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A B S T R A C T

Extensive research indicates that elevated intra-individual variability (IIV) of reaction time is associated with
subclinical psychosis, as well as clinically diagnosed psychotic disorder. However, findings regarding the details
of this relationship are equivocal. In particular, it is unknown whether associations between elevated IIV and
subclinical psychosis are specific to certain psychotic symptoms or to complex reaction time tasks. Data from 492
undergraduates from the University of Otago were used to address this issue. Schizotypy and psychotic-like
experiences (PLE) were assessed via interview and questionnaire, and participants completed both a simple
reaction time (SRT) task and a continuous performance task–identical pairs version (CPT-IP). The individual
standard deviation and coefficient of variation (ICV) were used as measures of IIV. Participants reporting PLE
were more likely to have elevated ICV on the CPT-IP. These associations were specific to paranoid psychotic
experiences, and to the suspiciousness subscale of the Schizotypal Personality Questionnaire. There were also
weak associations between SRT ICV and PLE. The inclusion of a battery of reaction time tasks assessing different
aspects of cognitive control is suggested for future research, and the findings are discussed in relation to the-
oretical approaches to paranoia and delusions.

1. Introduction

A growing body of evidence suggests that the psychosis phenotype
is not specific to psychotic disorders. Instead, the phenotype might be
graduated, expressed at non-clinical and clinical levels along a con-
tinuum (Kelleher et al., 2011). When reported by persons without a
clinical diagnosis, these symptoms are often referred to as psychotic-
like experiences (PLE; Kelleher et al., 2011). PLE appear to characterise
risk of psychotic episodes and diagnosis of psychotic disorder
(Garety et al., 2001; Hanssen et al., 2005). Subclinical psychosis
symptoms may also be expressed as trait-like characteristics in those
unaffected by mental disorder. This set of personality traits reflects a
diathesis to psychotic disorder and are collectively termed schizotypy
(Mason, 2015; Meehl, 1962).

The notion that the psychosis phenotype can be expressed at levels
below its clinical manifestation has led to a proliferation of studies
exploring the aetiology and consequences of PLE and schizotypy in
general population samples. Compared to research with clinical po-
pulations, these studies avoid or minimise confounds such as the ef-
fects of medication, institutionalisation, and neurocognitive decline
associated with psychotic illness (Nelson et al., 2013). They also
manage to circumvent issues with motivation or cognitive ability that
may result from acute symptoms in medication-naïve patients

experiencing their first episode of psychotic illness (e.g., Barch et al.,
2001, 2003).

Clinical and subclinical expressions of psychosis appear to have a
common aetiology. For example, several factors that predict risk for
psychotic disorders predict PLE and schizotypy. These include child-
hood trauma (Kelleher et al., 2008), cannabis use (Moore et al., 2007),
urbanicity (Spauwen et al., 2004), and family history of mental illness
(van Os and Linscott, 2012). Schizotypal traits are highly expressed in
relatives of patients with psychotic disorder (Linscott et al., 2017;
Walter et al., 2016), and are predicted by genetic factors that predict
schizophrenia (Morton et al., 2017).

Deficits in domains such as attention, working memory, executive
functioning, and social cognition are present along the psychosis con-
tinuum (Fusar-Poli et al., 2013). One aspect of cognition that has re-
ceived increasing focus in schizophrenia research is intra-individual
variability (IIV). IIV reflects short-term within-person variations in task
performance (MacDonald et al., 2009) and is regarded as an index of
the stability of cognitive processing (Ram and Gerstorf, 2009). Excess
fluctuations in performance over brief intervals are generally defined as
maladaptive, in contrast to variability associated with learning or
adaptability (Li et al., 2004; MacDonald et al., 2009).

Much of the research into IIV has focused on within-person varia-
tion on reaction time (RT) tasks. Increased IIV on RT tasks is associated
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with poorer cognitive, and particularly executive, functioning
(MacDonald et al., 2009; Stuss et al., 2003). IIV exhibits a U-shaped
function across the lifespan (Williams et al., 2005) coinciding with
development of the frontal lobes in adolescence (MacDonald et al.,
2006) and cognitive decline in late adulthood (Li et al., 2004). Elevated
IIV is also related to a variety of neuropsychiatric conditions, including
attention deficit hyperactivity disorder (Castellanos and
Tannock, 2002), Parkinson's disease (Burton et al., 2006), and trau-
matic brain injuries (MacDonald et al., 2006; Stuss et al., 2003). Taken
together, these findings suggest that IIV of RT is indicative of com-
promised neurological integrity (Li and Lindenberger, 1999).

Kraepelin (1971) pointed out irregular motor performance as a
key feature of schizophrenia his historic description of the disorder.
Research into this relationship has persisted with studies of IIV.
Elevated IIV of RT is reported to be stable and enduring in patients
with schizophrenia (Roalf et al., 2013; Vinogradov et al., 1998).
Elevated IIV differentiates non-affected relatives of schizophrenia
patients from controls (Birkett et al., 2007) and predicts the
occurrence of PLE in the general population (Wallace and
Linscott, 2017).

The relationship between IIV and schizophrenia has been primarily
assessed using complex RT paradigms, such as the continuous perfor-
mance task (CPT; Kaiser et al., 2008), stop-signal task (Logan and
Cowan, 1984; Shin et al., 2013), and go/no-go task (Rentrop et al.,
2010). These tasks tap sustained attention and response inhibition, and
are more cognitively demanding than simple reaction time tasks (SRT),
which primarily assess vigilance (Jensen, 2006). Variants of the CPT
assess working memory in the case of the identical pairs version (CPT-
IP; Cornblatt et al., 1988), and sensory processing in the case of the
degraded stimulus version (Munro et al., 1987).

Elevated IIV on complex RT tasks is associated with expressions of
psychosis along the psychosis continuum. For instance, performance on
a stop-signal RT task, but not SRT, predicted PLE in an adolescent po-
pulation sample (Wallace and Linscott, 2017). Variability on complex
RT tasks also consistently differentiates patients and their relatives from
controls (Birkett et al., 2007; Shin et al., 2013). However, some of the
specifics of this relationship are less clear. Kane et al. (2016) found that
a latent factor from non-conflict trials on a range of RT tasks correlated
with positive, paranoid, and disorganised schizotypy. This association
suggests that the relationship between IIV and schizotypy is not entirely
due to processes such as response inhibition.

