relationshigbetween state anxietind learned irrelevanc&o increase statistical power,

the data fronExperiments 3, 4 andeere combinedh order to carry out a mediation analysis

4.4.1 Scoring

The dependent variable foxgeriment 3 (reaction time to the predictive and irrelevant
cues) wadnvertedusing the transformation 1/reactiime. This transformation ensured a
comparable dependent variable across all experiments, allowing the data from each to be
combined (Total N = 242). Z scores were then calculated for the prediggy@m@levant cue
and the discrimination score (predictive cue minus irrelevant cue) for each experiment, to be
used as the dependent variablHse state anxiety scores frorxferiment 6, collected at the
three separate time points (gest, postest and follow up) were averaged across the 3 mood
conditions to calculate an overallate anxiety scores foraeh participant, comparable to

Experiments 3 and 4.

4.4.2 Preliminary analysis

Pearson produghoment correlation coefficients were computed Igemv the
discrimination scores, relevant and irrelevant cues for stage 2, and both state and trait anxiety
subscal es, and the four di mensi anusing aff t he
participants; see Tab#eb). As this initial part of the analigwas preliminary, no adjustments
for multiple comparisons were madeorrelations were significant for the relevante with;
state anxiety= -.146, p= .035; trait anxiety= -.136,p= .035 and; unusual experienaes-
.189,p=.033. The irrelevant cugas also significantly correlated with unusual experienses
-.157,p= .015, and the correlations approached significance for discrimination score and state

anxietyr=-.115,p= .074, and unusual experiences.121,p= .060.
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Table 4.5
Correlation maices among study variables for stage 2.

Stage 2 Stage 2 State Trait UnEXx CogDis ImpNon IntrovAn
Relevant Irrelevant
Cue Cue
Discrimination Score .236" -.334" -115 -.078 -121 -.084 .064 -.022
Stage 2 Relevant Cue 761" -.146 -.136 -.189" -.106 -.048 -.024
Stage 2 Irrelevant Cue -.069 -.095 -.157 -.075 -.031 -.015
State 687" .369" 461" 176" .280"
Trait 452" 675" .255" 263"
UnEx 508" .295" 357"
CogDis 366" 234
124

ImpNon

Note Val ues shown amomentRaralatisncoeficientpr oduct
** Correlation is significant at the 0.01 level.
* Correlation is significant at the 0.05 level.

Significant results are bolded.
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4.4.3 Mediation analysi

To investigate whether unusual experiences mediates the relationship between state anxiety
and learned irrelevancea mediation analysigias conductedA mediation analysis allows
exploration of whether there is a variable(s), known as the mediatablearwhich underlies

an observed relationship between an independent and a dependent variable. A mediation model
proposes that rather than a direct causal relationship between the independéie Yiaetl,

anxiety) and depende variable (learned irrel@ance), it is the independent variable which
influences the mediator variable (i.e., schizotypy; unusual experiences), which in turn
influences the dependent variable. Thus the mediator variable serves to clarify the nature of the
relationship between thedependent variable, and the dependeariable(Fields, 2008) A

real world example is the positive correlation between ice cream sales (independent variable)
and people drowning in the sea (depgmidrariable). The mediating variable is temperature;

when it is hot more people go swimming in the sea, and eat ice cream.

The prerequisite for mediation analysis is that the variables of interest are all significantly
correlated; the independent variable and the proposed mediator must correlate, as must the
independent variable and the dependent variable (Fied8)28s can be seen from Taldl,

both state and trait anxiety significantly correlate with unusual experiences, and each of these
personality variables independently correlates with learningtabeupreviously pedictive

cue (consistent withperiments 3 and 4). Therefore, the aim of the subsequent analyses was

to assess whether unusual experiences and trait anxiety mediate the relationship between state
anxiety and learningn stage 2about tle previously predictive cue (Model 1), and whether
unusual experiences and state anxiety mediate the relationship between trait anxiety and

learning about the previously predictive cue (Model 2). Such findings would contribute and
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extend existing knowledgeegarding the relationship between schizotypy and anxiety, and

their subsequent effects on learned variations in attention.

(1) Model 1: Unusual experiences and trait anxiety as mediators of the relationship

between state anxiety and learning about the presty predictive cue

A mediation analysis was performed using bootstrapping analyses (see Preacher &
Kelley, 2011) to test the mediation model of unusual experiences and trait anxiety as mediators
of the relationship between state anxiety and learningtahe previously predictive cue. In
these analyses, mediation is significant if the 95% Bias Corrected and accelerated confidence
intervals (BCa CI) do not include O (Preacher & Kelley). Refer to Figuteé for the path

diagram that corresponds to thidiation analysis.

