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BackgroundBackground CognitivemodelsCognitivemodels

propose that faulty appraisalof anomalouspropose that faultyappraisal of anomalous

experiences is critical in developingexperiences is critical in developing

psychosis, particularlydelusions.Adatapsychosis, particularlydelusions.Adata

gatheringbiasmaybe fundamental togathering biasmaybe fundamental to

abnormal appraisal.abnormal appraisal.

AimsAims To examinewhether there is aTo examinewhether there is a

data gatheringbias inpeople at highriskofdata gathering bias in people at highriskof

developingpsychosis.developingpsychosis.

MethodMethod Individualswith an at-riskIndividualswith an at-risk

mental state (mental state (nn¼35) were comparedwith35) were comparedwith

amatchedgroup of healthy volunteersamatchedgroup of healthy volunteers

((nn¼23).Participantswere testedusinga23).Participantswere testedusinga

modifiedversion ofthe‘beads’reasoningmodified version ofthe‘beads’reasoning

taskwith different levels of taskdifficulty.taskwith different levels of taskdifficulty.

ResultsResults Whentaskdemandswerehigh,Whentaskdemandswerehigh,

the at-riskgroupmade judgements onthethe at-riskgroupmade judgements onthe

basis of less informationthanthe controlbasis of less informationthanthe control

group (group (PP550.05).Within both groups,0.05).Within both groups,

jumping to conclusionswas directlyjumping to conclusionswas directly

correlatedwiththe severityof abnormalcorrelatedwiththe severityof abnormal

beliefs and intolerance of uncertaintybeliefs and intolerance of uncertainty

((PP550.05).In the at-riskgroup it was also0.05).In the at-riskgroup it was also

associatedwith impairedworkingassociatedwith impairedworking

memory (memory (PP550.05),whereasinthecontrol0.05), whereasinthecontrol

group poorworkingmemorywasgroup poorworkingmemorywas

associatedwith amore conservativeassociatedwith amore conservative

response style (response style (PP550.05).0.05).

ConclusionsConclusions Peoplewith an at-riskPeoplewith an at-risk

mental state display a jumping tomental state display a jumping to

conclusions reasoning style, associatedconclusions reasoning style, associated

with impairedworkingmemory andwith impairedworkingmemoryand

intolerance of uncertainty.Thismayintolerance of uncertainty.Thismay

underlie a tendency to develop abnormalunderlie a tendency to develop abnormal

beliefs and avulnerability to psychosis.beliefs and avulnerability to psychosis.

Declaration of interestDeclaration of interest None.None.

Fundingdetailed in Acknowledgements.Fundingdetailed in Acknowledgements.

Both cognitive and neurobiological modelsBoth cognitive and neurobiological models

propose that a critical factor in the develop-propose that a critical factor in the develop-

ment of psychosis is the faulty appraisal orment of psychosis is the faulty appraisal or

interpretation of anomalous experiences orinterpretation of anomalous experiences or

events (Garety & Freeman, 1999events (Garety & Freeman, 1999; Freeman; Freeman

et alet al, 2002; Kapur, 2003; Broome, 2002; Kapur, 2003; Broome et alet al,,

20052005aa; Freeman, 2007; Garety; Freeman, 2007; Garety et alet al,,

2007). One aspect of appraisal, reasoning,2007). One aspect of appraisal, reasoning,

can be studied using the ‘Beads’ paradigm,can be studied using the ‘Beads’ paradigm,

in which the subject is shown a series ofin which the subject is shown a series of

different coloured beads and is required todifferent coloured beads and is required to

guess which of two jars they have beenguess which of two jars they have been

drawn from. Patients with psychotic disor-drawn from. Patients with psychotic disor-

ders require fewer beads to be drawn beforeders require fewer beads to be drawn before

they are sure of their source than controls,they are sure of their source than controls,

yet are not any less accurate. This ‘jumpingyet are not any less accurate. This ‘jumping

to conclusions’ response style has been in-to conclusions’ response style has been in-

terpreted as reflecting a data gathering rea-terpreted as reflecting a data gathering rea-

soning bias. As well as in patients withsoning bias. As well as in patients with

psychosis, jumping to conclusions has beenpsychosis, jumping to conclusions has been

described in volunteers with high levels ofdescribed in volunteers with high levels of

delusional ideation (Linneydelusional ideation (Linney et alet al, 1998), 1998)

and the relatives of patients with psychosisand the relatives of patients with psychosis

(Van Dael(Van Dael et alet al, 2006). In all these groups, 2006). In all these groups

jumping to conclusions has been particu-jumping to conclusions has been particu-

larly associated with the intensity of delu-larly associated with the intensity of delu-

sional ideation (Linneysional ideation (Linney et alet al, 1998; Garety, 1998; Garety

& Freeman, 1999; Peters& Freeman, 1999; Peters et alet al, 1999; Gar-, 1999; Gar-

etyety et alet al, 2005; Van Dael, 2005; Van Dael et alet al, 2006)., 2006).

The mechanisms underlying jumping toThe mechanisms underlying jumping to

conclusions are unclear, but it has been in-conclusions are unclear, but it has been in-

vestigated in relation to an impaired abilityvestigated in relation to an impaired ability

to hold information online (Dudleyto hold information online (Dudley et alet al,,

19971997aa) and to an inability to tolerate ambi-) and to an inability to tolerate ambi-

guity (Colbert & Peters, 2002).guity (Colbert & Peters, 2002).