Findings regarding the relationship between IIV and specific psy-
chotic symptoms are also equivocal. Some studies have linked elevated
IIV with positive and disorganised symptoms (Vinogradov et al., 1998),
whereas others have reported associations with negative symptoma-
tology (O'Gráda et al., 2008) or no associations between IIV and
symptom grouping (Pellizzer and Stephane, 2007). These divergent
findings may reflect that such studies often use different RT paradigms
or symptom classifications. Alternatively, they may also reflect the idea
that elevated IIV represents a deficit that is orthogonal to changes in
symptoms. In any case, further exploration of the relationship of IIV,
assessed across diverse tasks, to different schizotypal symptoms is
warranted, particularly in general population samples where these re-
lationships are as yet unstudied.

In the present study, we explore whether PLE and schizotypy are
associated with elevated IIV, and whether any relationship is dependent
on the complexity of the RT task or symptom grouping. To do so, we
assessed schizotypy, PLE, and variability on the CPT-IP and SRT in an
undergraduate sample. We hypothesised that persons who report PLE
or elevated schizotypy will have greater IIV on the more complex CPT-
IP, but not the SRT, compared to persons who do not report PLE. We
aim to explore whether there is any relationship between IIV and type
of PLE or schizotypy subscale, though refrain from specific hypotheses
regarding the exact nature of this association due to the equivocal
nature of this literature.

2. Methods

2.1. Sample

Undergraduates (n=500, 17–55 years, 74.8% female) enrolled in
introductory psychology classes at the University of Otago volunteered
as participants. Given the relationship between IIV and age, partici-
pants 30 years and older were excluded, leaving a total sample of 492
participants. The majority (77.4%) identified as New Zealand
European. Data from one person who was diagnosed with psychosis
were excluded from analysis.

At the conclusion of the study, participants learnt about the research
purpose and design, and could earn course credit on the basis of as-
sessment of this learning. The study was reviewed and approved by the
University of Otago Human Ethics Committee (Health) and undertaken
in accordance with the Code of Ethics of the New Zealand Psychological
Society.

2.2. Outcome measures

2.2.1. Psychotic-like experiences
PLE were measured using the Psychosis Screening Questionnaire

(PSQ; Bebbington and Nayani, 1995), which was administered as an
interview. The PSQ was designed as a brief screening instrument for
PLE to be used primarily with non-clinical populations (Bebbington and
Nayani, 1995). In this study, a senior postgraduate clinical psychology
student administered the PSQ under guidance of a registered clinical
psychologist. The PSQ has five sections that screen for common psy-
chotic-like symptoms over the past 12 months: hypomania, thought
insertion, paranoia, strange experiences, and hallucinations. Each sec-
tion starts with a screening question that, if endorsed, is followed by
one or two probe questions (Bebbington and Nayani, 1995). As we were
specifically interested in positive PLE, data from the hypomania items
were not considered. The primary outcome measure from the PSQ was
the positive endorsement of one or more psychotic symptoms (screen
plus probe questions) from the remaining four domains. Secondary
analyses included the type of PLE as an outcome measure.

2.2.2. Schizotypal personality
Schizotypy was measured with the Likert version of the

Schizotypal Personality Questionnaire (SPQ; Raine, 1991). The SPQ is
a 74-item self-report questionnaire. The SPQ is based on diagnostic
criteria for schizotypal personality disorder (American Psychiatric
Association, 1987; Mason, 2015), and is ubiquitous in schizotypy re-
search (Mason, 2015). The original structure of the SPQ comprises
nine subscales that assess ideas of reference, odd beliefs, unusual
perceptual experiences, suspiciousness, lack of close friendships,
constricted affect, social anxiety, eccentric behaviour, and odd speech
(Raine, 1991; Rossi and Daneluzzo, 2002). In the Likert version, items
were rated on a five-point ordinal scale (strongly agree to strongly dis-
agree). The primary outcome measures were the total scores on each of
the nine subscales.

2.3. Predictor variables

IIV of RT was derived from performance on the SRT and CPT-IP
(Cornblatt et al., 1988). Both tasks were administered on Mac compu-
ters and were conducted alongside other neuropsychological measures
as part of a broader study on schizotypy. Written instructions for both
tasks were presented on the computer screen prior to the tasks.

2.3.1. Simple reaction time
For the SRT, participants were instructed to attend to a fixation

point (a white cross) in the centre of the screen, and to respond as
quickly as possible when it was replaced by the stimulus (a filled green
box) by pressing the “B” button on the keyboard. The fixation point was
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presented for a pseudo-random period of 250, 350, 450, 650, or 750ms
before being replaced by the stimulus. The stimulus disappeared either
when a response was made, or after 700ms if there was no response.
Participants were provided with auditory feedback if their response was
early (within 100ms of stimulus onset), or late (after 700ms of stimulus
onset). Following three practice trials, four experimental blocks were
conducted, each comprising 36 trials. Outcome data from this study
were derived from successful responses to stimuli, defined as a response
occurring 100–700ms from stimulus onset.

2.3.2. Continuous performance test-identical pairs version
During the CPT-IP task, white four-digit numbers were presented in

the centre of a black computer screen at a rate of one per second (50ms
stimulus duration). Participants were instructed to respond when they
saw the same number presented consecutively, by pressing the spacebar
on a keyboard. In total, there were 160 trials, which included 32 target
trials, 32 catch trials, and 96 filler trials. For catch trials, one of the four
digits differed, and for filler trials the numbers were pseudo-random
with no distinct likeness to previous trials. No feedback was provided to
participants for correct or incorrect trials, and responses within 100ms
of stimulus onset were excluded.

The IIV measures used were the individual standard deviation (ISD)
and individual coefficient of variation (ICV), which were calculated
from raw data for correct responses on both tasks. ISD is the standard
deviation of RT on trials. ICV is the ratio of the ISD to the participant's
mean RT on the task (ICV = RTSD/RTM). As longer RTs may result in
increased ISD for an individual, ICV was used as an alternate measure to
control to some degree for mean RT (Stuss et al., 2003).

2.4. Covariates

A series of potential confounders were identified as being associated
with IIV, psychotic disorder, or both, and were included in the analyses.
Information on these confounders was derived from questionnaires
presented prior to administration of RT tasks. They included age, sex,
ethnicity, birthweight, cumulative cannabis use (number of times can-
nabis has been used in lifetime), proximal cannabis use (use within 24 h
of study participation), prior diagnosis of mental disorder, and socio-
economic status (based on parental annual income).

Disingenuous or inattentive responding was assessed using 12-item
validity scale, with items dispersed across the SPQ and several other
self-report questionnaires in the study protocol. For these 12 items,
participants were asked to provide designated responses (e.g., Respond
to this question by selecting number 3).