Results based on 1000 bootstrapped samples indicated that whilst the total effect of
state anxiety on learning towards the previously predictive cues was significar@,18, BCa
CI [-.033,-.002,p = .023], the direct effect was hb=-.010, BCa CI{.031, .011p = .346].
There was a significant indirect effect of state anxiety on learning towards the previously
predictive cue through unusual experientes;.007, BCa CI{.014,-.001], and through trait
anxiety,b = -.007, BCaCl [-.014,-.001]. Thus, individuals who indicated high levels of state
anxiety, through high levels of unusual experiences, and through high levels of trait anxiety,
showed reduced learning towards the previously predictive cue. A sobel test indiattedyth
the indirect coefficient for state anxiety on learning towards the previously predictive cue
through unusual experiences was significant{ 857 p < .05, two tailed). However, because

zero is not in the 95% CI for either indirect effects, kath considered significantly different
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from zero at p < .05 (see Field, 2008 for a

of statistical significance over the sobel test).

M2:
Trait Anxiety
b=.703 p<.001 b=-.001 p=.913
M1:
b=.26Q p<.001 Unusual b=-.027 p=.032
Experiences \

qgdJ Cue

State Anxiety Predictiveness

v

Direct effect,b=-.010, p=.346

Indirect effects:
M1, b=-.007, 95% CI{.014,-.001]
M2, b=-.001, 95% CI{.017,-.013]

Figure 4.10 Model of state anxiety as a predictoledrned predictiveness, mediated by unusual experiences and
trait anxiety. The CI for the indirect effect is a BCa bootstrapped Cl based on 1000 sémplesheaders and
beta coefficients indicate the predictive relationship between variables.

(2) Model 2:Unusual experiences and state anxiety as mediators of the relationship

between trait anxiety and learning about the previously predictive cue

A mediation analysis was performed using bootstrapping analyses to test the mediation
model of unusual experieas and state anxiety as mediators of the relationship between state
anxiety and learning about the previously predictive cue. Comparable to model 1; mediation is
significant i f the 95% BCa Clo6s do not incl

4.11 for the path diagram that corresponds to this mediation analysis.
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Results based on 1000 bootstrapped samples indicated that whilst the total effect of trait
anxiety on learning towards the previously predictive cues was signiftcant016, BCa CI
[-.031,-.001,p = .035], the direct effect was nbt= -.001, BCa CI {.022, .020,p = .913].

There was a significant indirect effect of trait anxiety on learning towards the previously
predictive cue through unusual experienbes;.008, BCa C1{.016,-.001], and through state
anxiety,b = -.007, BCa CI{.021, .008].Thus, individuals who indicated high levels of trait
anxiety, through high levels of unusual experiences, and through high levels of state anxiety,
showed reduced learning towards thevpesly predictive cue. Similar to model 1, a sobel test
indicated that only the indirect coefficient for trait anxiety on learning towards the previously
predictive cue through unusual experiences was significant12957,p < .05, two tailed).
However because zero is not in the 95% CI for either indirect effects, both are considered

significantly different from zero at p < .05

M2:
State Anxiety

b=.662 p<.001 b=-.010 p=.346
M1:
b=.31Q p<.001 Unusual b=-.027 p=.032
Experiences

qgJ Cue

Trait Anxiety Predictiveness

v

Direct effect,b=-.001,p=.913

Indirect effects:
M1, b=-.008, 95% CI{.016,-.001]
M2, b =-.007, 95% CI{.021,-.007]

Figure 4.11. Model of trait anxiety as a predictor of learned predictiveness, mediated by unusual exparidnces
state anxiety. The CI for the indirect effect is a BCa bootstrapped Cl based on 1000 samplekeaders and
beta coefficients indicate the predictive relationship between variables.

-204



4.5 General Discussion

Across two experiments a mood inductiongedure was used to examine the influence
of state anxiety on learned attention, using an established learned irrelevance task (Le Pelley
et al., 2010b). The mood manipulation procedures were successful in both Experiments 5 and
6 showing an increase itage anxiety from pre to post test in the speech stressor condition, a
decrease in state anxiety in the relaxation condition, and little or no change in the neutral
condition. A similar pattern of resuligasalso observed at posttaskfollow-up in Expeiment
6. On the basis that stress elicits anxiety (e.g., Houston, 1987) it can then be assumed that
anxiety levels per se, in the speech stressor group, were elevated as compared to the relaxation

and neutral control groups.

Experiment 6 successfully demstrated learned irrelevance: the significant effect of
cue (assessed across all experiments) indicates that, overall, participants showed faster learning
in stage 2 about cues that were previously relevant, than cues that were previously irrelevant.
This finding replicates the effect of learned irrelevance observed by Le Pelley et al (2010b).
This result is also anticipated by attentional theories of associative learning (Mackintosh, 1975;
Kruschke, 2001) which suggest that the attention allocated te & @irectly determined by

the previously experience relevance of that cue.

Crucially however, the nesignificant interaction between cue relevance and the 3
mood conditions indicates that thavasno effect of the different moadductionconditions
on learning about either the previously relevant cue, or the previously irrelevant cue. Thus,
irrespective of whether participants are in either, a low, neutral or high state of anxiety,

individuals overall devote more attention to stimuli that are goediptors of subsequent
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events than stimuli that are followed by uncertain events. This finding is ittasbrio
Experiments 3 and 4 buiterestingly when the mood conditions were collapsed across into

high and low anxiety groups$he results were comgie to Experiments 3 and 4. Low state
anxious individualshowed increased learning towards the previously predictive cue with high
anxiety individuals demonstrating a reduced attentional bias towards this cue. The main
interaction between cue relevancelastate anxiety (high and low groups) did however fail to
reach the conventional criterion for statistical significance for Experiment 6. The weaker
relationship between state anxiety and learned irrelevance observed here suggests variations in
anxiety that have been generated in the current experiment do not have the same relationship
with learning as naturally occurring variations in anxiety, as observed in Experiments 3 and 4.

