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Abstract

A large correlational study took a latent-variable approach to the generality of executive control by 

testing the individual-differences structure of executive-attention capabilities and assessing their 

prediction of schizotypy, a multidimensional construct (with negative, positive, disorganized, and 

paranoid factors) conveying risk for schizophrenia. Although schizophrenia is convincingly linked 

to executive deficits, the schizotypy literature is equivocal. Subjects completed tasks of working 

memory capacity (WMC), attention restraint (inhibiting prepotent responses), and attention 

constraint (focusing visual attention amid distractors), the latter two in an effort to fractionate the 

“inhibition” construct. We also assessed mind-wandering propensity (via in-task thought probes) 

and coefficient of variation in response times (RT CoV) from several tasks as more novel indices 

of executive attention. WMC, attention restraint, attention constraint, mind wandering, and RT 

CoV were correlated but separable constructs, indicating some distinctions among “attention 

control” abilities; WMC correlated more strongly with attentional restraint than constraint, and 

mind wandering correlated more strongly with attentional restraint, attentional constraint, and RT 

CoV than with WMC. Across structural models, no executive construct predicted negative 

schizotypy and only mind wandering and RT CoV consistently (but modestly) predicted positive, 
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disorganized, and paranoid schizotypy; stalwart executive constructs in the schizophrenia literature 

— WMC and attention restraint — showed little to no predictive power, beyond restraint’s 

prediction of paranoia. Either executive deficits are consequences rather than risk factors for 

schizophrenia, or executive failures barely precede or precipitate diagnosable schizophrenia 

symptoms.

Keywords

working memory capacity; executive attention; inhibition; mind wandering; schizotypy; individual 
differences

People endeavor to regulate their mental processes — their attentional focus, their reactions 

to alluring distractions, their thought content — with varying success. That is, some people 

seem to have better cognitive control than others: showing minimal distraction from 

environmental events, persisting in goal-directed activities despite tempting diversions, and 

staying focused on tasks without their thoughts being derailed by personal concerns. One 

might wonder who these people are, and what makes them successful at self-control. 

However, we should first determine whether there truly is a class of “these people” to 

identify. That is, are adults who are less distractible also more successful at withholding 

impulsive comments? Does a person’s distractibility from environmental events also predict 

distractibility from their own thoughts? These questions are fundamentally about whether 

individual differences in cognitive, or “executive,” control are domain general and stable 

across different threats to control.

Given that most intellectual abilities share individual-differences variance (e.g., Carroll, 

1993; Gustafsson, 1984; Horn, 1968), we expect some generality of control capabilities. 

Indeed, empirical research by Miyake, Friedman, and colleagues (e.g., Friedman et al., 2008, 

2011; Miyake, Friedman, Emerson, Witzi, & Howerter, 2000; see Miyake & Friedman, 

2012, for a review) suggests both domain generality (“unity”) and domain specificity 

(“diversity”) of executive control. Confirmatory factor analyses of task batteries including 

response inhibition, memory updating, and task-set switching measures indicate that these 

three executive factors are distinguishable. That is, one’s response-inhibition capabilities are 

not identical to one’s memory-updating or task-switching capabilities. At the same time, the 

three factors correlate substantially (≈.40 – .60), indicating some domain generality. It 

therefore seems that there is a group of “these people,” who are effective cognitive 

regulators across domains.

At the same time, purely cognitive approaches to executive individual differences fail to 

capture all the ways in which control abilities, and control failures, may manifest in both 

laboratory and everyday settings (e.g., Altamirano, Miyake, & Whitmer, 2010; Unsworth et 

al., 2009; Young et al., 2009). In order to expand the field’s consideration of executive-

control variation, the present study assesses its association with a personality construct — 

schizotypy — that has been linked to control deficits (e.g., Gooding, 1999; Kerns, 2006; 

Tallent & Gooding, 1999). Schizotypy refers to a spectrum of unusual experiential, 

emotional, behavioral, and interpersonal traits, with psychosis and schizophrenia at its 

extreme (e.g., Meehl, 1990). Our present goal, then, is to explore the individual-differences 
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structure of executive control — focusing on fractionating the response-inhibition construct 

and exploring additional executive attention factors, such as working memory capacity, 

mind-wandering propensity, and reaction-time variability — and testing their associations to 

a personality construct (schizotypy) that is associated with executive-control deficits and 

with strange subjective experiences suggesting attentional differences.

 Executive Attention and Schizotypy

Etiological models of schizophrenia (Andreasen, 1999; Gottesman, 1991; Meehl, 1990) 

assume that an interaction of genetic, neurodevelopmental, and psychosocial factors underlie 

vulnerability for schizophrenia and spectrum disorders, which is expressed across a 

continuum known as “schizotypy.” Most people high in schizotypy will not decompensate 

into schizophrenia, but many will experience attenuated or transient symptoms, ranging from 

sub-clinical deviance, to spectrum personality disorders, to psychosis (e.g., Kwapil, 

Barrantes-Vidal, & Silvia, 2008). Schizotypy is a multidimensional construct comprising 

latent factors that mirror those of schizophrenia: negative, positive, disorganized, and 

paranoid (e.g., Arndt, Alliger, & Andreasen, 1991; Bilder, Mukherjee, Rieder, & 

Pandurangi, 1985; Horton, Barantes-Vidal, Silvia, & Kwapil, 2014; Liddle, 1987). Negative 

schizotypy involves functional and experiential deficits, such as social withdrawal, avolition, 

anhedonia, and diminished affect, whereas positive schizotypy involves experiential 

excesses, such as unusual beliefs (magical and referential thinking; delusions) and 

perceptual experiences (illusions; hallucinations). Like positive schizotypy, and also 

reflecting prototypical features of psychosis, both paranoid and disorganized schizotypy 

exhibit abundant but abnormal thought: Paranoid schizotypy features suspiciousness and 

expectation of mistreatment or persecution, whereas disorganized schizotypy reflects 

confused, disordered speech, thought, and behavior.

Questionnaire measures, such as the Schizotypal Personality Questionnaire (SPQ; Raine, 

1991) and the Wisconsin Schizotypy scales (WSS; e.g., Chapman, Chapman, & Raulin, 

1976, 1978; Eckblad & Chapman, 1983), validly assess schizotypic traits (Kwapil & Chun, 

2015). Psychometrically assessed schizotypy is associated with psychotic-like, prodromal, 

schizophrenia-spectrum, and subjective cognitive symptoms (e.g., Barrantes-Vidal, Chun, 

Myin-Germeys, & Kwapil, 2013; Blanchard, Collins, Aghevli, Leung, & Cohen, 2011; 

Kwapil et al., 2008; Yon, Loas, & Monestès, 2009). Longitudinally, positive schizotypy 

predicts development of psychotic disorders and negative schizotypy predicts schizophrenia-

spectrum disorders (Chapman et al., 1994; Gooding, Tallent, & Matts, 2005; Kwapil, 1998; 

Kwapil, Gross, Silvia, & Barrantes-Vidal, 2013). Cross-sectionally, schizotypy predicts 

schizophrenic-like patterns of neuro- and social-cognitive impairment, neurological soft 

signs, and neuroimaging signatures (e.g., Coleman, Levy, Lenzenweger & Holzman, 1996; 

Fuggetta, Bennett, Duke, & Young, 2014; Gooding, Matts, & Rollmann, 2006; 

Kaczorowski, Barrantes-Vidal, & Kwapil, 2009; Modinos et al., 2010). Daily-life experience 

sampling further indicates that positive schizotypy predicts momentary psychotic-like 

symptoms, negative affect, suspiciousness, and stress-reactivity, whereas negative schizotypy 

predicts decreased positive affect and social interest, and diminished thoughts and emotions 

(e.g., Kwapil et al., 2009, 2012; Barrantes-Vidal et al., 2013).
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Considerable research has explored cognitive and, specifically, executive-control correlates 

of schizophrenia (see Barch, 2005; Barch & Ceasar, 2012; Heinrichs & Zakzanis, 1998; Park 

& Gooding, 2014). Studying schizotypy in currently healthy adults, however, has advantages 

regarding questions about risk versus resilience for psychopathology. From a cognitive 

perspective, a further advantage is that mental processes associated with schizotypy can be 

studied unconfounded by the severe behavioral, social, and medical consequences of 

schizophrenia, which may obfuscate disease-specific effects. Indeed, even in first-episode, 

medication-naïve schizophrenia patients, who are free of such chronic influences (e.g., 

Barch et al., 2001, 2003), acute symptoms in the moment may impair motivation or ability to 

perform cognitive tasks. Any observed executive deficits in schizophrenia are thus 

ambiguous regarding cognitive versus motivational influences and whether cognitive deficits 

confer liability for, or follow from, the disorder.

Unfortunately, only a small literature has addressed the association between schizotypy and 

executive control. This limited work, moreover, presents mixed findings that are difficult to 

reconcile. Different studies use different schizotypy measures — some average across 

multiple schizotypy factors and others on a particular dimension (e.g., social anhedonia). 

Some studies assess schizotypy continuously and others dichotomize schizotypy and control 

groups arbitrarily. Some studies test university students, others draw from the broader 

community, and most do so with underpowered samples. Most studies also use only a single 

instrument to assess schizotypy, but even those that use multiple measures tend not to 

combine them using latent-variable techniques. Similarly, they assess particular cognitive 

constructs with widely different tasks and almost always with only a single, multiply 

determined task per construct (and when multiple tasks are used, they are usually treated 

individually).

 Schizotypy and Working Memory Capacity

Schizotypy studies typically measure working memory capacity (WMC), the ability to 

maintain information in the service of ongoing activities, with digit- or letter-number span 

tests, n-back tasks, or delayed match-t0-sample tasks. The findings are incoherent. Matheson 

and Langdon (2008) found that some schizotypy factors, but not others, correlated modestly 

with letter-number span, but most studies have found no differences between higher and 

lower schizotypy subjects in letter-number, digit, or other span tasks (Avons, Nunn, Chan, & 

Armstrong, 2003; Chan, Wang, et al., 2011; Chun, Minor, & Cohen, 2013; Daly, Afroz, & 

Walder, 2012; Iati, 2012; Lenzenweger & Gold, 2000; M. Peters, Smeets, Giesbrecht, Jelici, 

& Merckelbach, 2007; Tervo, 2004; Unsworth et al., 2009; Wang et al., 2008). Regarding n-

back and delayed-match-to-sample studies, they are each about evenly split between those 

finding null schizotypy effects (Chan, Wang et al., 2011; Smyrnis et al., 2007; Park & 

McTigue, 1997; N. Smith & Lenzenweger, 2013; Wang et al., 2008) and those that show 

limited and inconsistent schizotypy effects, with schizotypy-related differences arising in 

some dependent measures but not others, or for some schizotypy dimensions but not others 

(Gooding & Tallent, 2003; Kerns & Becker, 2008; Koychev, El-Deredy, Haenschel, & 

Deakin, 2010; Koychev et al., 2012; Park, Holzman & Lenzenweger, 1995; Schmidt-Hansen 

& Honey, 2009; Tallent & Gooding, 1999). On balance, there may be some limited signal 
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amid this noise, but unlike the schizophrenia literature, it is not clear whether all or any 

schizotypy dimensions are associated with WMC impairment.

 Schizotypy and Executive Attention

In terms of other, relevant executive dimensions, enough studies have assessed the relation 

of schizotypy to sustained attention and inhibitory control to review here. Sustained attention 

has been most frequently measured with the continuous performance identical-pairs test 

(CPT-IP); subjects respond only when two consecutive stimuli (e.g., 4-digit numbers) in a 

sequence are identical. Several studies found either a negative correlation between 

schizotypy scores and CPT-IP accuracy (Bergida & Lenzenweger, 2006; Chen, Hsiao & Lin, 

1997; Rawlings & Goldberg, 2001) or a mean deficit in CPT-IP for high compared to low 

schizotypy groups (Gooding et al., 2006; Lenzenweger, 2001; Lenzenweger, Cornblatt, & 

Putnick, 1991; Obiols, García-Domingo, de Trinchería, & Doménech, 1993). Many of these 

effects were small, however, and either relied on 1-tailed tests, or arose only in some 

outcome measures, or arose inconsistently for some schizotypy dimensions but not others. 

Moreover, other CPT-IP studies have found only null effects of schizotypy (Smyrnis et al., 

2007; Tervo, 2004), as have studies using different sustained attention measures, the 

Sustained Attention to Response Task (SART; Chan, Wang et al., 2011; Chan, Yan et al., 

2011), and the COGLAB sustained attention test (Otteson, 1995; Spaulding, Garbin, & Dras, 

1989).

