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General Abstract

Purpose: The primary aim of this research was to addresstinrent gap in knowledge of
olfactory hallucinations (OHs), specifically withihe schizophrenia population. This aim was
addressed by employing a symptom-focused appréatitémbined clinical neuropsychological
and cognitive neuropsychological perspectives fiarm the understanding of the neural,
neuropsychological and cognitive causes of Q#sthod: Two groups of clinical patients (one
comprised of those self-reporting recent OHs (rLyahd another self-reporting auditory verbal
hallucinations (AVHSs - with no lifetime history @Hs; n = 10)), in addition to a group of
healthy controls (n = 18) completed a battery afrapsychological tasks tapping into executive
and amygdala functioning. An odour source discration task and an auditory verbal source
monitoring task was also completeResults: Evidence of smell identification impairment and
aspects of general executive dysfunction was fonwbth clinical groups relative to controls.
However, a pattern of dysfunction that particulamiplicates OFC and amygdala neural circuitry
(and disruption to their associated higher leveirapsychological skills) was also found that was
specific to patients experiencing OHs. On tasksooirce monitoring, preliminary evidence was
found on the odour source discrimination task satyge of a sensory specific source monitoring
bias for patients with schizophrenia who experie@éts. In addition, a specific source
monitoring deficit for auditory-verbal informatiamas also found in patients that experience
AVHs. Conclusion: The obtained results suggest that the generati@Hsf may be underpinned
by a combination of specific neuronal and relamarse monitoring dysfunction. This finding

has implications for therapy in individuals witths&mphrenia who experience OHSs.



General Introduction

Schizophrenia is a major disorder affecting apprately 0.5-1.5% of the world’s adult
population. Overall, the age of onset for the disottypically occurs between the late teens and
early 30s, with the modal age of onset being 1§&4's of age for males and 25-35 years of age

for females (APA, 1994).

The eitiology of schizophrenia is yet to be fully@dated. However, in addition to an
environmental contribution to the development ad thisorder, strong evidence has also been
found that supports a genetic association. In iddals that have first-degree biological relatives
diagnosed with schizophrenia, the lifetime riskdereloping the iliness has been found to be
increased by approximately 8-12-fold (Ivleva, Thalemd Tamminga, 2008). Schizophrenia is
distinguished from other psychotic illnesses preaiamtly by the course of the illness rather than
purely by the presence of symptoms. While in samléviduals symptoms are chronic and
unremitting, in others symptoms may occur episdiyicelowever, in those with remitting
symptoms, full interepisode recovery tends to bsoommon (APA, 1994; Ivleva, Thaker, and

Tamminga, 2008).

Symptoms associated with the disorder are broatiygorized into positive and negative
clusters. Those categorized into the positive etusiclude delusions, hallucinations, and thought
disorder, and are generally not experienced withenhealthy normal population. Negative
symptoms are typically associated with the absehcermal functions, and include, for

example, flat affect and deficiency in the connguantity of speech (APA, 1994).



The primary focus of this research is hallucinaionschizophrenia, specifically hallucinations
of smell, or olfactory hallucinations. Howeverfdre focusing on olfactory hallucinations in
schizophrenia the following section presents a ngereeral introduction to research into

hallucinations, with a primary focus on hallucioats in schizophrenia.

1. Hallucinations

Hallucinations are involuntary sensory experiertbas occur despite the lack of external stimuli
(Silbersweig, Stern, Frith, Cahill, &t al, 1995), and they can occur in any modality. The
estimated prevalence of hallucinations in schizeptar has been reported as ranging from 50-
80% for auditory hallucinations, 30-70% for vishallucinations, and 20-50% for somatic and
tactile hallucinations. Olfactory hallucinationsv/eebeen reported as occurring less frequently,
with an estimated prevalence of only 10-30% (Kop&eod, & Honer, 1994; Mueser, Bellack,

& Brady, 1990; Murphy, Wittkower, Fried, & Ellenkggsr, 1963).

Researchers of hallucinations have adopted a yarfeéheoretical perspectives. Some
researchers seek to elucidate the neural undengisif these phenomena (Badcock, 2010;
Hoffman, Fernandez, Pittman, and Hampson, 2011liewkther researchers consider the
involvement of more general psychological factarshsas metacognitive beliefisapban,
Haddock, Kinderman, and Wells, 20@&nith,et al 200§. Yet other researchers (Bentall, 1990;
Jones, 2010; Seal, Aleman and McGuire, 2004) egpdossible cognitive processes involved in
the generation of hallucinations in schizophremlzese different theoretical perspectives will

therefore be briefly considered in turn in the sgugent sections.



1.1. Neural processes involved in hallucinations

The investigation of auditory hallucinations haasdéo theories about the involvement of
language-specific neurobiological processes. Famgie, a recent study from Hoffman and
colleagues (2011) has used functional MRI to ingest the activation of neuronal circuitry
during auditory-verbal hallucinations experiencgdrgividuals diagnosed with schizophrenia,
compared to non-hallucinating patients and healtimtrols. Evidence was found for elevated
functional connectivity along a corticostriatal ppmvolving Wernickes area, which is normally
involved in the comprehension of spoken and writterguage, the left inferior frontal gyrus and
the putamen in the auditory-verbal hallucinatingugr relative to the other groups. In a recent
review of the auditory hallucination literature,d8ack (2010) has also examined the generation
of these hallucinations in the context of the nearganization of distinct pathways involved in
auditory processing. This author proposed that ababactivation within the dorsal,

(localization or “where”) and ventral (identificati or “what”) auditory processing pathways
may contribute to the experience of auditory hatlatons as non-self-generated voices. It was
further suggested that this neural disturbancehtiig combined with current cognitive theories
of auditory hallucinations (see below) to providamare integrated cognitive neuropsychological

model of auditory hallucinations.

Some more general psychological accounts of halitions have also been proposed, as

discussed briefly below.

1.2. More general psychological contributions
Empirical evidence has been found supporting artartory role for emotion in the development

of auditory hallucinatory experiences in schizopie For example, using a variety of scales
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measuring different positive and negative symptam®d, self-esteem and evaluative beliefs
about the self and others, Smahal (2006) examined the relationship between thesablas in
patients diagnosed with schizophrenia or schizotife disorder. Results indicated that auditory
hallucinations containing negative content of geeattensity were more associated with
depressive mood disturbance, low self-esteem, agdtive evaluative self beliefs. An
independent trend was also found for a generatadgm between depression and auditory
hallucinations. These findings were interpreteduggest that auditory hallucinations are driven
by a circular process by which low mood contributeballucinations which, in turn, also

increase the ensuing level of negative affect azpeed.

Metacognitive beliefs have also been suggestethgsg a role in the occurrence of auditory
hallucinations. In a study conducted by Lobleaal, (2002) this possibility was specifically
explored within the schizophrenia population byngsa metacognitive beliefs questionnaire,
anxiety questionnaire and depression scale. Tippnsgs of patients with schizophrenia who
were currently experiencing auditory verbal hathations were compared to those made by a
non-hallucinating patient group and a non-patiemitio| group. An additional group of people
experiencing elevated levels of anxiety (and nabetic symptoms) were also included in the
study as a control for anxiety. The hallucinatyrgup was found to report a significantly lower
level of cognitive confidence (specifically, corditce with aspects of their memory) relative to
the non-hallucinating schizophrenia group, aftertcaling for depression and anxiety. The
hallucinators were also found to score higher tharanxiety group in the level of importance
they placed on the consistency of their thougfitsis pattern of findings was interpreted as
suggesting that lower levels of cognitive confideraad a stronger belief in the importance of

consistency of thoughts may contribute to the egpee of auditory hallucinations. This pattern
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of results was also thought to be consistent wgbhggestion made by Bentali al (1990) that

beliefs and expectations play a role in the germratf auditory hallucinations.

A more general integrative model explaining psychsymptoms (including hallucinations) has
been suggested by Morrison (2001), who incorporatesmbination of cognitive, psychological
and behavioural components. He proposes that pggaymptoms reflect intrusions into
awareness, of cognitive, somatic, emotional orresiéy based information, which are
misinterpreted and misattributed. The types of migpretations and misattributions are thought
to be influenced by a combination of personal elepees, beliefs and defective self and social
knowledge. The content of the intrusions is likielyoe of a culturally unacceptable nature and to
cause associated distress. The misinterpretatrmhsésattributions are subsequently thought to
be maintained by a combination of mood, associalsgiology, and various cognitive and
behavioural conditioned responses such as selattsetion, avoidance behaviours and

inefficient thought control strategies.

Evidence for disturbances to more specific cogaipvocesses in the generation and maintenance

of hallucinations has also been found and will beadibed in the following section.

1.3 Cognitive theories of hallucinations

Bentall (1990) was a pioneer in this area of regeand carried out an influential review of early
studies conducted in this area. He subsequentpyosex a general framework for the creation of
hallucinations whereby they arise from an impaabdity to discriminate between real and self-
generated imagined events. Bentall argued thatimacies in judging the source from which

incoming perceptional information comes (i.e., iakimg reality discrimination judgments) may
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give rise to a bias towards attributing this infatran to external rather than internal sources. He
suggested that reality discrimination judgments enlayl people with schizophrenia may be
highly influenced by the contextual nature of thieimation perceived, and that the diversity of
hallucinations experienced could be driven by jipe tof associated discrimination errors being

made.

A more recent systematic literature review, whigbused specifically on auditory-verbal
hallucinations (AVHs), was conducted by Sedlal (2004). Seal and colleagues assessed the
empirical evidence for the prevailing models ofil@hations, which typically implicated
dysfunction within the individual cognitive mechamis of various sorts of self-monitoring.
Specifically, they described the ability to accahaidentify internal self-generated speech (i.e.
inner speech) as distinct from the externally geteel speech of someone else. Dysfunction of
this ability was said to be reflected in the mishitition of inner speech to an external source
rather than to the self, resulting in the expemeotc'hearing voices’. Auditory verbal imagery
refers, instead, to the process of subjective nhentagery for voices. Abnormally vivid or even
reduced auditory imagery may reflect dysfunctiothwi the process leading to the misattribution
of self-generated auditory imagery to an externatce. Finally, episodic memory refers to the
recollection of specific events or experiences,&ahiath typically incorporates associated
sensory and perceptual information, such as thaleetion of hearing voices. Disturbance to this
memory process during retrieval of auditory episademories may result in confusion in the
monitoring of the source from which the auditorymuey arose, thus resulting in auditory-verbal

halluncinations.
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Overall, Seal and colleagues concluded that a anergsional model involving dysfunction

within only one individual component of self-monitgg was insufficient in itself, to adequately
explain the heterogeneous nature of AVHs. Instaadulti-dimensional neurocognitive working
model was proposed. This model incorporated thgestgpns of aberrant self-monitoring of
inner speech and of an impaired ability to sounheesitvoluntary memory of speech. However,
the proposition was also made that these aberraoépses may be further moderated by
inefficiency in top-down processing (i.e. via exfaions and appraisals), thus influencing the
specific content, meaning, location and affectix@spdy of the voices being heard. It was further

proposed that, a general externalising responsentiight also be in operation.

In a similar vein, Jones (2010) has since proptisadresearch needs to examine the possibility
that dysfunction within different neurocognitiveopesses may be driving the phenomenological
diversity seen within AVHs (e.g. ‘voices commentimgrsus ‘voices conversing’). He argues the
case that different mechanisms need to be considerelifferent individual voice-hearers if we
are to increase the efficacy of therapeutic treatm@r AVHS.

As indicated by the above comments, auditory halatons, particularly AVHs (or hearing
voices), have attracted most research interesit® d fact that most likely reflects the high
prevalence of this kind of hallucination within thehizophrenia population. This
notwithstanding, the broadening of research tautelthe examination of less frequent but
nonetheless characteristic types of hallucinatwitisin schizophrenia (and also within other
disorders) may assist in extending current knowdealgput the heterogeneity of symptoms
within the wider clinical group of interest (Jabdéy, 2001). With regard to schizophrenia, new
knowledge may be found that assists in elucidatiegdifferent underling processes that drive

the generation of hallucinations across differentalities. Moreover, different underlying
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processes of this type might even help to furtheriéate those mechanisms which drive
different subtypes of AVHs. Hallucinations withimet olfactory modality (ie. olfactory
hallucinations; OHs) are of particular interesthis context since these symptoms have been
shown to have patrticular clinical significance paople with schizophrenia, despite being

generally less prevalent, as discussed in theviolig sections.

2. Olfactory hallucinations (OHSs) in schizophrenia

2.1. The prevalence of OHs in schizophrenia

Relative to hallucinations in other sensory mo@sai{e.g. auditory and visual), OHs appear to be
less common. However, the frequency of OHs mayruker-estimated to some extent since OHs
are under-represented in formal diagnostic instnisand in clinical symptom scales (Langdon,
McGuire, Stevenson and Catts, 2011). Consequéh#ye is a lack of specific probing about

these experiences by most clinicians.

Prevalence rates have been reported to vary frdittlasas 1% (Alliez and Nosida, 1925) up to
35% (Kopalaet al, 1994), with an overall average incidence esenaditapproximately 14%
(Stevenson, Langdon and McGuire, 2010). Langetaad. (2011) recently conducted an
examination of past-month prevalence rates for @¢jexperienced in the past month), using
two pre-existing datasets: the World Health Orgatios 10 Country (WHO-10) Study, which
used the Present State Examination (Jablemslal, 1992) to rate symptoms and symptom
ratings from various Australian studies which hased the Scales for Assessing
Positive/Negative Symptoms of Schizophrenia (SAM®S)). The results from these two
relatively large datasets indicated the presenc@Hs in 13% and 17%, of people with

schizophrenia respectively.
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While OHs have been reported to be more commoenrafe schizophrenia patients relative to
males (Kopalagt al, 1994; Langdoret al, 2011), Stevensoet al, (2010) suggest that any gender
difference may be more marked for OHs with a negatalence. It is the negative OHs which
will most often come to the notice of clinicianschase of their negative impact on the patients’

lives, as discussed below.

2.2. The clinical significance of olfactory hallumations in schizophrenia

While previous reports (Kopakt al, 1994; Meats, 1988) have highlighted the genarplaasant
quality and intrusive and distressing nature of QHiere detailed accounts of the diverse
characteristics of OHs has been elusive until mecently. Stevensoet al, (2010) have
attempted to provide a more comprehensive desanigi OHs by conducting a
phenomenological survey of 51 participants withizgbhrenia or schizoaffective disorder who
self-reported experiencing recent OHs. Their figdioffered support for the general assertion
that OHs tend to be predominately negative in \@deRlowever, a mix of pleasant and neutral
OHs was also reported to be experienced by a ggnifnumber of participants. The range of
different OHs experienced by patients also tenddgktrelatively small. However, the OHs were
reported to be experienced repeatedly. In lighhefabove, elucidation of the mechanisms
driving the generation of OHs may have importantlioations for the targeted treatment and
management of hallucination of this type. Thisgpexially so since OHs may be more clinically

significant than has previously been considered.

The clinical significance of OHs has typically bemmsidered to be minor relative to

hallucinations in other modalities (Meats, 198&jowever, Kwapil, Chapman, Chapman and
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Miller, (1996) have previously highlighted the intance of OHs with regard to their predictive
value. For example, they found evidence suggestiagredictive utility of aberrant olfactory
experiences in non-psychotic (i.e. healthy) indials in the subsequent development of clinical
psychosis. The consensus since has generally batthné presence of OHs in patients with
schizophrenia is indicative of more serious psyehioplogy and a poorer prognosis. Despite this,
recent studies (Langdaat al, 2011; Stevensoet al, 2010) that have examined the relationship
between OHs and variables such as age of symptsset and length of illness in patients with
schizophrenia experiencing current OHs have foiitid évidence to support the predictive

utility of OHs in schizophrenia patients who ameatly diagnosed with the disorder.

Regardless of the prognostic value of OHs, a nurabelinical correlates have been recently
highlighted, emphasising the clinical importancédis. Specifically, Langdoet al., (2011)

found evidence of a significant association betw@ets and negative mood (depression and
anxiety) and self-depreciation, and also betwees @tl delusions of reference/control. Other
strong correlates of OHs were as expected anddadlsomatic/tactile/gustatory hallucinations, a
finding that is consistent with previous studieg(&ueser, Bellack, & Brady, 1990) and also
auditory hallucinations (Langdaet al, 2011; Stevensoet al, 2010). The finding of an
association between OHs and negative mood wasréydar concern since this association
suggests that these hallucinations impact neggtorepatients’ quality of life. The association
with delusions of reference/control is also cliflicaignificant since it suggests that these

particular types of hallucinations fuel delusiorishas type.
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The link between OHs and tactile hallucination wassidered more informative with regard to
the possible role of peripheral sensory neural ghabities. The different putative neurological

contributions to OHs are discussed in the follonsngsection.