2.5. Data cleaning and analysis

Participants were excluded from analyses if there were two or more
errors on items detecting inattentive responding, or if they were mul-
tivariate outliers. Multivariate outliers were detected using Cook's dis-
tance and leverage (Tabachnick et al., 2007). Sociodemographic and
other differences between participants who did or did not endorse
probe questions on the PSQ were assessed using chi-squared tests and
Mann Whitney u-tests. RT data underwent a z-score transformation to
ensure a common metric among measures of IIV.

Binary logistic regression models were used to estimate the re-
lationship between endorsement of any PLEs and IIV of RT. This was
performed separately for ICV and ISD, given the collinearity between
these variables. Binary logistic regression models were then used to
estimate the relationship between IIV and PLE type, with comparisons
made between endorsement of specific PLEs and non-endorsement of
any PLE. Discriminant function analysis was also performed to de-
termine the unique contributions of IIV outcomes to predicting group
membership. The relationship between IIV outcomes and each subscale
of the SPQ were analysed by Spearman rank order correlations, given
the marked positive skew of SPQ outcome data. Given the lack of

association between covariates and PLE outcome, these analyses were
conducted unadjusted. Significance for all analyses was set to p < .05.
Statistical analyses were conducted using IBM Statistical Package for
the Social Sciences version 23 and Stata version 14.1 (StataCorp, 2015).

3. Results

3.1. Descriptive statistics

Participants were excluded if their responses were classed as dis-
ingenuous or inattentive (n= 38), or they were multivariate outliers
(n= 14). Analyses were based on 440 participants. Of these, 52
(11.8%) endorsed experiencing PLE within the past year. The greatest
number of those reported strange experiences (n= 48), with halluci-
nations (n= 6), paranoia (n= 5), and thought insertion (n= 4) re-
ported less frequently.

Demographic information for the sample is provided in Table 1.
Participants were predominantly female, identified as NZ European,
and ranged in age from 17 to 29 years. Compared to those who did not
report PLE, those who endorsed psychotic experiences on the PSQ were
more likely to have a lower household income. There were no other
statistically significant relationships between PSQ outcome and demo-
graphic variables.

Table 1
Characteristics of subgroups defined by psychotic symptom questionnaire out-
come.

Characteristic
(reference)

PSQ outcome Cross-
tabulationaAbsent One or more PLEs

N/M %/SD N/M %/SD χ2

Sex (female) 74.7 290 76.9 40 0.11
Low income (<

$50,000)
12.9 50 23.1 12 3.93*

Cannabis use (yes) 40.2 156 30.8 16 1.71
NZ European 80.2 311 78.8 41 0.49
Maori 8.2 32 3.8 2 1.24
Other 34.8 135 28.8 15 0.72

M SD M SD Z
Age 19.92 1.48 19.81 1.60 0.46
Birthweight 3.45 0.51 3.42 0.54 0.27

Note. PSQ, Psychotic Symptoms Questionnaire; PLEs, Psychotic-Like
Experiences; OR, Odds Ratio; CI, Confidence interval.

a χ2 for categorical variables, Mann-Whitney u-test z-score for continuous
variables.

⁎ p < .05.

Table 2
Association between Psychotic-Like Experiences and Reaction Time Variability.

Measurement of RT PSQ outcome ORa 95% CI
Absent One or more PLEs
M SD M SD

SRT
ISD −0.02 1.02 0.09 0.94 1.09 [0.87, 1.36]
ICV −0.03 1.02 0.15 0.99 1.16 [0.94, 1.43]

CPT-IP
ISD −0.07 0.98 0.08 1.04 1.14 [0.91, 1.42]
ICV −0.09 0.93 0.16 1.07 1.28* [1.03, 1.60]

Note. RT, Reaction time; SRT, Simple Reaction Time; CPT-IP, Continuous
Performance Task–Identical Pair Version; ISD, Individual standard deviation;
ICV, Individual coefficient of variation; PSQ, Psychosis Screening
Questionnaire; OR, Odds Ratio; CI, Confidence Interval.

a Binomial Logistic Regression.
⁎ p < .05.
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3.2. Predicting psychotic experiences from IIV

Associations between IIV and endorsement of PLE are shown in
Table 2. Participants with elevated ICV during the CPT-IP were more
likely to report PLE. No associations were found between PLE en-
dorsement and any other index of RT variability.

We examined the unique contributions of IIV on predicting group
membership using a discriminant function analysis. IIV scores for each
RT task were included simultaneously in the analysis to determine
which of these variables could best predict a participant's PLE grouping.
The combined information successfully predicted group membership
(Wilks Λ = 0.97, χ24 [N=440] = 12.54, P = .01) and correctly
classified 58.1% of all cases. Table 3 presents the standardized weights
of each predictor. These results indicate that ICV scores on the SRT
(β = 0.66) and the CPT-IP (β = 0.42) were the best predictors for
identifying whether a subject reported absent or more than one PLE.

Table 4 shows associations of RT measures with type of PLE re-
ported. There was a significant effect of PSQ outcome for the paranoia
group only. Elevated ICV on the SRT and CPT-IP were associated with
the reporting of paranoia. Elevated ISD on the CPT-IP was also related
to reporting of paranoia but did not meet the significance threshold. No
other significant associations between SRT or CPT-IP outcomes and
type of PLE were found. Correlations between IIV and the SPQ subscales
are reported in Table 5. Higher scores on the suspiciousness subscale
were associated with greater ISD and ICV during the CPT-IP, and
greater ICV during the SRT. Increased ICV during the CPT-IP was also
associated with elevated scores on the odd and eccentric beliefs sub-
scale. There were no other significant relationships between SRT or
CPT-IP outcomes and any of the other SPQ subscales.

4. Discussion

4.1. Principal findings

We set out to investigate whether elevated IIV was related to PLE
and schizotypy, whether this relationship was specific to complex RT
tasks, and whether there were any specific associations to type of

psychotic experience. The results indicate that elevated ICV during the
CPT-IP was more consistently associated with endorsement of PLE than
any other measure of IIV. Associations between PLE and CPT-IP ICV
also appeared to be specific to paranoid experiences only. Similarly,
there was an association between the suspiciousness subscale of the
SPQ and all included measures of IIV.