Inhibiton-control results are also mixed. The SART, mentioned with the null studies above, 

is a go/no-go task that demands response inhibition in addition to sustained attention. The 

venerable Stroop task also yields primarily null results: most studies find no deficits 

associated with schizotypy (Beech, Baylis, Smithson & Claridge, 1989; Cimino & 

Haywood, 2008; Dinn, Harris, Aycicegi, Greene, & Andover, 2002; Höfer, Della Casa, & 

Feldon, 1999; Kerns, 2006; Lipp, Siddle, & Arnold, 1994; Martin & Kerns, 2010; E. Peters, 

Pickering & Hemsley, 1994; Steel, Hemsley, & Jones, 1996). Only three studies have 

reported significant Stroop results, but inconsistently across different schizotypy dimensions 

(Moritz et al., 1999; Surh, 1997; Swerdlow, Filion, Geyer, & Braff, 1995). Finally, regarding 

inhibition, two other measures show limited sensitivity to schizotypy. In the antisaccade task 

and the Preparation for Overcoming a Prepotent Response task, which require subjects to 

respond in opposition to strong visual cues, people who are high in some schizotypy 

dimensions (or in some measures), but not in others, show worse performance (Gooding, 

1999; Kerns, 2006; O’Driscoll, Lenzenweger, & Holzman, 1998; Unsworth et al., 2009).

In short, our review indicates that the schizotypy literature — which features many studies 

lacking in statistical power, in optimal construct measurement, or both — currently lacks 

clear evidence that either WMC, sustained attention, or inhibitory control are deficient in 

people who are high in schizotypy. A more comprehensive and sophisticated approach to 

measuring schizotypy and executive control abilities, at the level of constructs, is needed to 

make significant theoretical progress.
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 The Structure of WMC and Executive Attention

Individual-differences research on executive attention has two historical roots. One, 

currently focused on the constructs of inhibition, memory updating, and switching, grew 

from questions regarding neuropsychological tests of ostensible frontal-lobe functions and 

whether these “executive functions” were unitary or distinguishable (see Miyake & 

Friedman, 2012). The other arose from testing theoretical claims about working memory’s 

“central executive” component (Baddeley, 1986) and the generality of its predictive power. 

That is, individual differences in WMC clearly predicted important and diverse intellectual 

abilities (e.g., Daneman & Carpenter, 1980; Engle, Tuholski, Laughlin, & Conway, 1999; 

Kyllonen & Christal, 1990; Shute, 1991) and a candidate mechanism was a domain-general 

set of “executive attention” capabilities. Engle and colleagues tested this idea and discovered 

that attention-demanding components of memory retrieval, such as controlling interference, 

discriminated higher- from lower-WMC adults (e.g., Conway & Engle, 1994; Rosen & 

Engle, 1997, 1998). Moreover, relatively “simple” attention tasks also varied with WMC 

(e.g., Conway, Cowan, & Bunting, 2001; Kane, Bleckley, Conway, & Engle, 2001; Kane & 

Engle, 2003). Such findings suggested that variation in domain-general attention-control 

processes contributed to WMC variation and its covariation with complex cognition (e.g., 

Braver, Gray, & Burgess, 2007; Hasher, Lustig, & Zacks, 2007; Kane, Conway, Hambrick, 

& Engle, 2007).

More recent, large-scale studies of WMC and attention control have assumed that a variety 

of tasks tap into a single “executive attention” factor, whether they require focusing on a 

target stimulus amid distractors, over-riding a prepotent response to a stimulus, or sustaining 

optimal response readiness over long tasks. Most of these studies mix 2–4 such tasks and 

take their shared variance to reflect a latent executive construct via structural equation 

modeling. These models fit the data, indicating generality, but these studies have not used 

enough tasks of each type to test for dissociable forms of control. What these studies do 

show clearly is that WMC and executive attention are strongly linked, with latent-variable 

correlations in the .50–.70 range (reported correlations in brackets: Chuderski, 2014 [.61]; 

Chuderski, Taraday, Nęcka, & Smoleń, 2012 [.63, Study 1; .60, Study 2]; Colom et al., 2008 

[.52]; Dang, Braeken, Colom, Ferrer, & Liu 2014 [.61 with spatial WMC; .45 with verbal 

WMC]; McVay & Kane, 2012b [.73]; Schweizer & Moosbrugger, 2004 [.50]; Shipstead, 

Harrison, & Engle, 2015 [.74, data set 2]; Shipstead, Lindsey, Marshall, & Engle, 2014 [.

68]; Unsworth, Brewer, & Spillers, 2012 [.64]; Unsworth, Fukuda, Awh, & Vogel, 2014 [.

54]; Unsworth & Spillers, 2010 [.58]; Unsworth, Spillers, & Brewer, 2009 [.41]; but for 

outlying null correlations, see Keye, Wilhelm, Oberauer, & Ravenzwaaij, 2009 [.07 and .16] 

and Keye, Wilhelm, Oberauer, & Stürmer, 2013 [.06]). We therefore argue that WMC and 

attention-control abilities share 25–50% of their variance.

These strong WMC-attention correlations suggest generality, but two large-scale studies 

have attempted to fractionate the executive-attention construct further. Chuderski et al. 

(2012, Study 1) tested whether goal-maintenance, response-competition, and response-

inhibition abilities showed unity and diversity, and whether they correlated with WMC. The 

attention constructs did not correlate with each other and they differentially correlated with 

WMC, both indicating diversity of executive attention. Unfortunately, the study tested 
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poorly operationalized constructs and used too few tasks and subjects. Friedman and Miyake 

(2004) asked a more tractable question: whether response inhibition tasks (overriding 

dominant responses; e.g., stop-signal and Stroop tasks) tap the same construct as distractor 
interference tasks (ignoring distractor stimuli; e.g., flanker tasks). Their structural model 

indicated a strong (.68) correlation between response-inhibition and distractor-interference 

factors. In fact, a single “inhibition-distraction” factor fit the data, indicating that response 

and distractor control were strongly related, if not isomorphic. We have more confidence in 

Friedman and Miyake’s conclusions — that executive attention constructs are reasonably 

well correlated — given their study’s larger sample, their more adequate task battery, and 

their non-zero correlations among attention tasks matching those from other studies (e.g., 

Chuderski, 2014; McVay & Kane, 2012b; Shipstead et al., 2014; Unsworth & Spillers, 

2010).

At the same time, with only two contradictory studies, we must withhold strong judgment 

about the unity versus diversity of executive attention. This is unfortunate because important 

theoretical questions can hinge on whether particular tasks are good indicators of a general 

executive construct. For example, Paap and Greenberg’s (2013; see also Paap, Johnson, & 

Sawi, 2014; Paap & Sawi, 2014) arguments against a bilingual advantage in executive 

control are based in part on weak correlations among different putative inhibition tasks 

(antisaccade, flanker, and Simon tasks): If bilingual advantages are seen on one or another of 

these tasks, but the tasks don’t correlate, then the evidence cannot support a task- or domain-

general bilingual benefit. Similarly, executive-attention theories of WMC may be considered 

either falsified or specified in light of null WMC effects in particular attention tasks, such as 

Simon, visual search, or task switching (e.g., Draheim, Hicks, & Engle, 2016; Keye et al., 

2009; Meier & Kane, 2015; Oberauer, Süß, Wilhelm, & Wittmann, 2003; Poole & Kane, 

2009). To advance our understanding of executive attention constructs, the present study 

rigorously tests the generality versus specificity of response inhibition and distractor 

interference constructs, with a large participant and task sample (we use the labels attention 
restraint and attention constraint, respectively, as neutral descriptions for these tasks’ 

demands).

 Mind Wandering Propensity as Another Marker of Executive Attention

People’s thoughts often drift from their ongoing task and immediate environment, a 

phenomenon described as “daydreaming,” “mind wandering,” or “task-unrelated thought” 

(TUT; e.g., Giambra, 1989; Klinger, 1999; Singer, 1966; Smallwood & Schooler, 2006). 

Scientific studies typically assess TUTs by interrupting subjects’ ongoing tasks with 

unpredictable thought probes that ask them whether their immediately preceding thoughts 

were on-task or off-task. To the extent that someone intends to stay task-focused, a TUT 

experience may reflect executive-control failure, much like distraction by irrelevant 

environmental stimuli (McVay & Kane, 2010). Mind wandering isn’t always unintentional 

or problematic, however, and so executive processes cannot completely account for 

individual differences in TUTs (e.g., Seli, Cheyne, Xu, Purdon, & Smilek, 2015). Indeed, a 

theoretical consensus is emerging that executive control does not simply prevent mind 

wandering by actively maintaining task-oriented cognition: Executive processes may also 

support mind wandering by maintaining internally focused cognition when situations allow 
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it (Christoff, Gordon, Smallwood, Smith & Schooler, 2009; Smallwood, 2013; Smallwood & 

Andrews-Hanna, 2013; see also Thomson, Besner, & Smilek, 2015); they may also 

dynamically shift focus between on- and off-task thought based on task demands (Rummel 

& Boywitt, 2014).

The current study presented demanding contexts where TUTs impair performance and thus 

better (but imperfectly) indicate control failures. Our primary question was whether 

executive-control variation, such as in WMC, attention restraint, and constraint, would 

predict TUT rates, with people of higher control reporting fewer TUTs. We further asked 

whether executive constructs differentially predicted mind-wandering. Limited evidence 

suggests that attention restraint correlates more strongly with TUT rates than does WMC 

(McVay & Kane, 2012b; Unsworth & McMillan, 2014) and that constraint abilities do not 

correlate at all with questionnaire measures of daydreaming, which contradicts executive-

attention accounts of TUT vulnerability (Forster & Lavie, 2014). Should researchers 

continue to use WMC tasks to explore executive contributions to mind wandering? Are 

constraint abilities uniquely independent of TUTs?

WMC correlates negatively with TUTs during demanding tasks (for reviews, see Kane & 

McVay, 2012; Randall, Oswald, & Beier, 2014). In a week-long, daily-life study, Kane, 

Brown et al. (2007) provided WMC-screened subjects with a digital device that probed their 

thoughts and asked about their context. Lower WMC subjects reported more TUTs than did 

higher WMC subjects only during activities they rated as requiring more concentration and 

as more challenging and effortful. In lab tasks that assess attention restraint (McVay & Kane, 

2009, 2012a), memory updating (Rummel & Boywitt, 2014), or reading (McVay & Kane, 

2012b; Unsworth & McMillan, 2013), WMC also negatively predicts TUTs. But in 

relatively easy but tedious tasks, such as vigilance or “pop-out” visual search (Levinson, 

Smallwood, & Davidson, 2012; McVay & Kane, 2012a), WMC is uncorrelated with TUTs; 

indeed, trivially demanding tasks may even elicit more mind wandering in higher than in 

lower WMC subjects (Levinson et al., 2012; Rummel & Boywitt, 2014).

The WMC-TUT association is thus moderated by task demands and is only modest, even in 

demanding contexts. Most studies have found correlations between individual WMC and 

TUT measures in the −.10 to −.20 range (e.g., McVay & Kane, 2009; Rummel & Boywitt, 

2014; Unsworth & McMillan, 2014) and between WMC and TUT latent variables in the −.

20 to −.30 range (McVay & Kane, 2012a, 2012b; Unsworth & McMillan, 2012, 2014). 

Along with reported null associations (e.g., Krawietz, Tamplin, & Radvansky, 2012; 

Smeekens & Kane, in press), the meta-analytic estimate for the correlation between broad 

cognitive ability measures (including WMC) and laboratory TUT rates is weak, at only ρ= −.

14 [−.09 – −.19] (Randall et al., 2014). The field has reported far fewer tests of TUTs’ 

association with attention-control or restraint measures, but two latent variable studies 

indicate correlations in the range of .40 – .50 (McVay & Kane, 2012b; Unsworth & 

McMillan, 2014). If such findings are replicable, it would suggest that researchers interested 

in mind-wandering variation would be best served examining cognitive-ability influences 

with lower-level attention tasks rather than WMC tasks.
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 Response Time Variability as Another Marker of Executive Attention

People with good cognitive control should show stable performance within a task despite 

distractions. Indeed, the “worst performance rule” (Larson & Alderton, 1990) describes that 

people of higher and lower intelligence don’t differ much in their best performance on tasks 

(e.g., in their shortest RTs in attention tasks) but they differ greatly in their worst 

performance (e.g., in their longest RTs; for a review, see Coyle, 2003). Lower WMC 

subjects similarly produce more very-slow responses than do higher WMC subjects, so their 

RT distributions are more positively skewed and yield a larger τ parameter in formal ex-

Gaussian models (e.g., Schmiedek, Oberauer, Wilhelm, Süß, & Wittmann, 2007; Unsworth, 

Redick, Lakey, & Young, 2010; Unsworth, Redick, Spillers, & Brewer, 2012). TUT rates 

during challenging tasks, another marker of executive control, also predict RT variability 

(Bastian & Sakur, 2013; Seli, Cheyne, & Smilek, 2013) and partially mediate WMC’s 

association with RT variability (McVay & Kane, 2009; 2012b).

Unsworth (2015) re-analyzed three studies to explore RT variability’s association to other 

executive-attention indices. All three assessed coefficient of variation (CoV; i.e., SD / M) in 

RT in multiple attention tasks (e.g., Stroop, flanker); two also measured CoV from lexical-

decision tasks. CoV from attention and lexical-decision tasks correlated modestly, and 

models separating these constructs fit better. Moreover, CoV from only the attention tasks 

correlated with WMC, TUT rates, and other measures. CoV in attention-control tasks may 

thus be a novel, useful indicator of executive capabilities. We did not design the present 

study to explore CoV’s nomological net, but we addressed a question about CoV 

assessment. Unsworth calculated CoV from tasks that either required executive control on 

all trials (antisaccade, psychomotor vigilance) or included both control-demanding and non-

demanding trials (Stroop, flanker); for the latter, CoV was calculated across both trial types. 