2.3. Peripheral and central neurological contribuions to olfactory hallucinations

In attempting to account for the generation of OtHe,possible contribution of peripheral and/or
central neurological disturbance requires someideration. In reviewing the literature in this
area, Stevenson and Langdon (2011) have receptytezl a number of possible peripheral
causes for OHs involving various degrees of olfacteceptor abnormality, such as
inappropriate activation of olfactory sensory meiemrmisattributions and adaptation failures
resulting in the misperception of odours. Theggestions are generally consistent with
previous research (see Mobeitgal, 1999; Stedman and Clair, 1998; Kopaial, 1994) in

which participants with schizophrenia were repottedxperience elevated odour detection
thresholds and odour identification difficultiegtb of which were reported as being sensitive to

peripheral nerve damage.

Given the association found between OHs and tdwilleicinations, Stevenson and Langdon
further proposed that the act of sniffing (in thsence of an odour) may cause a form of tactile
hallucination from nasal airflow, subsequently eating olfactory pathways adequately enough

to generate an OH in individuals with schizophrenia

In terms of central neurological contributions tBl€) possible amygdala and orbitofrontal cortex
(OFC) involvement was also proposed given the amhggsirole in processing affective
reactions to odours, the role of the OFC in praogsslifactory hedonics, and known dysfunction
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within these central neural areas in the schizapangopulation (Stevenson and Langdon, 2011).
The present research will follow on from these sfigns to explore neuropsychological
evidence for the specific involvement of differeentral neurological contributions to OHs (see
below). The present research will also aim to askidkfficulties with using current models of

hallucinations to explain OHs, as discussed below.

2.4. The inadequacy of accounting for OHs using cuent cognitive models of
hallucinations
The number of studies that have specifically foduse OHs in the schizophrenia population is
limited. One such study (Stedman & Clair, 1998ufed on the identification of impaired
olfactory identification and other aspects of ctigeidysfunction in schizophrenia, in addition to
the possibility of an association between olfacidgntification deficits and OHs and other
clinical characteristics (e.g. ahedonia). Koplal (1994) also investigated olfactory
identification ability and the presence of OHsehigophrenia, but also examined other
psychiatric conditions (i.e. depression and eatiisgrder). Results from both studies found
evidence for olfactory identification deficits ifpents with schizophrenia. However, there was
no significant relationship found between olfactmgntification impairment and the presence of
OHs. These findings suggest that general odouregsicg deficits do not appear to be

specifically associated with OHs.

More recent research interest in OHs has leadetd¢tailed exploration of the phenomenology
of hallucinations of this type (Stevensatal, 2010) as well as the clinical correlates of Ois i
schizophrenia and schizoaffective disorder (Langetaad.,2011), as described in previous

sections. However, to date, potential cognitiveoaots for the generation of OHs are generally
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lacking. For example, difficulties with monitorinige generation of inner speech may make for a
plausible account of auditory-verbal hallucinatidmg can hardly be applied to explaining OHs.
Stevensoret al.,(2010) also suggest that the generation of Olslikely to be accounted for by
difficulties with source monitoring of odour imagesr of olfactory memories since olfactory
images and memories are difficult to self-generaies suggests that OHs in schizophrenia are
not adequately explained by current cognitive tlesoattempting to explain hallucinations within
other modalities (eg. visual and auditory). Focussearch further investigating the possible

underlying mechanisms involved in the generatio®@bik is therefore warranted.

3. The current research

In light of the above, the present research wi#rapt to address the apparent gap in the current
literature concerning knowledge of the neurologarad cognitive mechanisms that contribute to
OHs. This will be done by using a symptom-focusggraach that combines clinical
neuropsychological and cognitive neuropsychologeesispectives to inform understanding of

the neural and cognitive causes of OHSs.

To achieve this, Paper 1 will explore the neuropslagical characteristics specifically
associated with OHs, as well as making inferenbesitethe neuroanatomical structures (both
cortical and sub-cortical) and the neural connestithat might be specifically related to OHs.
Comparison of performances will be made on a sefieguropsychological tasks administered
to two groups of clinical patients, one comprisihgse self-reporting recent OHs and another
self-reporting AVH (with no lifetime history of Ohisin addition to a group of healthy controls.
Tasks will be specifically selected to tap funcidhought to be associated with the areas of

neural circuitry involved with the olfactory systdire. the orbitofrontal cortex and the
20



amygdala). It is hypothesized that clinical pap#ts experiencing OHs will demonstrate greater
deficits on tasks reflecting orbitofrontal and amgta functioning, compared to clinical

participants experiencing auditory-verbal hallutimas and healthy controls.

Paper 2 will then examine the cognitive processelerlying the generation of OHs in
schizophrenia. Using the same groups of particgpeatruited for Paper 1, this study will draw
upon previous research (Bentall, Baker and Hai®g1) investigating the role of defective
source monitoring in the generation of AVHSs. In iéidd to attempting to replicate the findings
of Bentall at al (1991), the current study will doya novel olfactory source discrimination task.
It is anticipated that, when compared to clinicattigipants experiencing AVHs and healthy
controls, clinical participants experiencing OH4l demonstrate an impaired performance on

tasks of source discrimination that is specifithi® olfactory modality.

Overall, findings from studies of this nature masgiat in better identifying neural aspects of the
schizophrenia disease process that are specif¢it Furthermore, the identification of possible
disrupted cognitive processing in patients experrenOHs may contribute to the design of OH-
specific cognitive treatments. Moreover, findingaynsubsequently allow for a greater

understanding of the processes that underlie ha#itions more generally.
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Paper One

An exploratory study of the neuropsychological chaacteristics associated with

olfactory hallucinations in schizophrenia.

This paper has been prepared for publication and wa submitted to

Journal for the International Neuropsychological Society (JINS).

Candidate’s Contribution: The candidate hgsayed a major role in organising the protocols
and setting up the paradigms for this paper. Int@dg the candidate has collected all the data,
conducted all initial analyses and has acted asrsauthor.
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Abstract
Purpose: The focus of this research was to identify distmetiropsychological characteristics
associated with olfactory hallucinations (OHs) ¢higophrenia, and to subsequently inform the
understanding of associated neuroanatomical stegand neural circuits implicated in the
generation of OHdMethods: Twenty one clinical participants diagnosed withizephrenia or
schizoaffective disorder, were recruited into thelg. Two clinical groups were formed
according to recently experienced modality spetifiiucinations: OHs (n = 11) and auditory
verbal (AVHSs; n = 10). A group of healthy contrelere also recruited (n =18). Using an
exploratory approach, all participants underwebatiery of standardised and experimental
neuropsychological tasks measuring aspects of éixeand amygdala functioningesults:
Significant group differences were found betweanicl groups (OHs vs AVHS) on one task
associated with the orbitofrontal cortex (OFC) {iee object alternation task), with participants in
the OH group generating a significantly higher patage of perseverative errors than those in
the AVH group. Performance by the OH group on thex®as task, which is presumed to tap
into both the orbitofrontal cortex and amygdalas\waorer relative to the AVH and control
groups. No significant differences were found betwéhe OH and AVH groups on any other
administered tasks. However, controls performediogntly better than both OHs and AVHs
on the following tasks assessing aspects of exexfuinctioning: University of Pennsylvania
Smell Identification Test (UPSIT); Wisconsin Cardrthg Test (WCST); Controlled Oral Word
Association Test (COWAT); Delis Kaplan ExecutivenEtion System (DKEFS) - Colour Word
Interference Test; and Minds Eyes T&xtnclusions: The study found preliminary evidence
suggestive of compromise to both the orbitofrontatex (OFC) and amygdala specific to
schizophrenia patients experiencing OHs. Evideras also found to support a pattern of general

executive dysfunction in schizophrenia.
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1. Introduction

Olfactory hallucinations (OHs) refer to the falsrgeption of an odour that occurs in the absence
of a real odour in the environment (Myers, 2008ishave been reported to occur (albeit
relatively rarely) in a range of conditions inclnditemporal lobe epilepsy (Chest,al, 2003;

Elliott, Joyce & Shorvon, 2009; Neppe, 1981), migea(Fuller & Guiloff, 1987; McAbee,

Sagan, & Winter, 2000) and psychiatric conditionshsas schizophrenia (Kopatal, 1994).

OHs have generally been associated with negatiamead sensations of smell. These include
odours such as smoke, burning and decaying flesteMer, recent work conducted by
Stevenson, Langdon and McGuire (2010) exploringptienomenological nature of OHs within
the schizophrenia population has revealed evidensaggest that positive valanced sensations

of smell such as perfume and flowers are also contyrexperienced.

While hallucinations have long been recognized esaaacteristic feature of schizophrenia, the
prevalence rates of hallucinations for each sensmgality within this population has been
reported to vary considerably. Auditory and visbh@allucinations have typically been reported as
occurring with the greatest prevalence, followedbgnatic and tactile hallucinations. Olfactory
hallucinations have been reported as least prevéNemrphyet al. 1963; Mueseet al, 1990;

Kopalaet al, 1994).

Compared to other modalities, auditory hallucinagitiave attracted the majority of research
interest to date. However, Jablensky (2001) raieedterns about the trend to focus
predominantly on prevalent symptoms, and arguetrésaarch into less frequent but
characteristic symptoms may also yield knowledgeuathe broader disease group. In light of

this, it is proposed that the investigation of plolesdifferences between patients who experience
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olfactory hallucinations and those who do not mssist in informing about the processes that
underlie hallucinations generally, in addition mdorming about abnormalities that may be
specific to olfactory hallucinations. For exampidile olfactory identification deficits have been
found to be a common feature of schizophrenia,ipuswresearch has found no evidence to
support a specific link between odour processinggimments and the presence of olfactory

hallucinations (Kopalat al, 1994).

Using a neuropsychological approach, the presadystill therefore explore the characteristics
of olfactory hallucinations within the schizophramopulation. In particular, the study will
attempt to identify a distinct neuropsychologicaifge of executive dysfunction that is
specifically associated with olfactory hallucinaiso This will be done by exploring differences
in patterns of executive functioning (ie. functi@associated with the orbitofrontal versus
dorsolateral regions of the fronal lobes) for induals who experience olfactory hallucinations
relative to those who experience auditory verb#ubemations. Given the above described focus
of the present study, consideration of the neurtoaniaal features of the olfactory system is
necessary to establish a basis for the selectitas&$ thought to tap into the areas of functioning
specifically associated with the olfactory systénreview of the neuropsychological features
associated with schizophrenia generally (partityléwe pattern of executive dysfunction) is also
warranted so that the pattern of obtained resahlsbe delineated in terms of specificity to
olfactory hallucinations. These will be consideiredurn below, commencing with the

neuroanatomy of the olfactory system.
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1.1.  Neuroanatomical Organisation of the Olfactory Systm.

The olfactory system is comprised of both direat andirect (ie. dual route) neurological
pathways. While the indirect pathway of the systans via the medial dorsal nuclei of the
thalamus to the orbitofrontal cortex, the diredhpaay runs straight to the orbitofrontal cortex
without first relaying through the thalamic nucl€he organisation of a direct pathway within the
brain has therefore rendered the olfactory syststmdt from those of other human sensory
systems (Hawkes & Doty, 2009). The direct olfacteygtem pathways within the brain are

depicted in a schematic representation in Figure 1.

Olfactory receptors that are located within theahaavity have fibres that project into the
olfactory bulb (OB) within the brain. They thenueh along the olfactory tract, and for the direct
pathway, run straight into the primary olfactorytea (POC). The POC is a heavily myelinated
region of the brain which is located on the basahaf the frontal lobe and the medial temporal
lobe (Carmichael, Clugnet & Price, 1994). It is qrised of the piriform cortex, which receives
most fibres projecting from the OB; the anteridaotory nucleus; olfactory tubercle;
periamygdaloid complex and the rostral entorhiatex. Fibres from the POC mainly project
directly into the orbitofrontal olfactory area &ietfrontal cortex, while others project into severa

additional secondary olfactory areas (Blumenfe)2 Hawkes & Doty, 2009; Lezak, 2004).

Although the olfactory system has the most direceas to the hippocampus, relative to other
human sensory systems, there are no direct pathiwaysthe piriform cortex within the POC to
the hippocampal formation. There are, however, Zgaojections of olfactory tract fibres that
connect the piriform cortex to the basolateral atiayg (Blumenfeld, 2002; Hawkes & Doty,

2009). In addition to this, animal studies thaténavapped the olfactory system in mice (Kang,
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Baum & Cherry, 2009; Miyamichi, et al., 2011) aheé macaque monkey (Carmichael, Clugnet
& Price, 1994) have found evidence that the amyatlak strong reciprocal fibres connecting it
to the olfactory bulb. This pathway therefore pd®a another direct pathway within the olfactory

system (Blumenfeld, 2002; Hawkes & Doty, 2009).
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Figure 1. Schematic representation of the direqtathways within the olfactory system.
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It can be seen from the organization of the olfgcsystem that the orbitofrontal cortex and
amygdala are involved in the processing of olfactoformation via direct pathways from the
olfactory bulb. This suggests that the inclusiomasks tapping into orbitofrontal and amygdala
functioning would be prudent for the current stgilyen that hallucinations within the olfactory
modality are the focus of the study. However, sitni® study is also specifically centered
around the schizophrenia population, consideraifdhe areas of frontal lobe pathology and
amydgala functioning associated with schizophrgeiaerally, is also necessary in guiding task
selection. A review of the literature examining tteuropsychological profile of schizophrenia

is therefore presented in the following sections.

1.2.  Neuropsychological Profile of Schizophrenia

A vast body of literature has accumulated ovelydea's in an attempt to delineate a distinct
profile of cognitive dysfunction associated witthhgophrenia. Neuropsychological studies
investigating cognitive functioning in this popudat has shown consistent support for a pattern
of generalized cognitive impairment across a rasfgmgnitive domains including verbal
learning, memory, attention, processing speed apdas of executive functioning (eg. impulse
control, working memory, phonemic verbal fluen¢sge Heinrichs & Zakzanis, 1998 and
Reichenberg & Harvey, 2007 for a review). The sevevel of executive dysfunction
demonstrated in schizophrenia studies has beeldevedto bea reflection of the extent of
frontal lobe pathology in patients who have schizepia (Bilderet al, 2000; Heinrichs &
Zakzanis, 1998). In addition, neuroimaging studiiage provided evidence of frontal lobe
involvement with cerebral magnetic resonance ing{WiRI) showing reduced volume (Convit,

et al, 2001) and grey/white matter differentiation (§pe-Facorreet al, 2000; Gueet al, 2000;
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Wible, et al, 2001) within the frontal lobes of patients wstthizophrenia. This is of particular

interest to the present study given the domindetabthe frontal lobes in olfactory processing.