In Experiment 6, anxiety is manipulated in an acute manner, but it is umdietiner it is a
chronicbuildup of stressful | ife events that resul
consequently results in disrupted attentional processes. The latter effect of chronic stress mig

be what we are observing irxferiments3 and 4. Support for this proposition comes from a
study by Chajut and Algom (2003) that used an acute stressor task in healthy participants before
presenting them with the Stroop task (Stroop, 1935) of selective attention. Here, the induction
of acute gess using noise and impossible psychometric tests, served to improve attentional
abilities on the Stroop task. The task irrelevant dimension of threat related words were not
processed, and the resources available under stress were devoted in fulbsiktbivant
dimension of colour. Other studies have also reported a decrease in the Stroop effect (i.e.,
improved selectivity) under acute stress (e.g. Agnew & Agnew, 1963; Callaway, 1959; Folkard

& Greeman, 1974, Glass & Singer, 1972; Houston, 1969; tdau& Jones, 1967; Huguet et

al ., 1999; Oo6Malley & Popl awsky, 1971; Tecce
has been suggested that once a stressor has been identified and appropriately managed,

automatic attentional engagement related toathreay be overridden by more controlled,
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higher level processes, resulting in attentional disengagement away from threat. Whereas,
reduced attentional control due to chronic stress exposure may not be sufficiently overridden
by higher level attentional pcesses, resulting in an enhancement of automatic attentional

capture towards threat related stimuli (Chajut & Algom).

The current results present an extension of the above findings (Chajut & Algom, 2003)
suggesting that acute levels of induced streggrdve attentional selectivity towards the
previously relevant cue compared to the previously irrelevant cue. On the other hand, it might
be said that chronic stress precipitates the broadening of attention, rendering an individual
vulnerable to intrusionsdm task irrelevant information; as can be seen in Experiments 3 and
4 and existing studies (e.g., BraunstBercovitz, 2001). Regarding these latter findings, it is
entirely plausible that participantuwdupreport
of situational anxiety of which the consequence is disrupted learned attention; a disruption
which is not observed with individuals experiencing an acute one off feeling of state
anxiousness due to stress induction. The dissociation betweeraadutéronic anxiety and
the subsequent effects of learned variations in attention is for future research to determine (see

General Discussion section, Chapter 5 for a further discussion).

Interestingly however, the mediation analysis, which combineeixents 3, 4 and
6, revealed that whilst there is a total effect of anxiety on learning about the previously
predictive cue, indicating an overall relationship between these two variables, there is not a
direct, effect of increased anxiety rethglearnng towards the predictive cue. It is unusual
experience®r trait anxiety that mediasghis relationship between state anxiety and reduced
learning about the previously predictive cue. Thus, the inability of high anxious individuals to

direct attention tevards cues with a history of predictiveness or irrelevance is governed by both
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their high levels of positive schizotypy and their high levels of trait anxiety. Similarly, state
anxietyor unusual experiences also mediate the relationship between triailysand learned
irrelevance. This finding is in accord with previous studies that have argued diminished latent
inhibition in high schizotypal individuals to be the result of the high levels of anxiety which
accompany schizotypy states (Braunsi®ercoviz, 2000, 2001). The present results extend
these findings using a less ambiguous measure of attention and suggest that diminished learned
irrelevance in high state anxious individual
accompany anxiety; gigesting a bdirectional relationship between anxiety and schizotypy
characteristics. In further support of this finding; both state and trait anxietscsilds were
correlated with unusual experiences, when collapsing across experiments 3, 4 and 6, whic
suggests a schizophredilke component in the anxiety scales, and vice versa. This is
comparable with previous studies that have also found a relationship between schizotypy and

anxiety scores (BraunsteBercovitz, 2000; Gibbons & Rammsayer, 1999).

As mentioned in the general introduction, the relationship between disrupted latent
inhibition, anxiety/stress and schizotypy/schizophrenia has aestblished pharmacological
basis (e.g. Gray et al., 1991; Gray, 1998). Studies have shown augmentechdogiaractivity
in both schizophrenicQaplan & Guthrie, 1994; Silver, 1994; Silver, 19%nd anxious
(Mclvor et al., 1996; Nutt et al., 1998; Peroutka et al., }99@viduals and furthermore that
latent inhibition is modulated by schizophrenia andsstr&his evidence, together with the fact
that existing latent inhibition paradigms encompass components of learned irrelevance,
provides additional support for the present findings that learned irrelevance can be impaired in
anxious (state or trait) indduals who are also characterised by high levels of positive
schizotypy, and by extension vulnerability to schizophrenia. Although, in order to examine

cognitive functioning in the form of learned irrelevance specifically in patient populations; it
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is desrable that the neuropsychological, neuroanatomical and psychopharmacological basis of
learned irrelevance and its disruption is examined in more detail. Here we can only speculate
on the body of pharmacological research that exists for latent inhibitiomhizh the

limitations have been extensively discussed in previous sections.