CoV measures may thus have been confounded with the basic experimental effect — and 

executive ability — of interest. That is, someone who is very slow on Stroop incongruent 

trials versus congruent trials will not only show a larger Stroop effect, but also more 

variability across both trial types. We reasoned that, in tasks where subjects attempt to bring 

attention control to bear, good control should be evident not only on trials eliciting conflict, 

but also on non-conflict trials (cf., McVay & Kane, 2009, 2012). We therefore took a more 

conservative approach to the question of how RT variability relates to other executive-

control constructs by measuring CoV from only non-conflict trials.

 Goals and Hypotheses

Schizophrenia is convincingly linked to executive-control deficits, but psychometrically 

assessed schizotypy is not. If some schizotypy dimensions have cognitive correlates, the 

field must more rigorously assess both schizotypy and executive control to confirm this. In 

addition to measuring mind wandering, which has barely been considered in light of 

schizophrenia’s positive symptoms (D. Shin et al., 2015), the present study measures 

multiple factors of executive control and schizotypy, with multiple indicators each, and uses 

latent-variable analyses to assess their associations in a large sample. Our theoretical 

questions concern the associations among executive constructs — WMC, attention restraint, 
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attention constraint, mind wandering, and intra-individual variability — and their 

associations to dimensions of schizotypy.

We predicted that attention restraint and constraint would be distinguishable but correlated, 

that CoV would reflect a distinct but correlated factor of executive control, and that our 

attention constructs would more strongly predict TUT rate than would WMC. Also, TUTs 

should predict schizotypy dimensions associated with cognitive and experiential excess — 

positive, disorganized, and paranoid — but not negative schizotypy, which is characterized 

by a paucity of inner experience. Although the schizophrenia literature suggests executive 

deficits, our review of the schizotypy literature left open whether WMC, attention restraint, 

constraint, or CoV should predict particular (or any) schizotypy dimensions.

 METHOD

Across Method and Results sections, we report how we determined our sample size and all 

data exclusions, manipulations, and measures in the study (Simmons, Nelson, & Simonsohn, 

2012).

 Subjects

Our data-collection stopping rule was to test subjects for 4 – 5 complete semesters, until we 

had at least 400 subjects with 3 sessions of laboratory data and at least 200 of these subjects 

with usable data from a subsequent daily-life experience sampling study (not reported here). 

Subjects could sign up for that daily-life study after completing the second or third 

laboratory session.

We recruited some subjects from “mass screening” sessions each semester to allow 

oversampling of high schizotypy. Subjects completed short forms (Winterstein et al., 2011) 

of the WSS used in this study: Magical Ideation (Eckblad & Chapman, 1983), Perceptual 

Aberration (Chapman, Chapman, & Raulin, 1978), Physical Anhedonia (Chapman et al., 

1976), and Revised Social Anhedonia (Eckblad, Chapman, Chapman, & Mishlove, 1982) 

Scales. The short forms yield two factors, positive and negative schizotypy, accounting for 

75% of their variance (Gross, Silvia, Barrantes-Vidal, & Kwapil, 2012). Based on short-

form scores, all mass screening subjects earned a positive and negative score, based on 

factor loadings from 6,137 prior students. Mass screening subjects were not required to 

complete the present study, but we sent email invitations to anyone scoring at least 1.5 SD 

above the positive or negative schizotypy dimension mean. Participation in the study was 

open to students regardless of whether they completed mass screening.

Five hundred forty-five undergraduates, aged 18–35, provided informed consent to begin the 

study between January, 2012 and April, 2014. All were students at the University of North 

Carolina at Greensboro, a comprehensive and Minority-Serving state university (M first-year 

student SAT scores = 1032 – 1041 for cohorts entering Fall 2011 – Fall 2013; 27% African 

American undergraduates in Fall 2015), who participated as partial fulfillment of an 

introductory course requirement. Of the 545 subjects who completed the first session, 492 

completed two sessions, and 472 completed all three.
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 Apparatus and Materials

We programmed all measures in E-Prime 1.2 or 2.0. Dell (Windows XP) computers with 

QWERTY keyboards presented all stimuli on 17″ CRT monitors (a few individual-subject 

sessions used LCD monitors).

 Measures

We provide more detailed descriptions of some of the measures below in supplemental 

materials.

 Schizotypy Questionnaires—All subjects completed a battery of questionnaires 

(including three exploratory measures not analyzed here), regardless of whether they had 

completed short forms of some of these measures in mass screening sessions. Computer 

administration of the schizotypy questionnaires was split between the first two sessions, each 

with items from different scales mixed with one another.

 Wisconsin Schizotypy Scales (WSS): The WSS, including the Perceptual Aberration 

(PERCABER), Magical Ideation (MAGCIDEA), Physical Anhedonia (PHY-ANHD), and 

Revised Social Anhedonia (SOC-ANHD) Scales, were administered in the first session. The 

WSS contain 166 true-false items that were intermixed with a 13-item infrequency scale 

(Chapman & Chapman, 1983) to rule out invalid protocols (e.g., I find that I often walk with 
a limp, which is the result of a skydiving accident; I believe that most light bulbs are 
powered by electricity); the WSS administration also included one of the unanalyzed 

exploratory measures mentioned above. Subjects saw one item at a time on-screen, and 

responded by mouse-clicking either the “True” or “False” box below each item. The WSS 

scales have good internal consistency in college student samples, with coefficient alphas of .

84 – .88 in 6,137 participants (Gross, Silvia, Barrantes-Vidal, & Kwapil, 2012). 

Confirmatory factor analytic studies support that positive and negative schizotypy factors 

underlie the WSS measures (e.g., Kwapil et al., 2008), with positive reflecting primarily 

Perceptual Aberration and Magical Ideation measures and negative reflecting primarily 

Physical Anhendonia and Social Anhedonia scales. Moreover, these two factors predict 

different patterns of symptoms and impairment in cross-sectional (e.g., Barrantes-Vidal et 

al., 2013) and longitudinal (e.g., Kwapil et al., 2013) studies. The remaining schizotypy 

questionnaires were administered in the second session, all intermixed and including six 

infrequency items (see Chapman & Chapman, 1983), two of the unanalyzed questionnaires, 

and, in order to reduce the overall level of deviance implied by the questions in the second 

session, 9 extraversion and 9 agreeableness items from the Hexaco Personality Inventory-

Revised (Lee & Ashton, 2004).

 Schizotypal Personality Questionnaire (SPQ) subscales and additional schizotypy 
measures: The odd speech (ODSPEECH) and odd behavior (ODBEHAVR) subscales 

assessed disorganization, the referential thinking (REFTHINK) subscale assessed positive 

schizotypy, and the suspiciousness (SUSPICIO) subscale assessed paranoia. The SPQ is 

widely used in college samples and the subscales have adequate reliability (Raine, 1991). 

Although administered, we did not analyze the “no close friends” or “constricted affect” 

subscales because they may better tap neuroticism than negative schizotypy (Gross, Mellin, 
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Silvia, Barrantes-Vidal, & Kwapil, 2014). Participants completed the Paranoia Checklist 

(PARACHEK; Freeman et al., 2005), an 18-item scale measuring a range of clinical and 

non-clinical paranoia that correlates with other paranoia measures has good internal 

consistency (Horton et al., 2014). The 34-item Cognitive Slippage Scale (COGSLIPG; Miers 

& Raulin, 1987) taps disruptions in thought and speech, and thus disorganization. The scale 

is associated with other questionnaire measures of schizotypy and has good internal 

consistency in college samples (Gooding, Tallent, & Hegyi, 2001). Six items from the 

Cognitive Dysregulation subscale of the Dimensional Assessment of Personality Pathology - 

Basic Questionnaire (COGDYSRG; Livesley & Jackson, 2009) assessed thought disturbance 

characteristic of disorganization.

 WMC Tasks—We measured WMC with six tasks that required maintaining target items 

in the face of additional processing. Of these, four automated “complex span” tasks 

(operation, reading, symmetry, and rotation span) required subjects to memorize short 

sequences of either verbal-numerical or visuo-spatial items (Redick et al. 2012; Unsworth, 

Heitz, Schrock, & Engle, 2005; Unsworth, Redick, Heitz, Broadway, & Engle, 2009). Each 

item appeared after an unrelated processing task that required a true-false decision under a 

response deadline, made by mouse-clicking a YES or NO box on-screen. At the end of each 

trial sequence of unpredictable length, subjects recalled the memory items in order by using 

the mouse to select them from the complete pool of 12–16 possible items. Subjects began 

each complex span with practice: (1) memorizing small sets (with no processing task); (2) 

the processing task alone, then; (3) both sub-tasks combined. Processing-only practice trials 

recorded decision RTs; during the real task, if any processing-task decision was not made 

within 2.5 standard deviations of the processing-only practice RT mean, the program 

skipped the subsequent memory stimulus and the trial was counted as a processing error.

 Operation Span (OPERSPAN): Subjects memorized sequences of 3–7 capital letters, 

each presented in alternation with a compound arithmetic equation to verify [e.g., (3 × 2) – 1 

= 4; half were true], and randomly selected without replacement from a set of 12. At recall, 

all 12 letters appeared in a grid. Subjects selected each letter from the most recent memory 

set in its serial position by clicking on its corresponding check box. Each set length of 3–7 

occurred three times in a random order generated for each subject. The dependent measure 

was the total number of letters recalled in correct serial position (of 75).

 Reading Span (READSPAN): Subjects memorized sequences of 2–6 four-letter words, 

each presented in alternation with a sentence to verify as either sensible or nonsensical (e.g., 

“During winter you can get a room at the beach for a very low rate”; half were sensible), and 

randomly selected without replacement from a set of 15. The recall phase was identical to 

operation span, but with 15 words presented in a grid. Each set length of 2–6 occurred three 

times in a random order generated for each subject. The dependent measure was the total 

number of words recalled in correct serial position (of 60).

 Symmetry Span (SYMMSPAN): Subjects memorized sequences of 2–5 red squares 

appearing within a 4 × 4 matrix. Each red square appeared in alternation with a black-and-

white pattern made from an 8 × 8 grid to verify as either symmetrical or asymmetrical along 
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its vertical axis (half were symmetrical), and randomly selected without replacement from 

the 16 possible squares in the matrix. For the recall phase, subjects saw an empty 4 × 4 

matrix and mouse-clicked the red square locations in serial order. Each set length of 2–5 

occurred three times in a random order generated for each subject. The dependent measure 

was the total number of red-square locations recalled in correct serial position (of 42).

 Rotation Span (ROTASPAN): Subjects memorized sequences of 2–5 large and small 

arrows, radiating from the center of the screen in one of 8 directions. Each arrow appeared 

alternation with a rotated capitalized letter (F, G, J, R) to verify as either normal or mirror-

reversed (half were normal), and randomly selected without replacement from 16 possible 

size-orientation arrow combinations. For the recall phase, subjects saw a centered array of 8 

small and 8 large arrows, and clicked on the arrowheads in serial order. Each set length of 2–

5 occurred three times in a random order generated for each subject. The dependent measure 

was the total number of arrows recalled in correct serial position (of 42).

 Running Span (RUNNSPAN): This task (see Broadway & Engle, 2010) did not present 

a secondary processing task. Instead, each trial presented a sequence of to-be-memorized 

letters (drawn without replacement from a set of 12) and only the final 3 – 7 letters were to 

be recalled. Each trial began with a digit to indicate the set size, or the number of letters to 

remember from the end of the list. For each set size, the entire trial length was unpredictably 

2, 1, or 0 items longer than set size (one trial of each length for each set size, for 15 trials). 

Set sizes were blocked, with block order randomized for each subject. At recall, all 12 letters 

appeared in a grid, along with the set size. Subjects selected each letter from the memory set 

in its serial position by clicking on its check box The dependent measure was the total 

number of letters recalled in their correct serial position (of 75).

 Updating Counters (COUNTERS): Subjects recalled the numerical values of boxes, 

some of which updated their original values (see Lewandowsky, Oberauer, Yang, & Ecker, 

2010). Each trial presented 3–5 boxes horizontally, and consisted of 3 phases: learning, 

updating, recall. At learning, a digit (1–9) appeared in each box in random order. During 

updating, 2–6 box values were changed by presenting a digit with a plus or minus sign (e.g., 

+2; −5); each update ranged from −7 to +7. During updating, some boxes might change 

multiple times while others not at all. Subjects retained only the current value for each box, 

which always ranged from 1–9. At recall, each box outline turned red (in random order) to 

prompt the subject to enter its final value. Each set size of 3–5 boxes was crossed with 

number of updates (2–6) to generate 15 trials. The dependent measure was the proportion of 

60 final box values recalled correctly.

 Attention Restraint Tasks—Attention restraint tasks required subjects to override a 

prepotent response with a novel, goal-directed one. We used five tasks to represent this 

construct.