We tested the hypothesis that parti-We tested the hypothesis that parti-

cipants with an at-risk mental state wouldcipants with an at-risk mental state would

be more likely to jump to conclusions thanbe more likely to jump to conclusions than

controls. Secondary predictions were thatcontrols. Secondary predictions were that

the tendency to jump to conclusions wouldthe tendency to jump to conclusions would

be associated with impaired working memorybe associated with impaired working memory

and an intolerance of uncertainty, and wouldand an intolerance of uncertainty, and would

predict the severity of abnormal beliefs.predict the severity of abnormal beliefs.

METHODMETHOD

People with ‘prodromal’ symptoms of psy-People with ‘prodromal’ symptoms of psy-

chosis have a 25–40% risk of developingchosis have a 25–40% risk of developing

a psychotic disorder in the next 12 monthsa psychotic disorder in the next 12 months

(Yung(Yung et alet al, 1998, 2003; Miller, 1998, 2003; Miller et alet al, 2003), 2003)

and thus have an at-risk mental state. Indi-and thus have an at-risk mental state. Indi-

viduals with an at-risk mental state wereviduals with an at-risk mental state were

recruited from Outreach and Support inrecruited from Outreach and Support in

South London (OASIS) (BroomeSouth London (OASIS) (Broome et alet al,,

20052005bb). All met PACE criteria (Yung). All met PACE criteria (Yung etet

alal, 2003) for the at-risk mental state: an, 2003) for the at-risk mental state: an

individual can meet criteria for this stateindividual can meet criteria for this state

in one or more of three ways. First, a recentin one or more of three ways. First, a recent

decline in function coupled with eitherdecline in function coupled with either

schizotypal personality disorder or a first-schizotypal personality disorder or a first-

degree relative with psychosis. Second,degree relative with psychosis. Second,

‘attenuated’ positive symptoms and third,‘attenuated’ positive symptoms and third,

a brief psychotic episode of less than 1a brief psychotic episode of less than 1

week’s duration that resolves without anti-week’s duration that resolves without anti-

psychotic medication. Each participant waspsychotic medication. Each participant was

assessed by two experienced cliniciansassessed by two experienced clinicians

using the Comprehensive Assessment forusing the Comprehensive Assessment for

the at-risk mental state (CAARMS; Yungthe at-risk mental state (CAARMS; Yung

et alet al, 2003), and the diagnosis was con-, 2003), and the diagnosis was con-

firmed at a consensus meeting with the clin-firmed at a consensus meeting with the clin-

ical team. None of the participants hadical team. None of the participants had

been exposed to antipsychotic medication.been exposed to antipsychotic medication.

Healthy volunteers (Healthy volunteers (nn¼23) were re-23) were re-

cruited via advertisements in the localcruited via advertisements in the local

media.media.

All participants lived in the same bor-All participants lived in the same bor-

ough of London (Lambeth), were nativeough of London (Lambeth), were native

speakers of English and were right-handed.speakers of English and were right-handed.

The groups were matched on socio-The groups were matched on socio-

demographic variables. Participants weredemographic variables. Participants were

excluded if there was a history of neuro-excluded if there was a history of neuro-

logical disorder or if they met DSM–IV cri-logical disorder or if they met DSM–IV cri-

teria for a substance misuse or dependenceteria for a substance misuse or dependence

disorder.disorder.

Assessment of psychopathologyAssessment of psychopathology

Psychopathology was assessed using thePsychopathology was assessed using the

CAARMS, the Peters’ Delusions InventoryCAARMS, the Peters’ Delusions Inventory

(PDI; Peters(PDI; Peters et alet al, 1999), the Positive and, 1999), the Positive and

Negative Symptom Scale (PANSS; KayNegative Symptom Scale (PANSS; Kay etet

alal, 1987) and the delusion subscale of the, 1987) and the delusion subscale of the

Scale for the Assessment of PositiveScale for the Assessment of Positive

Symptoms (SAPS; Andreason, 1984).Symptoms (SAPS; Andreason, 1984).

Reasoning taskReasoning task

The tendency for participants to ‘jump toThe tendency for participants to ‘jump to

conclusions’ was examined using a modi-conclusions’ was examined using a modi-

fied version of the ‘beads’ reasoning taskfied version of the ‘beads’ reasoning task

(Garety & Freeman, 1999; Freeman,(Garety & Freeman, 1999; Freeman,

2007). In the beads task, participants are2007). In the beads task, participants are

shown two jars of coloured beads, in-shown two jars of coloured beads, in-

formed of the relative proportions of beadsformed of the relative proportions of beads

in each, then told that they will be shown ain each, then told that they will be shown a

series of beads drawn from one of the jars.series of beads drawn from one of the jars.

They are then asked, on the basis of the ob-They are then asked, on the basis of the ob-

served sequence, to judge which jar is theserved sequence, to judge which jar is the

source of the beads, and to be ‘as certainsource of the beads, and to be ‘as certain
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as possible’, but it is never possible to beas possible’, but it is never possible to be

completely certain as to which jar the beadscompletely certain as to which jar the beads

have been drawn from (Huqhave been drawn from (Huq et alet al, 1988;, 1988;

Garety & Freeman, 1999).Garety & Freeman, 1999).