Aspects of executive dysfunction that have typjch#en reported within the schizophrenia
literature have predominantly emphasised functtbnsght to be associated with the dorsolateral
prefrontal cortex (DLFPC) and associated hippocdrapd striatal connections. This emphasis
has primarily evolved from the common use of tegbatteries that include tasks such as the
Wisconsin Card Sorting Test (WCST), Controlled Ok&drd Association Test (COWAT),
Tower of London (TOL) and Delayed Response TaskTPRhich tap into skills such as
planning, set shifting, problem solving, generayiand working memory (Pantelis & Brewer,
1995; Panteligt al, 1997; Shallice, Burgess & Frith, 1991). Howewemeviewing the
schizophrenia neuropsychology literature, Pangels Brewer (1995) discussed possible
involvement of another frontal system that hasstirttit pattern of executive dysfunction to that
of the DLPFC. This other system reportedly involttes orbitofrontal cortex (OFC) and circuitry
to the limbic system. It is thought to be charaset by a pattern of functioning that includes
utilisation behaviour, disinhibition and olfactadentification deficiencies, reflected in studies
that have employed tasks such as the Stroop, GmA@sk, Delayed Alternation Task (DAT),
Object Alternation Task (OAT) and odour identificat tasks such as the University of
Pennsylvania Smell Identification Test (UPSIT)whs subsequently asserted by Pantelis and
Brewer (1995) that the heterogeneity of executiy&fuhction seen in individuals with
schizophrenia may reflect abnormalities within #hasgo distinct frontal subsystems, involving

specific neural circuitry and associated subcadrstactures.
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While DLPFC dysfunction in schizophrenia has beeti established, OFC dysfunction has
received relatively little research interest by pamison, despite the suggestion of OFC
associated cognitive deficits within the schizopligpopulation. However, of the limited
number of studies that have been conducted (Ko@alad, & Honer, 1994; Saoud, Hueber,
Mandran, Dalery, & d'’Amato, 1998; Seidman, Tallk@linowski, McCarley, &et al., 1991;
Stedman & Clair, 1998), olfactory identificationfidés within this population have been the
primary research focus. Studies of this type hgpially employed the UPSIT as a reliable
standardised neuropsychological test of odour ifiestion which is believed to be associated
with OFC functioning due to the neuroanotomicahpatys that project from the olfactory bulb
to the OFC. Results of these studies have prowedatence for impaired olfactory identification
(olfactory agnosia) in individuals at ultra-higkkiof developing schizophrenia (Brewer, Wood,
McGorry & et al.,2003) and in individuals diagnosed with schizepia (Kopalaet al.,1994;
Stedman & Clair, 1998), reflected in significantbyver scores on the UPSIT relative to controls.
Interestingly, in those studies of olfactory idénétion deficits in schizophrenia conducted by
Kopalaet al. (1994) and Stedman and Clair (1998), a propoxigoarticipants were reported to
experience elevated levels of olfactory hallucimagi (OHs). However, these studies failed to
find a significant association between deficit®ifactory identification and the presence of OHs.
Based on these findings, Kopa&gal.,(1994) raised the possibility that both overlagpamd
distinct neural circuits may be involved in olfagtadentification deficits and in the generation

of OHs in schizophrenia.

Typical practice in research attempting to investgdistinct patterns of executive dysfunction
within a diverse range of clinical populations,luting schizophrenia, has been to administer

batteries that predominantly include widely useshdardised neuropsychological measures (eg.
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WCST, TOL and COWAT). However, increasing use @f tinore experimental comparative
neuropsychological tasks (CNT) (which will be désed in detail later) has also been shown to
yield compelling results. Studies (Freedman, Bl&dert, & Binns, 1998; Freedman, 1990;
Oscar-Berman and Bardenhagen, 1998; Oscar-BerntbAa@a-Morgan, 1980a, b) that have
employed subtests of the CNT within a variety afam populations such as individuals with
bilateral frontal lobe lesions and clinical popidas including schizophrenia, Alzheimer’s
Disease, Parkinson’s Disease and Korsakoff's Desda®se consistently provided strong support
suggesting that the tests that comprise the CNEemsitive measures tapping into functions
associated with damage within specific prefronyatems, thought to be associated with the OFC

and DLPFC regions of the frontal lobes.

The Comparative Neuropsychological Tasks

The Comparative Neuropsychological Tasks (CNTskareprised of a set of tasks which
includes the delayed alternation task (DAT), ob@tdrnation task (OAT) and delayed response
task (DRT). These tasks were originally based enMCST, and were adapted from the non-
human primate lesion study literature for use witmiman neurological patients (Freedman,
1990; Oscar-Berman and Bardenhagen, 1998). Tweststdf the CNT that are thought to tap
into the OFC are the DAT and the OAT. Specificalhye DAT is thought to tap into the reward
pathways in addition to measuring the cognitivecfioms of working memory, perseveration and
the ability to shift set. As such it is considetede associated with both the DLPFC and OFC
regions of the frontal lobes. The OAT, howeveassidered to predominantly measure the
ability to inhibit responses whilst also tappingpithe reward pathways of the frontal lobes. It is
therefore thought to be the CNT task most sensitiv@FC functioning (Freedmaat al., 1998;

Oscar-Berman and Bardenhagen, 1998). Of particelavance to the schizophrenia population
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is a study conducted by Seidman, Oscar-Bermann&agki, Ajilore,et al (1995) which

examined prefrontal cognitive impairments withie fiopulation by employing the subtests that
comprise the CNT. Results found that patients aathizophrenia were significantly impaired on
both the OAT and DAT, thus suggesting greater mewlent of OFC versus DLPFC
compromise. However, Seidman and colleagues didaondider whether these impairments were
associated with OHs in their clinical group, whisfsomething that will be considered in this

study.

While the CNT tasks were originally based on theS¥VCsome important distinctions have been
noted by Freedman (1990). Specifically, he poimtetithat although elevated scores of
perseveration on the WCST has typically been agsatiwith DLPFC dysfunction, elevated
scores of perseveration on the OAT task have mamdfto be more associated with lesions to
the OFC. Freedman proposed that while the procésgalyed to complete both the CNT and
WCST tasks appear to be relatively similar, theyrapst likely accessing different aspects of
perseveration and subsequently different underlgggroanatomical regions. The basis of this
assertion was made based on fundamental differdrate®en the cognitive functions utilised on
the two tasks. For example, while both tasks meghiat individuals establish and maintain set,
on the OAT individuals are required to establishisealternating between object location, and
subsequently need to inhibit making choices baseobgect type (ie.stimuli). Once set has been
established on the OAT, individuals are not requtrerelinquish it. In contrast, on the WCST
individuals are required to both relinquish set emdhift to an alternative set; thus impairments

to one or either of these two processes can cawmeperformances.
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Overall, as previously discussed, findings fromhbadour identification studies and
neurocognitive studies in schizophrenia suggestalspecific pattern of behavioural and
neurocognitive impairment within this populationynaflect dysfunction within a distinct neural
system involving the OFC and connecting circuikrypwn to feature within the olfactory
processing system (Pantelis & Brewer, 1995). Ihtlgf this, the present study will therefore
focus on exploring the possibility that this spegifattern of functioning is also associated with a
greater incidence of OHs within the schizophrempytation. However, for this to be fully
achieved, greater consideration of OFC and amyddaltaioning is warranted, which will

follow in the next section.

1.3. Related findings concerning the OFC and Amytala

The OFC reportedly plays a fundamental role in &defehaviour and decision-making,
particularly in uncertain situations that involveegicting, assessing and acting in response to
rewards and punishment (Krawczyk, 2002; McClurerky& Montague, 2004). Support for
OFC involvement in reward processing has beenigeoMfrom a functional imaging study
conducted by Elliott, Dolan, and Frith (2000) whaitowed activation of the OFC during a
variety of experimental tasks (such as the go naigstable reward and guessing tasks), which
require responses, or inhibition of responses,asaeward values of presented stimuli.
Increased neural activity within the amygdala idiidn to the OFC has also been observed in
another fMRI study investigating the neural ciropinvolved in reward processing (McCluge
al., 2004). Despite this, however, studies invesiggirontal lobe involvement in decision
making utilising the lowa Gambling Task (IGT), avaed task typically thought to tap into the
OFC, have yielded mixed results. Ritter, Meador-dfaf, and Dalack (2004) and Shurman,

Horan and Nuechterlein (2005) found evidence supmpdecision-making deficits on this task
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in patients with schizophrenia - a finding whichngerpreted as suggestive of OFC compromise
in schizophrenia. However, other studies investiggthe cognitive processes underlying
decision making in participants with focal braisitns versus healthy controls have found that
damage to the DLPC interferes with performancehen@T (Clark.et al, 2003; Manegt al,
2002). It has further been suggested that workiegiory (a function typically associated with
the DLPC) contributes to the associative learnimg) @ecision making processes involved in
completing gambling tasks such as the IGT (Dough®itiunter, 2003; Dunn, Dalgleish &
Lawrence, 2006; Hinson, Jameson & Whitney, 2002)ging into question, the utility of the

IGT as a measure that specifically taps into th€ ®€rsus the DLPFC.

Integration of cognitive and emotional informati@teived from areas of the limbic system such
as the amygdala, via the orbitofrontal-subcortgaduit, occurs within the OFC (Krawczyk,
2002). While dense connections between the amygaal@©OFC have been implicated in the
mediation of reward processing functions, eviddnoe lesion studies (Brothers, Ring, & Kling,
1990) suggest that these connections also platabrgle in the processing of emotional and
social information required for making social judgms (McClureet al, 2004). For example,
studies using fMRI have provided evidence for peii@ial activation of the amygdala by faces
exhibiting angry or fearful expressions (see Caltdawrence, & Young, 2001 for a review).
Judgments of social consequences concerning thearalbexpressions of others (e.g.
trustworthiness judgments) have also been foure ionpaired in patients with amygdala
damage (Adolphs, Sears, & Piven, 2001; Adolphsndlta& Damsio, 1998). In addition, Blair
(1995) suggested that the OFC mediated reward/pon@st system has a critical role to play in

the development and perhaps maintenance of ma@asbnéng. Consistent with this view are
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studies that show activation of the OFC when pigditts make moral judgments (see, e.g.,

Greene & Haidt, 2002).

Of further relevance to this study, the abilitymake assumptions regarding the feelings,
intentions, or beliefs of others (referred to dsetiry of mind” (ToM)) is a central underlying
component of successful and appropriate socialaotens (Stone, Baron-Cohen, Calder, Keane,
& Young, 2003; Stone, Baron-Cohen, & Knight, 1988} has been linked repeatedly to the
OFC. Lesion studies investigating ToM deficitsndividuals with frontal lobe lesions (OFC
verses DLPFC) (Storet al, 1998) and bilateral amygdala lesions (Stenal, 2003) have

found that individuals with bilateral OFC lesionmsdandividuals with bilateral lesions of the
amygdala both demonstrate impairment on tasksctafteof ToM processes. Tasks employed
by Stoneet al (2003) included the Faux Pas recognition taslcivis a verbal task comprised of
short stories containing a socially inappropriaimponent (ie. a Faux Pas). The task requires
that participants assess the presence or abseadeanix Pas in each story presented. Another
visually based task, “Reading the Mind in the Ey@®VE) task (Baron-Cohert al, 2001) was
also employed. In this task the eye regions of bwdle and female faces are displayed in
individual photographs and participants are reglicemake forced choice judgments regarding
the person’s thoughts or feelings. Other studieo(phs, Baron-Cohen & Tranel, 2002; Shaw,
Bramham, Lawrence, Morris, Baron-Cohen & David, 200sing the RME task in individuals
with unilateral and bilateral amygdala damage hadse derived evidence specifically supporting
an association between amygdala dysfunction aridrdance in the processing of social
emotional expressions. Of note here, is that inldizis with schizophrenia have consistently
demonstrated impairments on ToM and emotion judgraesks of this type (see. e.g., Green,

Williams, & Davidson, 2003; Langdost al, 2006).
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To date there is no known study that has attemptsgistematically identify the
neuropsychological processes involved in the geioeraf OHs in relation to what is known of
the olfactory processing system. In light if trhilsg primary aim of this paper is to identify
neuroanatomical structures and neural circuitsicapdd in OHs in schizophrenia, and to further
identify a distinct neuropsychological profile whidiscriminates between patients who
experience OHs and patients who experience hadltioims in other modalities (in particular,
auditory verbal hallucinators), as well as heaftbgtrols. Given the direct involvement of the
OFC and the amygdala in olfactory processing aadttimsistent evidence provided from
previous studies of aspects of executive dysfunaiad ToM deficits in individuals with
schizophrenia, tasks employed in the present stiitiprimarily focus on those thought to tap
into cognitive functions associated with theseipalér neuroanatomical structures - ie. the OFC
and amygdala, whilst also including more generatekve tasks commonly used in
schizophrenia research. It is hypothesized thatcdi participants experiencing OHs will
demonstrate greater deficits on tasks associati#domitofrontal and amygdala functioning,
compared to clinical participants experiencing targiverbal hallucinations and healthy

controls.

2. Methods

2.1. Participants

Ethical clearance for the current project was gitedliby the relevant ethics committees.
Informed written consent was obtained from partaig prior to the commencement of testing.
Participants for this study were initially recraittom a pool of 51 participants who had

previously participated in a telephone intervieweistigating the phenomenology of olfactory

4C



hallucinations in schizophrenia. Further recruitingas later conducted to supplement this pool
of participants. A total of 39 participants wererneted for this study, which was comprised of
19 males and 20 females. Inclusion criteria forstugly included an age range of between 18-60
years,no self-reported history of brain injury (ie. invoig loss of consciousness for > 1 hqurd
substance abuse within the last 5 years accordibg$M-1V criteria, and fluent English. A total

of 13 participants were current smokers.

Two groups of clinical participants with schizophigeor schizoaffective disorder according to
the Diagnostic Interview for Psychosis (DIP: Jablgret al, 1999; Castlet al, 2006) were
formed. Allocation of these groups was determingthle self-reported presence or absence of
OHs within the last 6 months prior to testing (M8l participants reported experiencing
hallucinations within multiple sensory modaliti®& participants reported experiencing OHs
only). One of the groups formed consisted of pgodicts who reported experiencing recent OHs
(n=11) and the other group reported experiencingmeAVHs and no lifetime history of OHs
(n=10). A healthy control group was also formedachiconsisted of participants who had no
history of head injury or psychotic symptoms andewmecruited from the general community
(n=18). Each group was matched group-wise for agegander distribution. Demographic and

clinical characteristics of participants are preéednn Table 2. (see results section).

2.2.  Clinical Diagnosis and Characteristics

All clinical participants underwent an extensivinidal interview. The DIP was administered to
obtain socio-demographic data, medical history@ndirmation of diagnosis. The Scale for the
Assessment of Negative Symptoms of SchizophrerAAES Andreasen, 1984a) and the Scale

for the Assessment of Positive Symptoms of Schirah (SAPS: Andreasen, 1984b) were also
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administered to assess the presence and frequépsyahotic symptoms over the current
month, as well as to confirm the presence of AVidatileast the last 6 months in the AVH
group, and OHs in the OH group. The SANS and SABf& whosen since this measure

extensively probes hallucinations within all segsoiodalities.

Participants within the clinical groups all met DSWicriteria for schizophrenia or
schizoaffective disorder and reported having expeed hallucinations within the last one to six
months prior to their participation in the study.tAe time of testing all clinical participants wer
taking antipsychotic medication (typical only, n;=atypical only, n =5; combination of typical &
atypical, n =4). Five clinical participants weré&iteg a combination of typical antipsychotics and
mood stabilizers and six were taking a combinatibatypical antipsychotics and mood

stabilizers. There were no differences with redarthedication between the two clinical groups.

Controls underwent a semi-structured interviewhitam demographic information; medical and
psychological histories; as well as cigarette, cand alcohol histories. Participants were
included in the control group if there was no ewicke of recent drug and alcohol abuse or
presence of psychotic symptoms using the contrekescfrom the Structured Clinical Interview

for DSM Disorders (SCID-I; First, Spitzer, Willian& Gibbon, 1997).

2.3.  Apparatus and Procedure
Tasks were administered in a fixed order which e@ssistent across and within groups. All
standardised neuropsychological tests were admieiin accordance with formal standard

instructions.
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2.4.

Neuropsychological Battery

A battery of standardised neuropsychological tesis administered to all participants. The

Wechsler Test of Adult Reading (WTAR) (WechslerQ2Dwas used to derive an estimated

premorbid level of intellectual functioning. Othtests making up the battery of

neuropsychological measures are presented in Table

Table 1. Battery of standardised neuropsychologicdbsks employed assessing aspects of

executive functioning.

Task (Source)

Score Derived

University of Pennsylvania Smell Identification Tes
(UPSIT)(Doty, 1989)

Wisconsin Card Sorting Test (WCST) - computeriz
version(Grant & Berg, 1993)

Controlled Oral Word Association Test (COWAT) -
FAS and Animals totglSpreen & Strauss,1998)

Trail Making Test (TMT) — A & B(Reitan, 1992)

Tower of London (ToL) - computerized version
(Culbertson & Zillimer, 2001)

DKEFS Color Word Interference Test (CWIT) —
Inhibition subtes{Delis, Kaplan & Kramer, 2001)

Total correct

Percent perseverative errors
Number of categories
Failure to maintain set

Total number of words
generated

Number of repetitions
Interference score

Number of errors on Trails B

Total number of moves

Total time to complete (secs)

Number of errors

In addition to standardized neuropsychological mess more experimental tasks thought to tap

into functions associated with the orbitofrontatteg and the amygdala, were also administered.