4.2. Study limitations

A number of limitations need to be acknowledged. Data were ob-
tained from a sample consisting of predominantly female under-
graduate students, which deviates from a more representative popula-
tion sample (Newman et al., 1998). Prior studies have indicated that
younger, more educated persons perform better on RT tasks than older
participants with lower levels of education (Anstey et al., 2005). In this
study, a number of participants made zero errors during the CPT-IP on
hit (n= 32) and catch trials (n= 25). Differences in performance be-
tween groups may have been masked by a ceiling effect, which oc-
curred despite the use of the more difficult identical pairs version of the
CPT (Cornblatt et al., 1988), and upper limits for response times. This
issue could be addressed by increasing the number of trials—a mod-
ification that would also allow for the calculation of ex-Gaussian esti-
mates of IIV (Luce, 1986).

A small number of participants reported PLE. This may have meant
that relationships between IIV and specific types of PLE were occluded
by relatively broad confidence intervals, particularly for those reporting
hallucinations or thought disorder. A clearer understanding of the re-
lationship of IIV to PLE in the general population may require much
larger samples and more comprehensive neurocognitive data. This
might usefully include a battery of either RT paradigms or

Table 3
Standardised coefficients of predictor variables of the dis-
criminant function.

Predictor Standardised coefficient

ISD for SRT 0.278
ICV for SRT 0.442
ISD for CPT-IP 0.368
ICV for CPT-IP 0.661

Note. SRT, Simple Reaction Time; CPT-IP, Continuous
Performance Task–Identical Pair Version; ISD, Individual stan-
dard deviation; ICV, Individual coefficient of variation.

Table 4
Association between type of psychotic-like experience and reaction time variability.

RT variability PSQ outcomea

None Thought insertion Paranoia Strange experiences Hallucinations
M (SD) M (SD) OR [95%CI] M (SD) OR [95%CI] M (SD) OR [95%CI] M (SD) OR [95%CI]

SRT
ISD −0.02 (1.02) −0.49 (0.39) 0.56 [0.18–1.76] 0.14 (0.88) 1.13 [0.88–1.44] 0.10 (0.97) 1.15 [0.85–1.55] 0.37 (1.08) 1.38 [0.67–2.83]
ICV −0.14 (1.02) −0.20 (0.24) 0.80 [0.28–2.31] 0.24 (0.96) 1.25˚ [0.98–1.58] 0.11 (1.02) 1.14 [0.85–1.52] 0.45 (1.21) 1.44 [0.74–2.81]

CPT-IP
ISD −0.07 (0.98) 0.14 (0.52) 1.35 [0.53–3.45] 0.17 (1.07) 1.24˚ [0.97–1.59] −0.14 (0.94) 0.90 [0.65–1.25] 0.13 (0.52) 1.15 [0.50–2.65]
ICV −0.09 (0.93) 0.32 (0.26) 1.55 [0.61–3.91] 0.28 (1.08) 1.43⁎⁎ [1.11–1.83] 0.08 (0.96) 0.99 [0.72–1.38] 0.16 (0.72) 1.28 [0.55–2.98]

Note. RT, Reaction time; SRT, Simple Reaction Time; CPT-IP, Continuous Performance Task–Identical Pair Version; ISD, Individual standard deviation; ICV,
Individual coefficient of variation; PSQ, Psychosis Screening Questionnaire.

a Binomial logistic regression. Comparisons are made between absent PLE and PLE grouping.
* p < .05, ⁎⁎p < .01.

Table 5
Correlations between schizotypy subscales and reaction time variability.

RT variability SPQ subscalea

IOR ESA OBMT UPE OEB NCF OS CA S

SRT
ISD 0.05 0.04 0.06 0.08 0.04 0.05 0.03 0.07 0.10*
ICV 0.06 0.03 0.05 0.09 0.04 0.04 0.03 0.06 0.11*

CPT-IP
ISD 0.03 0.05 −0.01 0.02 0.08 0.05 0.07 0.00 0.09˚
ICV 0.04 0.06 0.04 0.03 0.10* 0.05 0.07 −0.01 0.10*

Note. RT, Reaction time; SRT, Simple RT Task; CPT-IP, Continuous Performance
Task–Identical Pair Version; ISD, Individual standard deviation; ICV, Individual
coefficient of variation; SPQ, Schizotypal Personality Questionnaire; IOR, Ideas
of Reference; ESA, Excessive Social Anxiety; OBMT, Odd Beliefs or Magical
Thinking; UPE, Unusual Perceptual Experiences; OEB, Odd or Eccentric Beliefs;
NCF, No Close Friends; OS, Odd Speech; CA, Constricted Affect; S,
Suspiciousness.

a Bivariate correlation. Unadjusted analysis.
⁎ p < .05.
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neurocognitive tasks, to determine whether the relationship between
IIV and PLE is due to broad deficits in executive functioning or specific
issues in domains such as response inhibition. Further, an assessment of
current mental health status, including anxious or depressive sympto-
matology, may assist in testing the robustness of the association be-
tween IIV and suspiciousness or paranoia.

4.3. Compatibility with previous studies

Several studies have found elevated RT variability in persons diag-
nosed with schizophrenia (Rentrop et al., 2010; Vinogradov et al.,
1998), as well as in those at clinical risk of psychotic disorder
(Shin et al., 2013) and first-degree relatives of schizophrenia patients
(Hilti et al., 2010). However, to our knowledge only two studies have
assessed the relationship between IIV and specific dimensions of schi-
zotypy using a general population sample.

Schmidt-Hansen and Honey (2009) found that elevated IIV in an n-
back task predicted positive schizotypy more strongly than either ne-
gative or disorganized schizotypy in an undergraduate population.
More recently, Kane et al. (2016) conducted a confirmatory factor
analysis using non-conflict trials from five RT tasks. This ICV factor
correlated moderately with positive, paranoid, and disorganized schi-
zotypy. Our findings extend these findings by demonstrating not only
an association between ICV and suspicious schizotypy, but also to
paranoid PLE.

4.4. Possible mechanisms

We found evidence of an association between ICV on the CPT-IP and
presence of PLE. This is in line with our previous findings that IIV on a
stop-signal paradigm at age 15 predicted PLE at age 18 in a UK birth
cohort (Wallace and Linscott, 2017), as well as previous studies of IIV
along the psychosis continuum (Birkett et al., 2007; Shin et al., 2013).
As before, this relationship may reflect some neural overlap between
deficits in performance variability and the psychosis continuum.