As in the classical version of the para-As in the classical version of the para-

digm, participants in our study were in-digm, participants in our study were in-

formed that a series of beads would beformed that a series of beads would be

drawn from one of two jars containingdrawn from one of two jars containing

beads of two colours in the ratios 85:15beads of two colours in the ratios 85:15

and 15:85. They were instructed to monitorand 15:85. They were instructed to monitor

the colours of successively drawn beads un-the colours of successively drawn beads un-

til they were as certain as they could be astil they were as certain as they could be as

to which of the jars the beads were beingto which of the jars the beads were being

drawn from. A pseudo-random predeter-drawn from. A pseudo-random predeter-

mined list was used to determine the colourmined list was used to determine the colour

of bead shown. Beads were presented on aof bead shown. Beads were presented on a

computer screen at 1s intervals, with parti-computer screen at 1s intervals, with parti-

cipants responding via a button press. Thecipants responding via a button press. The

modified version involved 3 conditions:modified version involved 3 conditions:

(a) 2 jars with bead ratios of 85:15, (b) 2(a) 2 jars with bead ratios of 85:15, (b) 2

jars with 60:40 and (c) 3 jars withjars with 60:40 and (c) 3 jars with

44:28:28. Participants were asked to indi-44:28:28. Participants were asked to indi-

cate which jar the beads were being drawncate which jar the beads were being drawn

from when they were ‘as certain as pos-from when they were ‘as certain as pos-

sible’. Real jars of beads in the appropriatesible’. Real jars of beads in the appropriate

ratios and colours were shown to theratios and colours were shown to the

subjects when the task was being explainedsubjects when the task was being explained

beforehand.beforehand.

Working memoryWorking memory

The ability to hold information about beadThe ability to hold information about bead

colour online was assessed using an adap-colour online was assessed using an adap-

tation of the digit span task that used atation of the digit span task that used a

string of different coloured beads (betweenstring of different coloured beads (between

5 and 9; as in the beads task) rather than5 and 9; as in the beads task) rather than

numbers. Participants were presented withnumbers. Participants were presented with

5 different length strings of coloured beads,5 different length strings of coloured beads,

2 trials of each, using a laptop. Beads were2 trials of each, using a laptop. Beads were

presented at 1 s intervals and after presenta-presented at 1 s intervals and after presenta-

tion participants were asked to recall thetion participants were asked to recall the

order of the colour in which beads wereorder of the colour in which beads were

presented. Longest span of beads and totalpresented. Longest span of beads and total

errors were recorded.errors were recorded.

Tolerance of uncertaintyTolerance of uncertainty

Tolerance of uncertainty was evaluatedTolerance of uncertainty was evaluated

using the Freeston Intolerance of Uncer-using the Freeston Intolerance of Uncer-

tainty scale (Freestontainty scale (Freeston et alet al, 1994). This, 1994). This

questionnaire is a 27-item Likert scale andquestionnaire is a 27-item Likert scale and

was designed to generate a single summarywas designed to generate a single summary

score and cover a wide range of concepts,score and cover a wide range of concepts,

but factor analyses of the scale identifiedbut factor analyses of the scale identified

constructs covering ‘behavioural attemptsconstructs covering ‘behavioural attempts

to control the future and avoid uncertainty,to control the future and avoid uncertainty,

inhibition of action, emotional reactionsinhibition of action, emotional reactions

such as frustration and stress, and cognitivesuch as frustration and stress, and cognitive

interpretations that being uncertain reflectsinterpretations that being uncertain reflects

badly on a person’ (Freestonbadly on a person’ (Freeston et alet al, 1994;, 1994;

p. 799). Intolerance of uncertainty isp. 799). Intolerance of uncertainty is

conceptualised as a manifestation of basicconceptualised as a manifestation of basic

dysfunctional (trait) schema that may indysfunctional (trait) schema that may in

turn guide information processing and ap-turn guide information processing and ap-

praisal. It can generate and maintain anxi-praisal. It can generate and maintain anxi-

ety in ambiguous situations both throughety in ambiguous situations both through

facilitating the perception of difficultiesfacilitating the perception of difficulties

where none exist, and where difficultieswhere none exist, and where difficulties

do exist, lead to inefficient responses todo exist, lead to inefficient responses to

them.them.

IQIQ

Premorbid and current intellectual functionPremorbid and current intellectual function

was estimated using the National Adultwas estimated using the National Adult

Reading Test (NART; Nelson, 1991) andReading Test (NART; Nelson, 1991) and

the Quick test (Ammons & Ammons,the Quick test (Ammons & Ammons,

1962).1962).