These included an experimental task assessing f#tect recognition and published tests

consisting of the Recognition of Faux Pas Testr{&t@aron-Cohen, & Knight, 1998), Reading

the Mind in the Eyes Test (Baron-Cohenhal, 2001), and the Delayed Alternation Test (DAT)
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and Object Alternation Test (OAT) from the CompaatNeuropsychological Task (CNT,;

Seidmaret al, 1995). These are described in turn below:

2.4 (i) Emotion Recognition Task

This computerised task measures participants’tglddiaccurately perceive various facial
emotions. It was run using the "DMDX" software diexyed at Monash University and at the
University of Arizona by K.I.Forster and J.C.Forsféhe stimuli consisted of eight black and
white standardised photographs of faces (four madefour female) which were selected from
the Ekman and Friesen’s (19#igtures of Facial Affect serie$he faces depicted six various
emotions: happiness, sadness, surprise, fear, andeatisgust. The hair and background were
removed from each photograph and morphed with akfaices to create facial expressions
depicting each of the emotions at three differatdrisities (50%, 75% and 100%). A total of 150
trials were administered, which comprised one blofc&ix practice trials before six blocks of 24
trials. All testing blocks consisted of eight facesl contained each level of emotional intensity
presented in a random order. For each trial, tregyerappeared in the centre of a computer screen
with the names of the six emotions arrayed actus®€ottom of the screen alongside a reference
to an allocated computer response key. Participsets required to judge which of the emotions
was being shown by pressing the computer keyboaydkocated to the selected emotion.
Scores were derived for the proportion of corresponses for each emotion at each level of

emotional intensity.

2.4 (ii) Recognition of the Faux Pas Task
This task assesses an individual's ability to recsehurtful or insulting comments made

unintentionally within social situations. The vensiof the task used in the current research was
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comprised of 20 short stories, 10 of which contdiadaux pas and 10 of which contained no
faux pas (Stone, Baron-Cohen, & Knight, 1998). phadicipants were provided with a printed
copy of the stories which they were requested fovioas the examiner read each story aloud.
On completion of each story, participants are asieether “there was anything in the story that
shouldn’t have been said or that was awkward?'t. th@ current study, a sensitivity score (d-
prime; d’) was derived by subtracting the z-transi® of the proportion of false alarm responses

from the proportion of hits (ie. correct responses)

2.4 (iif) Reading the Mind in the Eyes Task

This task measures an individual’'s ability to inflee mental states of others by looking at the eye
region of the face. The revised version of th& {(8aron-Cohenet al, 2001) was used for the
current research, which was comprised of 36 blackwhite photographs of the eye region taken
of 18 males and 18 females. Four different wordscdieing how the individual was potentially
thinking or feeling accompanied each set of eyée. Jarticipants were asked to select the one
word they thought to be the most applicable degarifor the set of eyes presented. Scores

obtained reflected the number of correct responsete by the participant.

2.4 (iv) Comparative Neuropsychological Tasks (CNT)

The current study replicated two subtests of thengarative Neuropsychological Task (CNT)
described by Seidmaat al (1995), the delayed alternation task (DAT) areldbject alternation
task (OAT). The CNT is a modified version of thesdbnsin General Test Apparatus adapted for
use with human participants, which has previouskgrbdescribed in extensive detail (Freedman
& Oscar-Berman 1986a, 1986b; Oscar-Berman, Zolagisioy Oberg, & Bonner, 1982; Seidman

et al, 1995). In the current study for both the DAT &@WT the researcher and participant sat
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opposite each other and were separated by a wdadae (55cm high and 60cm wide). A black
adjustable felt curtain was anchored to the framtihat the participants’ view of the researcher
was obscured between trials. The curtain was fignta&sed on each trial to reveal a stimulus
board (approximately 47cm x 34cm x 2.0cm) contajriwo reinforcement cups (10cm
diameter). Only the examiner’s hands and reinforr@mups were visible to the participants on
each trial. The reinforcement cups were placedapmpately 20cm apart and were each lined
with black felt to mute any sounds of objects begitared inside. Each cup was covered with a
black square laminated cardboard cover, measuBlommX 12cms. For the OAT task, a three
dimensional object was mounted on each cardboarer cbhe objects were made of lightweight

plastic and differed in shape and colour (ie. @gneectangle block and orange sphere).

Administration of the tasks was conducted as iwviptes studies (cf. Seidmaat al, 1995). Task
order was counterbalanced within and across grdrgusicipants were told that a five cent coin
was to be placed under one of the two cups andtbgtwere required to attempt to select the
cup in which the five cent coin had been hiddereylvere also told to try and get a coin on

every trial because all monies that they colleciedng the tasks could be kept.

Delayed Alternation Task (DAT)

Participants were required to learn that the cuphich the coin was being placed was being
alternated after each correct response. On toéthie DAT, a five cent coin was placed in both
cups. For trial 2 the coin was placed in the cuphenside that was not chosen by the participant
on the preceding trial. For all subsequent trialsprrection procedure was employed (ie. the coin
remained on one side until the participant madereect response, hence completing a trial). On

trials where the participant made a correct respathe coin was placed in the opposite cup on
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the subsequent trial. Inter-trial interval was Bas®ls. Learning criterion was 12 consecutive
correct responses. Failure criterion was 50 triaé®res derived were percent perseverative errors
and whether task criterion was able to be achi¢yesino). Errors were considered perseverative
when two or more consecutive incorrect responses made. Percent perseverative errors were
calculated by dividing the number of perseveragmers by the total number of errors made.

This figure was subsequently converted into a peage.

Object Alternation Task (OAT)

Participants were required to learn that the cuphich the coin was being placed was being
alternated after each correct response, and tisavfs not dependant on the location of the
object. The baiting procedure and learning crites@s the same as for the DAT. However, in
this task the location of the object on each tha$ determined using Gellermann’s (1933)

random modified schedule (refer to Appendix 1).rf8salerived were the same as for the DAT.

2.5. Data Analysis Plan
All statistical analyses were conducted using ttaiSical Package for the Social Sciences

(SPSS), version 17.0 and GraphPad Prism, vers@h 5.

Preliminary analysis: Inspection of the data was conducted and outhétsvalues greater than
1.5 standard deviations were examined. It was nibi#dan extreme outlier on one task (Trails
B) was substantially impacting on the obtained ne@me. This data point was subsequently
removed from the analysis. It was also noted taissumption of normality on demographic
variables was not violated. Group analyses of theseographic variables were subsequently

conducted using parametric analyses (ie. ANOVARedrson’s correlations). However, the
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spread of obtained scores on most administeredpsychological tasks was not normally
distributed, violating the assumption of normabty those data. Non- parametric and parametric
statistical analyses were both initially run on data. Results were comparable across both types
of analyses with no major discrepancies evideonbserved areas of significance between

statistical methods.

Primary data analysis: In light of the above, parametric analyses (ANOWere selected for the
final analyses in preference to non-parametric odgtgiven the robust nature of parametric
analysis with small data sets, and to allow fortaahing of between group differences in
demographic variables. A series of analysis obdances (ANCOVAS) was subsequently run
on all administered neuropsychological tasks, exfoeghe emotion recognition task and the
“criterion achieved” scores on the CNT tasks. Thalgses for these tasks will be described in

detail below.

Post Hoc Comparisons. Post-hoc comparisons were conducted using the-Eyaot-Gabriel-
Welsch-Q (REG-WQ) procedure due to its sensitivitgdetecting significant differences between
group means that may otherwise go undetected \higr dypes of multiple comparison
procedures. This procedure is reported to have gowekr to control for family-wise error in

data that is not normally distributed (Cribbie &4&man, 2003; Howell, 1997). Effects were
judged as significant at a level of p< 0.05, sd #rgy potential effects could be identified, inhlig

of the small sample sizes.

CNT - criteria achieved scores: Fisher's Exact Probability Tests (2-sided) weradrected for

categorical data given that some cells contafnBatounts.
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Power Analysis: Given the exploratory nature of this study, post-hower analysis using
Cohen’s tables (Cohen, 1988) was carried out amfgignt results identified in the primary
analysis. Scores obtained included effect sizesgpof obtained results and the number of
participants required to test effects with 80% powéis procedure was conducted to assess the
extent to which any non-significant results of therent study were potentially driven by the

small sample size of the groups.

Emotion recognition task: A between groups repeated measures analysis wdswiie group
(OHs vs AVHs vs Controls) as the between subjexttof and emotion (anger, sad, fear, disgust,
happy and surprise) and intensity (50%, 75% 10094yithin group factors. Pairwise
comparisons were conducted on any significant efflaxnd. Alpha was set at 0.01 to adjust for

the many multiple comparisons that were made awdrndrol for Type | error.”

Correlation analysis: Post hoc correlation analysis was conducted u3esgson’s correlations
on tasks of interest that measured aspects of etxe@nd amygdala functioning. This was done
to further explore the potential relationship betweasks thought to primarily be associated with

the neural circuits involved with OHs.
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3. Results
Descriptive Statistics
Means and standard deviation statistics of demdgragnd clinical variables are presented in

Table 2.

Table 2. Mean (SD) demographic & clinical charactestics of participants.

OHs(n=11) AVHs (n=10) | Controls (n=18)

Age (years) 44.6 (10.3) 38.8 (9.6) 44.3 (8.5)
Gender (ratio)
Males: Female$ 5:6 5:5 9:9
Education (years) 11.9 (3.6) 11.4 (2.2) 14.3 (2.9)*
IQ Estimate (WTAR) 100.5 (13.3) 100.4 (13.3) 111.9 (7.2)*
Diagnosis
Schizophrenig 10 7 N/A
Schizoaffective Disorderl 3 N/A
Age of Symptom Onset 23.8 (7.5) 22.3(6.7) N/A
Length of lliness 19.4 (8.2) 16.6 (12.5) N/A
SANS -Total score 11.7 (4.7) 10.3 (4.7) N/A
SAPS - Total score 9.4 (2.8) 9.9 (2.7) N/A

Hallucinations#:

Auditory Hallucinations 1.6 (2.0) 4.4 (0.6)* N/A

Voices Commenting 1.7 (2.1) 3.3(2.0) N/A

Voices Conversing 1.6 (1.9) 2.8 (2.3) N/A

Somatic or Tactile Hallucinatio| 2.5 (2.2) 1.0(1.8) N/A
Olfactory Hallucinationy 4.4(0.7) 0 (0)* N/A
Visual Hallucinationd 1.7 (1.9) 1.9(2.1) N/A

Note. *p <.05; SANS = Scale for the Assessment ajdliwe Symptoms of Schizophrenia; SAPS = Scal¢hi®
Assessment of Positive Symptoms of SchizophreniBAR/= Wechsler Test of Adult Reading; OHs = Olfagto
Hallucinations; AVHs = Auditory Verbal Hallucinatis; # Mean scores on SAR8mSs: range 0-5.
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There were no significant group differences inaitage [F (2, 36) = 1.36, p > .05] or gendér (
(2) =0.07, p =0.97). There was, however, adtadlly significant difference between groups in
terms of years of education [F (2, 36) = 4.23,.023] and estimated premorbid level of
intellectual ability [F (2, 36) = 5.46, p = .008].0 assess the relationship between these
variables, correlation analysis was conducted whaeelealed a significant positive relationship
between years of education and intellectual ahfiity .57, p < .001). To take account of the
contributory effects of premorbid intellectual atyiland years of education, premorbid
intellectual ability was selected as the covariatee used in subsequent ANCOVAS since
premorbid intellectual ability and years of edugatere inter-related and since premorbid
intellectual ability was found to be the more digant predictor. Clinical participants did not
differ significantly in terms of age of symptom enst (19) = 0.49, p = 0.63), diagnosis (Fishers
Test, p = 0.31), duration of illness (t (19) = Q.G 0.55), or severity of current positive (t) 19
=0.48, p = 0.66) and negative (t (19) = 0.70,@49) symptoms. However, in terms of the
specific types of hallucinations experienced, thégdoup experienced significantly more
olfactory hallucinations relative to the AVH gro(f19) = 20.42, p < .0005) , and the AVH
group experienced significantly more auditory véhmlucinations than the OH group (t (19) =
4.11, p = .001). There were no significant differes between clinical groups for all other types

of hallucinations (all p > .05).

Primary Data Analysis

Means and standard deviation statistics for grarfopmances on administered tasks are
presented in Tables 3 and 4. After intellectualitybivas controlled for, results revealed a main
effect for group on the following tasks: UPSIT [E 85) = 4.92, p = .013, eta squared = .22];

WCST — % perseverative errdis (2, 35) =4.17, p = .024, eta squared =,.h@mber of
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categories [F (2, 35) = 4.85, p =.014, eta squar&®2]; CWIT — inhibition [F (2, 35) =5.88,p =
.006, eta squared = .25]; Faux Pas Test [F (273558, p = .002, eta squared = .30]; OAT — %
perseverative errors [F (2, 35) = 4.97, p < .0i8squared = .22[FOWAT — FAS [F (2, 35) =

5.14, p = .011, eta squared = .28], Animals [RB&),= 3.69, p =.035, eta squared = .17]; MindssElest
[F (2, 35) =5.45, p =.009, eta squared = .24%URs for all other administered tasks did not heac

statistical significance (p > .05).

Post Hoc Comparisons
Results of pairwise comparisons are also showralsiek 3 and 4. Letters (eg. A and B) show the
rank of each group for each task that reachedfgignce. Groups that show the same rank

represent no significant differences between gragesrding to the REG-WQ procedure.

Results of REG-WQ analysis revealed that both@diingroups (OHs and AVHSs) experienced
significantly greater difficulty relative to contsoon the following tasks: UPSIT; WCST (%
Perseverative Errors & Number of Categories); COWPBAS & Animals); D-KEFS CWIT;
Minds Eyes Test. The OAT (% perseverative erransl) Baux Pas Test were the only tasks that
showed a specific effect for one of the clinicaligrs. On the OAT task, the OH group made
significantly more perseverative errors than batAVH and controls groups (p < .05). For the
Faux Pas Test, the OH group demonstrated signtficemwer sensitivity when correctly
identifying a Faux Pas relative to the AVH and cohgroups (p < .05). No significant
differences were found between the OH and AVH gsouptasks that showed significant

differences between controls and clinicals (p 3..05
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Power Analysis

Power analysis using Cohen’s (1988) tables wasesjutently conducted on the means of both
clinical groups to explore the strength of the abmasults and to examine whether the lack of
significant differences between clinical groups \wamarily a reflection of the small sample size
in each group. Effect sizes and power of resuitained between clinical groups are presented
in Table 5. The number of participants requiredach clinical group to obtain significance (with
probability of Type | error set at 0.05) with 80%weer are also shown. By Cohen’s (1988)
definition the obtained effects on the CNT-OAT %d@werative Errors and Faux Pas tasks are
large, requiring only 17 participants in each daligroup to obtain significance across these
tasks with effects reaching 80% power. However otttained effects on standardized
neuropsychological tasks tapping into aspects etetwe functioning: UPSIT; WCST - %
Perseverative Errors; WCST — Number of CategoG@&WAT — FAS; D-KEFS CWIT —
Inhibition) were of a moderate size, with at IeE3D participants required in each clinical group
to reach statistical significance. Small effecesizvere evident on the Minds Eyes Task and on
standardised neuropsychological tasks that tapoititer aspects of cognition (eg, visual
attention, processing speed and semantic fluenci@Trail Making Test-Trails A and

COWAT — Animals tasks. On these tasks at leastpébticipants would be required to find

significant group differences between OHs and AVHs.
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Table 3. Means (SD) for performarmcon standardised neuropsychological tests.

Neuropsychological Test

Olfactory Identification (UPSIT)
Total correct
Tower of London
Total number of move

WCST
% Perseverative erro
Number of categorie
Failure to maintain se
Trail Making Test

Interference Scor
Trails B - Number of error

COWAT
FAS -Total words

Number of repetitions

Animals — Total words

Number of repetitions

D-KEFS Color-Word
Interference Test
Inhibition- time (secs
Inhibition- number of errors

OHs(n=11)

27.6 (4.4)

567.0 (10.1)

<26.8 (15.0)
53.5 (2.3)
t1.6 (1.2)

3.0 (1.0)
51.4 (2.2)

28.1 (7.9)
. 0.6 (1.4)

16.7 (4.2)
.0.7 (1.0)

67.2 (12.9)
£2.2 (2.1)

AVHs (n=10)

25.2 (5.4)

62.2 (9.4)

19.7 (10.3)
2.4 (2.0)
1.3 (1.4)

3.4 (1.6)#
1.1(1.1)

34.1 (13.0)
0.8 (1.0)
18.4 (5.8)
1.0 (1.2)

61.1(15.2)
1.6 (1.4)

Controls (n =18)

REG-WQ (P < .05)

31. 8 (3.2)

59.1 (6.8)

10. 8 (5.6)*
5.4 (1.5)*
0. 8 (1.0)

2.85 (1.0)
0.2 (0.5)

47.5 (12.6)*
0.8 (1.3)
22. 6 (3.8)*
0.3 (0.5)

46.5 (10.0)*
0.9 (1.1)

AAB

N/A

AAB
AAB
N/A

N/A
N/A

AAB
N/A
AAB
N/A

AAB
N/A

Note.* = p <.05; OHs = Olfactory Hallucinations; AVHsAuditory Verbal Hallucinations; UPSIT= University Pennsylvania Smell identification
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Table 4. Mean (SD) performance on published anelxperimental tasks thought to tap into frontal loke and amygdala

associated functions.