Relationships between performance on cognitive tasks and schizo-
phrenia symptoms are commonly thought to support the notion that
structural or functional neurological alterations can cause psychotic
disorder and its associated deficits (Lesh et al., 2011). Paradigms such
as the CPT-IP, stop signal reaction time (Logan and Cowan, 1984), and
go/no-go tasks (Cornblatt et al., 1988; Heinrichs and Zakzanis, 1998),
are thought to tap aspects of executive processes. The CPT-IP is used to
measure sustained attention and response inhibition (Conners et al.,
2003), whereas the stop-signal RT and go/no-go tasks are purer tests of
response inhibition (Weintraub, 2000). It is suggested that performance
variability on these tasks reflects the stability of these executive pro-
cesses, which are mediated by the prefrontal cortex (Rubia et al., 2001;
Weintraub, 2000).

CPT-IP performance appears to more consistently differentiate be-
tween patients and controls than SRT performance. This finding has led
to the suggestion that increased IIV in schizophrenia is primarily related
to inefficient prefrontal neural processing (Winterer et al., 2004). This
is supported by reports of pronounced dysfunction of the prefrontal
cortex in schizophrenia (Callicott et al., 2003; Shenton et al., 2001)
alongside findings that greater levels of executive control result in
lower levels of IIV (Bellgrove et al., 2004; Stuss et al., 2003). Our
findings are consistent with these observations.

Associations were more robust for CPT-IP ICV than ISD. Although
novel, the specificity of associations to ICV is not unexpected. ISD in-
creases as a function of the mean and is thus confounded by it. As a
result, ISD may not be able to discern a performance that is rushed and
variable from one that is effortlessly fast (Golay et al., 2013). In con-
trast, theoretical and empirical studies indicate that ICV can more
sensitively distinguish between a rushed performance and one that is
efficiently organised (Segalowitz and Frenkiel-Fishman, 2005;
Segalowitz and Segalowitz, 1993). As a result, ICV is suggested to be a

more sensitive index of the stability of component cognitive processes
than ISD (Hulstijn et al., 2009; Segalowitz and Segalowitz, 1993).

Notably, there appear to be attenuated associations between SRT
and suspicious schizotypy. SRT ICV was somewhat predictive of PLE
status within a discriminant functional analysis. This mirrors some
finding in the ADHD literature showing increases in IIV over a wide
range of RT task types, including SRT (Borella et al., 2011; Kuntsi and
Klein, 2011). A latent-variable approach in future research on IIV along
the psychosis continuum may help in determining the nature and ro-
bustness of this relationship.

4.5. Associations with paranoia and suspiciousness

The observed association between elevated ICV and suspicious
schizotypy appears robust. Many theoretical approaches to paranoia,
suspiciousness, and delusions have been proposed, with varying de-
grees of support (Garety and Freeman, 1999, 2013). One emerging
literature has focused on the tendency for persons with delusions to
have a bias toward jumping to conclusions, noting that measures of this
bias correlate with positive symptoms (Garety et al., 1991). Future re-
search may usefully include assessment of probabilistic reasoning, such
as the bead task, to assess whether this explains the association found
here (Fear and Healy, 1997; Moritz and Woodward, 2005).

Bentall et al. (1994) proposed an integrative model to explain
paranoid and suspicious delusions, the core of which involves ab-
normalities in attribution and self-representation. Integral to this model
is the notion that selective attention to threat-related stimuli maintains
paranoid ideas (Bentall et al., 1994; Ullmann and Krasner, 1975). Al-
though much of the evidence for this theory is based on self-report data,
findings from studies employing RT and cognitive tasks have also been
incorporated (Bentall et al., 2001). For instance, in one test of this ac-
count, paranoid patients selectively attended to threat-related stimuli
relative to neutral stimuli during an emotional Stroop task (Fear et al.,
1996). The CPT-IP stimuli were neutral, which may have led to a more
variable performance for persons endorsing paranoia and suspicious-
ness, relative to other participants. Assessing IIV on tasks with a threat
component would be necessary for a more complete accounting.

Associations between paranoid PLE and ICV may also reflect a
propensity for mind wandering, a phenomenon termed task-unrelated
thought (Smallwood and Schooler, 2006). Persons with high schizotypy
are likely to have their stream of thought disrupted by affective dys-
regulation and current personal concerns (McVay and Kane, 2010;
Smallwood and Schooler, 2006). These disruptions, alongside relatively
low thresholds for motivational or perceptual salience (Kapur, 2003),
may lead to an abundance of material that contends for consciousness
during RT tasks. Research indicates that the association between ICV
and positive schizotypy is explained in part by task-unrelated thought
(Kane et al., 2016). This suggests a partial accounting of the results
reported here, which may become clearer with the inclusion of mind
wandering measures. At the very least, the current findings suggest that
the inclusion of a battery of RT and neurocognitive tasks would benefit
any future research into the association between IIV and sub-clinical
expressions of psychosis.

Funding

New Zealand Schizophrenia Research Group(NZSRG) Schizophrenia
Research Award to R.J.L.

Declaration of Competing Interest

Simon Wallace, Sarah Morton, and Richard J. Linscott have no
conflicts of interest, financial or otherwise, to disclose.

S. Wallace, et al. Psychiatry Research 281 (2019) 112592

5



Acknowledgments

We are grateful to Charlotte Levings, Hannah Macgregor-Wolken,
Rosie Marsh, Danielle McHardy, Buaphrao Raphiphatthana, and Ellen
Warhurst, who assisted with data collection.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.psychres.2019.112592.

References

American Psychiatric Association, 1987. Diagnostic and Statistical Manual of Mental
Disorders, third ed. American Psychiatric Association, Washington, DC revised ed.

Anstey, K.J., Dear, K., Christensen, H., Jorm, A.F., 2005. Biomarkers, health, lifestyle, and
demographic variables as correlates of reaction time performance in early, middle,
and late adulthood. Q. J. Exp. Psychol. Section A 58 (1), 5–21.

Barch, D.M., Carter, C.S., Braver, T.S., Sabb, F.W., MacDonald, A., Noll, D.C., Cohen, J.D.,
2001. Selective deficits in prefrontal cortex function in medication-naive patients
with schizophrenia. Arch. Gen. Psychiatry 58 (3), 280–288.

Barch, D.M., Carter, C.S., MacDonald III, A.W., Braver, T.S., Cohen, J.D., 2003. Context-
processing deficits in schizophrenia: diagnostic specificity, 4-week course, and re-
lationships to clinical symptoms. J. Abnorm. Psychol. 112 (1), 132.

Bebbington, P., Nayani, T., 1995. The psychosis screening questionnaire. Int. J. Methods
Psychiatr. Res. 5 (1), 11–19.

Bellgrove, M.A., Hester, R., Garavan, H., 2004. The functional neuroanatomical correlates
of response variability: evidence from a response inhibition task. Neuropsychologia
42 (14), 1910–1916.