RESULTSRESULTS

Descriptive statisticsDescriptive statistics
and comparisons of meansand comparisons of means

Controls and participants at risk wereControls and participants at risk were

matched on a measure of current IQ asmatched on a measure of current IQ as

measured by the Quick test: controlsmeasured by the Quick test: controls

104.7 (s.d.104.7 (s.d.¼13.4); at-risk mental state13.4); at-risk mental state

100.1 (s.d.100.1 (s.d.¼9.8) and on age: controls 24.99.8) and on age: controls 24.9

years (s.d.years (s.d.¼3.0); at-risk mental state 24.23.0); at-risk mental state 24.2

years, (s.d.years, (s.d.¼4.3), but differed on premorbid4.3), but differed on premorbid

IQ as estimated by the NART: controlsIQ as estimated by the NART: controls

110.9 (s.d.110.9 (s.d.¼7.3) and at-risk mental state7.3) and at-risk mental state

102.3 (s.d.102.3 (s.d.¼10.6). Participants with at-risk10.6). Participants with at-risk

mental state had a mean PANSS total scoremental state had a mean PANSS total score

of 52.1 (s.d.of 52.1 (s.d.¼14.5), and the positive symp-14.5), and the positive symp-

tom sub-scale was 12.2 (s.d.tom sub-scale was 12.2 (s.d.¼3.9). For the3.9). For the

delusion sub-scale of the SAPS, the at-riskdelusion sub-scale of the SAPS, the at-risk

mental state group had a mean score ofmental state group had a mean score of

3.9 (s.d.3.9 (s.d.¼4.0).4.0).

Beads taskBeads task

There was no significant difference inThere was no significant difference in

performance of the participants with at-riskperformance of the participants with at-risk

mental state subjects in comparison to themental state subjects in comparison to the

control group on the classical (or ‘easy’)control group on the classical (or ‘easy’)

version of the beads task: the mean numberversion of the beads task: the mean number

of beads viewed by participants with at-riskof beads viewed by participants with at-risk

mental state before they responded was 7.4mental state before they responded was 7.4

compared to 6.4 for controls (Table 1, Fig.compared to 6.4 for controls (Table 1, Fig.

1). However, on both of the harder versions1). However, on both of the harder versions

of the task (60:40 and 44:28:28) the at-riskof the task (60:40 and 44:28:28) the at-risk

mental state group drew fewer beads thanmental state group drew fewer beads than

controls before responding. For the inter-controls before responding. For the inter-

mediate version of the task the meanmediate version of the task the mean

number of beads viewed by participantsnumber of beads viewed by participants

with at-risk mental state before theywith at-risk mental state before they

responded was 8.5, but for controls wasresponded was 8.5, but for controls was

13.4 (13.4 (PP550.001). On the hard version of0.001). On the hard version of

the task, those with at-risk mental statethe task, those with at-risk mental state

viewed 12.5 beads and controls 17.5viewed 12.5 beads and controls 17.5

((PP¼0.012). (Fig. 1, Table 1). Both these0.012). (Fig. 1, Table 1). Both these

differences in performance remained sig-differences in performance remained sig-

nificant after co-varying for differences innificant after co-varying for differences in

NART score.NART score.

Delusional ideationDelusional ideation

There were highly significant differencesThere were highly significant differences

between the at-risk mental state and con-between the at-risk mental state and con-

trol groups on the total PDI score, and ontrol groups on the total PDI score, and on

each of the distress, preoccupation and con-each of the distress, preoccupation and con-

viction sub-scales. On all these measuresviction sub-scales. On all these measures

the at-risk mental state group scored higherthe at-risk mental state group scored higher

than controls. (Table 2).than controls. (Table 2).

Working memoryWorking memory

The at-risk mental state group had a signif-The at-risk mental state group had a signif-

icantly shorter span for correct responsesicantly shorter span for correct responses

than controls on the beads span task, andthan controls on the beads span task, and

made significantly more errors (Table 2).made significantly more errors (Table 2).

Intolerance of uncertaintyIntolerance of uncertainty

The at-risk mental state group had sig-The at-risk mental state group had sig-

nificantly higher ratings on the Freestonnificantly higher ratings on the Freeston

Intolerance of Uncertainty scale thanIntolerance of Uncertainty scale than

controls (Table 2).controls (Table 2).

Correlations with beads taskCorrelations with beads task
performanceperformance

PDI scoresPDI scores

For both groups on both the intermediateFor both groups on both the intermediate

and hard conditions of the beads task thereand hard conditions of the beads task there

was an inverse relationship between thewas an inverse relationship between the

number of beads viewed before the re-number of beads viewed before the re-

sponse and scores on the PDI and each ofsponse and scores on the PDI and each of

its sub-scales. These were statistically sig-its sub-scales. These were statistically sig-

nificant for the total PDI score and all threenificant for the total PDI score and all three

PDI sub-scales on intermediate (60:40) ver-PDI sub-scales on intermediate (60:40) ver-

sion of the task and evident as trends forsion of the task and evident as trends for

the hard version (Table 3). The strongestthe hard version (Table 3). The strongest

and most significant correlation was withand most significant correlation was with

scores on the conviction sub-scale of thescores on the conviction sub-scale of the

PDI. There were no significant correlationsPDI. There were no significant correlations

between performance on the easy (85:15)between performance on the easy (85:15)

version and any of the PDI measures.version and any of the PDI measures.

Intolerance of uncertaintyIntolerance of uncertainty

In both groups the number of beads viewedIn both groups the number of beads viewed

was inversely related to the Intolerance ofwas inversely related to the Intolerance of

Uncertainty score, with a significant corre-Uncertainty score, with a significant corre-

lation on the intermediate version and alation on the intermediate version and a

trend on the hard version of the tasktrend on the hard version of the task

(Table 3).(Table 3).