In summary, whilst the current experiments do not provide evidence that changes in
acute induced anxiety have a causal effect on learned variations in attention, theyederho
provide evidence to suggest that under low anxiety conditions, individuals are able to learn
about stimuli with a history of predictiveness and irrelevance. Whereas, individuals
encountering high levels of anxiety accompanied by a vulnerabilithiaagghrenia are unable
to direct attention and there is a breakdown in attentimabitory processing. The outcome
of such events may result in a relapsedoworsening o& pathological state. Future research
suggestions thatould explore these fimolgs andpropositiors are discussed in the following,

concluding chapter.
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Chapter 5:

General Discussion

5.1 Discussion

5.1.1 Overview

Establishing howcognitiveabnormalities result in the signs and symptoms that define
schizophrenia and anxietlisorders has become a prominent question in clinically, and sub
clinically, applied research. Moreover, the prevalence efmodbid anxiety disorders in
individuals with schizophrenia has encouraged research to address how schizophrenia and
anxiety migh interact in relation to the cognitive deficits involved in both disorders. One
attempt to understand the origins of these disorders is the study of cognitive endophenotypes,
defined as quantifiable traits that can provide an illustrative link betweerological
abnormalities and the expressed symptoms of a disorder. The identification of reliable
endophenotypes will hopefully lead to improvements for treatments and could possibly be
applied as prevention techniques for related disorders. Abnormal rparfoe in schizotypy,
schizophrenia and anxiety has been observed in comparison to healthy individuals on a range

of cognitive and behavioural tasks.

Latent inhibition has been considered as one promising endophenotype, particularly in
the study of schizdpenia. Abnormal attention to irrelevant information has long been
recognised by clinicians, which has since encouraged researchers to elucidate the nature of the
relationship between schizophrenia, and anxiety more recently, with allocation of attention t
stimuli in laboratory studies providing empirical evidence for an attentional view of these
disorders. However, there are a number of limitations encompassed within existing research,

specifically regarding the nature of the latent inhibition paradidras lave been designed,
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and whether they instead reflect the operation of learned irrelevance (see Le Pelley et al.,
2010a). The present work has aimed to address some of the limitations with existing research
and advance the literature to improve our entriunderstanding of schizotypy and anxiety, and

the cognitive abnormalities involved:

1) By designing a paradigm that examines a paféect of latent inhibition, by
minimising the contribution of learned irrelevance, and assessing how this latent

inhibition task cevaries with both schizotypy and anxiety (Experiments 1 and 2).

2) By employing an alternative, less equivocal, learned attentional paradigm (learned
irrelevance) and assessing the relationship between this task with both schizotypy

and anxiety (Egeriments 3 and 4).

3) By assessing the causal relationship between induced variations in anxiety (stress,
relaxation or neutral mood) and learned variations in attention (Experiments 5 and

6); assessing whether schizotypy level mediates this relationship.

The aim across these experiments and analyses was to separate out the effects of latent
inhibition and learned irrelevance, to enable an assessment of the difference/similarities in
performance across these tasks in relation to schizotypy (and bgiertsnhizophrenia), and
anxiety. Taking converging evidence, from latent inhibition and learned irrelevance tasks,
allowed the assessment of learned variations in attention in relation to schizotypy and anxiety.
The mood induction study permitted insighto the causal nature of the relationship between
anxiety, schizotypy and a less ambiguous measure of attention (compared to latent inhibition):

learned irrelevance.
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The following conclusions will highlight how this thesis has furthered existing research
by permitting advancement in the current understanding of the mechanisms disrupted in both
schizotypy (by extension schizophrenia) and anxiety. How the use of these potentially more
viable tools can be used to further investigate how schizotypy/scheuphand anxiety

interact to produce cognitive abnormalities, is discussed in terms of future research.

5.1.2 Summary of findings
5.1.2.1 Experiments 1 and 2
a) Nature of the relationship between schizotypy and latent inhibition
The first aim was to degiga withinp a r t i datept ammbitionsask which did not
encompass the limitations found in many of the other wilirticipant latent inhibition tasks
that have been reported in the literature (De la Casa & Lubow, 2001; Lubow & De le Casa,
2002; Swedlow et al., 2003; Evans et al., 2007; Granger et al., 2@8@&cifically, it is
ambiguous whether they measure latent inhibition or other related learning phenomena. This
makes the interpretation of existing findings difficult as we might instead leevabg an effect
of schizotypy on learned irrelevance or conditioned inhibition; both of which have been
reported to vary with schizotypy (Migo et al., 2006; Le Pelley et al., 2010a). It was therefore
important to develop a refined latent inhibition taskisat future experiments can make clear
predictions about the effect of experimental manipulations, based on the large human and
animal literature that is available on latent inhibition (for a review see: Lubow & Weiner,
2010). This aim was successfullghaeved, particularly with respect to Experiment 2, which
minimised the possibility of either conditioned inhibitionearned irrelevance being observed
in a within-participant latent inhibition design. Performance was nevertheless similar across
Experiments 1 and 2, suggesting an effect that is specific to stimulus preexposure (latent