Bentall, R.P., Corcoran, R., Howard, R., Blackwood, N., Kinderman, P., 2001. Persecutory
delusions: a review and theoretical integration. Clin. Psychol. Rev. 21 (8),
1143–1192.

Bentall, R.P., Kinderman, P., Kaney, S., 1994. The self, attributional processes and ab-
normal beliefs: towards a model of persecutory delusions. Behav. Res. Ther. 32 (3),
331–341.

Birkett, P., Sigmundsson, T., Sharma, T., Toulopoulou, T., Griffiths, T.D., Reveley, A.,
Murray, R., 2007. Reaction time and sustained attention in schizophrenia and its
genetic predisposition. Schizophr. Res. 95 (1–3), 76–85.

Borella, E., Chicherio, C., Re, A.M., Sensini, V., Cornoldi, C., 2011. Increased in-
traindividual variability is a marker of ADHD but also of dyslexia: a study on
handwriting. Brain Cogn. 77 (1), 33–39.

Burton, C.L., Strauss, E., Hultsch, D.F., Moll, A., Hunter, M.A., 2006. Intraindividual
variability as a marker of neurological dysfunction: a comparison of Alzheimer's
disease and Parkinson's disease. J. Clin. Exp. Neuropsychol. 28 (1), 67–83.

Callicott, J.H., Mattay, V.S., Verchinski, B.A., Marenco, S., Egan, M.F., Weinberger, D.R.,
2003. Complexity of prefrontal cortical dysfunction in schizophrenia: more than up
or down. Am. J. Psychiatry 160 (12), 2209–2215.

Castellanos, F.X., Tannock, R., 2002. Neuroscience of attention-deficit/hyperactivity
disorder: the search for endophenotypes. Nat. Rev. Neurosci. 3 (8), 617–628.

Conners, C.K., Epstein, J.N., Angold, A., Klaric, J., 2003. Continuous performance test
performance in a normative epidemiological sample. J. Abnorm. Child Psychol. 31
(5), 555–562.

Cornblatt, B.A., Risch, N.J., Faris, G., Friedman, D., Erlenmeyer-Kimling, L., 1988. The
continuous performance test, identical pairs version (CPT-IP): I. new findings about
sustained attention in normal families. Psychiatry Res. 26 (2), 223–238.

Fear, C.F., Healy, D., 1997. Probabilistic reasoning in obsessive–compulsive and delu-
sional disorders. Psychol. Med. 27 (1), 199–208.

Fear, C.F., Sharp, H., Healy, D., 1996. Cognitive processes in delusional disorders. The Br.
J. Psychiatry 168 (1), 61–67.

Fusar-Poli, P., Borgwardt, S., Bechdolf, A., Addington, J., Riecher-Rossler, A., Schultze-
Lutter, F., Keshavan, M., Wood, S., Ruhrmann, S., Seidman, L.J., Valmaggia, L.,
Cannon, T., Velthorst, E., De Haan, L., Cornblatt, B., Bonoldi, I., Birchwood, M.,
McGlashan, T., Carpenter, W., McGorry, P., Klosterkotter, J., McGuire, P., Yung, A.,
2013. The psychosis high-risk state: a comprehensive state-of-the-art review. JAMA
Psychiatry 70 (1), 107–120.

Garety, P.A., Freeman, D., 1999. Cognitive approaches to delusions: a critical review of
theories and evidence. Br. J. Clin. Psychol. 38 (2), 113–154.

Garety, P.A., Freeman, D., 2013. The past and future of delusions research: from the
inexplicable to the treatable. Br. J. Psychiatry 203 (5), 327–333.

Garety, P.A., Hemsley, D.R., Wessely, S.M.R.C., 1991. Reasoning in deluded schizo-
phrenic and paranoid patients: biases in performance on a probabilistic inference
task. J. Nerv. Ment. Dis. 179 (4), 194–201.

Garety, P.A., Kuipers, E., Fowler, D., Freeman, D., Bebbington, P.E., 2001. A cognitive
model of the positive symptoms of psychosis. Psychol. Med. 31 (2), 189–195.

Golay, P., Fagot, D., Lecerf, T., 2013. Against coefficient of variation for estimation of
intraindividual variability with accuracy measures. Tutor. Quant. Methods Psychol. 9
(1), 6–14.

Hanssen, M., Bak, M., Bijl, R., Vollebergh, W., Van Os, J., 2005. The incidence and out-
come of subclinical psychotic experiences in the general population. Br. J. Clin.
Psychol. 44 (2), 181–191.

Heinrichs, R.W., Zakzanis, K.K., 1998. Neurocognitive deficit in schizophrenia: a quan-
titative review of the evidence. Neuropsychology 12 (3), 426.

Hilti, C.C., Hilti, L.M., Heinemann, D., Robbins, T.W., Seifritz, E., Cattapan-Ludewig, K.,
2010. Impaired performance on the rapid visual information processing task (RVIP)
could be an endophenotype of schizophrenia. Psychiatry Res. 177 (1–2), 60–64.

Hulstijn, J.H., Van Gelderen, A., Schoonen, R., 2009. Automatization in second language
acquisition: what does the coefficient of variation tell us? Appl. Psycholinguist. 30
(4), 555–582.

Jensen, A.R., 2006. Clocking the Mind: Mental Chronometry and Individual Differences.
Elsevier.

Kaiser, S., Roth, A., Rentrop, M., Friederich, H.-C., Bender, S., Weisbrod, M., 2008. Intra-
individual reaction time variability in schizophrenia, depression and borderline
personality disorder. Brain Cogn. 66 (1), 73–82.

Kane, M.J., Meier, M.E., Smeekens, B.A., Gross, G.M., Chun, C.A., Silvia, P.J., Kwapil,
T.R., 2016. Individual differences in the executive control of attention, memory, and
thought, and their associations with schizotypy. J. Exp. Psychol. 145 (8), 1017–1048.

Kapur, S., 2003. Psychosis as a state of aberrant salience: a framework linking biology,
phenomenology, and pharmacology in schizophrenia. Am. J. Psychiatry 160 (1),
13–23.

Kelleher, I., Harley, M., Lynch, F., Arseneault, L., Fitzpatrick, C., Cannon, M., 2008.
Associations between childhood trauma, bullying and psychotic symptoms among a
school-based adolescent sample. Schizophr. Res. 102 (1–3, Supplement 2), 165.

Kelleher, I., Harley, M., Murtagh, A., Cannon, M., 2011. Are screening instruments valid
for psychotic-like experiences? a validation study of screening questions for psy-
chotic-like experiences using in-depth clinical interview. Schizophr. Bull. 37 (2),
362–369.