Symptom scoresSymptom scores

Within the at-risk mental state group thereWithin the at-risk mental state group there

were no significant or trend correlationswere no significant or trend correlations

s 3 9s 3 9
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between task performance (on any version)between task performance (on any version)

and either the PANSS (both total score andand either the PANSS (both total score and

positive sub-scale), or the delusion sub-positive sub-scale), or the delusion sub-

scale of the SAPS.scale of the SAPS.

Working memoryWorking memory

There were no significant correlations be-There were no significant correlations be-

tween performance on the beads task andtween performance on the beads task and

the bead span across both groups of parti-the bead span across both groups of parti-

cipants combined, but there were correla-cipants combined, but there were correla-

tions within each group. In controls thetions within each group. In controls the

number of beads drawn in all versions ofnumber of beads drawn in all versions of

the task was directly correlated with thethe task was directly correlated with the

number of errors on the bead span task,number of errors on the bead span task,

although this only reached significance onalthough this only reached significance on

the intermediate version (Table 4). Con-the intermediate version (Table 4). Con-

versely, in the at-risk mental state groupversely, in the at-risk mental state group

there was a negative correlation betweenthere was a negative correlation between

beads viewed and errors on the bead spanbeads viewed and errors on the bead span

task. Again this was only significant ontask. Again this was only significant on

the intermediate version of the task (Table 4).the intermediate version of the task (Table 4).

DISCUSSIONDISCUSSION

Jumping to conclusionsJumping to conclusions

Our first hypothesis was confirmed in thatOur first hypothesis was confirmed in that

the at-risk mental state group demonstratedthe at-risk mental state group demonstrated

a jumping to conclusions style of thinking,a jumping to conclusions style of thinking,

although this was evident when the task de-although this was evident when the task de-

mands were increased by making the pro-mands were increased by making the pro-

portions of the respective beads moreportions of the respective beads more

similar (60:40) or by introducing a thirdsimilar (60:40) or by introducing a third

colour of bead (44:28:28), rather than dur-colour of bead (44:28:28), rather than dur-

ing the ‘classic’ (85:15) version. Our find-ing the ‘classic’ (85:15) version. Our find-

ings are consistent with those of Linneyings are consistent with those of Linney etet

alal (Linney(Linney et alet al, 1998), who reported that, 1998), who reported that

non-clinical individuals with high scoresnon-clinical individuals with high scores

on the PDI showed a jumping to conclu-on the PDI showed a jumping to conclu-

sions response style, although in that casesions response style, although in that case

differences were evident using the classicaldifferences were evident using the classical

version of the task. Our findings are alsoversion of the task. Our findings are also

consistent with work demonstrating an as-consistent with work demonstrating an as-

sociation between a jumping to conclusionssociation between a jumping to conclusions

bias and both psychosis liability (as indexedbias and both psychosis liability (as indexed

by family history of psychosis and/or psy-by family history of psychosis and/or psy-

chotic experiences) and delusional ideationchotic experiences) and delusional ideation

(Linney(Linney et alet al, 1998; Peters, 1998; Peters et alet al, 1999;, 1999;

Van DaelVan Dael et alet al, 2006). While the jumping, 2006). While the jumping

to conclusions style of thinking in subjectsto conclusions style of thinking in subjects

at very high risk of psychosis has not beenat very high risk of psychosis has not been

examined before, the at-risk mental stateexamined before, the at-risk mental state

has been associated with deficits in workinghas been associated with deficits in working

and episodic memory and executive func-and episodic memory and executive func-

tions (Woodtions (Wood et alet al, 2003; Brewer, 2003; Brewer et alet al,,

2005; Broome2005; Broome et alet al, 2007, submitted –, 2007, submitted –

further information available from author).further information available from author).

Further, recent work on the bias in groupsFurther, recent work on the bias in groups

at differing liability toat differing liability to psychotic illness,psychotic illness,

has revealed a dose–has revealed a dose–response relation-response relation-

ship between the jumping to conclusionsship between the jumping to conclusions

bias and both delusional ideation andbias and both delusional ideation and

psychosis liability (Van Daelpsychosis liability (Van Dael et alet al, 2006);, 2006);

leading to the suggestion that the jumpingleading to the suggestion that the jumping

to conclusions bias is both a trait and stateto conclusions bias is both a trait and state

variable in the risk and progression ofvariable in the risk and progression of

psychosis.psychosis.

The finding that jumping to conclusionsThe finding that jumping to conclusions

bias is present in those at high risk of psy-bias is present in those at high risk of psy-

chosis is consistent with cognitive modelschosis is consistent with cognitive models

that suggest that the faulty appraisal ofthat suggest that the faulty appraisal of

anomalous experiences plays a fundamen-anomalous experiences plays a fundamen-

tal role in the development of the disordertal role in the development of the disorder