inhibition).
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The second aim was to determine whether any schizotypy dimensiwasied with
performance on these O6purer 6 | atofecontditionech hi bi t
inhibition and learned irrelevance are minimised. Both Experiments 1 and 2 demonstrated that
individuals scoring higher on the unusual experiences dimension of the schizotypy sub
dimension of theO-LIFE showed slower learning of the stimuliasget association for
preexposed stimuli throughout the trials, compared to lower scorers on this dimension. This in
conjunction with the fact that there was no significant association between unusual experiences
and learning about the ngmeexposed stiulus suggests an enhancement of latent inhibition

in individuals scoring higher on the positive dimension of schizotypy.

The current findings build upon existing research to suggest that the distribution of
latent inhibition is not only heterogeneougattients with schizophrenia; rather, a comparable
distribution can also be observed in high schizotypy individuals. Whether the current result
was a specific effect of the latent inhibition tasks developed here, or an effect of some other
subclinical chaacteristic associated with schizotypy such as anxiety (i.e., Braunstein
Bercovitz, 200, 2001, formed the basis of the additional analyses. These findings are

discussed in the following section.

b) Additional analyses: Nature of the relationship betweelestypy, anxiety
and latent inhibition
Existing research draws similarities in cognitive performance between schizotgpy
anxiety (see BraunsteiBercovitz, 2000, 20D, 20®) and demonstrates thatowrbidity rates
of anxiety in schizophreniare relatively high. Consequently, the purpose of the additional
analyses was to address the research question posrdumsteirBercovitz (2000 ; 0l s t he
attentional dysfunction in schizotypy relate

BraunsteirBercovitz, the current results however showed that neither component of anxiety,
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state nor trait, influenced latent inhibition alone, or modulated the ability of schizotypy to
modify learning about a preexposed stimulus. Thus the variationsseldsarlatent inhibition

are specific effects of schizotypy, as opposed tospetific effects related to anxiety. The
limitations associated with existing latent inhibition paradigms (i.e., the inclusion of a masking
task) question the validity of thenfilings reported by BraunsteBercovitz (2000, 2001) which

may explain these contradictory findings. Thus, the outcome of enhanced latent inhibition with
positive schizotypy (unusual experiences) and an attenuation of latent inhibition with cognitive
disomganisation (akin to the negative symptoms of schizophrenia), are the firshsigations

of these phenomenmn@a a subclinical population: 1) using gefinedlatent inhibition task and 2)

that can account for variations in latent inhibitionsgecificeffects of schizotypy, and by
extension schizophrenia, which are not underpinned by anxiety. Future research would benefit
from the use of facteanalysis to assess the details of this relationship, which currently remains

open to debate.

Overall, two witin-participant experiments (Experiments 1 and 2) are reported that
measure the effect of familiarity on learning without confounds of alternative effects that also
retard learning and eeary with schizotypy (e.g., learned irrelevance and conditioned
inhibition). Consistent with some of the clinical literature (i.e., Rascle et al., 2001; Cohen et
al., 2004; Gal et al., 2009), a positive association was found between the rate of learning to the
familiar, but not the novektimulus and the unusual experiesadimension of schizotypy
implying abnormally persistent latent inhibition in high schizotypy individuals. The use of the
task described in Experiment 2 is particularly encouraged, as this task successfully minimised
the contribution of both conditionedhibition and learned irrelevance on the preexposure
effect. This implies a new procedure that is an efficient tool (taking only 7 minutes to complete)

to investigate the anomalous expression of latent inhibition and presents a potentially useful
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tool for assessing attentional dysfunction in schizophrenia, as well as other clinical and sub
clinical populations. The aim of Experiments 3 and 4 were to provide complimentary evidence
of these findings using an alternative task that also measures an eétentbn on learning;
learned irrelevance. If learned irrelevance is underpinned by the same unitary mechanism (e.g.
Mackintosh, 1975) as latent inhibition, it would be expected that the effect of schizotypy, and
anxiety, observed in a refined latent ipiion paradigm (Experiments 1 and 2) to be

comparable in a learned irrelevance paradigm (Experiments 3 and 4).

5.1.2.2 Experiments 3 and 4
c) Nature of the relationship between schizotypy, anxiety and learned
irrelevance

In contrast to latent inhibitionthe learned irrelevance paradigm provides a less
ambiguous measure of the impact of attention on learning (see Le Pelley et al., 2010a). The
aim here was to employ a learned irrelevance procedure that could measure the associability of
relevant versus ielevant cues in subsequent learning, and subsequently assess the relationship
between this task with measures of schizotypal traits and of anxiety. If differential performance
on this task is related to high schizotypy (and by extension schizophreniamilaa way to
that observed in Experiments 1 and 2, this would provide support for the attentional deficit

view of schizophrenia.