 Antisaccade Letters (ANTI-LET): Subjects identified a letter on one side of the screen 

that was cued by a flash on the opposite side (see Kane et al., 2001). Each of 90 trials first 

presented a central-fixation array of three asterisks for 200–1800 ms, followed by a flashing 

cue (“=”) 8.6 cm to the left or right of fixation, followed by a to-be-identified target letter (B, 
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P, or R) in the opposite screen location from the cue (8.6 cm from fixation). The target letter 

was pattern-masked after 100 ms. Subjects responded via keys on the number keypad 

labeled B, P, and R. The dependent measure was proportion of errors on 90 test trials.

 Antisaccade Arrows (ANTI-ARO): Subjects identified an arrow on one side of the 

screen that was cued by a flash on the opposite side (see McVay & Kane, 2012b). Each of 72 

trials first presented a central-fixation array for 250–2250 ms, followed by a flashing cue 

(“=”) 11.4 cm to the left or right of fixation, followed by a to-be-identified arrow (pointing 

up, down, left, or right) in the opposite screen location from the cue (11.4 cm from fixation). 

Subjects responded with the 2, 4, 8, and 6 keys on the number keypad for down, left, up, and 

right arrows, respectively. The dependent measure was the proportion of errors on 72 test 

trials. (During the first semester of data collection, we presented cues and targets for longer 

durations than in the final task; error scores were positively skewed and clustered near floor, 

and so we adjusted the task for all remaining subjects and retained task data from only these 

latter subjects).

 Semantic Sustained Attention To Response Task (SEM-SART): This go/no-go task 

required subjects to press the space bar for words from one category (animals; 89% of trials) 

while withholding response to another (vegetables; 11% of trials; see McVay & Kane, 

2012b). Each of 675 trials presented a word for 300 ms, then a mask for 1500 ms. Trials 

were divided into five seamless blocks, each comprising 3 mini-blocks of 45 trials that 

presented 40 unique animal names and 5 unique vegetable names. The dependent measures 

were d′ (i.e., hit rate to animals minus false alarm rate to vegetables) and SD of RTs to “go” 

(animals) trials.

 Number Stroop (N-STROOP): Subjects reported the number of digits presented on each 

trial while ignoring the identity of the digits (see McVay & Kane, 2012b). Each trial 

presented a row of 2–4 digits and subjects pressed one of three labeled keys to indicate the 

number of digits on-screen. The 300 test trials were divided into two seamless blocks of 150 

trials; 80% of trials were congruent and presented matching digits and counts (e.g., 4444) 

and 20% were incongruent and presented mismatching stimuli (e.g., 2222). Dependent 

measures were RTs and error rates for congruent and incongruent trials from the first test 

block only (the second block was used to independently assess mind wandering, as 

described below).

 Spatial Stroop (S-STROOP): Subjects reported the relative position of a word to an 

asterisk, with the word and asterisk both presented to the left or right, or above or below, 

fixation; subjects ignored both the identity of the word (“LEFT,” “RIGHT,” “ABOVE,” 

“BELOW”) and the absolute location of the word and asterisk on-screen (after Palef, 1978). 

Subjects responded to the relative position of the word via the numeric keypad arrow keys. 

Each of 120 trials presented stimuli until response. Forty trials presented words that were 

congruent with both absolute location and relative position (e.g., “LEFT” presented to the 

left of the asterisk and both presented to the left of fixation), 40 presented words that were 

congruent for absolute location but incongruent for relative position (e.g., “LEFT” presented 

right of the asterisk and both presented left of fixation), and 40 presented words that were 
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incongruent for both absolute location and relative position (e.g., “LEFT” presented right of 

the asterisk and both presented right of fixation). Dependent measures were RTs and error 

rates for trials where both absolute location and relative position were congruent and where 

both were incongruent.

 Attention Constraint Tasks—Constraint tasks required subjects to identify targets 

amid visual distractors. Sometimes distractors evoked stimulus-response (S-R) conflict by 

cuing an erroneous response (e.g., in a task with central H or S targets: SSHSS; HHSHH) 

and sometimes they evoked only stimulus-stimulus (S-S) conflict because they were not 

associated with an allowable response (e.g., BBHBB; Kornblum, Hasbroucq, & Osman, 

1990). We used six flanker and cued-search tasks to represent this construct; four presented 

both S-R and S-S conditions, one presented S-R conflict only, and one presented S-S 

conflict only.

 Arrow Flanker (ARROFLNK): Subjects reported the direction that a centrally presented 

arrow (“<” vs. “>”) via key-press, with the arrow flanked horizontally by 4 distractors. Each 

trial presented a fixation cross just below the upcoming target, followed by the target-

distractor array (and fixation symbol). In each of two blocks of 96 trials, 24 neutral trials 

presented the target arrow amid dots (“•”), 24 congruent trials presented arrays with target 

and distractor arrows all pointing in the same direction, 24 S-R incongruent trials presented 

the target pointing in the opposite direction as distractors, and 24 S-S incongruent trials 

presented the target amid upward pointing arrows. Dependent measures for S-R conflict 

were RTs for congruent and S-R incongruent trials, and for S-S conflict were RTs for neutral 

and S-S incongruent trials.

 Letter Flanker (LETTFLNK): Subjects reported the direction that a centrally presented 

letter “F” (normal vs. backward) via key-press, with that letter flanked horizontally by 6 

distractors. Each of 144 trials presented a fixation cross presented in the location of the 

upcoming target, followed by seven underline symbols (“_”) that cued the locations of the 

stimuli in the upcoming target-distractor array. Twenty-four neutral trials presented the 

target F or backward-F amid dots, 48 congruent trials presented arrays with the target and 

distractor Fs all facing the same direction, 24 S-R incongruent trials presented the target 

facing the opposite direction as distractors, and 24 S-S incongruent trials presented the target 

amid right- and left-facing Es and tilted Ts at 90° and 270°. Dependent measures for S-R 

conflict were RTs for S-R incongruent trials and 24 of the congruent trials (selected 

randomly for each subject), and for S-S conflict were RTs for neutral and S-S incongruent 

trials. (During the first semester of data collection, target letter location was varied and cued 

on each trial, but the data indicated that subjects did not use the cues; we thus adjusted the 

task for all remaining subjects, as above, and retained only their task data).

 Conditional Accuracy Flanker (ACCYFLNK): Following Heitz and Engle (2007), 

subjects reported whether a centrally presented letter was an H or S via key-press, with the 

central letter flanked horizontally by 4 distractors; each of two blocks presented a response 

deadline — 600 ms for block 1 and 500 ms for block 2 — with instructions to respond as 

quickly as possible, before the deadline, by sacrificing accuracy if necessary. Every missed 
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deadline was followed immediately by, “Deadline Missed. Faster!” on-screen for 1000 ms; 

the program checked the proportion of met deadlines every 15 trials and, if 10 or more were 

missed, subjects saw: “You are missing too many deadlines. You MUST respond faster, even 
if it means making errors.” Each trial presented a fixation dot presented just above the 

upcoming target stimulus, followed by a warning tone (subjects wore headphones) and then 

the stimulus array for 100 ms. Each block presented 64 trials: 32 congruent trials presenting 

arrays of all one letter (SSSSS, HHHHH), 16 S-R conflict trials presenting a target flanked 

by the opposite letter (SSHSS, HHSHH), and 16 S-S conflict trials presenting a target 

flanked by Bs (BBSBB, BBHBB). Dependent measures for S-R conflict were error rates for 

S-R incongruent trials and 32 congruent trials (randomly selected for each subject), and for 

S-S conflict were error rates for S-S incongruent trials and 32 congruent trials (randomly 

selected for each subject).

 Masked Flanker (MASKFLNK): Subjects reported the identity of a centrally positioned 

letter (D, F, G, H, J, K) by pressing its corresponding key; the target was flanked above, 

below, to the left, and right by four distractors, yielding a cross-shaped array (see Styles & 

Allport, 1986). On each of the 192 trials, the entire array appeared above or below fixation, 

cued by a dot in the location of the upcoming target. A variable-duration blank screen 

(1100–2300 ms) preceded the stimulus array that appeared for 50 or 70 ms (determined 

randomly) and then was pattern masked. Forty-eight neutral trials presented distractor colons 

(“:”), 36 congruent trials presented distractor letters that matched the target, 36 S-R conflict 

trials presented distractors from the target letter set, and 36 S-S conflict trials presented 

distractor letters that were not allowable targets. Dependent measures for S-R conflict were 

error rates for S-R incongruent trials and congruent trials, and for S-S conflict were error 

rates for S-S incongruent trials and neutral trials.

 Cued Search (CUEDSRCH): Subjects reported the direction that a target letter “F” (or 

backward-F) faced, via key-press; the letter appeared equally often in one of 8 locations 

along the inner 3 × 3 square within a 5 × 5 matrix, with different eligible locations cued on 

each trial (Poole & Kane, 2009). The possible target locations on each trial were pre-cued by 

a 2- or 4-headed arrow at fixation, indicating the allowable two or four target locations to 

search on each trial (50% of each). We instructed subjects to use these cues to maintain 

focus on the cued locations. Non-target locations were populated randomly by right- and 

left-facing Es and tilted Ts at 90° or 270°, plus one “lure” (an F or backward-F in a non-cued 

location along the internal 3 × 3 square or in the central location). The presence of the lure 

required subjects to focus on the cued locations only. Each of 160 trials began with a 2- or 4-

location cue, then a fixation grid of dots appearing in each of the upcoming 5 × 5 locations 

for 1500 ms, and then the stimulus array. Because each trial presented a lure, the dependent 

measure — mean RT across all trials — reflected S-R conflict.

 Circle Flanker (CIRCFLNK): Subjects reported whether a target letter was an X or N, 

via key-press, with the target flanked by two different distractors (from the set H, K, M, V, 
Y, Z). Targets appeared in one of 8 equidistant locations in a circular arrangement, with 

distractors appearing one position clockwise and counterclockwise from the target; the other 

positions were occupied by colons. Each of 160 trials presented a fixation cross followed by 
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an underline cue appearing just beneath the upcoming target location; the target-distractor 

array then appeared after a variable-length blank screen. Eighty neutral trials presented the 

target letter surrounded by colons and 80 S-S conflict trials presented the target flanked by 

two letter distractors. The dependent measures were RTs for S-S incongruent trials and 

neutral trials.1

 Thought Probes—In five tasks (and one practice task), subjects reported their 

immediately preceding thoughts by responding to unpredictably appearing probes. Each 

probe asked “What are you thinking about?” and had subjects “Please press a number on the 
keyboard” that most closely matched their thought content in the instant before the probe 

(see McVay & Kane, 2009, 2012a, 2012b). The on-screen choices (italicized below) were re-

explained for each probed task: 1. The task, on-task thoughts about the stimuli or response; 

2. Task experience/performance, evaluative thoughts about one’s task performance; 3. 
Everyday things, thoughts about routine things that have happened or may happen; 4. 
Current state of being, thoughts about one’s current physical or emotional state, such as 

being sleepy, hungry, or cheerful; 5. Personal worries, thoughts about one’s concerns or 

worries; 6. Daydreams, fantastic thoughts disconnected from reality; 7. External 
environment, thoughts about something task-unrelated in the immediate environment; 8. 
Other, only those thoughts that do not fit the other categories. The TUT dependent measure 

for each task (aside from the unanalyzed Probe Practice task) was the proportion of probe 

responses 3–8.

 Probe Practice: As the first (unanalyzed) task of the study, subjects practiced responding 

to probes. Ninety trials presented X’s in a warm (red, yellow, pink) or cool (blue, dark blue, 

purple) color for 3000 ms; subjects judged warm versus cold via key-press. Probes followed 

12 (13.3%) trials

 Semantic SART (SART-TUT): Probes followed 45 no-go target trials (i.e., 7% of all 

SART trials).

 Number Stroop (NUMS-TUT): Two unanalyzed probes appeared in the first block of the 

task and 20 to-be-analyzed probes appeared in the second block (13% of block-2 trials), 

always after incongruent trials.

 Arrow Flanker (ARRO-TUT): Four probes appeared in the first trial block (4.2% of 

block-1 trials) and 16 appeared in the second block (16.6% of block-2 trials); we analyzed 

all 20 probe responses.

 Letter Flanker (LETT-TUT): Of the 12 probes presented during the task (following 

8.3% of all trials), 4 appeared following congruent trials, 2 following neutral trials, 2 

following S-R incongruent trials, 2 following S-S incongruent trials, and 2 following trials of 

the exploratory (unanalyzed) trial type.

1Subjects completed two additional cognitive tasks that we do not analyze here. These divergent-thinking tests of creativity were 
conducted to address separate questions, under a different order of authorship, and so will be reported in a subsequent article.
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 2-Back (2BAC-TUT): Fifteen probes (6.3% of trials) appeared during an independent, 

non-analyzed task (McVay, Meier, Touron, & Kane, 2013). Subjects decided whether each 

word matched the one presented two trials ago; 25% of trials were 2-back matching targets, 

and 21% were 1- and 3-back lures.

 General Procedure

We tested subjects in groups of 1–4, each at their own workstation. Each of 3 sessions lasted 

approximately 120 min. Subjects scheduled all sessions within one academic semester; the 

M duration between sessions 1 and 2 was 18.4 days (SD = 15.8) and between sessions 2 and 

3 was 17.4 days (SD = 14.1). Table 1 presents the session and order of task completion for 

all subjects. All subjects also completed a demographics questionnaire at the beginning of 

session 1 about age, gender, race, and ethnicity.