(Broome(Broome et alet al, 2005, 2005aa; Garety; Garety et alet al, 2005,, 2005,

2007). While ‘jumping to conclusions’ has2007). While ‘jumping to conclusions’ has

consistently been found in patients withconsistently been found in patients with

established psychosis (Garety & Freeman,established psychosis (Garety & Freeman,

1999), its presence in individuals at very1999), its presence in individuals at very

high risk of the disorder suggests that thehigh risk of the disorder suggests that the

presence of this impairment may influencepresence of this impairment may influence

whether an individual who is experiencingwhether an individual who is experiencing

psychotic symptoms progresses to frankpsychotic symptoms progresses to frank

psychosis. Van Dael and colleagues (2006)psychosis. Van Dael and colleagues (2006)

suggest that the jumping to conclusionssuggest that the jumping to conclusions

bias, as well as being a trait vulnerability,bias, as well as being a trait vulnerability,

may have a state component and one wouldmay have a state component and one would

expect such a bias to increase, and beexpect such a bias to increase, and be

detectable at lower levels of task demand,detectable at lower levels of task demand,

as at-risk mental state participants madeas at-risk mental state participants made

the transition to psychosis. Conversely,the transition to psychosis. Conversely,

those in whom the at-risk mental state re-those in whom the at-risk mental state re-

mitted may demonstrate an attenuation ofmitted may demonstrate an attenuation of

the jumping to conclusions bias. This couldthe jumping to conclusions bias. This could

be tested in a longitudinal study of subjectsbe tested in a longitudinal study of subjects

with an at-risk mental state.with an at-risk mental state.

Jumping to conclusionsJumping to conclusions
and the severity of abnormal beliefsand the severity of abnormal beliefs

Consistent with previous studies (GaretyConsistent with previous studies (Garety etet

alal, 2005), we found that jumping to, 2005), we found that jumping to

conclusions response style was associatedconclusions response style was associated

with the severity of abnormal beliefs, as in-with the severity of abnormal beliefs, as in-

dexed by the PDI. However, this findingdexed by the PDI. However, this finding

was evident across all subjects, rather thanwas evident across all subjects, rather than

s 4 0s 4 0
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Table1Table1 Beads task performance by task difficulty and groupBeads task performance by task difficulty and group

ControlsControls

((nn¼23)23)

Participants with at-riskParticipants with at-risk

mental state (mental state (nn¼35)35)

PP

mean (s.d.)mean (s.d.)

Easy ^ 85:15Easy ^ 85:15 6.4 (3.3)6.4 (3.3) 7.4 (4.4)7.4 (4.4) NSNS

Intermediate ^ 60:40Intermediate ^ 60:40 13.4 (5.9)13.4 (5.9) 8.5 (3.7)8.5 (3.7) 550.0010.001

Hard ^ 44:28:28Hard ^ 44:28:28 17.5 (8.1)17.5 (8.1) 12.5 (5.7)12.5 (5.7) 0.0120.012

Fig. 1Fig. 1 Draws to decision by task difficulty andDraws to decision by task difficulty and

group.group.&&, at-risk mental state group;, at-risk mental state group;&&, controls., controls.

Table 2Table 2 Group comparison for delusional ideation, intolerance of uncertainty, Bead span and errors on BeadGroup comparison for delusional ideation, intolerance of uncertainty, Bead span and errors on Bead

spanspan

ControlsControls

((nn¼23)23)

Participants with at-riskParticipants with at-risk

mental state (mental state (nn¼35)35)

PP

mean (s.d.)mean (s.d.)

PDI totalPDI total 29.2 (26.0)29.2 (26.0) 99.0 (57.0)99.0 (57.0) 0.0000.000

PDI distressPDI distress 9.0 (10.3)9.0 (10.3) 34.4 (23.0)34.4 (23.0) 0.0000.000

PDI preoccupationPDI preoccupation 8.9 (7.7)8.9 (7.7) 32.4 (20.7)32.4 (20.7) 0.0000.000

PDI convictionPDI conviction 11.5 (9.1)11.5 (9.1) 32.1 (16.2)32.1 (16.2) 0.0000.000

Intolerance of UncertaintyIntolerance of Uncertainty 58.3 (15.3)58.3 (15.3) 79.8 (22.8)79.8 (22.8) 0.0000.000

Maximum bead spanMaximum bead span 7.8 (0.6)7.8 (0.6) 6.6 (1.0)6.6 (1.0) 0.0000.000

Total errors on bead spanTotal errors on bead span 3.7 (3.4)3.7 (3.4) 10.2 (8.9)10.2 (8.9) 0.000.0011
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being specific to the at-risk mental statebeing specific to the at-risk mental state

group. This is further evidence that rathergroup. This is further evidence that rather

than being a correlate of frank psychosis,than being a correlate of frank psychosis,

the tendency to jump to conclusions maythe tendency to jump to conclusions may

vary continuously across clinical categories.vary continuously across clinical categories.

The association with delusions does notThe association with delusions does not

seem simply to reflect jumping to conclu-seem simply to reflect jumping to conclu-

sions in those subjects with the most psy-sions in those subjects with the most psy-

chotic symptoms, as there was nochotic symptoms, as there was no

correlation with either the total PANSScorrelation with either the total PANSS

score or the positive symptom sub-scale,score or the positive symptom sub-scale,

or with the SAPS delusion sub-scale score.or with the SAPS delusion sub-scale score.

A specific association with delusions is con-A specific association with delusions is con-

sistent with studies in established psychosissistent with studies in established psychosis

(Garety & Freeman, 1999) and has face(Garety & Freeman, 1999) and has face

validity, in that of all the psychotic symp-validity, in that of all the psychotic symp-

toms, abnormal beliefs are the most depen-toms, abnormal beliefs are the most depen-

dent on the participant’s interpretation ofdent on the participant’s interpretation of

his experiences. A parsimonious interpret-his experiences. A parsimonious interpret-

ation of the data would be that jumpingation of the data would be that jumping

to conclusions is a sign of faulty appraisal,to conclusions is a sign of faulty appraisal,

which is the basis of delusional beliefs, re-which is the basis of delusional beliefs, re-

gardless of whether these are held by angardless of whether these are held by an

individual with psychosis, at-risk mentalindividual with psychosis, at-risk mental

state, or without psychosis. According tostate, or without psychosis. According to

this model, the worse the jumping to con-this model, the worse the jumping to con-

clusions, the more severe the appraisal pro-clusions, the more severe the appraisal pro-

blem and the more severe the delusions.blem and the more severe the delusions.