Comparative Neuropsychological Tasks|
Delayed Alternation Task (DAT)

% Perseverative Errof

Criterion achieved

Object Alternation Task (OAT)

% Perseverative Errof

Criterion achieved

Faux Pas Task

d' score

Minds Eyes Task
Number correct

OHs(n=11)

s31.3 (22.6)
Yes:6/No:5

$43.8 (21.9)

Yes:5/No:6

1.7 (1.5)

215 (2.9)

AVHs (n =10

36.7 (23.3)
Yes:4/No:6

23.0 (17.9)

Yes:7/No:3

3.4 (1.1)

22.2 (5.9)

Controls (n =18)

REG-WOQ (P <.05)

18.8 (21.3)
Yes:16/No:2*

14. 8 (22.0)*

Yes:18/No:0*

3.7 (L.1)*

28.3 (3.7)*

N/A

ABB

ABB

AAB

Note.* = p < .05; OHs = Olfactory Hallucinations; AVHsAuditory Verbal Hallucinations.

55



Table 5. Power analysis and estimated sample sizequired to achieve statistical

Cohen's d Power (%) N required
Olfactory Identification (UPSIT) 0.48 13 100
WCST - % Perseverative Errors 0.55 18 45
WCST — Number of Categories 0.50 18 64
COWAT - FAS total words 0.56 18 45
COWAT — Animals total words 0.33 10 180
D-KEFS CWIT — Inhibition 0.43 13 100
CNT-OAT % Perseverative Errors 1.04 56 17
Faux Pas Task 1.32 71 12
Minds Eyes Task 0.16 6 400

significance @ < .05) and 80% power for differences between clioal groups (OHs versus AVHS).

Emotion Recognition Task

Initial results for the emotion recognition taskealed significant main effects for emotion
[Wilkes Lambda, F (5, 32) = 40.38, p < .0005, efased = .86], intensity [Wilkes Lambda, F
(2, 35) =82.07, p <.0005, eta squared = .82],cqandp [Wilkes Lambda, F (2, 36) = 3.45,p =
.04, eta squared = .16]. There was a significartem x intensity interaction [Wilkes Lambda,
F (10, 27) = 3.32, p < .006, eta squared = .55véi@r, the three-way interaction of emotion x
intensity x group failed to reach statistical sfgasince (p = .63). Once intellectual ability was

included in the analyses as a covariate, the nffgnts of group and intensity and all interaction
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effects failed to reach statistical significance>(®5). The only effect that remained significant
was the main effect of emotion [Wilkes Lambda, F3®b) = 6.15, p <.0001, eta squared = .50].

This effect was of a moderate size, by Cohen’s§) @@finition.

To further explore this main effect, pairwise comgans were conducted. Results revealed that
the only difference in emotions to reach statissognificance was between happy and disgusted
facial expressions (p < .005). Inspection of thenseindicated that overall participants were able
to correctly identify a larger proportion of faadspicting happy emotions (M = 0.95, sd = 0.07)
versus those depicting the emotion of disgust (M54, sd = 0.22). All other contrasts did not
reach statistical significance (p > 0.01). Givea lgck of significance between emotions other
than happy and disgust, overall means were collbasmss intensity to further explore group
patterns across emotion. These are shown in Fiyurespection of the plot reveals a general
trend for poorer performance on most negative emst{eg. angry, fear and disgust) relative to

more positive emotions (eg. happy and surprise)sacgroups.
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Emotion Recognition Task
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Figure 2. Proportion of correct responses on the Eotion Recognition Task for each group
(OHs vs AVHs vs controls) collapsed across intengit

Given the amygdala’s involvement in processing,feavas of particular interest to the present
study to explore the results for the expressiofeaf in greater detail, independently of the other
emotions. Therefore, a one way ANOVA was conduetih fear as the between subjects
variable and group as the between subjects variReleults revealed a lack of statistically
significant group differences (p > .05). Howewamparison of the OH group with the AVH
and control groups combined as one group, reveateddency for the OH group to experience
greater difficulty in correctly identifying fearfdhces relative to the other participants combined

(t (37), p = 0.06).
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Post-hoc Correlation Analysis

Given the pattern of obtained results and the der interest of the present study in tasks
thought to tap in the OFC and amygdala functionaagrelation analyses was conducted on the
UPSIT, Faux Pas, OAT - % perseverative errors,taaegmotion of Fear on the Emotion
Recognition Task. This was done to further exptbeerelationship between these specific tasks
for each of the groups. In light of the small saengike of the groups and to normalize group
distributions, the data for these tasks were tanséd into z-scores. Correlation analysis was

subsequently run separately for each group.

For the control group, all correlations were snfiall < .2), and failed to reach statistical
significance (p > .40). The results for the twanidal groups (ie. AVHs and OHSs) are shown in
Table 6. It can be seen that the only associatioradch statistical significance was for the OH
group. Based on Cohen’s (1988) tables, this waagassociation between the OAT (%
perseverative errors) and the Faux Pas sensifigdye, with an increase in perseverative errors
on the OAT associated with increasingly poor penimnce on the Faux Pas task. While a
moderate association was also demonstrated betivess same task measures for the AVH
group, it failed to reach significance. All otharelations for the AVH group were weak, and
non significant (p >.10) However, for the OH groapgnoderate association was also found
between the Faux Pas sensitivity score and feagrgion; as performance on the Faux Pas task
increased so too did participants’ ability to aetaly identify fearful facial expressions. While
this association failed to reach statistical sigaifce, it did, however, approach significance (p =
.07). Another moderate, but non-significant asd@mmawvas also evident within the OH group,

with an increase in perseverative errors on the @#dociated with increased difficulty in
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accurately identifying fearful facial expressiops<.18). All other correlations for the OH group

were weak and non-significant (p >.4).

Table 6. Matrix of Pearson's correlations for z-screes of OHs (in shaded area) and AVHs on

tasks of interest tapping into orbitofrontal cortex and the amygdala.

TASKS UPSIT Score (1) Faux Pas Task CNT - OAT Emotion
d' Score (2) % Perseverative Recognition Task
Errors (3) - Fear (4)
1 - =31 -.07 .18
2 .06 - -.56 -.13
3 -.26 - 75*% - A7
4 .08 .56 -.44 -

*significant at .05 (2-taileld shaded area = OH Group; unshaded area = AVH Group

4, Discussion

The present study explored aspects of neuropsygitalcfunctioning within patients diagnosed

with schizophrenia or schizoaffective disorder egeing recent OHs versus those

experiencing AVHs, as well as within healthy cofgrdNeuropsychological tasks employed in

the study assessed various facets of executiveéidmnoy, with particular focus placed on

standardized and experimental tasks believed tonderpinned by OFC function as well as tasks

underpinned by amygdala functioning. The aim wasossibly identify a profile of distinct

neuropsychological characteristics particularlynvitpatients that experience OHs.
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Findings revealed evidence of a specific associdiegiween OHs in schizophrenia (or
schizoaffective disorder) and impairments on tassociated with OFC functioning.
Specifically, those patients with schizophrenia veikperienced OHs made a greater number of
perseverative errors on the OAT task compared atithecontrols and patients experiencing
AVH and no lifetime history of OHs. The strengthtbis relationship was confirmed by its large
effect size. Both non-human primate lesion studies human clinical studies (Freedman, Black,
Ebert, & Binns, 1998; Freedman, 1990; Oscar-BerarahBardenhagen, 1998; Oscar-Berman

and Zola-Morgan, 1980a, b) have localized perforreamm the OAT to the OFC.

Moreover, the current study found that the OH grpagormed significantly more poorly on a
test that has presumed OFC and amygdala involveneetite Faux Pas task. The OH group
showed less sensitivity when detecting faux pathtest. This effect was of a magnitude to

have met Cohen’s definition of a large effect ¢i2ehen, 1988).

In addition to findings suggestive of specific OF@olvement within the OH group, a common
thread of executive dysfunction was also reveatedss both clinical groups. This was reflected
in a relatively equal level of poor performancethy OH and AVHs groups relative to healthy
controls on tasks of odour identification (UPSIgipblem solving (WCST- categories; DAT -
criterion achieved; OAT-criterion achieved), phomefluency (COWAT - FAS) and inhibitory
control (D-KEFS CWIT - Inhibition) which is in-ke@pmy with previous evidence of executive
difficulties within the schizophrenia populationdescribed by Heinrichs & Zakzanis (1998) and

Reichenberg and Harvey (2007).
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The lack of significant differences between clihigeoups on the UPSIT is entirely consistent
with those findings of previous studies conductgdbpalaet al (1994) and Stedman and Clair
(1998), who also found a lack of significant asabon between odour identification deficits and
OHs. Thus odour identification deficits appear ¢éoabgeneral feature of schizophrenia, and not
specific to schizophrenia patients experiencing OWile the ability to accurately identify
different odours has been shown to involve the QF@ay not be a process that uniquely
contributes to the generation of OHs. The presefemosmia in schizophrenia may purely
reflect one aspect of executive dysfunction thebiporates OFC involvement and thus is
suggestive of a possible overlapping pathway adaggent symptom profiles in schizophrenia

that does not appear to specifically drive OHs.

While some similarity in results were observed asrihe WCST, OAT and DAT, some
differences were also found which warrant consittanagiven that the OAT and DAT
administration procedures were derived and modifiech those of the WCST. On all three
tasks, participants in both clinical groups expeeed significantly greater difficulty than controls
in completing each of these tasks, suggestingaidt clinical groups found the task difficult to a
relatively similar degree. Differences were, howeteund in the pattern of results for the
amount of perseverative errors made across tapksiftgally, as previously discussed,
significant differences were found between clingadups on the OAT task. However, this effect
was not found on the WCST or DAT. The disparityesults across tasks may be explained by
task sensitivity to differing facets of persevesatisuch as those described by Freedman (1990),
and by the nature of the OAT with regard to it dbgaping into the reward pathways. Recall that

the administration of this task involves positieenforcement via monetary gain (albeit small). In
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contrast, feedback on the WCST across trials isrgorally and therefore fails to tap into the
reward pathway to the extent that the OAT doedi@lgh on the DAT patrticipants also received
positive reinforcement via monetary gain, this tdsks not also require the use of inhibitory
control and therefore does not draw as heavily B& @nctioning. The WCST and DAT may
also differ from the OAT in placing greater demandsvorking memory. Therefore the obtained
results on the WCST and DAT may be reflective gfeater DLPFC involvement, while the

OAT may primarily draw on functioning associatedhwthe OFC. The pattern of results obtained
on these tasks therefore support the possibiligisiinct OFC involvement in OHs in addition to

an overlapping compromise of frontal lobe neuraoek also seen in patients without OHs.

In contrast to findings on the Faux Pas task, pevémce by both clinical groups on another ToM
task, the Minds Eyes task, was significantly pooedative to healthy controls, with no
significant differences evident between performaraehe OH versus AVH groups. Power
analysis indicated that for statistical significaretween clinical groups to have been obtained
on this task, a sample size of at least 400 ppatits in each clinical group would be required.
The striking differences seen in performance hyicdil participants on both ToM tasks may
possibly be driven by differences in aspects ofctignitive load required to complete each of
these tasks. Although both tasks tap into ToM @Bses, they do so in distinct ways that require
different levels of processing. Specifically, theuk Pas task is a language based task involving
not only the attribution of others mental state, ddgo the ability to make higher order social
inferences regarding mental state, via the integraif multiple sources of incoming

information. However, as described by Baron-Coéieal (2001) the Minds Eyes task taps into

only the first stage of processing (ie. attributadimental state) and does not require participants
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to make inferences regarding the social contestaif mental state. Thus, given that performance
on the Minds Eyes and Faux Pas Tasks requireditisation of different levels of higher order
ToM processing, and in light of the differenceiimdings on these tasks in the current study, the
pattern of data suggests that, in addition to ps€FC and amygdala involvement, there may
be a higher level impairment of cognitive procegsjerhaps involving social evaluations, that

also contributes to the generation of OHs withm sbhizophrenia population.

While findings obtained on the Faux Pas task predidotential support for some amygdala
involvement in the OH group, results from the EmotRecognition task provided only limited
corroborative evidence. Firstly, no significant gpadifferences were found on the Emotion
Recognition task, with healthy controls demonstigat relatively equal ability to both clinical
groups in accurately recognizing facial expressubgsicting an array of emotional states. The
level of emotional intensity also did not appeasitmificantly influence the obtained results.
Despite the lack of group differences, the patténesults indicated that participants generally
found faces depicting disgusted facial expresssigsificantly more difficult to accurately
identify than faces depicting happy facial expressi This lack of a clear discrepancy in results
between groups on current testing, most likelyetf the limited power within each group cell
on this task. However, further inspection of thétgra of obtained means across each emotion
revealed a general trend for participants to haeatgr difficulty in correctly identifying facial
expression depicting a negative valance (ie. amfyjgyust, fear) relative to a positive valance
(happy, surprise). Additional focused exploratiargeting the groups’ performance on the
emotion of fear, yielded interesting results. Speally, there was a tendency for the OH group

to experience the greater level of difficulty imeetly identifying fearful facial expressions,
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when compared to the other two groups. The AVH grexperienced less difficulty than the OH
group and controls experienced the least levelfb€ualty overall. This finding, although only

suggestive, is consistent with a greater levehoygdala disturbance in the OH group relative to
the other groups. However, these preliminary figdirequire replication utilizing greater sample

sizes, to yield more definitive results.

Exploratory correlation analysis on the tasks yieltled significant differences between the OH
and AVH groups in the main analyses (ie. UPSIT XHaAS, OAT-% perseverative errors and
the emotion of fear on the Emotion Recognition Yad&o provided additional support for
stronger relations between OFC and amygdala fumagowithin clinical participants who
experience OHs. Of note, the strongest relatigussiviere found for the OH group between the
Faux Pas sensitivity score, the OAT-% perseveraivers and accuracy for recognition of fear.
While a correlation of reasonable strength was falsnd for the AVH group between the Faux
Pas sensitivity score and OAT - % perseverativergrthe strength of the relationship between
these variables for the OH group was stronger thiathe AVH group, and it also reached
statistical significance for the OH group. This gegts a stronger association in the levels of
functioning utililised to complete these tasks witthe OH group, relative to the AVH group.
Interestingly, the correlations between the UPSid@ ather tasks, was minimal across both
clinical groups. Given that the associations wémengest between tasks that utilize higher level
cognitive skills, but not on the task (UPSIT) tdeaws on lower level functions, these findings

allude to the possibility that higher level proecegdeficits may play a particular role in OHs.
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In addition to the main findings described abowejdental neuropsychological results were also
found that indicated other areas of cognitive dysfion common to both clinical groups. This
was reflected in a significantly slower performabgeOHs and AVHs relative to controls on a
timed psychomotor task of visual scanning (ie. TR)T-This finding is in-keeping with
processing speed deficits in schizophrenia, regaasistently throughout the literature
(Heinrichs & Zakzania, 1998; Reichenberg & Han2907). A contribution to slowing in
processing speed is also likely to be associatddthve reported neuroleptic medications taken
by the participants with schizophrenia at the tohé&esting. In addition, semantic fluency was
significantly reduced in both clinical groups comgzhto controls. Given that temporal lobe
involvement has been indicated by cerebral fMRIimdysemantic fluency tasks (Bigt al.,

2010) current findings provide support implicatiegnporal lobe dysfunction in schizophrenia

generally.