Interestingly however, both Experiments 3 and 4 provide findings contrary to
predictions. Based on the results from Expemts 1 and 2 (enhanced latent inhibition in high
schizotypy individuals), a superior effect of learned irrelevance in high schizotypy individuals
was expected. Instead, there were no significant correlations between schizotypy and overall

discrimination sore, and neither relevant nor irrelevant cues. The results of Experiments 3 and
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4 are however comparable, as both sets of results indicate that the associability of the cue that
was previously relevant, was higher than the cue that was previously imglbué only in
participants who were low in anxiety. Participants who were high in anxiety showed,
numerically, the opposite pattern of results (increased learning to irrelevant cues), although the
difference in the associability of these cues was naoifgggnt. These results indicate that we

are observing an insensitivity to the difference between relevant and irrelevant information in
high state anxiety individuals. This finding is also in contradiction to our prediction; based on
the findings from Expriments 1 and 2, we expected to find no effect of anxiety on learned
irrelevance. What these opposing findings mean, from Experiments 1 and 2; and Experiments
3 and 4, in terms of applications of attentional associative models to thesknstdd traits

and by extension, their related pathologies, is discussed in section 5.1.3.

Interestingly, and to the best of knowledge, the present data constitute the first
observation of disrupted learned irrelevance in high state anxious individuals. Existimgiresea
findings suggest anxiety results in decreased attentional control, characterised by an increase
in distractibility by irrelevant information (see Braunst&ercovitz et al., 2002; Eysenck et
al., 2007, 2009). The current results corroborate this arehe it to circumstances in which
attentional biases are acquired during learning. Here, people with high levels of state anxiety
failed to show the normal attentional bias towards information that was relevant to the solution
of a learning task. This sggsts an association between everyday anxiety and a disruption of
peopl ebdbs appropriate allocation of attention
di scovery is important because the natur al
interaction with the environment permits them to tune out irrelevance. If this is disrupted, then
the repercussions are substantial, as a diminished ability to tune out irrelevance may slow the

solution of complex tasks and perpetuate a focus on unimpartamhation (see Hullinger et
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al., 2014). At this juncture however, the causal status of the relationship between disrupted
learned attention and anxiety was unclear. It remained to be determined whether high anxiety
caused an inability tdirect attentio, or alternatively whether the inability to distinguish

previously relevant from irrelevant cues induced a state of anxiousness. Experiments 5 and 6,

discussed in the following section, aimed to address this research proposition.

5.1.2.3 Experiments 5 ad 6

a) Nature of the relationship between induced anxiety and learned irrelevance
(PART 1)

The aim here was to introduce a mood induction procedure to examine the relative
influence of induced state anxiety on learned attention, using the establisheed learn
irrelevance task previousgmployed inExperiment 4 (see also Le Pelley et al., 2010b). The
effectiveness of stress, relaxation and neutral mood conditions to induce variations in levels of
state anxiety were explored first before assessing theityabilinfluence learned variations in
attention. Based on the findings from Experiments 3 and 4, a reduced attentional bias towards
previously established predictive cues was expected in individuals induced with an acute state

of anxiousness, relative tndividuals induced with either a relaxed or neutral mood state.

Across both Experiments 5 and 6 mood induction procedures successfully manipulated
participantsd report ed -tdstetv posteststhte anxiedytseoresa n X i e
significantly increased for individuals in the speech stressor condition; decreased in the
relaxation condition; with no significant difference in the neutral condition. A similar pattern
of results across mood conditions was observed at fallpwn Experiment 6; sugesting
participantsd manipul ated | evel of state anx

On the basis that stress elicits anxiety (e.g., Houston, 1987) it was assumed that state anxiety

-217-



levels per se, were elevated in the speech stressditiom as compared to the relaxation and
neutral control conditions. We first assessed how the results compared to Experiments 3 and 4
by calculating a total state anxiety score and dichotomising participants into high and low
anxiety groups, before mowon to investigate the 3 separate mood induced conditions and

their relationship with learned irrelevance.

When the data were collapsed across the stress, relaxation and neutral mood conditions
and participants scores dichotomised into high and low gngiieups the pattern of results are
comparable to Experiments 3 and 4. Only low state anxious individuals showed increased
learning towards the cue that was previously relevant than the cue that was previously
irrelevant; whereas high anxious individual®ow a reduction of this effect. It is important to
note the interaction between cue relevance and state anxiety (high vs low) in Experiment 6 was
not significant but follow up analyses revealed a comparable pattern of results. This weaker
relationship beteen state anxiety and learned irrelevance observed by thsigroficant
interaction suggests that induced variations in anxiety do not have the same relationship with
learning as naturally occurring variations in anxiety, as observed in Experimemntgl3T&mns
proposition is further supported by the rgignificant interaction between cue relevance and
the 3 individual mood conditions (stress, relaxation and neutral conditions), indicating no effect
of induced variations in anxiety on learning abotie the previously relevant or irrelevant
cue. Interestingly, the pattern of results denoted by the speech, relaxation and neutral mood
induction conditions indicate, if anything, an increase in learning towards the previously
predictive cue in high statnxiety individuals (in the speech condition) compared to low state
anxiety individuals (in the relaxation and neutral condition), albeit asigmificant result. This
observation is in the opposite direction to the pattern of results reported in Eqpisridrand

4, and when these mood conditions are collapsed across and dichotomised into high/low
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anxiety groups in Experiment 6. Suggesting that induced levels of acute anxiety have a

fundamentally different effect on attentional processes and learning.