An experimenter read aloud all on-screen instructions and remained to answer questions and 

monitor subjects (and record problems). Experimenters initiated a task only when all 

subjects in a session finished the prior task, and subjects left the session only after the last 

subject completed the last task.

 RESULTS

We calculated descriptive statistics after each of the first several semesters of data collection 

in order to check for floor and ceiling effects, and thus modified two problematic tasks after 

the first semester (see Methods). Inferential statistics were not conducted until completion of 

the entire project.

 Data Analysis Exclusions

As noted above, 472 of the 545 consented subjects completed all 3 sessions. We analyzed 

data from all 541 subjects who completed the first session and did not have their data 

excluded casewise (see below). Missing observations were handled via full-information 

maximum likelihood (ML) estimation. Given certain assumptions, simulation studies show 

that the ML approach provides unbiased parameter estimates (but slightly higher standard 

errors) when observations are missing (Enders, 2010; McKnight, McKnight, Sidani, & 

Figueredo, 2007). The models were estimated with Mplus 7.0 (Muthén & Muthén, 2012), 

using maximum likelihood with robust standard errors.

 Experimenter Notes—All data-exclusion decisions, based on session notes recorded 

by experimenters, were made jointly by the first three authors at the completion of the 

project, while blind to the subjects’ task or questionnaire data. Our conservative approach 

dropped subjects casewise (from all analyses) or taskwise (from one or more tasks) only 

with clear evidence and specification of a significant problem that likely compromised the 

subject’s data. We excluded all data from four subjects, two who fell asleep in multiple tasks 

across sessions, one with poor English comprehension who did not understand task 

instructions, and one with self-declared dyslexia and difficulty with all letter stimuli. We 

excluded all performance data — retaining questionnaire data — from one subject who fell 

asleep during many of the performance tasks but not the schizotypy questionnaires. We 
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excluded subjects’ data from individual tasks, typically for falling asleep, not following 

instructions, or stopping a task due to illness. In all, 20 subjects had data excluded from one 

or more tasks. For these subjects, we deleted data from M = 1.4 tasks (Mdn = 1; range = 1 – 

3).

 Complex Span Task Processing Accuracy—Complex span tasks required subjects 

to engage an unrelated processing task between items; if subjects do not comply with this 

demand, their memory data may be contaminated by rehearsal strategies. As is conventional, 

we excluded subjects’ data from operation (N = 57), reading (N = 53), symmetry (N = 66), 

or rotation (N = 74) span for processing accuracy < 85% (e.g., Conway et al., 2005; Redick 

et al., 2012).

 Outliers—The first two authors jointly based all taskwise data-exclusion decisions about 

outlying scores on the individual task conditions from which the analyzed dependent 

measures (i.e., difference scores) would be derived, while blind to subjects’ other task 

scores. Our conservative strategy was to base exclusions exclusively on neutral and 

congruent conditions, rather than the theoretically critical incongruent conditions, and to 

define outliers via boxplots, as any observations falling more than three times the 

interquartile range (IQR) away from the upper or lower hinges of the plot. For tasks using 

error rates as the dependent measure, we did not drop data based on outlying RTs; for tasks 

using RTs as the dependent measure, we dropped data based on outlying neutral or 

congruent RTs or below-chance accuracy in neutral or congruent trials. Altogether, we 

excluded data from 3 subjects in Semantic SART, 10 subjects in Number Stroop, 7 subjects 

in Spatial Stroop, 2 subjects in Arrow Flanker, 5 subjects in Letter Flanker, 10 subjects in 

Conditional Accuracy flanker, 13 subjects in Cued Search, and 12 subjects in Circle Flanker.

 Infrequency Responses in Questionnaire Measures—We excluded the 

questionnaire data from 7 subjects due to elevated infrequency scores (total infrequency 

score of 5 or higher across both sessions’ schizotypy scales).

 Other Missing Data—All other missing data were due to subjects not completing 

particular tasks or sessions, or to lost data due to computer or experimenter error (or, as 

noted above, due to revisions to the antisaccade arrows and letter flanker tasks following the 

first semester of data collection).

 Difference-Score Calculations

For Stroop and flanker tasks, the dependent measures reflected the difference in RT or error 

rate between incongruent trials and congruent or neutral trials. We evaluated four possible 

indicators by examining their correlations with only the tasks designed for that same 

construct (i.e., Number and Spatial Stroop difference scores only with each other and the 

other restraint tasks; all the flanker measures of constraint only with each other). We thus 

determined which difference score provided the best indicators of the intended constructs 

without being influenced by how these difference scores might affect between-construct 

associations. All four difference-score assessments correlated strongly (almost all rs > .95), 

but a “residual” measure most consistently provided the best within-construct correlations. 
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So, for all relevant tasks and analyses, we expressed difference scores for each subject as the 

residual of the incongruent trials regressed on their congruent or neutral trials. Our only 

exception was for Number Stroop, which did not correlate with the other restraint measures 

regardless of difference-score method; we instead used the mean incongruent RT from each 

subject, which did generally correlate with the other restraint measures (for similar results 

and resolution, see McVay & Kane, 2012b). For Spatial Stroop, we used the residual 

difference score for error rates because it correlated better with other restraint tasks than did 

RTs.

 Final Sample Demographics

Sixty-six percent of our 541 analyzed subjects self-identified as female and 34% as male (5 

missing cases), with a mean age of 19 years (sd = 2; 2 missing cases). Also by self-report, 

the racial composition of the sample was 49% White (European/Middle Eastern descent); 

34% Black (African/Caribbean descent); 7% Multiracial; 4% Asian; <1% Native American/

Alaskan Native; 0% Native Hawaiian/Pacific Islander; 4% Other (4 missing cases). Finally, 

self-reported ethnicity, asked separately, was 7% Latino/Hispanic (1 missing case).

 Descriptive Statistics and Bivariate Correlations

Tables 2 and 3 provide descriptive statistics for the questionnaire and cognitive-task 

measures, respectively. All variables showed reasonably normal distributions; although three 

variables were leptokurtic, none were both skewed and leptokurtic enough to require 

transformation. Table 2 shows that endorsement rates on the schizotypy questionnaires were 

low, as expected given their implied deviance (e.g., Horton et al., 2014; Kwapil et al., 2008), 

but we still obtained substantial variability: Scores on each scale ranged from 0 to near 

maximum. Table 3 indicates mean TUT rates (proportions of thought reports indicated as 

off-task) of about .45–.60 across tasks, and minimum and maximum rates from .00–1.00.

Before conducting multivariate analyses, we censored any scores that were ≥4 SDs from the 

mean and replaced them with a value of 3.999 SDs (affecting 0.2% of scores). Table 4 

presents the correlation matrix (reliabilities along the diagonal) that provides evidence for 

convergent and discriminant validity. Indicators of a given construct correlated well with 

each other and more strongly than with indicators of other constructs. The schizotypy 

constructs were particularly well captured, with Perceptual Aberration, Magical Ideation, 

and Referential Thinking scores correlating as indices of positive schizotypy, with Social 

and Physical Anhedonia scores correlating as indices of negative schizotypy, with Paranoid 

Checklist and Suspiciousness scores correlating strongly as indices of paranoid schizotypy, 

and with Cognitive Slippage, Cognitive Dysfunction, Odd Speech, and Odd Behavior scores 

correlated strongly as indices of disorganized schizotypy. At the same time, and consistent 

with prior research (Cicero & Kerns, 2010; Horton et al., 2014; Stefanis et al., 2002), 

measures of positive, paranoid, and disorganized schizotypy correlated more strongly with 

each other (Mdn r = .44) than with indicators of negative schizotypy (Mdn r = .11).

The cognitive tasks were more variable in capturing their intended constructs. Working 

memory tasks correlated well with one another, with somewhat stronger correlations for 

tasks of the same content domain (verbal versus spatial), but substantial correlations across 
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domains (see Kane et al., 2004). TUT rate correlations similarly indicated a stable, trait-like 

construct, but they also suggested state-like influences, with strongest correlations within the 

same experimental session (Mdn r = .60) versus across different sessions (Mdn r = .39). For 

attention restraint tasks, whereas antisaccade tasks and the SART measures correlated well, 

the Stroop measures correlated more weakly with them and with each other. Attention 

constraint tasks performed more poorly, overall. Although the S-R and S-S interference 

measures taken from the same task correlated well, the S-R measures and the S-S measures 

correlated weakly across tasks.

Although latent-variable models will be critical to assessing the associations between 

constructs, the correlation matrix suggests that between-construct correlations varied 

substantially across domains. WMC tasks correlated more strongly with attention restraint 

than with constraint tasks and generally weakly with TUTs. Restraint tasks correlated 

reasonably well with both WMC and attention constraint tasks, as well as with TUT rates. 

Constraint tasks correlated more weakly with TUT rates than did restraint tasks. Finally, our 

cognitive measures did not strongly predict schizotypy measures, with most correlations 

weaker than r = .10; however, the cognition-schizotypy correlations that were stronger than .

10 tended to cluster between attention restraint and both paranoid and disorganized 

schizotypy measures, and between TUTs and positive, paranoid, and disorganized 

schizotypy measures.

 Latent Variable Models

Latent-variable models allowed us to evaluate associations at the construct level, relatively 

free of method- and task-specific variance. We designed our questionnaire (criterion) 

measures to tap four constructs: negative, positive, paranoid, and disorganized schizotypy. 

We intended our cognitive (predictor) tasks to measure WMC, TUT rate, attention restraint, 

and attention constraint. Here, we first test measurement models (via confirmatory factor 

analysis) separately for our criterion and predictor constructs. Note that higher scores on 

WMC factors indicate better performance, whereas higher scores for TUT rate, attention 

restraint, and attention constraint factors indicate worse performance.

For all model testing (using Mplus 7.0), we report several fit statistics. Non-significant chi-

square tests indicate adequate model fit; with large samples like ours, however, they are 

nearly always significant and so we also report χ2/df, for which values ≤2 indicate adequate 

fit. Comparative fit indices (CFI) and Tucker-Lewis indices (TLI) of ≥.90 indicate adequate 

fit, whereas the Root Mean Square Error of Approximation (RMSEA; with its 90% CI) and 

Standardized Root Mean Square Residual (SRMR) values of ≤.08 indicate adequate fit (e.g., 

Schermelleh-Engel, Moosbrugger, & Müller, 2003).

 Measurement Model: Questionnaire Measures—We tested a 4-factor schizotypy 

model, consistent with prior research using these and related self-report instruments (e.g., 

Cicero & Kerns, 2010; Horton et al., 2014; Stefanis et al., 2002). The model included a 

positive schizotypy factor loaded by perceptual aberration, magical ideation, and referential 

ideas scales (also with cross-loadings from social anhedonia; Kwapil et al., 2008; E. Smith 

et al. 2016), a paranoid factor loaded by paranoia and suspiciousness measures, a 
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disorganized factor loaded by cognitive slippage-dysfunction and odd behavior-speech 

questionnaires, and a negative factor loaded by physical and social anhedonia measures. 

Following published recommendations (Coffman & MacCallum, 2005; Little, Cunningham, 

Shahar, & Widaman, 2002) and consistent with our previous work (e.g., Kwapil et al., 

2008), we divided each of the four WSS scales into three parcels, and the Paranoia Checklist 

into two parcels, in order to produce more robust estimates. We did not compute parcels for 

the other scales because they had fewer items. To create parcels, we distributed groups of 

items to the parcels in sequential order to ensure that each parcel contained a comparable 

proportion of items from the beginning, middle, and end of each scale. We allowed residual 

correlations among parcels from the same measure.

Table 5 indicates that the measurement model, depicted in Figure 1, provided a good fit to 

the data, with only one non-significant factor loading (one Social Anhedonia parcel on 

positive schizotypy). As predicted, positive schizotypy correlated strongly with the paranoid 

and disorganized factors, which also correlated strongly with each other. Also as expected, 

negative schizotypy correlated non-significantly with the positive, paranoid, and 

disorganized factors.2

 Measurement Models: Cognitive Measures—For models of the cognitive tasks, we 

allowed residual correlations among a limited number of manifest variables, a priori: 
operation and reading span to account for shared method variance as complex span tasks 

with verbal memoranda, symmetry and rotation span to account for shared method variance 

as complex span tasks with visuo-spatial memoranda, and the SART d′ and SART RT 

standard deviation measures. We also made three post hoc modeling decisions after 

considering the bivariate correlations in Table 3. First, because TUT measures from the same 

session correlated more strongly than they did across sessions, indicating both state- and 

trait-based variation, we allowed residual correlations for the within-session pairs. Second, 

the S-R and S-S effects within each flanker task were much more strongly correlated than 

we anticipated, so we let them correlate.3 Finally, we dropped Cued Search from all analyses 

because it seemed to correlate more strongly with the attention restraint than constraint 

tasks, so it was neither a good constraint measure (as we designed it to be) nor an a priori 
restraint measure.