In conclusion, while the pattern of results obtdifi®m the current study suggest that
schizophrenic patients experience deficits assetiaith both OFC and DLPFC functioning
regardless of whether they experience AVHs or Qéylts also provided tentative support for a
pattern of functioning which particularly implicat©FC and amygdala neural circuitry
involvement (and disruption to their associatedbrgevel cognitive skills) which is specific to
OHs. The overall pattern of results obtained indhieent study therefore provide preliminary
support for Kopalat als (1994) suggestion of involvement for both OHesfeand

overlapping non-specific neural circuits in the giettion of OHs. However, additional research

further exploring this possibility is clearly wantad. Future research is also likely to benefit
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from incorporation of both neuropsychological temtsl functional brain imaging to enhance the

specificity of obtained results.
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Paper Two

Source monitoring and olfactory hallucinations in ghizophrenia.

This paper has been prepared for publication and wa submitted to the journal,

Psychological Medicine on 25" July 2011.

Candidate’s Contribution: The candidate hgdayed a major role in organising the protocols
and setting up the paradigms for this paper. Intid the candidate has collected all the data,
conducted all initial analyses and has acted asisauathor.
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Abstract

Aim: To explore the role of odour specific source mami dysfunction in the generation of olfactory
hallucinations in schizophrenidethods: Twenty one clinical participants diagnosed withisocphrenia
were recruited into the study. Two clinical groupere formed according to recently experienced
modality specific hallucinations: those with olfast hallucinations (OHs; n = 11) and those withitorg
verbal hallucinations (AVHs; n = 10). A group ofdtthy controls were also recruited (n =18). All
participants completed a novel odour source mangaask and a more traditional auditory verbalrseu
monitoring task.Results: For the odour source monitoring task, a signifiggmoup effect was found.
Overall the OH group had greater difficulty in aily discriminating previous actual versus imadine
odours than did the AVH group and healthy contrélee OH group generally thought that they had
actually smelt the odours more times than they Radthe auditory verbal source monitoring taskbot
the OH and AVH groups experienced greater difficthian controls in correctly attributing the source
(self vs other) from which a set of names of catggxemplars were generated in response to cues.
Greater difficulty was experienced by both clinigabups (but more so for AVHs) when the category
exemplar was of ‘low typicality’. Significantly fesv correct attributions were made by the AVH group
when words were either self generated or noved fdllonclusions:Results arénterpreted as suggesting
that some hallucinations within particular modebtare likely to occur as a consequence of faoltyce
monitoring within the corresponding modality. Pngilhary evidence suggests that olfactory source

monitoring difficulties may underlie, or contribuig, the generation of OHs in schizophrenia.
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1. Introduction

Hallucinations are multifaceted and phenomenoldlyiciverse experiences that can occur
within single or multiple sensory modalities (La&&Woodward, 2007). They are a characteristic
and predominantly distressing feature of schizoplageéout are also experienced by a small
proportion of individuals within the non-psychiatpopulation (Ditman & Kuperberg, 2005;
Johns & van Os, 2001). The heterogeneous naturalloicinations has made it difficult for
researchers to obtain a precise understandingeafriling mechanisms involved in the
generation of hallucinations. Despite this, sevexrailews of the literature have adopted a
cognitive neuropsychiatric approach (Bentall, 199man & Kuperberg, 2005; Johnson &
Raye, 1981; Laroi & Woodward, 2007) and have atteohjo delineate the specific cognitive
mechanisms underlying the generation of hallucimatiand have generally concluded that
disturbance to the process of ‘reality monitoriigga well-validated and primary feature common

to most cognitive theories of hallucinations.

The concept of reality monitoring (also referrecagosource monitoring in the context of
hallucinations research) refers to the cognitivepsses involved in discriminating between self-
generated and externally-generated sources ofmafibon. It is a process that relies heavily on
the ability to accurately remember, over time,dhgin of the source from which the information
was perceived to have come (Bentall, 1990; Bre’b@irisen, Pilowsky & David, 2008; Johnson,
Hashtroudi, & Lindsay, 1993). The process is thmeethought to involve the making of

judgements which are based on information util@@dmemory (Johnson & Raye, 1981).
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Research investigating the cognitive processesrlymuig reality monitoring in non-clinical
individuals, has provided some insight into thegilde cognitive mechanisms involved. In one
such source discrimination study, Johnson, Folelylaaach (1988) investigated the ability of
individuals to discriminate between the sourcef (sekxternal) of words perceived via the
auditory modality versus those that were imagiheentification of the source of words as
internal rather than external was found to be nddffecult when imagining words being spoken
in another person’s voice compared to imaginingdsdreing spoken in one’s own voice.
Judgements were further impaired when discrimiigatietween imagined versus perceived
words if the words were imagined as being spokemvaice other than a familiar voice or one’s
own voice. These findings were interpreted as beargistent with the idea that reality
monitoring is affected by the extent to which segpsspects of perceived and imagined

memories are similar.

Support for the involvement of source monitoringtdibance in hallucinations has primarily
come from studies directly attempting to examing pinocess by using psychiatric patients who
experience auditory verbal hallucinations (AVHs)s#dy of this type was conducted by
Bentall, Baker and Havers (1991) who compared patmet patients currently experiencing
AVHs versus patients with no documented historiafucinations (ie. psychiatric controls), and
healthy controls. The task employed was an auditergal reality monitoring task that was
based on a procedure used in an earlier sourcaaniogi study conducted by Johnson, Raye,
Foley and Foley (1981) and which incorporated &irdison between stimuli that required either
high or low cognitive effort to generate spoken dgrn Bentalket als study, participants were

initially required to either generate or listemtames of category exemplars based on either easy
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or difficult cues. After a one week time intervidey were provided with a list of words
containing those that had been self-generatede tthag had been generated and spoken by the
experimenter and words that had not been parteoinitial test phase. Participants were
subsequently required to identify the source frolnchv they thought the words had come.
Results failed to find significant group differesda participants’ ability to discriminate between
self generated and externally generated words. Meryan error analysis indicated that the AVH
group attributed more self-generated high cogniiffert words to the experimenter, than did the
psychiatric controls and healthy controls. This wemight to provide evidence suggesting that
hallucinators demonstrate an external attributias lwhen uncertain about the perceived source
(interval vs external) from which stimuli came aar@ unable to use cues of greater self-

generated effort when making such attributions.

Furthermore, in a more recent source monitoringdys{Bre "bion,et al, 2008) focusing on visual
hallucinations, participants were comprised of tvatlucinating groups - those experiencing
visual hallucinations and those experiencing augit@llucinations. Participants were required to
remember words and pictures in addition to the nadgeesentation. Results found that patients
experiencing visual hallucinations demonstrateelsponse bias reflected in the misattribution of
spoken stimuli (which was assumed to generate dahniemage) to pictures. However, the same
effect was not seen in the patients experiencinig@y hallucinations. This pattern of data was
interpreted as suggesting that visual hallucinatimay be associated with difficulties in
differentiating the source of mentally generatestiai images from those actually perceived. The
results of these previously described studies sdtse possibility of an association between

sensory specific source monitoring difficultiesiwihe generation of hallucinations within

82



particular sensory modalities (eg. auditory vedmlrce monitoring difficulties for auditory
verbal hallucinations and visual source monitodigjurbance for visual hallucinations).
However, research that investigates the cognitteegsses underlying source monitoring
difficulties for hallucinations experienced in otlsgnsory modalities, such as olfactory

hallucinations (OHs), appears to be lacking.

In addition to evidence for disrupted cognitive ggsses involved in source monitoring, support
for associated neural mechanisms has also comerés@arch using brain imaging techniques. A
recent fMRI study conducted by Kensinger and Se&rg@005) investigated the neural processes
thought to influence reality monitoring errors aitferences in processing of emotional verses
neutral stimuli in healthy adults. Results of thetirdy provided evidence suggesting that the
OFC and amygdala are involved in the modulatioreafity monitoring accuracy for emotion
laden information. Activity in these regions wasitid to be associated with reduced probability
for memory misattributions specifically for emotairstimuli, suggestive of the operation of
distinct processes modulating reality monitoringdmotional versus neutral forms of
information. This is of particular interest sinceshhallucinatory experiences, including OHSs,
tend to involve negative emotional content — e lgs©@f death smells are not uncommon. Given
that the amygdala and the OFC have been implidad#din olfactory processing as well as in
reality monitoring concerning emotional stimulijgtpossible that OHs may reflect
misattributions of olfactory information, especyallith the involvement of an emotional
component, to external sources instead of to iateseif-generated imaginings or perhaps

involuntary memories.
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No study to date, has attempted to investigatedteeof impaired source monitoring in the
generation of OHs within the schizophrenia popatatin light of this, the aim of the current
research is to address this gap in the literatyrexploring the possibility of underlying self-
monitoring dysfunction specifically for olfactorgformation in the production of OHs.
Employment of a novel source discrimination tagkdidactory stimuli as well as a more
traditional source discrimination task for auditegrbal stimuli may provide valuable
information about the disrupted cognitive procesbasspecifically underlie OHs and

hallucinations in general.

It was hypothesized that relative to healthy cdatamd clinical participants experiencing
auditory verbal hallucinations (AVHSs), clinical paipants experiencing olfactory hallucinations
(OHs) would demonstrate greater difficulty in disgnating actual versus imagined odours on a
source discrimination task designed specificallydidactory stimuli. In contrast, it was
hypothesized that the AVH group would experienss lifficulty on the task relative to the

participants in the OH group.
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2. Methods

2.1. Participants

Ethical clearance for the current project was pitediby the relevant ethics committees.
Informed written consent was obtained from partaig prior to the commencement of testing.
Participants for this study were initially recratérom a pool of 51 participants who had
previously participated in a telephone intervieweastigating the phenomenology of olfactory
hallucinations in schizophrenia. Further recruitingas later conducted to supplement this pool
of participants. All participants underwent testagydescribed in Paper 1 and the current paper
during the same sessions. A total of 39 particgpardre recruited for this study, which was
comprised of 19 males and 20 females. Inclusideriai for the study included an age range of
between 18-60 years, no self-reported history ainbinjury (ie. involving loss of consciousness
for > 1 hour), no substance abuse within the lasds according to DSM-IV criteria, and fluent

English. A total of 13 participants were curreniokers.

Two groups of clinical participants with schizophigeor schizoaffective disorder according to
the Diagnostic Interview for Psychosis (DIP: Jablgret al, 1999; Castlet al, 2005) were
formed. Allocation of these groups was determingthle self-reported presence or absence of
OHs within the last 6 months prior to testing. (M8l. participants reported experiencing
hallucinations within multiple sensory modaliti®&o participants reported experiencing OHs
only). One group consisted of participants who reggbexperiencing recent OHs (n=11) and the
other group reported experiencing recent AVHs améfatime history of OHs (n=10). A

healthy control group was also formed which coesisif participants who had no history of

head injury or psychotic symptoms and were readuitem the general community (n=18). Each
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group was matched group-wise for age and gendeibdison. Demographic and clinical

characteristics of participants are presented ieTa.

2.2. Clinical Diagnosis and Characteristics

All clinical participants underwent an extensivinidal interview. The DIP was administered to
obtain socio-demographic data, medical history@mdirmation of diagnosis. The Scale for the
Assessment of Negative Symptoms of SchizophreAAE Andreasen, 1984a) and the Scale
for the Assessment of Positive Symptoms of Schirah (SAPS: Andreasen, 1984b) were also
administered to assess the presence and frequépsyahotic symptoms over the current
month, as well as to confirm the presence of AViatileast the last 6 months in the AVH
group, and OHs in the OH group. The SANS and SAB& whosen since this measure

extensively probes hallucinations within all segsoiodalities.

Participants within the clinical groups all met DSWicriteria for schizophrenia or
schizoaffective disorder and reported having exgmeed hallucinations within the last one to six
months prior to their participation in the study.tAe time of testing all clinical participants wer
taking antipsychotic medication (typical only, n;=atypical only, n =5; combination of typical &
atypical, n =4). Five clinical participants weré&itag a combination of typical antipsychotics and
mood stabilizers and six were taking a combinatibatypical antipsychotics and mood

stabilizers. There were no differences with regarhedication between the two clinical groups.

Controls underwent a semi-structured interviewlitam demographic information; medical and
psychological histories; as well as cigarette, daind alcohol histories. Participants were

included in the control group if there was no ewicke of recent drug and alcohol abuse or
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presence of psychotic symptoms using the contrekescfrom the Structured Clinical Interview

for DSM Disorders (SCID-I; First, Spitzer, Williang& Gibbon, 1997)

2.3. Experimental tasks

The following two experimental tasks (ie. the odsource discrimination task and the auditory
verbal source monitoring task) were administerea aounterbalanced order within groups,
matched across groups (ie. OH, AVH and healthyrots)t For both tasks, there was a two hour
delay between each phase of the task (ie. expasukéest). During this delay the participants

completed a subset of the neuropsychological ds&eribed in Paper 1.

2.3 (i) Odour Source Discrimination Task
This task was used to determine the ability ofip@ents to retrospectively discriminate between

real and imagined odours.

Stimuli: The stimuli were comprised of eight odours, eamfit@ined individually in opaque
plastic squeezy bottles. Four were positive odaandsfour were negative odours [POSITIVE:
Coffee (Harris Premium Blend; 10.0gYjcks (Vapor Rub; 50g)Baby powder (Johnson &
Johnson; 50g),emon (Lemon Oil; 0.175g); NEGATIVEManure (Dynamic Lifter; 5.09),
Rotting fish (Fermented Shrimp Paste; 5.08melly Feet(Parmesan Cheese; 5.0g & Iso-valeric
Acid; 0.02g),Smoke (Guaicol & Thiophene; 0.025g)]. In addition, tevas one practice odour,
which wasMint ( Peppermint Oil; 0.075g Prior to the commencement of the current sthey t
hedonics of the above odours had been assessedptepvithin the general population who

indicated less preference for the negative setotics relative to the positive set of odours.
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Procedure: At the outset, participants were advised thatéls& tvas an “odour imagery test”.
They were told that the task involved smelling sowad odours as well as imagining some

odours.

Training: To familiarize participants with the smells, ea¢hh® eight odours were presented
one at a time in the same format. To ensure fjaatits made an accurate association between
each odour and the name of the odour, participaets given three puffs from the bottle
containing the odour at which time they were tbld hame of the smell (eg. “this is the smell of
manure”). After the final puff, participants werguired to clear their nostrils of the odour by
taking two deep breaths and expelling the air thatneir nose. Presentation order of the odours
was randomised for each subject within each growpyaked between groups (i.e. the first

subject in each group were administered the odaufe same presentation order).

Experimental PhaseParticipants subsequently received two practiedstriOn the first trial,

they were told toClose your eyes and sniff this MINT odout. Three puffs of the odour were
administered as the participants sniffed. To pretee task as an odour imagery test, they were
then asked to rate how intense they thought thersloelt, using a five point category scale
ranging from number 1, representing “very weakbtlgh to number 5 representing “very
strong” (ie.1-2-3-4-5 g). Participants then clebtieeir head of the odour by taking two deep
breaths and expelling the air through their no$®e Jecond practice trial followed immediately.
However, this time participants were askedQSe your eyes and sniff, and try to imagine

the odour of a BANANA'. They subsequently rated how intense the imagodour had smelt

88



using the above described category scale. As hdfurg were asked to clear their head of the
imagined smell by taking two deep breaths and éirgahe air through their nose. On
completion of both practice trials, participantseveld Now you will be presented with some
real smells and you will also be asked to imaginesie as well: Twenty four experimental
trials were then administered. Twelve trials iveal the “real” smelling procedure and the other
twelve involved the “imagine” smelling procedure@rioth procedure types, four pairs of
positive/negative items were formed. The four ptirsed the basis for the allocation of odours
to conditions (eg. when 3 of the odours were altgahelt, participants were required to imagine
0 odours, when 2 odours were actually smelt, ppeids were required to imagine 1 odour etc).
See Table 1. for the complete configuration ofdriAt the end of the 24 trials, participants were
asked to rate, overall, how easy or hard it wamtggine the odours using a 5 point category
scale (ie. 1-2-3-4-5), with 1 representing “vergy¥a3 representing “average” and 5

representing “very hard”.

Table 1. Configuration of experimental trials for the Odour Imagery Test.