One attempt to explain the differing findings across Experiments 3, 4, and 6, is that the
mood induction procedures utilised in Experiment 6 were designed to invoke an acute state of
anxiety. At this juncture it is unclear whether it is a chronic bupaf stressful life events that
push an individual 6s | evel of state anxiety
threshold is reached that the consequence is a disruption of attentional processes, resulting in
an inability to tune out iglevance. Previous research dissociates between acute and chronic
stress, suggesting that induced acute stress leads to a narrowing of attentiomeievask
attributes, and thus improves attentional selectivity. Whereas chronic stress, lead to the
broadening of attention, rendering the person vulnerable to intrusions from task irrelevant
information (for a review see: Chajut & Algom, 2003). The results from Experiment 6 possibly
lend support this dissociation as there was a trend for individual stréees induced condition
to demonstrate better learning about the previously relevant cue than individuals in the
relaxation condition. Here it would be ideal to make a comparison with individuals who are
experiencing a chronic state of anxiety; howevar Bxperiments 3 and 4 it is only possible to
gauge participantos l evel o f current expe.t
symptomatology. Thus it would be of interest for future research to include an additional
psychometric measure of symptom diga to assess whether it is symptom chronicity in high
anxious individuals that correlates with their impaired attentional inhibition; disrupted learned

irrelevance.
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a) Nature of the relationship between anxiety, schizotypy and learned
irrelevance (PARR): Mediation analysis

The high correlations of schizotypal scale scores with anxiety scale scores suggest that
schizotypal scales may contain an anxiety factor; and that anxiety scale scores may contain a
schizotypy factor. This, together with data whicidicate dopaminergic involvement in
schizotypality (Caplan & Guthrie, 1994; Silver, 1995) and anxiety (Mclvor et al., 1996; Nutt
et al., 1998; Peroutka et al., 1998), and that anxious individuals are distracted by irrelevant
stimuli as previouslymeasude by Ol at ent i Bér¢ottz 2002cae ChaftédBr a u n s
1, section, 1.6.1.2), reinforces the possibility that thexistence of these states may account
for the observed selective attention deficits in these individuals. Using a direct mefsure
learned irrelevance, the aim here was to assess whether schizotypy mediates the relationship
between state anxiety and disrupted learned irrelevance, in a similar way to that previously
investigated by BraunsteiBercovitz (2000) with reference to lateinhibition. This aim was
addressed using two mediation models. The first assessed whether unusual experiences and
trait anxiety mediated the relationship between state anxiety and learning about the previously
predictive cue (Model 1), and the secondessed whether unusual experiences and state
anxiety mediated the relationship between trait anxiety and learning about the previously
predictive cue (Model 2). In line with our predictions, the results from Model 1 suggest that it
is only when unusual egpiences and trait anxietyaoar y wi t h st ate anxi et
experience an inability to demonstrate the normal attentional bias towards information that had
previously been relevant the solution of a learning task (disrupted learned irrelevance)
Similarly, Model 2 revealed state anxiety and unusual experiences also mediate the relationship

between trait anxiety and learned irrelevance.

Overall, these findings provide an important advancement in the current literature that

learned irrelevancesimpaired in anxious (state or trait) individuals who are also characterised
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by high levels of schizotypy, and by extension vulnerability to schizophréhepredictive
validity of psychometrically assessed positive and negative schizotypy to predict th
development of schizophrerspectrum disorders has Imesupported by a 1@ear longitudinal
study carried out by Kwapil et al. (2013)amonclinical sample ofniversity studentgmean

age = 19.3 years), thus representing a similar sample of panisipo those reported in this

thesis.

The currentfindings also support the suggestion that thevanpation between
schizotypy, anxiety and latent inhibition observed by Braunddentovitz (2000, 2001) were
actually observing an effect of learnedelavance. How learned irrelevancevaries with
individuals experiencing clinically emorbid anxiety with psychosis is a key area of focus for

future research.

5.1.3 Implications of findings

Based on singhkprocess models of attentional learning, sastMackintosh (1975) and
Pearce and Hall (1980), the mechanism underlying an effect of latent inhibition should be the
same mechanism underling an effect of learned irrelevance. Both of these models assume that
latent inhibition is generated by an attentlike mechanism, resulting from a reduction in the
processing of the stimulus during noginforced preexposure. And, learned irrelevance is
viewed as reflecting a change in the processing (in terms of a change in attention or
associability) as a resulf arelevance prdraining. Thus Mackintosh (1975) explains latent
inhibition and learned irrelevance as the result of a failure to encode the relationship between
the preexposed stimulus and the US (see also Le Pelley, 2004; McLaren & Mackintosh, 2000).