Faulty appraisal may not distinguish peopleFaulty appraisal may not distinguish people

with psychotic symptoms from people withwith psychotic symptoms from people with

a psychotic illness in a categorical way,a psychotic illness in a categorical way,

rather faulty appraisal may underlie therather faulty appraisal may underlie the

subset of psychotic symptoms that dependsubset of psychotic symptoms that depend

on the conscious evaluation of sensory/in-on the conscious evaluation of sensory/in-

ternal information, i.e. delusional beliefsternal information, i.e. delusional beliefs

(and perhaps hallucinations), as opposed(and perhaps hallucinations), as opposed

to the syndrome of psychosis. Appraisalto the syndrome of psychosis. Appraisal

and jumping to conclusions may be less re-and jumping to conclusions may be less re-

levant to psychotic symptoms that are lesslevant to psychotic symptoms that are less

dependent on the conscious appraisal ofdependent on the conscious appraisal of

experiences, for example formal thoughtexperiences, for example formal thought

disorder, negative symptoms.disorder, negative symptoms.

Jumping to conclusionsJumping to conclusions
and intolerance of uncertaintyand intolerance of uncertainty

The basis of the data gathering bias is unclear.The basis of the data gathering bias is unclear.

One factor may be the decision-makingOne factor may be the decision-making

style of the individual. Although jumpingstyle of the individual. Although jumping

to conclusions is not simply related to im-to conclusions is not simply related to im-

pulsivity (Dudleypulsivity (Dudley et alet al, 1997, 1997aa,,bb), it may), it may

be more evident in individuals who find itbe more evident in individuals who find it

difficult to tolerate ambiguity (Colbert &difficult to tolerate ambiguity (Colbert &

Peters, 2002). The at-risk mental statePeters, 2002). The at-risk mental state

group scored higher on the Intolerance ofgroup scored higher on the Intolerance of

Uncertainty scale than controls. DifficultiesUncertainty scale than controls. Difficulties

tolerating uncertainty may thus have con-tolerating uncertainty may thus have con-

tributed to the jumping to conclusions re-tributed to the jumping to conclusions re-

sponse style in the at-risk mental statesponse style in the at-risk mental state

group. As with the PDI, there was a signifi-group. As with the PDI, there was a signifi-

cant correlation across both groups be-cant correlation across both groups be-

tween intolerance of uncertainty and thetween intolerance of uncertainty and the

data gathering bias. The group differencesdata gathering bias. The group differences

in tolerating uncertainty may be related toin tolerating uncertainty may be related to

the relatively high prevalence of personalitythe relatively high prevalence of personality

and neurotic disorder among participantsand neurotic disorder among participants

with at-risk mental state (Broomewith at-risk mental state (Broome et alet al,,

20052005bb).).

Jumping to conclusionsJumping to conclusions
and working memoryand working memory

Another factor that could contribute toAnother factor that could contribute to

jumping to conclusions is impaired workingjumping to conclusions is impaired working

memory, with subjects making earliermemory, with subjects making earlier

decisions because of difficulties holdingdecisions because of difficulties holding

material that would inform their judgementmaterial that would inform their judgement

online, although the evidence for this is lim-online, although the evidence for this is lim-

ited. Consistent with previous studies ofited. Consistent with previous studies of

working memory in participants withworking memory in participants with

at-risk mental state (Woodat-risk mental state (Wood et alet al, 2003;, 2003;

BrewerBrewer et alet al, 2005; Brett, 2005; Brett et alet al, 2007, in, 2007, in

press), the at-risk mental state group dis-press), the at-risk mental state group dis-

played poorer performance on the beadplayed poorer performance on the bead

span task than controls. This is consistentspan task than controls. This is consistent

with our prediction that impaired workingwith our prediction that impaired working

memory would contribute to a jumping tomemory would contribute to a jumping to

conclusions response style. Moreover jump-conclusions response style. Moreover jump-

ing to conclusions on one of the harder ver-ing to conclusions on one of the harder ver-

sions (60:40 bead ratio) of the beads task insions (60:40 bead ratio) of the beads task in

the at-risk mental state group was corre-the at-risk mental state group was corre-

lated with impaired performance on thelated with impaired performance on the

beads span task. These data suggest that abeads span task. These data suggest that a

difficulty in holding information onlinedifficulty in holding information online

may contribute to participants making jud-may contribute to participants making jud-

gements in which they can never be certaingements in which they can never be certain

sooner than they might do otherwise.sooner than they might do otherwise.