We tested two kinds of models with our cognitive tasks: (1) a 4-factor model with separate 

but correlated constructs reflecting WMC, TUT rate, attention restraint, and attention 

constraint; (2) a nested “bifactor” model with a common “executive” factor reflecting the 

variance common to all the cognitive measures and two residual “WMC-r” and “TUT-r” 

2Given the high correlations among positive, disorganized, and paranoid schizotypy factors, we computed a post hoc, two-factor CFA 
in which the positive, disorganized, and paranoid scales loaded on a single “positive” factor (and the original negative schizotypy 
factor was again modeled). This model had inadequate fit, and descriptively poorer fit than the original four-factor model 
[χ2(154)=861.74, χ2/df = 5.60, CFI = .860, TLI = .827, SRMR = .076, RMSEA = .093 (90% CI = .087, .099)]. Furthermore, we 
examined the Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC) to formally compare the two- and four-
factor models (note that these indices penalize more complex models with smaller values indicating better fit). Both indicated that the 
original four-factor model (AIC = 41181.38, BIC = 41527.94) had better fit than the two-factor model (AIC = 41744.14, BIC = 
42069.31).
3Because our constraint tasks were designed to elicit S-R conflict, S-S conflict, or both, we also tested a 5-factor model that 
distinguished S-R constraint from S-S constraint. However, this model did not fit the data [χ2(284)=646.57, χ2/df = 2.28, CFI = .861, 
TLI = .841, SRMR = .058, RMSEA = .049 (90% CI = .044, .053)] and it yielded a > 1.0 correlation between S-R and S-S factors.
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factors reflecting the variance shared among the indicators of these constructs that was not 

shared with the other measures.

 4-Factor Model: The 4-factor model presented in Figure 2 provided an adequate fit to the 

data (see Table 5). Although some attention-task loadings were weak, all were statistically 

significant, and the model suggested four correlated latent variables. Propensity for mind 

wandering during ongoing tasks was a stable trait across multiple tasks and occasions (see 

also McVay & Kane, 2012; Mrazek et al., 2012; Unsworth & McMillan, 2014). Inconsistent 

with Friedman and Miyake (2004), however, we could not fix the restraint-constraint 

correlation to equal 1.0 and still fit the data. That model would not converge here, and so 

along with the fact that the 95% confidence interval around the correlation [.46, .74] did not 

include 1.0, our findings indicate that restraint and constraint capabilities are distinguishable 

constructs.

WMC was strongly associated with attention restraint (higher WMC scores predicted less 

restraint failure) and less strongly, but substantially, with constraint (higher WMC scores 

predicted less constraint failure). Among the attention-related constructs, TUT rate was least 

strongly associated with WMC, with a similarly modest correlation to other latent-variable 

studies from our laboratory (≈ −.20; McVay & Kane, 2012a, 2012b). TUT rate was more 

strongly correlated with both restraint failures and constraint failures.

 Bifactor Model: Using the same variables as in the 4-factor model above, the bifactor 

model presented in Figure 3 provided an adequate fit (see Table 5). All tasks loaded 

significantly onto the general “Executive Attention” factor, indicating common variance 

across these diverse measures, although many tasks’ loadings (particularly for TUT rates and 

flanker tasks) were less than .30. The residual WMC and TUT factors both had substantial 

task loadings, indicating ample WMC-specific and TUT-specific variance to account for 

beyond that shared with the other measures in the battery.

 Confirmatory Factor Analyses of the Cognitive and Questionnaire Measures
—The following confirmatory factor analyses (CFAs) assessed the correlations between the 

cognitive predictor constructs and the schizotypy outcome constructs. Across all models, the 

outcomes reflected the four schizotypy factors from the measurement model (positive, 

paranoid, disorganized, negative).

 Four-Factor Predictor Model: As expected from the individual measurement models, 

the full model with all predictor and criterion constructs provided an adequate fit to the data 

(see Table 5 for fit statistics; see Table 6 for all factor loadings). Figure 4 shows that none of 

the cognitive constructs correlated significantly with negative schizotypy. Positive, 

disorganized, and paranoid schizotypy factors, in contrast, shared significant variance with 

both TUT rate and attention restraint failure (with the exception of positive schizotypy × 

restraint; p = .052). Neither WMC, nor attention constraint failure, predicted individual 

differences in any of the schizotypy constructs.

 Bifactor Predictor Model: This model also provided adequate fit (see Tables 5 and 6; 

Figure 5). Again, negative schizotypy did not correlate with the cognitive predictors. In 
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contrast to the 4-factor model, however, only the residual-TUT factor correlated with 

positive schizotypy. Paranoia and disorganization also correlated with residual-TUT, and 

they additionally correlated with the general executive factor, reflecting failures of executive 

control.

 Structural-Equation Models—We used a structural equation model (SEM) to assess 

the unique predictive power of the four-factor model’s cognitive constructs (because the 

bifactor model requires orthogonal predictors, its SEM results are identical to the CFA 

results presented above). SEMs are analogous to simultaneous regression, with path 

coefficients reflecting the unique variance accounted for by each predictor (and so 

interpreted like standardized beta weights in regression). Note that the fit statistics and the 

factor loadings for the SEM model are identical to those from the corresponding CFA model 

presented in Tables 5 and 6.

Figure 6 shows that none of the cognitive factors predicted significant variance in negative 

schizotypy (see Table 6 for factor loadings). Although both TUT rate and restraint failures 

had correlated with positive schizotypy and disorganization in the CFA, only TUT rate 

predicted unique variance in each. For paranoia, in contrast, both TUT rate and restraint 

failure predicted significant variance.

 Secondary Latent Variable Analyses with CoV Measures—We added a CoV 

factor, indicated by manifest variables representing the CoV values for non-conflict trials 

from five tasks (SART, number Stroop, spatial Stroop, arrow flanker, and letter flanker, with 

separate variables for neutral and congruent trials for arrow and letter flanker tasks). We 

changed the Constraint factor to eliminate the arrow and letter flanker tasks, and the 

Restraint factor to eliminate SART and number Stroop, because these contributed to the 

CoV construct. This ensured that any construct correlations with CoV were not due to 

shared task variance (a priori, we attempted to retain SART d′ as an accuracy measure of 

restraint, but it was so strongly correlated with SART CoV that it drove the correlation 

between Restraint and CoV factors to > 1.0; we therefore dropped SART d′ from the model).

Table 7 presents the descriptive statistics for the CoV variables, and Table 8 presents 

bivariate correlations among the CoV measures and between the CoV and other variables in 

the latent variable models. The CoV variables correlated modestly with one another, with 

strongest correlations between indicators from the same task. Not surprisingly, then, they did 

not correlate strongly with other cognitive measures. Finally, CoV indices did not strongly 

predict schizotypy, with most rs < .10. The CoV-schizotypy correlations that were stronger 

than .10 clustered in positive schizotypy.

A CFA tested whether the CoV variables reflected a common factor and, if so, how strongly 

it correlated with executive and schizotypy constructs. In modeling the CoV data, we 

allowed residual correlations between the two measures from arrow flanker and from letter 

flanker. As shown in Table 5, the model fit the data (see Table 6 for factor loadings). First, a 

CoV factor emerged across tasks, indicating a coherent construct (factor loadings = .36 – .

50). Second, the CoV factor correlated moderately-to-strongly with the cognitive constructs: 

WMC (−.32), restraint (.48), constraint (.24), and TUTs (.54). Like the other executive 
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constructs in the previous models, CoV did not correlate with negative schizotypy (.04). It 

did, however, correlate modestly with positive (.28), paranoid (.20), and disorganized 

schizotypy (.16).

 GENERAL DISCUSSION

Latent variable analyses of our large-N correlational dataset indicated both “unity and 

diversity” (Miyake & Friedman, 2012) of executive attention constructs, in both their 

associations to one another and their prediction of schizotypy. Our primary findings 

regarding the individual-difference structure of executive control were that: 1) WMC, TUTs, 

attention restraint, and attention constraint were correlated but separable; 2) WMC 

correlated more strongly with attention restraint than constraint, and TUTs more strongly 

with restraint and constraint than with WMC; 3) the cognitive constructs were strongly 

enough associated that a common executive factor fit the data, along with residual factors for 

WMC- and TUT-specific variation; 4) CoV measured from the “control” trials of attention 

tasks shared enough variance to derive a latent variable that correlated strongly with restraint 

and TUTs and moderately with WMC.

Executive attention factors predicted variation in schizotypy in our undergraduate sample, 

but only modestly and selectively. Our primary findings regarding the cognitive correlates of 

schizotypy were that: 1) None of the executive factors predicted negative schizotypy; 2) 

TUT propensity consistently predicted positive, disorganized, and paranoid schizotypy, 

above and beyond the variance it shared with other executive constructs; 3) attention 

restraint correlated most strongly with paranoia, predicting variance above and beyond TUTs 

and other executive factors; although restraint failure also predicted positive and 

disorganized schizotypy, it did not do so over and above TUT rate; 4) neither WMC nor 

attention constraint correlated with schizotypy factors; 5) RT variability (CoV), like TUTs 

and attention restraint, correlated with positive, disorganized, and paranoid schizotypy, but 

CoV correlated most strongly with positive (and was positive schizotypy’s strongest 

predictor in any model).

 Executive Attention Deficits in Schizotypy?

Our review of the schizotypy literature suggested inconsistent cognitive findings and 

widespread measurement problems. We sought to correct many of the literature’s 

weaknesses with a large-N study, distinguishing four dimensions of schizotypy via multiple 

measures, and measuring several executive constructs with multiple, well-motivated tasks. 

Of course, no one study provides conclusive answers to any question, but our findings were 

clear: None of the executive abilities we assessed predicted normal variation among 

undergraduates in negative schizotypy, and we found few cognitive correlates of positive, 

disorganized, or paranoid schizotypy. In short, the stalwart executive constructs in both the 

schizotypy and schizophrenia literatures — WMC and attention restraint — were generally 

unimpressive as predictors of schizotypy. In contrast, our more novel measures — TUT rate 

and RT CoV — showed promise.

The lack of associations with negative schizotypy was surprising, given that negative 

symptoms in schizophrenia often predict disrupted cognition (e.g., Addington, Addington, & 
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Maticka-Tyndale, 1991; Harvey, Koren, Reichenberg, & Bowie, 2006; Heinrichs & 

Zakzanis, 1998). Our lack of correlations may reflect that we measured negative schizotypy 

with questionnaires that primarily tapped anhedonia and social disinterest, but not alogia, 

avolition, or anergia. Nevertheless, some smaller-scale studies show that these same negative 

schizotypy measures predict neurological soft signs (Kaczorowski et al., 2009), and deficits 

in sustained attention (Gooding et al., 2006) and episodic memory (Sahakyan & Kwapil, 

2015).

 Mind Wandering, Schizotypy, and Current Concerns—Only mind-wandering rate 

consistently predicted positive, disorganized, and paranoid schizotypy, and it did so above 

and beyond any contributions of WMC and performance-based attention measures. People 

having more TUTs during attention and memory tasks also reported more strange perceptual 

experiences and beliefs (positive features), more confusion and cognitive difficulties 

(disorganized features), and more suspiciousness and persecution (paranoid features). These 

correlations were not large, but their consistency across statistical models is encouraging, 

especially for this mixed literature. Moreover, findings of increased TUTs corroborate the 

characterization of positive, disorganized, and paranoid schizotypy as reflecting experiential 

excesses, versus negative schizotypy’s experiential deficits.

TUTs are multiply determined, so we cannot know whether the higher TUT rates in positive, 

disorganized, and paranoid schizotypy reflected uncontrolled or unwanted thought 

intrusions. However, TUTs predicted schizotypy over and above the influences of other 

executive measures, suggesting that the (residual) TUT-schizotypy associations were not due 

to control failures. Perhaps the TUT-schizotypy links reflect that, other things being equal, 

people scoring high on measures of positive, disorganized, and paranoid schizotypy are more 

vulnerable to the influence of current personal concerns and affective dysregulation (e.g., 

Klinger, 2013; McVay & Kane, 2010; Smallwood et al., 2009) on their stream of thought. To 

the extent that positive, disorganized, and paranoid schizotypy produce relatively loose 

conceptual associations and abundant spreading activation along semantic networks (e.g., 

Kreher, Holdcomb, Goff. & Kuperberg, 2008; Moritz, Woodward, Küppers, Lausen, & 

Schickel, 2002), and relatively low thresholds for perceptual, conceptual, or motivational 

salience (e.g., Kapur, 2003; Kapur, Mizrahi, & Li, 2005), people high on these dimensions 

should find more cues to trigger concern-relevant thoughts during ongoing activities. Thus, 

positive, disorganized, and paranoid schizotypy may elicit an overabundance of interfering 

material for consciousness that must be contended with by executive-control mechanisms; 

paranoid thinking, in particular, should be reactive to a task context in which one is 

repeatedly probed by a computer program to report one’s thoughts, triggering ongoing 

concerns about being observed and judged by others. We conclude, then, in accord with the 

perspective that executive abilities and concern-related interference jointly influence mind 

wandering (McVay & Kane, 2010), that increased mind-wandering in schizotypy may be 

more tied to the excessive activation of personal concerns than to a deficit in cognitive 

control.