However, incontradiction to the assumptions of these models that assume there is only one

mechani sm of associability (U), the resul't
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dissociation. Experiments 1 and 2 showed an enhanced effect of latent inhibition with
schzotypy but not with anxiety, whereas Experiments 3 and 4 showed a reduced effect of
learned irrelevance with anxiety, but not with schizotypy. The fact that schizotypy and anxiety
did not have comparable effects loothlatent inhibition and learned irefance suggests that
these sulzlinical personality characteristics (and by extension their clinical counterparts) may
influence attention differently and furthermore, that attention is not a unitary system. Thus
neither the Mackintosh nor the Peatdall model can provide a full account of the current
results as such singf@ocess models would assume that if schizotypy (or anxiety) modulates
latent inhibition, it should also modulate learned irrelevance in the same way. The following
sections discuss thienitations of singleprocess models before moving on to describe how the

current results provide novel support for dpedcess models of attention and learning.

One problem with assuming a single theory of associability is that the -pirggless
modelsconflict with each other in théiewof associability that they support. For example, the
approach developed in the Mackintosh (1975) model was that good predictors of an outcome
maintain high associability, while the associability of poor predictors.fdlhe results of
various extant studies (e.g., Le Pelley and McLaren, 2003; Le Pelley et al., 2010a; Haselgrove
et al., 2015) provide support for this view. Contrastingly, the Pddatlemodel instead
suggests that learning proceeds faster with stirhatidre inaccurate predictors of an outcome,
and slows with stimuli that are accurate predictors of an outcome (e.g., Kaye & Pearce, 1984).
As a consequence of the evidence supporting these two opposing views of associability, dual
process models of atteom on learning have been proposed (e.g., Le Pelley, 2004; Esber &
Haselgrove, 2011). Such models combine the ideas encapsulated in both the Mackintosh and
PearceHall models in an attempt to capture the strengths of each and provide a full account of

theway in which processing afforded to a stimulus changes as the result of past experience.
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Le Pelley (2004) proposed that the simplest way to reconcile the Mackintosh (1975)
and PearceHall (1975) models would béo describe them as each measuring different
properties of a cue, rather than being rival descriptions of the same property (associability). In
thiswaylLePelley e scr i bes t h eatteMtmmakassocialli§ deterhiniagavhich
stimuli should be selected for learning on the basis of their predictive historgeandbes
the Pearcéda | | U as 06s al deermioiey havsmuchshoaldbie letiaboytd
those stimuli, given that they have been selected. Given these proposed differences, Le Pelley
labelledéttentional assoi a b afthéMtayc& i nt o s h  mo shkehce associdbilifa n d t h
of the Pearcéd a | | mode as U a npilopertiasca® muftiglicative: factbrs fom e t w
associability change, thus creating a dualcess model of associability. Applied to learned
irrelevance, this model suggests that during uncorrelated CS/US exposure, the CS is a poorer
predictor of the USthantsh e exper i ment al context, and thu
determined by the Mackintosh, 1975 equations) of the CS will fall. As the CS and the context
is a relatively poor predictor efetetmedbyUS, t h
the Pearcéda | | 1980 equations) wi || be relative
following uncorrelated CS/US exposure will ensure that learning between the CS and US
during subsequent conditioning will be slower compared to a novel CS. Afpliedent
inhibition, this dual process model assumes that preexposure to a CS with no consequence (in
the absence of rei nf agdbatbkeoaase thg absence df reinfdicersentn o t
following the CS are not surprising, there will be aldécn es Consequentlynon reinforced
exposure to the CS will reduce its ability to enter into an association with the US on subsequent
conditioning trials, compared to a novel CS that has not been exposed to this decrease in
salience associability. Asuch, this model can account for the independent effects of learned
irrelevance by including a variable of attentional associability (following the Mackintosh

approach) and of latent inhibition by including a variable of salience associability (following
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the Peacédall approach). This model therefore demonstrates that latent inhibition and learned
irrelevance can be separated into dissociable components and the current findings provide a
novel confirmation of this by demonstrating the modulation of thejsarable effects and their
double dissociation with schizotypy and anxiety. How the current results also provide support
for an alternative dual process model of attention on learning (Esber & Haselgrove, 2011) is

discussed next.

The preceding discussidas focused on a dual process (hybrid) model which specifies
how the components of the Mackintosh model (1975) and the Pidalicenodel (1980)
interact such that the appropriate mechanism dominates under a given set of circumstances (Le
Pelley, 2004). UWimately, suggesting that two different kinds of attentional mechanism are
required to account for the effects of predictiveness and uncertainty. A second approach taken
by Esber and Haselgrove (2011) however emphasises a single attentional process based
predictiveness (Mackintosh model), but in such a way so that the model can also account for
uncertainty effects (Peart¢t¢all model). In the spirit of the Mackintosh model, Esber and
Haselgrove suggested that a cue acquires salience as a consequeecenohd a good
predictor of outcomes, and loses salience as a consequence of being predicted by other events

(e.g. the context).

Applied to the results of the current experiments to the Bdbselgrove (2011) model
then; the finding that attention iscreased to good predictors of subsequent events (learned
irrelevance; Experiments 3 and 4) and that attention can be reduced as a consequence of an
outcome being predicted (latent inhibition; Experiments 1 and 2) can be fully accounted for

with the EsbeiHaselgrove model. Comparable to the application of the current findings to Le

Pell eyds (2004) dual process model |, the curr
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