DudleyDudley et alet al (1997(1997aa) did not find an asso-) did not find an asso-

ciation between jumping to conclusions re-ciation between jumping to conclusions re-

sponse style and memory impairments insponse style and memory impairments in

patients with psychosis, but this may reflectpatients with psychosis, but this may reflect

the use of the classical beads task withoutthe use of the classical beads task without

the more difficult conditions, or the factthe more difficult conditions, or the fact

being reminded of the beads one has seenbeing reminded of the beads one has seen

does not guarantee that that informationdoes not guarantee that that information

is itself able to be utilised in reasoning. Inis itself able to be utilised in reasoning. In

the present study, the effect of memory im-the present study, the effect of memory im-

pairment was divergent in the two groups:pairment was divergent in the two groups:

in the control group, there was an increasedin the control group, there was an increased

conservatism and caution in those withconservatism and caution in those with

poorer ability to recall sequences of beads,poorer ability to recall sequences of beads,

the opposite to what was evident in thethe opposite to what was evident in the

at-risk mental state group. This suggestsat-risk mental state group. This suggests

that controls with poor working memorythat controls with poor working memory

compensated by seeking more information,compensated by seeking more information,

or did not find being uncertain how to re-or did not find being uncertain how to re-

spond as aversive as the participants at-risk.spond as aversive as the participants at-risk.

In summary, people who are at highIn summary, people who are at high

risk of psychosis display a jumping to con-risk of psychosis display a jumping to con-

clusions reasoning style which is associatedclusions reasoning style which is associated

s 41s 41
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Table 3Table 3 Correlations with performance (beads drawn) on the intermediateCorrelations with performance (beads drawn) on the intermediate11 and hardandhard22 versions of the bead task across all groups (i.e. at-riskmental state and controls).versions of the bead task across all groups (i.e. at-riskmental state and controls).33

PDI totalPDI total PDI distressPDI distress PDI preoccupationPDI preoccupation PDI convictionPDI conviction Intolerance of UncertaintyIntolerance of Uncertainty

Pearson correlation,Pearson correlation, rr ((PP))

Beads ^ intermediateBeads ^ intermediate11 770.331 (0.019)0.331 (0.019) 770.275 (0.05)0.275 (0.05) 770.325 (0.021)0.325 (0.021) 770.375 (0.007)0.375 (0.007) 770.322 (0.019)0.322 (0.019)

Beads ^ hardBeads ^ hard22 770.237 (0.097)0.237 (0.097) 770.196 (0.171)0.196 (0.171) 770.244 (0.88)0.244 (0.88) 770.258 (0.071)0.258 (0.071) 770.242 (0.081)0.242 (0.081)

PDI, Peters’ Delusions Inventory.PDI, Peters’ Delusions Inventory.
1. Intermediate refers to the 60:40 condition.1. Intermediate refers to the 60:40 condition.
2. Hard refers to the 44:28:28 condition.2. Hard refers to the 44:28:28 condition.
3. Negative correlationwith beads drawn implies positive correlationwith data gathering bias.3. Negative correlationwith beads drawn implies positive correlationwith data gathering bias.

Table 4Table 4 Pearson correlations with bead span errors by group and task difficultyPearson correlations with bead span errors by group and task difficulty

Controls (Controls (nn¼23)23) Participants with at-risk mental state (Participants with at-risk mental state (nn¼35)35)

Pearson correlationPearson correlation rr ((PP))

EasyEasy 0.277 (0.213)0.277 (0.213) 770.143 (0.452)0.143 (0.452)

IntermediateIntermediate 0.444 (0.039)0.444 (0.039) 770.562 (0.0.000.562 (0.0.001)1)

HardHard 0.237 (0.289)0.237 (0.289) 770.279 (0.135)0.279 (0.135)
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with a difficulty in tolerating uncertaintywith a difficulty in tolerating uncertainty

and impaired working memory. A reason-and impaired working memory. A reason-

ing bias may be a critical factor in theing bias may be a critical factor in the

development of clinically significantdevelopment of clinically significant

psychotic phenomena and contribute topsychotic phenomena and contribute to

the high risk of frank psychosis in thisthe high risk of frank psychosis in this

group. More generally, the findings aregroup. More generally, the findings are

compatible with data from structuralcompatible with data from structural

(Pantelis(Pantelis et alet al, 2003) and functional neuro-, 2003) and functional neuro-

imaging (Moreyimaging (Morey et alet al, 2005; Broome, 2005; Broome et alet al,,

2007, submitted – further information2007, submitted – further information

available from author) and neuropsycholo-available from author) and neuropsycholo-

gical studies (Woodgical studies (Wood et alet al, 2003; Brewer, 2003; Brewer etet

alal, 2005 in subjects with an at-risk mental, 2005 in subjects with an at-risk mental

state, which broadly indicate that thisstate, which broadly indicate that this

group displays abnormalities that are quali-group displays abnormalities that are quali-

tatively similar to those seen in patientstatively similar to those seen in patients

with schizophrenia but quantitatively lesswith schizophrenia but quantitatively less

severe. Approximately one third of thosesevere. Approximately one third of those

with an at-risk mental state will developwith an at-risk mental state will develop

psychosis (Yungpsychosis (Yung et alet al, 2003; Morrison, 2003; Morrison etet

alal, 2004; Broome, 2004; Broome et alet al, 2005, 2005aa). We are). We are

currently in the process of following upcurrently in the process of following up

our at-risk mental state sample to establishour at-risk mental state sample to establish

whether task performance predicts develop-whether task performance predicts develop-

ment of psychosis subsequent to testing.ment of psychosis subsequent to testing.
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