CONDITION REALLY SNIFFED IMAGINED
Odourl (positive; eg, baby powder) 3 0
Odour 1 (negative; eg, manure) 3 0
Odour 2 (positive) 2 1
Odour 2 (negative) 2 1
Odour 3 (positive) 1 2
Odour 3 (negative) 1 2
Odour 4 (positive) 0 3
Odour 4 (negative) 0 3
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Test PhaseParticipants were told the followingNbow you will be given a surprise memory
test for the odours you smelled in the odour imagegrtest earlier today’. One practice trial
was initially conducted, where participants wereealsto close their eyes and to sniff whilst three
puffs of the Mint odour was administered. They waubsequently toldn the odour imagery
test earlier today, you smelt some odours and imaged others. Some odours were smelt
only once, some twice, some three times and somarfimes. I'd like you to tell me now

how many times you think that youactually smelt this odour during the odour imagery

test? (This count includes the familiarize phase wipanticipants were introduced to the smell
of each odour.) Participants responded on a 4 goale:1-Smelt it once; 2-Smelt it twice; 3-
Smelt it three times; 4-Smelt it four times Participants were told to give their best guess
they were unsure about their rating. This procesas repeated for each of the eight target
odours, which were presented in a different randoaer for each participant, but yoked across

the three conditions of the design as describedeabo

2.3 (ii) Auditory Verbal Source Monitoring Task

This task was based on the auditory verbal realiyitoring task described by Bentall, Baker
and Havers (1991). It was used to determine tH&yabi participants to retrospectively
discriminate between internally and externally gatexl spoken words, each generated in

response to specific category cues.

Stimuli: The task consisted of 32 items each comprisingegoay name and letter cue (or cues:

refer to Appendix 1.). Sixteen of the items werdoaf typicality (ie. requiring high cognitive
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effort to generate the response - eg. “a musicitument starting with the letter S -
SAXAPHONE"). The other 16 items were of high tydita(ie. requiring low cognitive effort to
generate the response - eg. “a type of vehiclérggawrith the letter C - CAR”). Typicality of
category words was determined based on HamptoGanginer's (1983) norms of internal
category structure. The surprise test phase cedsistan additional eight “new” words, four of
which were selected from low typical category extrgpand the other four of which were high
typical. The presentation order of the words waa fixed random order which was consistent

across testing groups.

Procedure: At the outset, participants were advised that &is& tvas about category names and
examples of categories, and that it involved bbihking of, and listening to, words that met a

specific criteria.

Exposure PhaseParticipants were instructed that for each itertheftask, the experimenter
would provide a category with a letter cue (or ¢desa word. They would subsequently be
required to either generate (ie think of and sayd) a word that fitted the criteria or the
experimenter would generate the word that fitteddfiteria (eg. as per Appendix 1.). On trials
that the experimenter generated the word, theqggzatit would be required to repeat the word
aloud. Participants subsequently underwent foutfmetrials to ensure understanding of task

instructions, prior to commencement of the expenitaletrials.

Test Phaseln the test phase of the experiment, a total ovdfds were presented. Thirty-two of

the words had been generated in the initial phasesting plus an additional eight new words
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that had not been presented in the exposure pbadad subsequently not been previously
heard. Participants were told the followind:du will now be given a surprise memory test for
the words that were said during the Category Naming Tdsearlier today. In the Category
Naming Test you were given a category and a letteue and then either | told you a word
that met the criteria, or you produced the word. h the memory test | will just say a word.

If that word is one that you produced | want you tosay ‘mine’. If the word was one that |
said | want you to say ‘yours’. There will also besome words that were not said during the
category naming test to which | want you to say ‘n& ”. The words were subsequently read

aloud in a pre-allocated random order and respasfsesine”, “yours” or “new” were recorded

for each item.

3. Data Analysis Plan
All statistical analyses were conducted using ttaiSical Package for the Social Sciences

(SPSS), version 17.0.

Preliminary analysis. Preliminary inspection of the data was conductegissess the underlying
assumptions required for parametric analysis. Bsaemptions of normality and equality of
variance were satisfied for all variables. Howeteg, assumption of sphericity, was found not to
be satisfied on some variables. Therefore, on thiagables where sphericity was found to be
violated, the degrees of freedom were correctatguSreenhouse-Geisser estimates of

sphericity.
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Primary data analysis: Repeated measures analysis of variance (ANOVA)raa®n each task.
Alpha was set at a level of .05 for each task. Givet there were significant group differences
between groups for intellectual ability (refer tager 1) [F (2, 36) = 5.46, p = .008], all analyses
were initially run with estimated 1Q) entered asoariate. Results indicated that intellectual
ability had no significant effect on any of the iadtes entered in the analyses (all p > .1).
Therefore, the analyses were re-run for each taslout the inclusion of the intellectual ability

variable.

Post Hoc Comparisons. Post-hoc comparisons were conducted using the Eyaot-Gabriel-
Welsch-Q (REG-WQ) procedure due to its sensitiwitgetecting significant differences between
group means that may otherwise go undetected whir dypes of multiple comparison
procedures. This procedure is reported to have goaekr to control for family-wise error in

data that is not normally distributed (Cribbie &d&man, 2003; Howell, 1997). Effects were
judged as significant at a level of p< 0.05, sd #rgy potential effects could be identified, inhlig

of the small sample sizes.

4, Results

4.1. Odour source discrimination task

Group (OHs vs AVHs vs Controls) was the betweenesit variable and number of times
actually smelt (1 vs 2 vs 3 vs 4) and valence (p@svs negative) were the within subjects
variables. The dependant variable was the ratingesaf the number of times participants

thought they smelt each odour.
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Group mean scores for the number of times partitgpnought they smelt the odours across
each level that the odours were actually smelpegsented on Figure 1. No effects involving
valence were significant. There was a statisticgilipificant main effect for the number of times
participants thought they had smelt the odoursK@élLambda, F (3, 34) = 5.22, p = .005, eta
squared = .32]. Trend analysis revealed a sigmifitaear relationship (p = .001) for this
variable, with the number of times that particigatimought they had actually smelt each odour
increasing as the number of times they had actsailit the odour increased. There was also a
significant main effect of group [F (2, 36) = 4.50+ .018, eta squared = .20]. Post-hoc
comparisons using REG-WQ indicated that the AVH emwtrol group formed one homogenous
subset (p < .05) and the OH group another. OveledlOH group reported experiencing all of
the odours (M = 3.1) more frequently than the ot groups (both M = 2.5). The interaction
of times thought smelt x group failed to reach digance [Wilkes Lambda, F (6, 68) =1.43, p =

22].

Odour Source Discrimination Task

Group

— Controls
A

_| — OH Group
e / — AVH Group
A A

A/
A
—

g
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A/
/ —

T T T T
1 2 3 4

8

2.257

Mean number of times participants think odours
were smelt
N
~
1

2.007]

Number of times odours were actually smelt

Figure 1. Group mean scores of number of times padipants thought the odours were
smelt across each level that the odours were actlyabmelt.
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In light of the obtained results on this task, &smwof interest to explore whether any potential
relationship exists in the performance of the Obligron this task with their performance on
three key tasks tapping into aspects of highed @wcutive) functioning, from Paper 1 (ie.
University of Pennsylvania Smell Identification T@IPSIT), Faux Pas Task (d' Score) and
Object Alternation Task (% Perseverative Error3)herefore, Pearson’s correlation analyses
was conducted on the z scores of the three taskséom Paper 1 with the mean times the real
odours were actually smelt (ie. across 1, 2, 3).8&Résults revealed that there was no significant
relationship between the mean number of times doeis were thought to have been smelt and

any of the above three task scores from Papet pX#5).

I ntensity Ratings

In terms of intensity ratings, there was no siguaifit group differences in the estimated intensity
of the real odours smelt (F (2,36) = .06, p = @5the odours that participants were asked to
imagine (F (2,36) = .36, p =.70). There was, havea significant group effect for the level of
difficulty participants found in imagining the odsu(F (2,36) = 3.40, p = .04). Post hoc
comparisons using REG-WQ indicated that the OH gifound it significantly easier to imagine
odours (mean rating = 2.5) relative to the AVH (meating = 3.6) and control (mean rating =

3.7) groups.
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4.2. Auditory verbal source monitoring task

Group (OHs vs AVHs vs Controls) was the betweenesitb variable. Within subjects variables
were typicality (high vs low) and source (self wgam vs new). The dependant variable was the
proportion of correct attributions made, excludihgse self-generated trials for which a

participant failed to produce a response.

Group mean scores for the proportion of words ebiyattributed to each source for high and

low typical categories are presented in Table 2.

Table 2. Mean proportion of words correctly attributed to each source for high typical (ie.
low effort) and low typical (ie. high effort) exempars of the categories.

GROUP
Typicality Source OH AVH Controls
Low
Self 0.6 (0.2) 0.6 (0.2) 0.9 (0.1)
Given 0.6 (0.3) 0.5 (0.3) 0.8 (0.2)
New 0.8 (0.4) 0.5 (0.3) 0.8 (0.3)
High
Self 0.8 (0.3) 0.7 (0.2) 0.8 (0.2)
Given 0.6 (0.3) 0.4 (0.3) 0.7 (0.2)
New 0.7 (0.3) 0.7 (0.3) 0.7 (0.4)
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There was a statistically significant main effecgmup [Wilkes Lambda, F (2, 36) = 11.75, p <
.0005, eta squared = .40]. However, the main effetsource [Greenhouse-Geisser, F (1.57,
56.5) = 3.08, p = .65] and typicality [Wilkes Lan#hd- (1, 36) = .003, p = .96] failed to reach
significance. In terms of interaction effects, tive-way source x group interaction was not
significant (p = .88). However, there were sigrafit two way interactions found for typicality x
group [Wilkes Lambda, F (2, 36) = 7.60, p = .002, squared = .30] and typicality x source
[Wilkes Lambda, F (2, 35) = 3.95, p =.028, etaasqd = .18]. These were incorporated into a
highly significant three way interaction of typittglx source x group [Wilkes Lambda, F (2, 36)
=4.19, p = .004, eta squared = .19]. To furthgr@e the three-way interaction separate

analyses were run for each source, the resulthwhware displayed in Figures 2, 3 and 4.

Self Generated Words ("Think")

1.007] Group

— Controls
— OH Group
— AVH Group

0.907

0.807

0.707]

0.607

Proportion of Words Correctly Attributed

0.50]

Low Hilgh
Typicality

Figure 2. Proportion of correctly attributed scoresfor words that were self-generated by
participants.
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As seen in Figure 2, when participants were redueself-generate or “think” of words to
specific categories, there was an overall maircetiéegroup [Wilkes Lambda, F (2, 36) = 8.96, p
=.001, eta squared = .33]. Post-hoc comparisang REG-WQ revealed a significant
difference between the clinical groups (ie. OHs ANGHS) relative to controls (p < .05) with the
clinical groups experiencing significantly greadéficulty in correctly attributing words than did
the controls. There was no significant differebhetveen the OH and AVH groups (p > .05).
This group effect was incorporated into a significateraction of typicality x group [Wilkes
Lambda, F (2, 36) = 10.51, p < .0005, eta squar&Y}k To explore this interaction, each type of
typicality (ie. high and low) was entered into Hiealysis separately. For high typicality words
(ie. when less cognitive effort was required toegate them), there was no significant
differences between groups (p = .30). There wasgher, a significant group effect for low
typicality words (ie. when greater cognitive effards required to generate them). Trend analysis
revealed a significant linear trend (p < .0005hwifte AVH group (M = .5) making fewer correct
attributions than the OH group (M = .6), who maeedr correct attributions that did the control
group (M =.9). Further comparisons using REG-W(idated that the increased difficulty of the
clinical groups (ie. OH and AVH) was significantyeater than that experienced by the controls
(p < .05). It is also of note that controls showagohttern of superior performance for low typical
compared to high typical exemplars (ie, for higloefvs low effort), whereas patients showed

the reverse pattern.

When participants were provided with words that thetspecific categories (ie. “listen”), there

was a significant main effect of typicality [Wilkésmbda, F (1, 36) = 4.42, p = .043, eta squared
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=.11]. Inspection of Figure 3 revealed that moxe typicality words were attributed correctly to
the experimenter (mean = .7) relative to high tgpwords (mean = .6). There was also a
significant main effect of group [Wilkes Lambda(% 36) = 5.39, p < .009, eta squared = .23].
Trend analysis revealed a significant linear ef{pct .002) with the AVH group attributing
fewer words correctly (M = .5) than the OH group €\V6), who attributed less than controls (M
=.7). Post-hoc comparisons using REG-WQ, indic#étatithe AVH group experienced
significantly greater difficulty in correctly atbuting words relative to the control group

(p < .05). While the OH group also experienced @gredifficulty than controls, the difference
failed to reach statistical significance (p > .0B)e OH group also experienced less difficulty
than the AVH group. However, the difference agaitetl to be of a significant magnitude (p
>.05). In terms of the interaction effect for tygliy x group, it failed to reach statistical

significance (p = .27).

Words Given ("Listen™)
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Figure 3. Proportion of correctly attributed scoresfor words that were given to
participants.
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For new words the main effects of typicality andugy failed to reach significance (p > .09).
However, there was a significant typicality x graoferaction effect [Wilkes Lambda, F (2, 36)
=5.47, p <.008, eta squared = .23]. Inspectiorigdire 4. suggests that when the words were of
low typicality for a category (and these were tgtigless common words), the AVH group
experienced significantly greater difficulty at cegtly attributing the words as being new and
attributed them instead to the test phase, tha®th@nd control groups. However, when the
words were of a high typical category, the AVH grsuability to correctly attribute the words
was better and at a relatively consistent levéh&oOH group. Controls appeared generally able

to correctly attribute new words, whether of lowhagh typicality, than both clinical groups.

Source - New

Group
— Controls
— OH Group
— AVH Group

0.907

0.807 \

0.70-

0.60-

Proportion Correctly Attributed

0.50-

0.40-

T
Low High

Typicality

Figure 4. Proportion of correctly attributed "new" words.
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Error Analysis

Further analysis was conducted to examine therpatfemisattributions made by participants,
the results of which are shown in Figure 5. Theeee no significant group differences [Wilkes
Lambda F(2,36) = .75, p = .48] in the proportion of sefirgrated words that were incorrectly
attributed to the experimenter. There was, howevsignificant main effect for typicality
[Wilkes Lambda, F (1, 36) = 6.12,9.018, eta squared = .19]tend analysis revealed a linear
trend with all participants demonstrating more ex@n high typicality (ie. low cognitive effort)
words than on low typicality (ie. high cognitived@t) words. The interaction of typicality x

group was not significant [p = .80].

Self-Generated Words Attributed to Experimenter asSource

Group

— Controls
— OH Group
0.1257] — AVH Group

0.107

0.0757]

Mean Proportion of Errors

0.05-

0.0257]

T
High Low

Typicality

Figure 5. Mean proportion of self-generated itemsnicorrectly attributed to the
experimenter as source.
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The present study explored the role of source radng difficulties in the generation of OHs in
schizophrenia. This was done by using a novel odource monitoring task in addition to a
more traditional auditory verbal source monitoriagk, which had previously been described in
a study conducted by Bentall, Baker and HaversiL9he aim was to attempt to identify a
pattern of sensory specific source monitoring dysfion within patients diagnosed with
schizophrenia and who experience OHs, in compatstimose who experience auditory verbal
hallucinations (and no OHs), and healthy contiolgloing so, it was anticipated that a
contribution to the understanding of the underlytognitive processes involved in less prevalent

modality specific hallucinations such as OHs wdwdmade.

Overall, the study yielded an interesting arrafiredings. Firstly, results of the odour source
monitoring task revealed preliminary evidence ssgge of a sensory specific source monitoring
bias for patients with schizophrenia who experie@éts. This was reflected in a tendency for
OH participants to overestimate the number of tithey thought they had actually previously
smelt an assortment of odours (rather than hawragined smelling them), relative to patients
with schizophrenia who had no history of OH expeees (but experienced AVHs) and healthy
controls. A pattern of significantly greater diffity by the OH patrticipants in accurately
recalling the source (actual versus imagined) frdmch the odours originally came alludes to
source monitoring difficulties that are specifiadhimn the olfactory modality for patients who
experience OHs. In addition, relative to contrald &VHSs, those participants who experienced
OHs also reported less difficulty in attemptingrtagine odours. This may also represent a

cognitive vulnerability that contributes to the geation of OHs.
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Further tentative evidence of sensory specific@unonitoring disturbance was provided from
the results of the auditory verbal source monitptask. Overall, the AVH group experienced
greater difficulty than the OH and control groupsorrectly attributing the source from which
words had been generated in response to spediéigmy cues, regardless of whether the source
had been self-generated, or provided by the exgatien. However, this discrimination difficulty
appeared to be intensified when the words werenalig self generated or when the words had
not been previously heard before. In addition ts, thoth clinical groups experienced more
difficulty in accurately discriminating source whgreater cognitive effort was required to self-
generate the words. This specific pattern of figdirs in contrast to those found by Bentall,
Baker and Havers (1991), who found that sourceidistability was generally more accurate in
individuals experiencing auditory hallucinationsemhitems required greater cognitive effort (ie.
low typicality), which was the pattern also seenHealthy controls when attributing the source
of self-generated words in the current study. Havethese distinct patterns may be reflective of
differences in the samples, specifically differeszethe symptomology experiences by
participants in the hallucinations group of eacldgt Participants in the Bentall, Baker and
Havers’ study who experienced hallucinations wepmrted to be experiencing auditory
hallucinations which were not reported to necelshdve been of the auditory verbal subtype,
whereas the current study used participants péatigiexperiencing auditory verbal
hallucinations. It is also possible that the twtigget samples differed in other ways — for
example, the current patient sample were fairlpolrand may have had greater deficits of

semantic memory, although this speculation canaeahbre directly assessed.
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In the current study, the extent of discriminattbsturbance on the task was not as great for the
OH group as the AVHs, with their overall abilityaocurately identify the source from which the
words were generated, being lower than for therobgtoup. These results suggest that although
both clinical groups tended to experience sourceitong difficulty for verbally generated
information, patients experiencing AVHs consistgithd greater difficulty than those patients
experiencing OHs. Overall, these findings providaeeyal support for Bentall, Baker and Havers’
(1991) assertion of sensory specific (ie. verbalirse monitoring difficulties in patients

experiencing AVHs.