 Schizotypy and Intra-individual Variation in RT—At the same time, our executive 

measure that was most closely associated with mind wandering (see also McVay & Kane, 
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2012a; Unsworth 2015) — intra-individual variation in RT — also predicted positive, 

disorganized, and paranoid schizotypy. Were these correlations redundant? Did RT CoV 

predict schizotypy simply as an alternative measure of mind-wandering propensity, with 

tuning in and out of tasks creating RT variability? Our prior work suggests that RT 

variability and TUTs are not redundant, correlating significantly but imperfectly (McVay & 

Kane, 2012a), as in the present study. RT variability may thus capture more subtle 

vacillation in attention than do TUTs; that is, some attentional fluctuations may have 

behavioral consequences without producing conscious dissociations from ongoing activities, 

experienced as TUTs, and they may be somewhat less influenced by the cuing of one’s 

personal concerns.

Here, RT CoV correlated numerically more strongly with positive schizotypy than did TUT 

rate (they correlated similarly with disorganization and paranoia). We tested the relative 

contributions of CoV and TUTs to positive symptoms via a SEM version of the CFA 

reported above, in which CoV and TUT rate competed (with the other cognitive constructs) 

to explain unique variance in positive schizotypy. CoV predicted positive schizotypy (β= .28, 

p = .009) but TUT rate did not (β = .11, p = .200), and so CoV tells us something about 

positive schizotypy beyond its shared contribution with TUT rate. Although several studies 

have found increased RT variability in schizophrenia (e.g., Rentrop et al., 2010; Vinogradov, 

Poole, Willis-Shore, Ober & Shenaut, 1998) and in high risk samples (Cole, Weinberger & 

Dickinson, 2011; Y. Shin et al., 2013), we are aware of only one other study that assessed 

schizotypy-related variance in RT variability. Schmidt-Hansen and Honey (2009) found that 

RT variability in a 2-back WMC task predicted positive schizotypy more strongly than either 

disorganized or negative dimensions. Together, these findings suggest that positive 

symptoms reflect a general dysregulation of cognitive and affective functioning (e.g., 

Barrantes-Vidal et al., 2013; Kwapil & Barrantes-Vidal, 2014; Kerns, 2005; Cicero & Kerns, 

2010). Our CoV findings suggest that future research on executive control and schizotypy 

should take a latent-variable approach to intra-individual variability and assessing its links to 

different symptoms.

 WMC, Attention Restraint, and Schizotypy: Why So Little Covariation?—
Contrary to our expectations, but in line with the inconclusive literature on schizotypy and 

executive control, neither WMC nor restraint constructs broadly predicted schizotypy. 

Attention restraint (and the common variance across executive constructs in our bifactor 

model, where restraint tasks had the strongest loadings) correlated modestly with only 

paranoid schizotypy. Paranoia has been neglected by researchers investigating cognitive or 

neuropsychological correlates of schizotypy, perhaps because paranoid schizophrenia tends 

to not be associated with cognitive deficits (see Zalewski, Johnson-Selfridge, Ohriner, 

Zarrella, & Seltzer, 1998). Our finding that restraint failures predict paranoid thinking seems 

consistent with claims that delusions follow from failures to selectively filter preconscious 

thoughts from consciousness (e.g., Frith, 1979) or from the assignment of significance (e.g., 

Kapur, 2003), but we did not predict the restraint-paranoia association to be especially 

robust, and so we should probably not speculate too deeply about this intriguing finding 

until it is independently replicated.
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But what should we make of the failures of WMC, attention restraint, or common executive-

attention variance to predict schizotypy more comprehensively? Given the strengths of the 

present study in terms of sample size, statistical power, construct coverage, and construct 

measurement, we suggest that subclinical manifestations of schizotypy are not generally 

associated with significant executive-control disruptions. If we are correct, it should also 

follow that, either: (1) the executive deficits typically seen in schizophrenia represent a 

consequence of the disease rather than a cause or risk factor, or; (2) declines in executive 

capabilities appear only far along the schizotypy spectrum, and so they scarcely precede — 

0r may precipitate — the transition to diagnosable psychosis. In the former case, we would 

not expect to generally find correlations between schizotypy and executive performance; in 

the latter case, we would only expect executive-schizotypy correlations to arise in “ultra 

high-risk” groups (e.g., McGorry, Yung, & Phillips, 2003; Yung et al., 1998) and not from 

most community or university samples.

Indeed, a clear limitation of our empirical approach is that our subjects were university 

students, healthy and cognitively intact enough to begin pursuit of a bachelor’s degree. They 

thus provided us with a somewhat conservative test of cognition-schizotypy associations. 

Subjects recruited from the community may have shown more extreme schizotypy scores 

and more (and more strongly associated) cognitive dysfunction. At the same time, college-

aged adults are just entering the window of greatest risk for developing schizophrenia, many 

published studies on executive functions and schizotypy have tested university samples, and 

ours came from a comprehensive state university with a diverse student body (UNCG is a 

Minority-Serving Institution for African Americans) and modest admissions criteria (60% of 

first-year applicants were accepted for Fall 2012; UNCG Fact Book 2012–13, downloaded 

July, 2015 from http://ire.uncg.edu/pages/factbook/default.asp?T=2012-13), making it more 

like a community sample than are many university populations.

Another limitation, shared with other studies, is in the psychometric assessment of 

schizotypy. Despite our questionnaires’ well-established validity (e.g., Chapman et al., 1994; 

Kwapil, 1998), they do not tap broadly or deeply into schizotypy’s more cognitive features. 

Indeed, those that do ask about cognitive symptoms may not capture them effectively. 

Negative symptoms of schizophrenia, for example, such as diminished speech, language, 

and thought, tend not to appear on negative schizotypy scales, which instead emphasize 

social, emotional, and motivational functioning. And even if they did, it is not clear that 

someone suffering from those cognitive symptoms would have the insight to report them 

accurately.

We were not surprised by the strong correlation between positive and paranoid schizotypy, 

given that clinical and subclinical paranoia share unrealistic thoughts and beliefs with 

positive schizotypy, but their strong correlations with disorganized schizotypy raises 

concerns about its psychometric assessment. For example, measures purporting to assess 

disorganization may, in fact, be tapping odd speech and behavior that is secondary to 

positive schizotypy, rather than disruptions in the form and regulation of thought (Gross et 

al., 2014). Furthermore, self-report measures of disorganization correlate strongly with 

neuroticism (as do other cognitive-failure questionnaires; e.g., Broadbent, Cooper, Fitzgerald 

& Parkes, 1982; Matthews, Coyle, & Craig, 1990; Wilhelm, Witthöft, & Schipolowski, 
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2010), which is problematic because the nomological network around disorganization does 

not include affective dysregulation and distress (Gross et al., 2014). In relatively healthy 

young adults, then, self-reported difficulties in attention, memory, speech, and thought may 

tell us as much about people’s overall psychological adjustment and sense of well-being as 

they do about significant or specific cognitive impairments.

We suggest, then, that future investigations into the cognitive correlates of schizotypy should 

not only use large samples of subjects and measures, as we did. They should also consider 

alternative means by which to assess schizotypy’s more cognitive dimensions, perhaps via 

reports from close others or through corroboration from performance records from school or 

work settings. In the face of our largely null results — aside from TUT and CoV findings — 

we suggest that the burden of proof is on those claiming significant cognitive components to 

normal variation in schizotypy.

 The Structure of Executive Control: Unity and Diversity

The variance shared, versus not shared, by our cognitive measures clarifies the nomological 

network for the frequently invoked — but gravely underspecified — construct of executive 

control. Here we focus our discussion on: 1) WMC’s associations with attention restraint, 

constraint, and TUTs, and; 2) executive contributions to mind-wandering propensity and 

intra-individual variability in task performance.

 Attention Restraint and Constraint, and Their Links to WMC—Consistent with 

Friedman and Miyake (2004), we found a robust association between attention restraint and 

constraint abilities — as well as both with WMC. Our estimate of the restraint-constraint 

correlation (.60) was similar to theirs (.68), but their study was underpowered to statistically 

distinguish them. We found that, although people who were better at overriding dominant-

but-wrong responses in antisaccade, SART, and Stroop tasks were also generally better at 

focusing on target stimuli presented amid distractors in flanker tasks, these skills were 

distinguishable and not identical. Moreover, restraint failures were considerably more 

strongly correlated with WMC than were constraint failures.

Why? Perhaps WMC correlated more weakly with constraint than restraint due to 

measurement problems: We assessed constraint ability exclusively with flanker tasks. Even 

though we varied their stimuli, array properties, responses, and dependent measures, the 

constraint factor had a narrower psychometric bandwidth (Cronbach, 1990) than did 

restraint. That is, the restraint tasks (antisaccade, SART, number and spatial Stroop) were 

diverse in structural and surface characteristics and so shared less method variance than did 

the flanker tasks. Shared method variance should drive down the constraint factor’s 

association with other constructs that do not share that method. To address this possibility, 

post hoc, we modeled restraint with only the antisaccade tasks (letter and arrow), thus 

narrowing its bandwidth to nearly identical measures (but those with the highest restraint 

loadings). We modeled constraint with two more dissimilar (but highest loading) tasks, 

conditional accuracy flanker (S-R and S-S conditions) and masked flanker (S-R and S-S), 

thus providing a wider bandwidth for constraint than restraint. In a good-fitting CFA that 

included WMC and TUTs (CFI and TLI > .93; SRMR and RMSEA < .05), the 2-indicator 
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restraint factor and 4-indicator constraint factor correlated strongly, and similarly to that in 

the full-construct model (.63). Again, however, restraint was more closely associated with 

WMC (−.62) than was constraint (−.35), suggesting that method variance was not 

responsible for constraint’s weaker association with WMC.

Provisionally, then, we propose that WMC has more in common with attention restraint than 

constraint because restraint tasks tap more strongly into maintenance mechanisms than do 

constraint tasks, particularly those that keep current task goals accessible. Restraint tasks are 

especially challenging because they ask subjects to engage a task goal that conflicts strongly 

with habit, while providing little contextual support for that unusual goal (Kane et al. 2001; 

Kane & Engle, 2003). In the Stroop task, particularly one that presents mostly congruent 

trials, subjects must endogenously regulate their cognition and behavior by maintaining 

access to the novel task goal, which biases responding in the demanded direction. If subjects 

momentarily forget that, in this context, they should ignore what a word says or look away 

from a salient visual cue, they will make overt errors or very slow “just-in-time” responses 

on conflict trials (e.g., Kane & Engle, 2003; McVay & Kane, 2012; Unsworth et al., 2004, 

2010, 2012). So, in addition to presenting subjects with conflict between target and non-

target stimuli, restraint tasks also challenge subjects to maintain enough accessibility to a 

non-dominant task set to allow quick reactions to that conflict (for related arguments about 

“inhibition” tasks, see Miyake & Friedman, 2012).

Constraint tasks like the flanker, in contrast, do not particularly test subjects’ ability to 

maintain task goals, as they present little conflict with prepotent behaviors. There is nothing 

in a flanker display that draws one’s attention away from the target array, or that otherwise 

derails one from the goal of classifying the target while ignoring distractors. Although 

attention may be initially captured by the full extent of the flanker-dominating array (e.g., 

Eriksen & St. James, 1986; Gratton, Coles, Sirevaag, Eriksen & Donchin, 1988; Heitz & 

Engle, 2007), the main challenge is not in maintaining the correct task set, but rather in 

combatting the competition from flankers in selecting the target or the response. Constraint 

and restraint tasks thus have in common the requirement to overcome acute conflict in 

encoding or responding to stimuli. Restraint tasks, however, also primarily tax goal-

maintenance mechanisms that likely overlap with those involved in working-memory 

maintenance more generally.

 Mind-Wandering Variation and Covariation—Despite our assessing TUT rates 

across different kinds of tasks, they formed a coherent latent variable, indicating a trait-like 

vulnerability to off-task thought (see also Grodsky & Giambra, 1990–91; McVay & Kane, 

2012; Mrazek et al., 2012; Unsworth, 2015; Unsworth & McMillan, 2014). We also found, 

however, that correlations between TUT rates were highest for assessments within the same 

experimental session (separated by 15 – 60 min) than for those across sessions (separated by 

days or weeks). This same-session increase in correlations suggests state-like, in addition to 

trait-like, variation in mind-wandering propensity, perhaps reflecting the influence of current 

goals, concerns, and mood in providing fodder for TUTs (e.g., Franklin et al., 2013; Klinger, 

2013; McVay & Kane, 2013; Smallwood, Fitzgerald, Miles & Phillips, 2009).
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TUT rate correlated well with other executive constructs (including constraint, contradicting 

Forster & Lavie, 2014), so we argue that it reflects — in part — control processes that 

operate to keep thoughts on-task (McVay & Kane, 2010; Kane & McVay, 2012). At the same 

time, TUTs correlated more strongly with attention restraint and constraint than with WMC. 

An uninteresting explanation for this is that we measured TUTs during some of the restraint 

and constraint tasks, so they shared method and error variance that drove their correlations 

higher. We can rule out this possibility through a post-hoc model that eliminates restraint 

and constraint performance measures that included thought probes. Here, we modeled 

attention restraint with only the two antisaccade tasks plus spatial Stroop (dropping the 

probed SART and number Stroop tasks), and modeled constraint with only the S-R and S-S 

measures from conditional accuracy and masked flanker tasks (dropping the probed arrow 

and letter flanker tasks); the model fit with CFI and TLI > .92 and RMSEA and SRMR < .