Kraepelin, E., 1971. Dementia Praecox and Paraphrenia. Krieger Publishing Company.
Kuntsi, J., Klein, C., 2011. Intraindividual variability in adhd and its implications for

research of causal links. Behavioral Neuroscience of Attention Deficit Hyperactivity
Disorder and its Treatment. Springer, pp. 67–91.

Lesh, T.A., Niendam, T.A., Minzenberg, M.J., Carter, C.S., 2011. Cognitive control deficits
in schizophrenia: mechanisms and meaning. Neuropsychopharmacology 36 (1),
316–338.

Li, S.C., Huxhold, O., Schmiedek, F., 2004. Aging and attenuated processing robustness.
Gerontology 50 (1), 28–34.

Li, S.C., Lindenberger, U., 1999. Cross-level unification: a computational exploration of
the link between deterioration of neurotransmitter systems and dedifferentiation of
cognitive abilities in old age. Cognitive Neuroscience of Memory. Hogrefe & Huber,
pp. 103–146.

Linscott, R.J., Morton, S.E., Alizadeh, B.Z., Bartels-Velthuis, A.A., van Beveren, N.J.,
Bruggeman, R., Cahn, W., de Haan, L., Delespaul, P., Meijer, C.J., Myin-Germeys, I.,
Kahn, R.S., Schirmbeck, F., Simons, C.J.P., van Haren, N.E., van Os, J., van Winkel,
R., 2017. The latent taxonicity of schizotypy in biological siblings of probands with
schizophrenia. Schizophr. Bull sbx143-sbx143.

Logan, G.D., Cowan, W.B., 1984. On the ability to inhibit thought and action: a theory of
an act of control. Psychol. Rev. 91 (3), 295–327.

Luce, R.D., 1986. Response Times: Their Role in Inferring Elementary Mental
Organization. Oxford University Press on Demand.

MacDonald, S.W., Li, S.C., Backman, L., 2009. Neural underpinnings of within-person
variability in cognitive functioning. Psychol. Aging 24 (4), 792–808.

MacDonald, S.W., Nyberg, L., Backman, L., 2006. Intra-individual variability in behavior:
links to brain structure, neurotransmission and neuronal activity. Trends Neurosci. 29
(8), 474–480.

Mason, O.J., 2015. The assessment of schizotypy and its clinical relevance. Schizophr.
Bull. 41 (suppl_2), S374–S385.

McVay, J.C., Kane, M.J., 2010. Does mind wandering reflect executive function or ex-
ecutive failure? Comment on Smallwood and Schooler (2006) and Watkins (2008).
Psychol. Bull. 136 (2), 188–197.

Meehl, P.E., 1962. Schizotaxia, schizotypy, schizophrenia. Am. Psychol. 17 (12),
827–838.

Moore, T.H.M., Zammit, S., Lingford-Hughes, A., Barnes, T.R.E., Jones, P.B., Burke, M.,
Lewis, G., 2007. Cannabis use and risk of psychotic or affective mental health out-
comes: a systematic review. The Lancet 370 (9584), 319–328.

Moritz, S., Woodward, T.S., 2005. Jumping to conclusions in delusional and non‐delu-
sional schizophrenic patients. Br. J. Clin. Psychol. 44 (2), 193–207.

Morton, S.E., O'Hare, K.J.M., Maha, J.L.K., Nicolson, M.P., Machado, L., Topless, R.,
Merriman, T.R., Linscott, R.J., 2017. Testing the validity of taxonic schizotypy using
genetic and environmental risk variables. Schizophr. Bull. 43 (3), 633–643.

Munro, L.L., Dawson, M.E., Schell, A.M., Sakai, L.M., 1987. Electrodermal lability and
rapid vigilance decrement in a degraded stimulus continuous performance task. J.
Psychophysiol. 1 (3), 249–257.

Nelson, M., Seal, M., Pantelis, C., Phillips, L., 2013. Evidence of a dimensional relation-
ship between schizotypy and schizophrenia: a systematic review. Neurosci. Biobehav.
Rev. 37 (3), 317–327.

Newman, D.L., Moffitt, T.E., Caspi, A., Silva, P.A., 1998. Comorbid mental disorders:
implications for treatment and sample selection. J. Abnorm. Psychol. 107 (2),
305–311.

O'Gráda, C., Barry, S., McGlade, N., Behan, C., Haq, F., Hayden, J., O'Donoghue, T., Peel,
R., Morris, D., O'Callaghan, E., Gill, M., Corvin, A., Dinan, T.G., Donohoe, G., 2008.
Does the ability to sustain attention underlie symptom severity in schizophrenia?
Schizophr. Res. 107 (2–3), 319–323.

Pellizzer, G., Stephane, M., 2007. Response selection in schizophrenia. Exp. Brain Res.
180 (4), 705–714.

Raine, A., 1991. The SPQ: a scale for the assessment of schizotypal personality based on
DSM-III-R criteria. Schizophr. Bull. 17 (4), 555.

Ram, N., Gerstorf, D., 2009. Time-Structured and net intraindividual variability: tools for
examining the development of dynamic characteristics and processes. Psychol. Aging
24 (4), 778–791.

S. Wallace, et al. Psychiatry Research 281 (2019) 112592

6

https://doi.org/10.1016/j.psychres.2019.112592
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0001
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0001
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0002
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0002
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0002
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0003
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0003
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0003
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0004
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0004
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0004
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0005
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0005
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0006
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0006
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0006
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0007
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0007
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0007
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0008
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0008
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0008
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0009
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0009
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0009
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0010
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0010
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0010
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0011
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0011
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0011
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0012
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0012
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0012
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0013
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0013
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0014
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0014
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0014
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0015
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0015
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0015
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0016
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0016
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0017
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0017
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0018
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0018
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0018
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0018
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0018
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0018
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0019
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0019
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0020
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0020
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0021
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0021
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0021
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0022
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0022
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0023
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0023
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0023
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0024
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0024
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0024
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0025
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0025
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0026
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0026
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0026
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0027
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0027
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0027
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0028
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0028
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0029
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0029
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0029
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0030
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0030
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0030
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0031
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0031
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0031
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0032
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0032
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0032
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0033
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0033
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0033
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0033
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0034
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0035
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0035
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0035
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0036
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0036
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0036
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0037
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0037
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0038
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0038
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0038
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0038
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0039
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0039
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0039
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0039
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0039
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0041
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0041
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0042
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0042
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0043
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0043
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0044
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0044
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0044
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0045
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0045
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0046
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0046
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0046
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0047
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0047
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0048
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0048
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0048
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0049
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0049
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0050
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0050
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0050
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0051
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0051
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0051
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0052
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0052
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0052
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0053
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0053
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0053
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0053a
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0053a
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0053a
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0053a
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0054
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0054
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0055
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0055
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0056
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0056
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0056


Rentrop, M., Rodewald, K., Roth, A., Simon, J., Walther, S., Fiedler, P., Weisbrod, M.,
Kaiser, S., 2010. Intra-individual variability in high-functioning patients with schi-
zophrenia. Psychiatry Res. 178 (1), 27–32.