It should be noted that non-sensory differencestedibetween the two source monitoring tasks
employed which requires consideration in lightted tesults obtained. Specifically, the odour
source monitoring task contained odours that weretienally valanced (ie. positive vs
negative), and therefore had the potential to betiemally salient to participants. In addition,
participants had previously been exposed to alucglprior to the test phase of the task. In
contrast, the words used in the auditory sourceitmamng task were emotionally neutral and the
stimuli presented in the test phase of the tastrparated items that participants had previously
been exposed to in addition to new items. Whilepb&sibility exists that the inclusion of
emotionally salient odour stimuli on the odour s@umonitoring task and the inclusion of new
items in the test phase of the auditory verbal@®uamnonitoring task might have differentially
influenced performances on these tasks, thesalitiskences are unlikely to fully account for

the particular patterns of group differences farhesensory specific task.
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In light of this , the combined pattern of dataasbed from both the odour source monitoring
task and the auditory source monitoring task ofptfessent study could be interpreted as
suggesting that hallucinations within particulardalities are likely to occur as a consequence of
faulty source monitoring within the correspondingdality. Given that Bre bioret al (2008)

found evidence suggestive of source monitoringudisince within the visual modality in

patients experiencing visual hallucinations, andtBk, Baker and Havers (1991) found evidence
suggestive of verbal source monitoring difficultiegatients experiencing auditory verbal
hallucinations, it is possible that olfactory saimonitoring difficulties may also underlie, or

contribute to, the generation of OHs in schizoplaren

The present study provided some positive resuita fitefective source monitoring system in
OHs. It appears that difficulty in distinguishirgat from imagined odours, particularly when
participants believe they have smelt the odourgipteltimes previously, may act as a
mechanism for the generation of OHSs. It is posditée this may also be facilitated in those
individuals who experience less difficulty in beialle to bring odours to mind. This, together
with the findings from Paper 1 of disturbance te tieuronal circuitry involving the orbitofrontal
cortex and amygdala in OHs, suggests that the geoerf OHs may be driven by a
combination of specific neuronal and source momtpdysfunction. These findings have
implications for the treatment of OHs, suggestimat & cognitive behavioural approach targeting

source monitoring functioning may be of benefithe management of these symptoms.

Some limitations of this research exist which id@uhe relatively small sample size within each

clinical group due to recruitment constraints agded with the specific inclusion criteria of the
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study. Additional research is therefore warrantetiyt to validate the current findings. It may
also be prudent for future studies to include a-halfucinating clinical group to further explore
whether monitoring of self-generated effort is inned in all patients who experience
hallucinations, or in schizophrenia generally, givieat a non-hallucinating clinical group was
not included in the current study. Despite thisyéeer, the data obtained highlights the
seemingly important role of sensory specific sounomitoring dysfunction in the generation of
hallucinations generally. It is also the first knogtudy to extend previous source monitoring
research in an attempt to explore the potentialpdpecific source monitoring dysfunction in

the generation of OHSs.
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Appendix 1

Auditory Verbal Source Monitoring Task Stimulus List

Category and Letter Cue

A type of relative — starting with "F"
An Australian city — starting with "S"

A piece of furniture — starting with "D" ending WwitK"

A non-alcoholic drink — starting with "M"
A piece of furniture — starting with "C"

A type of vehicle — starting with "C"

A type of precious gem — starting with "D"
A type of footwear — starting with "B"

A type of clothing — starting with "S"

A part of a building — starting with "D"

A type of reading material — starting with "B"

A four-footed animal — starting with "H"

A measure of distance — starting with "M"
A type of vegetable — starting with "C"

A type of insect — starting with "A"

A flower type — starting with "R"

A country — starting with "J"

A musical instrument — starting with "S"
A colour — starting with T"

An alcoholic drink — starting with "BR"

A type of insect — starting with "B" ending with *Y

A type of tree — starting with "M"

A type of carpenter's tool — starting with "C"
A flower type — starting with "T"

A body part — starting with "T*"

A type of sport — starting with "V"

A type of bird — starting with "O"

A country — starting with "N"

A weather phenomenon — starting with "L"
A colour — starting with "V*

A type of fruit — starting with "R"

A type of food flavouring — starting with "M"
cat

australia

gold

jade

tangerine

nylon

salt

apple

feneency or Typicality

high
high
high
high
high
high
high
high
high
high
hig
high
high
high
high
high
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
low
high
high
low
low
low
low
high
high
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1. General Discussion

Hallucinations of smell, or olfactory hallucinat®(OHSs), are less prevalent than other
hallucinations in schizophrenia, including the momthmon, auditory hallucinations, which have
been the focus of most research to date on haditioms in schizophrenia. Consequently these
symptoms are currently under-researched and paadgrstood. This is a regrettable gap in the
literature since OHs are present in a significamiomity of people with schizophrenia, with past-
month prevalence rates estimated at between 12 &4dLangdoret al, 2011). Moreover, these
symptoms may be indicative of aspects of the ugthgridisease process(es), with unusual
olfactory experiences in non-clinical individualsithg predictive of the later development of
schizophrenia (Kwapikt al.,1996). Research also suggests that OHs may kertofuar

clinical significance to those individuals who hdkiese experiences. For example, many OHs
have an unpleasant negative quality (Kolal, 1994; Meats, 1988; Stevensaial, 2010), are
associated with depressed mood and self-deprecatidrmay fuel delusions of reference and/or
control (Langdoret al, 2011). The neural and cognitive underpinnin@#éfs are also in

question with no evidence to suggest that thesgpgyms associate with the olfactory
identification deficits that are also seen in soplrenia (Kopal&t al.,1994; Stedman & Clair,
1998) and little direct support that they mightdxplained by the current models of other
hallucinations in schizophrenia; for example, gieest have been raised as to whether OHs
might stem from intrusions of involuntary olfactangages or memories, which are then

misattributed to external reality (Stevensdral., 2010).
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The primary aim of this research project was taresithe current gap in knowledge of OHs,
specifically within the schizophrenia populatiofhis aim was addressed by employing a
symptom-focused approach that combined clinicatosychological and cognitive
neuropsychological perspectives to inform the usid@ding of the neural, neuropsychological
and cognitive causes of OHs. Patients diagnosdusehiizophrenia or schizoaffective disorder,
were recruited to take part in the research progfamo clinical groups and a group of healthy
controls were formed for comparison. One clingr@up comprised patients who had recently
experienced OHs and the other comprised patientshat recently experienced auditory verbal
hallucinations (AVHS), but no lifetime history ofH3. Overall, it was anticipated that the
findings of this research would assist in advangimgwledge of the mechanisms involved in the
generation of OHs, and hallucinations generallgrassing the afore-mentioned current gap in

the literature.

1.1. Neuropsychological characteristics of OHs in schiphrenia.

The first paper examined the neuropsychologicatadtaristics associated specifically with OHs
in schizophrenia, with a view to informing understang of the related neuroanatomical
structures (both cortical and sub-cortical) andraktonnections. Tasks employed in the study
were selected based on neuropsychological functiangght to be associated with the areas of
neural circuitry involved with the olfactory system particular, the orbitofrontal cortex (OFC)
and amygdala. It was anticipated that clinicalipgrants experiencing OHs would demonstrate
greater deficits on tasks reflecting OFC and amiayfimctioning, compared to clinical

participants experiencing AVHs and healthy controls
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The pattern of results obtained was generally cbesi with previous evidence of global
executive deficits in people with schizophreniahveand without OHs. Both clinical groups,
those experiencing OHs and those experiencing A¥kserienced significantly greater
difficulty relative to healthy controls on the sinelentification task (UPSIT), consistent with a
number of previous studies that show olfactory idieation deficits are not specifically
associated with OHs (Kopalet, al.,1994; Stedman and Clair, 1998). Both clinical g®also
showed notable executive deficits on a numberasfddard neuropsychological tasks, including
the D-KEFS Colour Word Interference Test (D-KEFS ITYWthe Wisconsin Card Sorting Test

(WCST) and the Controlled Oral Word Associationt{&OWAT).

With regard to the comparative neuropsychologiasks (CNT), which was developed to tease
apart the contribution of the OFC and the dorsoddterefrontal cortex (DLPFC), there was
evidence of both OFC and DLPFC dysfunction regasitd whether patients experienced AVHs
or OHs, also consistent with previous findings ¢&&n, Oscar-Berman, Kalinowski, Ajiloret,

al. (1995). In addition, evidence of OFC functionspgcific to OHs was also found on the OAT.
However, results using more experimentally basskistasuch as the Faux Pas Task and the
Emotion Recognition Task, also provided tentativeport for a pattern of dysfunction which
particularly implicates OFC and amygdala neuralwtry (and disruption to their associated

higher level neuropsychological skills) which iesfic to OHSs.

The overall pattern of results from the first paigathus generally consistent with Kopalsals
(1994) suggestion of involvement of both OH speaind overlapping non-specific neural

circuits in the generation of OHs.
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1.2. Source monitoring dysfunction in OHs.

The focus of the second paper was to test a ‘deéesburce-monitoring’ cognitive model of the
generation of OHs in schizophrenia. Using the sgroaps of participants, who were recruited
for the first paper, the main aim of this secondgravas to investigate the role of impaired
source monitoring of imagined versus real odouthéngeneration of OHs. This was done by
designing a novel odour source discrimination taskhich participants smelled or imagined a
set of negative and positive odours. An auditompaéreality monitoring task, which was based
on previous research (Bentall, Baker and Haver@1)Qvas also used to further explore
modality specific source monitoring dysfunctiordifferent groups of hallucinators. It was
anticipated that, when compared to clinical pgstiaits experiencing AVHs and healthy controls,
clinical participants experiencing OHs would dentaate an impaired performance on the task
of source discrimination and reality monitoringesyic to olfactory processing. In contrast, it
was hypothesized that the AVH group would expeeess difficulty on the task relative to the

participants in the OH group.

Results of the odour source monitoring task revepteliminary evidence suggestive of a
sensory specific source monitoring bias for pasievith schizophrenia who experience OHSs.
This was reflected in a tendency for OH particigantoverestimate the number of times they
thought they had actually previously smelt an @ssemt of odours (rather than having imagined
smelling them), relative to patients with schizagha who had no history of OH experiences
(but experienced AVHSs) and healthy controls. Tliisa was no more marked for negative
compared to positive odours, however. In additrelative to controls and AVHs, those

participants who experienced OHs also reportedd#8sulty in attempting to imagine the
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odours, suggesting a possible contribution froraaitiry imagery in the generation of OHs,
along with a source-monitoring difficulty in redaly whether smells were actual versus
imagined. This set of findings, combined with tls@nce of a similar difficulty with monitoring
the source of auditory-verbal material (see bel@aWided to source monitoring difficulties that

are specific within the olfactory modality for peatis who experience OHSs.

Results obtained from the auditory-verbal sourcaitnang task provided further evidence of
sensory specific source monitoring disturbancefier@nt groups of hallucinating patients. The
AVH group was found to experience greater diffigatian the OH and control groups in
correctly attributing the source from which wordsllbeen generated (self or other or new) in
response to specific category cues. However, teichination difficulty appeared to be
intensified when the words were originally self-geated or when the words had not been

previously heard before.

In addition to this, both clinical groups experiedanore difficulty in accurately discriminating
source when greater cognitive effort was requicesketf-generate the words. While the specific
pattern of findings obtained in the current researried in specificity to those found by Bentall,
et al (1991), the differences in patterns obtained rikasty reflects differences in the samples,
particularly differences in the symptomology offm@pants in the hallucinations group of each
study. The overall results of the current studyay@owever, consistent with the general
conclusion drawn by Bentakt al (1991) of a source monitoring deficit for audytaerbal

information in patients that experience auditorijuzanations.
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The combined pattern of data obtained from bottottaur source monitoring task and the
auditory source monitoring task in the second papatld be interpreted as suggesting that
hallucinations within particular modalities aredii to occur as a consequence of faulty source
monitoring within the corresponding modality. Thessults accord with previous evidence of
source monitoring disturbance within the visual @ddg in patients experiencing visual
hallucinations (Bre biorgt al, 2008), and within the auditory-verbal modalitypatients
experiencing auditory hallucinations (Bentall,al, 1991). Thus, it is similarly possible that
olfactory source monitoring difficulties specifigatontribute to the generation of OHs in

schizophrenia.

1.3. Overall conclusion

The second paper provides some significant andeistiag results that support the proposal for a
defective source monitoring system that contribtaetbe generation of OHs. It appears that
difficulty in distinguishing real from imagined odrs, particularly when participants mistakenly
believe they have really smelled odours much maguiently than they truly have, may act as a
mechanism that contributes to the generation of MHis also possible that OHs may be further
facilitated in those individuals who experiencesldgficulty in being able to bring odours to

mind.

This set of findings from the second paper, complanthe findings from the first paper which
suggest disturbance to the neuronal circuitry ivvgl the OFC and amygdala, specifically in
people who experience OHs. Thus the generatiorHsf @ay be underpinned by a combination

of specific neuronal and related source monitodysfunction. These findings therefore have
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implications for the treatment of OHs. The patteficognitive dysfunction demonstrated by
individuals with schizophrenia who experience Okighlights a vulnerability to experience
source monitoring dysfunction which is specifiche olfactory modality. The manifestation of
this is also likely to vary according to environrtadrriggers. As such, the use of a cognitive
behavioural therapy (CBT) approach that attempiddntify such triggers and which targets
interventions focused on source monitoring fungtigrspecific to olfaction, may be of benefit in

the management of these symptoms.

It is acknowledged that the relatively small sangite within each clinical group represents a
limitation of the current research project. Non&thg, some significant results were obtained,
reflecting noteworthy features of the design ofrbgearch. One such strength was the
recruitment of a clinical sample who reported hgviecently experienced OHs, increasing the
likelihood that results tapped into “online prodags contributing to OHs. An additional

strength of the research program was the combimafi®oth clinical neuropsychological and
cognitive neuropsychological approaches to assthttive elucidation of both the possible
aberrant neural structures and connections invdlv&Hs in addition to the cognitive processes
that may be disrupted by those aberrant neural amsms. This has allowed for the provision of
a more multi-layered understanding of the posgibbeesses contributing to the generation of

OHs.

Given the preliminary nature of the current resegmogram, additional research is clearly
warranted to replicate and validate the currerifigs. It may also be prudent for future studies

in this line of research to also include a nondmafiating clinical group to further explore
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whether monitoring of self-generated effort is ifngd in all hallucinating patients with
schizophrenia, or in schizophrenia more generBligspite this, however, the data obtained
highlights the seemingly important role of sensgpgcific source monitoring dysfunction in the
generation of hallucinations in different modakti®esults also provide the very first extension
of previous research on source monitoring in halltons in an attempt to explore the potential
role of odour specific source monitoring dysfunotin OHs. In light of the other significant
results obtained in this current research, itse éikely to be of benefit to future research onsOH
to incorporate both neuropsychological tests as agelunctional brain imaging to enhance the
specificity of results obtained. Of particular irgst would be the implementation of the above
suggestions in other modalities in which halludiorag occur less frequently, such as tactile and
gustatory hallucinations to explore whether simitardality specific neuroanatomical and source

monitoring disturbances occur.
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