05. TUT correlations were similar to those in our original model, and the WMC-TUT 

correlation of −.18 was again numerically smaller than those for restraint-TUT (.28) and 

constraint-TUT (.35). A better explanation for our findings, then, is that memory-related 

variance shared by WMC tasks is less associated with mind-wandering vulnerability than is 

the attention-control-related variance that is tapped more fully by “simpler” attention tasks 

of restraint and constraint.

Pragmatically, then, we recommend that investigators aiming to explore executive-task 

covariation with mind wandering use tasks of attention restraint or constraint rather than (or 

in addition to) WMC. Moreover, given the weak correlations among individual measures of 

executive control and TUTs (see also McVay & Kane, 2012b; Randall et al., 2014), we 

suggest that researchers use multiple assessments of control and TUTs to allow latent-

variable methods. TUT vulnerability is only affected in part, however, by executive control 

abilities: Our bifactor models indicated that TUT rates share substantial variance that is not 

accounted for by other executive abilities (and this residual TUT variance predicted positive, 

disorganized, and paranoid schizotypy). We think it most likely that non-cognitive influences 

related to personality, motivation, mood, or current concerns also drive variation in mind-

wandering (e.g. Klinger, 2013; Seli et al., in press; Smallwood, O’Connor, Sudberry & 

Obonsawin, 2007, Zhiyan & Singer, 1996).

 RT Variability as an Executive Construct—Several literatures converge on the idea 

that intra-individual variation in performance tells us important things about people (for a 

review, see MacDonald, Nyberg & Bäckman, 2006), such as their intelligence (e.g., Larson 

& Alderton, 1990; Ratcliff, Schmiedek, & McKoon, 2008), age (e.g., Li et al., 2004; Rabbitt, 

Osman, Moore & Stollery, 2001), and risk or diagnostic status for attention-deficit/

hyperactivity disorder or dementia (e.g., Bidwell, Willcutt, DeFries, & Pennington, 2007; 

Castellanos, Sonuga-Barke, Milham, & Tannock, 2006; Christensen et al., 2005; Murtha, 

Cismaru, Waechter, & Chertkow, 2002; Tamm et al., 2012). Such findings indicate that 

performance instability reflects a stable, trait-like individual difference, often indicated by 

RT variability, as in the current study.

We aimed to extend our prior findings that relied on individual tasks to assess TUTs and RT 

variability (McVay & Kane, 2009, 2012a), as well as Unsworth’s (2015) findings that CoV 

measured across numerous executive tasks yielded a latent variable that correlated strongly 
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with WMC and TUTs. Because Unsworth measured CoV across trials from tasks that 

presented many conflict-inducing trials, we wanted to be sure that his findings didn’t result 

from CoV measures being contaminated by attention restraint and constraint processes. If 

large CoV scores reflect a general executive failure to consistently maintain optimal task 

focus (or implementation of task sets), then those momentary failures should be detectable 

in RTs for trials that do not elicit conflict. In fact, consistent with the McVay-Kane findings 

from non-conflict “go” trials in the SART, CoV measured from non-conflict trials reflected a 

single factor associated with other executive abilities. Despite the measurement differences, 

our key findings complemented Unsworth (2015): RT CoV correlated with WMC (see also 

Schmeidek et al., 2007; Unsworth et al., 2010, 2012), with TUT rate (see also Bastian & 

Sakur, 2013; Seli et al., 2013), and with attention restraint failure.

However, we question Unsworth’s (2015) conclusion that CoV in attention-control tasks is 

fundamentally different from CoV in other tasks. His Study 1 and 2 clearly showed a 

distinction between CoV from attention-control and lexical-decision tasks, but intra-

individual variation in lexical decision seems likely to be driven as much by vocabulary 

knowledge and the particular stimuli presented on each trial as by fluctuations in task-

focused thought or implementation of task set. Thus, we suspect that lexical-decision tasks 

reflect more of a special case than do attention-control tasks. We suggest that CoV measured 

across simple RT tasks, or choice RT tasks that don’t draw heavily on crystallized 

knowledge, will produce results similar to ours from neutral and congruent trials from 

executive-control tasks. Indeed, Schmiedek et al. (2007) assessed RT variability across a 

large number of relatively simple choice-RT tasks and it correlated strongly with WMC; 

moreover, ADHD-related increases in RT variability are evident over a wide range of task 

types (for a review, see Kuntsi & Klein, 2012). Our view, then, is that intra-individual 

fluctuations in RT within simple tasks are partly a reflection of attention-control 

mechanisms, and that individual differences in these fluctuations provide a useful and 

underused marker of executive control. We further recommend that RT CoV and mind 

wandering vulnerability, both indicative of intraindividual variation in attentional focus, be 

explored further in testing theories about the cognitive components of schizotypal traits.

 Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Four-factor measurement model of the schizotypy questionnaires. All solid paths are 

statistically significant at p < .05; all dotted paths are non-significant. The circles represent 

the latent variables for negative schizotypy (Negative), positive schizotypy (Positive), 

disorganized schizotypy (Disorgz), and paranoid schizotypy (Paranoid). The boxes represent 

the observed variables loaded onto each latent factor. The arrows represent the modeled 

direction of the pathway between variables (double-headed arrows indicate correlation). 

Numbers next to boxes indicate task factor loadings (leftmost column indicates loadings 

onto positive, disorganized, or paranoid factors; rightmost column indicates loadings onto 

the negative factor), numbers along double-headed arrows indicate correlations between 

constructs. For the observed variables, PHY-ANHD1 = physical anhedonia scale (item 

parcel 1), PHY-ANHD2 = physical anhedonia scale (parcel 2), PHY-ANHD3 = physical 

anhedonia scale (parcel 3), SOC-ANHD1 = social anhedonia scale (parcel 1), SOC-ANHD2 

= social anhedonia scale (parcel 2), SOC-ANHD3 = social anhedonia scale (parcel 3), 

PERCEABER1 = perceptual aberration scale (parcel 1), PERCEABER2 = perceptual 

aberration scale (parcel 2), PERCEABER3 = perceptual aberration scale (parcel 3), 

MAGIDEA1 = magical ideation scale (parcel 1), MAGIDEA2 = magical ideation scale 

(parcel 2), MAGIDEA3 = magical ideation scale (parcel 3), REFTHINK = referential 

thinking subscale from the Schizotypal Personality Questionnaire (SPQ), COGSLIPG = 
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cognitive slippage scale, COGDYSRG = cognitive dysregulation subscale of the 

Dimensional Assessment of Personality Pathology – Basic Questionnaire, ODSPEECH = 

SPQ odd speech subscale, ODBEHAVR = SPQ odd behavior subscale, PARACHEK1 = 

paranoia checklist (item parcel 1), PARACHEK2 = paranoia checklist (parcel 2), SUSPICIO 

= SPQ suspiciousness subscale.
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Figure 2. 
4-factor measurement model of the cognitive variables. All paths are statistically significant 

at p < .05. The circles represent the latent variables for working memory capacity (WMC), 

attention restraint failure [Attn Restraint (Fails)], attention constraint failure [Attn Constraint 

(Fails)], and mind wandering rate (TUTs). The boxes represent the observed variables 

loaded onto each latent factor. The arrows represent the modeled direction of the pathway 

between variables (double-headed arrows indicate correlation). Numbers next to boxes 

indicate task factor loadings, numbers along double-headed arrows indicate correlations 

between constructs. For the observed variables, OPERSPAN = operation span, READSPAN 

= reading span, SYMMSPAN = symmetry span, ROTASPAN = rotation span, RUNNSPAN 

= running span, COUNTERS = updating counters, ANTI-LET = antisaccade with letters, 

ANTI-ARO = antisaccade with arrows, SEM-SART d′ = d′ score from semantic SART, 

SEM-SART rtsd = intrasubject standard deviation in RT from semantic SART, N-Stroop = 

number Stroop, S-Stroop = spatial Stroop, ARROFLNK-SR = Stimulus-response (S-R) 

conflict effect in arrow flanker, ARROFLNK-SO = Stimulus-stimulus (S-S) conflict effect in 

arrow flanker, LETTFLNK-SR = S-R conflict effect in letter flanker, LETTFLNK-SO = S-S 

conflict effect in letter flanker, ACCYFLNK-SR = S-R conflict effect in conditional 

accuracy flanker, ACCYFLNK-SO = S-S conflict effect in conditional accuracy flanker, 

MASKFLNK-SR = S-R conflict effect in masked flanker, MASKFLNK-SS = S-S conflict 
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effect in masked flanker, CIRCFLNK = circle flanker, SART-TUT = proportion of TUTs 

reported in the semantic SART, LETT-TUT = proportion of TUTs reported in letter flanker, 

ARRO-TUT = proportion of TUTS reported in arrow flanker, NUMS-TUT = proportion of 

TUTs reported in number Stroop, 2BAC-TUT = proportion of TUTs reported in two-back 

task.
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Figure 3. 
Bifactor measurement model of the cognitive variables. All paths are statistically significant 

at p < .05. The circles represent the latent variables for Common Executive Failures 

[Common Exec (Fail)], the “residual” variance shared only among the WMC measures 

(WMCRes), and the “residual” variance shared only among the mind wandering measures 

(TUTRes). The boxes represent the observed variables loaded onto each latent factor. The 

arrows represent the modeled direction of the pathway between variables (double-headed 

arrows indicate correlation). The rightmost column of numbers next to boxes indicates factor 

loadings onto the Common Executive factor and the leftmost column of numbers next to the 

boxes indicates factor loadings on the WMC-specific or TUT-specific factors. For the 

observed variables, OPERSPAN = operation span, READSPAN = reading span, 

SYMMSPAN = symmetry span, ROTASPAN = rotation span, RUNNSPAN = running span, 

COUNTERS = updating counters, ANTI-LET = antisaccade with letters, ANTI-ARO = 

antisaccade with arrows, SEM-SART d′ = d′ score from semantic SART, SEM-SART rtsd = 

intrasubject standard deviation in RT from semantic SART, N-Stroop = number Stroop, S-

Stroop = spatial Stroop, ARROFLNK-SR = Stimulus-response (S-R) conflict effect in arrow 

flanker, ARROFLNK-SO = Stimulus-stimulus (S-S) conflict effect in arrow flanker, 
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LETTFLNK-SR = S-R conflict effect in letter flanker, LETTFLNK-SO = S-S conflict effect 

in letter flanker, ACCYFLNK-SR = S-R conflict effect in conditional accuracy flanker, 

ACCYFLNK-SO = S-S conflict effect in conditional accuracy flanker, MASKFLNK-SR = 

S-R conflict effect in masked flanker, MASKFLNK-SS = S-S conflict effect in masked 

flanker, CIRCFLNK = circle flanker, SART-TUT = proportion of TUTs reported in the 

semantic SART, LETT-TUT = proportion of TUTs reported in letter flanker, ARRO-TUT = 

proportion of TUTS reported in arrow flanker, NUMS-TUT = proportion of TUTs reported 

in number Stroop, 2BAC-TUT = proportion of TUTs reported in two-back task.
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Figure 4. 
Confirmatory factor analysis depicting the relations between the four-factor cognitive model 

and the four-factor schizotypy model. The circles represent the latent variables for working 

memory capacity (WMC), attention restraint failure [Attn Restraint (Fails)], attention 

constraint failure [Attn Constraint (Fails)], mind wandering rate (TUTs), negative schizotypy 

(Negative), positive schizotypy (Positive), disorganized schizotypy (Disorgz), and paranoid 

schizotypy (Paranoid). Double-headed arrows represent correlations between constructs. All 

solid paths are statistically significant at p < .05; all dotted paths are non-significant. For 

ease of interpretation, factor loadings for manifest variables are not depicted (see Table 6).
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Figure 5. 
Confirmatory factor analysis depicting the relations between the bifactor cognitive model 

and the four-factor schizotypy model. The circles represent the latent variables for Common 

Executive Failures [Common Exec (Fail)], the “residual” variance shared only among the 

WMC measures (WMCRes), and the “residual” variance shared only among the mind 

wandering measures (TUTRes), negative schizotypy (Negative), positive schizotypy 

(Positive), disorganized schizotypy (Disorgz), and paranoid schizotypy (Paranoid). Double-

headed arrows represent correlations between constructs. All solid paths are statistically 

significant at p < .05; all dotted paths are non-significant. For ease of interpretation, factor 

loadings for manifest variables are not depicted (see Table 6).
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Figure 6. 
Structural equation model depicting the prediction of the four-factor schizotypy model by 

the four-factor cognitive model. The circles represent the latent variables for working 

memory capacity (WMC), attention restraint failure [Attn Restraint (Fails)], attention 

constraint failure [Attn Constraint (Fails)], mind wandering rate (TUTs), negative schizotypy 

(Negative), positive schizotypy (Positive), disorganized schizotypy (Disorgz), and paranoid 

schizotypy (Paranoid). Arrows represent the modeled direction of pathway between 

constructs. All solid paths are statistically significant at p < .05; all dotted paths are non-

significant. For ease of interpretation, factor loadings for manifest variables are not depicted 

(see Table 6).
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