Roalf, D.R., Gur, R.C., Almasy, L., Richard, J., Gallagher, R.S., Prasad, K., Wood, J.,
Pogue-Geile, M.F., Nimgaonkar, V.L., Gur, R.E., 2013. Neurocognitive performance
stability in a multiplex multigenerational study of schizophrenia. Schizophr. Bull. 39
(5), 1008–1017.

Rossi, A., Daneluzzo, E., 2002. Schizotypal dimensions in normals and schizophrenic
patients: a comparison with other clinical samples. Schizophr. Res. 54 (1), 67–75.

Rubia, K., Russell, T., Overmeyer, S., Brammer, M.J., Bullmore, E.T., Sharma, T.,
Simmons, A., Williams, S.C.R., Giampietro, V., Andrew, C.M., Taylor, E., 2001.
Mapping motor inhibition: conjunctive brain activations across different versions of
go/no-go and stop tasks. Neuroimage 13 (2), 250–261.

Schmidt-Hansen, M., Honey, R.C., 2009. Working memory and multidimensional schi-
zotypy: dissociable influences of the different dimensions. Cogn. Neuropsychol. 26
(7), 655–670.

Segalowitz, N.S., Frenkiel-Fishman, S., 2005. Attention control and ability level in a
complex cognitive skill: attention shifting and second-language proficiency. Mem.
Cognit. 33 (4), 644–653.

Segalowitz, N.S., Segalowitz, S.J., 1993. Skilled performance, practice, and the differ-
entiation of speed-up from automatization effects: evidence from second language
word recognition. Appl. Psycholinguist. 14 (3), 369–385.

Shenton, M.E., Dickey, C.C., Frumin, M., McCarley, R.W., 2001. A review of mri findings
in schizophrenia. Schizophr. Res. 49 (1–2), 1–52.

Shin, Y.S., Kim, S.N., Shin, N.Y., Jung, W.H., Hur, J.-.W., Byun, M.S., Jang, J.H., An, S.K.,
Kwon, J.S., 2013. Increased intra-individual variability of cognitive processing in
subjects at risk mental state and schizophrenia patients. PLoS One 8 (11), e78354.

Smallwood, J., Schooler, J.W., 2006. The restless mind. Psychol. Bull. 132 (6), 946–958.

Spauwen, J., Krabbendam, L., Lieb, R., Wittchen, H.-.U., van Os, J., 2004. Does urbanicity
shift the population expression of psychosis? J. Psychiatr. Res. 38 (6), 613–618.

StataCorp, 2015. Stata Statistical Software: Release 14.1. Stata Corporation, College
Station, TX.

Stuss, D.T., Murphy, K.J., Binns, M.A., Alexander, M.P., 2003. Staying on the job: the
frontal lobes control individual performance variability. Brain 126 (11), 2363–2380.

Tabachnick, B.G., Fidell, L.S., Osterlind, S.J., 2007. Using Multivariate Statistics, fifth ed.
Allyn and Bacon/Pearson Education, Boston.

Ullmann, L.P., Krasner, L., 1975. A Psychological Approach to Abnormal Behavior.
Prentice-Hall.

van Os, J., Linscott, R.J., 2012. Introduction: the extended psychosis phenotype—r-
elationship with schizophrenia and with ultrahigh risk status for psychosis.
Schizophr. Bull. 38 (2), 227–230.

Vinogradov, S., Poole, J.H., Willis-Shore, J., Ober, B.A., Shenaut, G.K., 1998. Slower and
more variable reaction times in schizophrenia: what do they signify? Schizophr. Res.
32 (3), 183–190.

Wallace, S., Linscott, R.J., 2017. Intra-individual variability and psychotic-like experi-
ences in adolescents: findings from the ALSPAC cohort. Schizophr. Res.

Walter, E.E., Fernandez, F., Snelling, M., Barkus, E., 2016. Genetic consideration of
schizotypal traits: a review. Front. Psychol. 7, 1769.

Weintraub, S., 2000. Neuropsychological assessment of mental state. In: Mesulam, M.M.
(Ed.), Principles of Behavioral and Cognitive Neurology. Oxford University Press,
New York, pp. 121–173.

Williams, B.R., Hultsch, D.F., Strauss, E.H., Hunter, M.A., Tannock, R., 2005.
Inconsistency in reaction time across the life span. Neuropsychology 19 (1), 88–96.

Winterer, G., Coppola, R., Goldberg, T.E., Egan, M.F., Jones, D.W., Sanchez, C.E.,
Weinberger, D.R., 2004. Prefrontal broadband noise, working memory, and genetic
risk for schizophrenia. Am. J. Psychiatry 161 (3), 490–500.

S. Wallace, et al. Psychiatry Research 281 (2019) 112592

7

http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0057
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0057
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0057
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0058
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0058
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0058
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0058
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0059
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0059
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0060
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0060
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0060
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0060
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0061
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0061
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0061
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0062
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0062
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0062
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0063
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0063
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0063
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0064
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0064
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0065
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0065
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0065
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0066
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0067
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0067
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0068
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0068
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0069
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0069
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0070
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0070
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0071
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0071
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0072
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0072
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0072
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0073
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0073
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0073
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0074
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0074
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0075
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0075
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0076
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0076
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0076
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0077
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0077
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0078
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0078
http://refhub.elsevier.com/S0165-1781(19)30726-7/sbref0078

	Relationships between intra-individual variability and subclinical psychosis
	Introduction
	Methods
	Sample
	Outcome measures
	Psychotic-like experiences
	Schizotypal personality

	Predictor variables
	Simple reaction time
	Continuous performance test-identical pairs version

	Covariates
	Data cleaning and analysis

	Results
	Descriptive statistics
	Predicting psychotic experiences from IIV

	Discussion
	Principal findings
	Study limitations
	Compatibility with previous studies
	Possible mechanisms
	Associations with paranoia and suspiciousness

	Funding
	mk:H1_22
	Acknowledgments
	Supplementary materials
	References




