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ARTICLE INFO ABSTRACT

Keywords: Schizotypal traits (i.e., personality characteristics that range from mild eccentricities to more pronounced
Schizotypal traits schizophrenia-like perceptions, thought patterns, and behaviours) have been associated with a variety of
Eeadmg cognitive impairments, including difficulties in language processing. Although these difficulties span several
anguage

aspects of language (e.g., semantic processing, verbal fluency, visual word recognition), it is unclear whether
reading abilities are also affected. Thus, the current study employed the Schizotypal Personality Questionnaire
(SPQ) - Brief (Raine and Benishay, 1995) to examine how schizotypal traits impact both word-level and text-
level reading skills (using a battery of standardized assessments) in a sample of healthy young adults. We
found some evidence that higher schizotypal traits, specifically, increased Disorganized factor scores (reflecting
aberrant thinking, communication patterns, and behaviour), were associated with reduced word-level reading
abilities. However, this finding did not remain significant after correcting for multiple comparisons. Overall, our
study suggests that reading may be another aspect of language affected by schizotypal traits, although additional

Healthy adults

research (with greater power) is needed to further explore and confirm this finding.

1. Introduction

Schizotypy is a multidimensional construct that encompasses a
spectrum of cognitive, perceptual, and behavioural/interpersonal
characteristics that are related to, but generally less severe than those
experienced in the schizophrenia-spectrum disorders (Kwapil and
Barrantes-Vidal, 2015; Lenzenweger, 2018; Raine, 1991). That is to say,
schizotypal traits reflect normal variation in personality, ranging from
mild features in the general population to more severe manifestations
similar to those observed in psychosis (Claridge, 1995; Claridge and
Davis, 2003; Rawlings and Locarnini, 2008). Depending on the frame-
work or model used, schizotypy comprises three to four dimensions,
including a Cognitive-Perceptual Dimension (i.e., distorted or unusual
thoughts and perceptions, such as odd beliefs and magical thinking); an
Interpersonal Dimension (i.e., social difficulties, such as trouble forming
close relationships and social anxiety); a Disorganized Dimension (i.e.,
disorganized thinking and behaviour, such as incoherent speech and
eccentric behaviours); and, sometimes, a separate Affective Dimension
(i.e., disturbances in emotional processing, such as flattened or inap-
propriate affect). Psychometric tools used to assess schizotypal traits

often include self-report questionnaires, such as the Schizotypal Per-
sonality Questionnaire (SPQ; Raine, 1991) and its abbreviated version,
the SPQ — Brief (Raine and Benishay, 1995); the Oxford-Liverpool In-
ventory of Feelings and Experiences (O-LIFE; Mason and Claridge,
2006); and the Wisconsin Schizotypy Scales (WSS; Chapman et al.,
1976).

Increasing evidence suggests that elevated schizotypal traits may
reflect vulnerability to schizophrenia-spectrum psychopathology in the
general population (Barrantes-Vidal et al., 2003; Racioppi et al., 2018;
reviewed in Debbané et al., 2015), prompting investigations into po-
tential pathophysiological overlap. Research examining molecular ge-
netic overlap between schizotypy and schizophrenia has been limited in
scope and has yielded mixed findings due to methodological differences
across studies. As both schizotypy and schizophrenia are polygenic in
nature, pinpointing specific genetic commonalities (especially among
diverse populations) has been challenging (reviewed in Allen et al.,
2008; Nelson et al., 2013). Although research in this area is still ongoing,
adoption and family studies have suggested genetic overlap (e.g., Baron
etal., 1985; Kendler etal., 1981, 1995, 1996). For instance, in a genome-
wide study, Fanous et al. (2007) found that certain risk-genes for
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schizophrenia (e.g., DISC1, NRG1) were associated with schizotypal
levels in non-affected relatives of people with schizophrenia.

Research examining shared neurobiological mechanisms between
schizotypy and schizophrenia has reported similar neurofunctional and
neurostructural changes (reviewed in Kirschner et al., 2022). For
instance, studies have found that higher schizotypal traits (using several
psychometric tools, including the SPQ, SPQ - Brief, and O-LIFE) among
healthy individuals (aged 16-68) were positively associated with
cortical thickness in the medial orbitofrontal/ventromedial prefrontal
cortex. Further, the cortical thickness profile in those with higher
schizotypal traits was positively related to cortical thickness abnor-
malities seen in schizophrenia (see Kirschner et al., 2022). Studies have
also found that higher schizotypal traits (measured with the SPQ, and
especially Cognitive-Perceptual factor scores) among healthy adults
were negatively associated with white matter structure in several frontal
and temporal region pathways (Nelson et al., 2011; see also Tonini et al.,
2021; Zouraraki et al., 2023, for additional related findings).

Research has also reported shared neurocognitive abnormalities
between schizotypy and schizophrenia. These abnormalities include
similar impairments in executive functioning, such as reduced attention,
inhibition, and working memory (Cadenhead and Braff, 2002; Chen
et al., 1997; Cimino and Haywood, 2008; Daly et al., 2012; Glahn et al.,
2003; Gooding et al., 1999; Kim et al., 2011; Louise et al., 2015; Raw-
lings and Goldberg, 2001; cf. Steel et al., 1996; Stelton and Ferraro,
2008; reviewed in Ettinger et al., 2015); similar impairments in visuo-
oculomotor control, such as reduced antisaccade and smooth pursuit
performance (reviewed in Ettinger et al., 2015; O'Driscoll and Callahan,
2008); and similar impairments in language processing, such as odd
speech, impaired word association, and semantic deficits (reviewed in
Kiang, 2010; Tonelli, 2014).

Although the above-mentioned neurocognitive processes (i.e., ex-
ecutive functioning, visuo-oculomotor control, and language) are all
involved in reading, surprisingly little research has investigated the as-
sociation between schizotypal traits and reading abilities, despite the
importance of reading in everyday life (e.g., academic/employment
performance, understanding legal and medical documents, following
the news, social media, recipes, etc.). This is further surprising given
growing research reporting reading impairments in schizophrenia (e.g.,
abnormal word- and text-level reading; abnormal eye movement
reading behaviour) that are similar in nature to those observed in
developmental dyslexia (Whitford et al., 2023; reviewed in Vanova
et al., 2021; Whitford et al., 2018). Of the limited research that has
examined schizotypal traits and reading, most studies have employed
methods that lack ecological validity (e.g., tasks that require artificial
decisions) or have assessed reading indirectly (i.e., reading performance
was not a primary focus). Moreover, this small body of research has
yielded a mixed pattern of results.

For instance, some work investigating visual word recognition via
lexical decision tasks (i.e., deciding whether a word is real or not via
button press) has reported negative associations. A study by Vanova
et al. (2022a) found that positive schizotypal traits (measured with the
O-LIFE), and specifically Unusual Experiences, accounted for 4% of the
variance in lexical decision performance among 78 healthy young
adults. This effect was, however, marginal. In a subsequent study by the
same group, Vanova et al. (2022b) used neuroimaging (fMRI) to
examine brain activation in 22 healthy young adults while performing
lexical decision tasks. The authors found that higher positive schizotypal
traits (measured with the O-LIFE), and specifically Unusual Experiences,
related to lower cerebellum activity when recognizing words, particu-
larly low-frequency ones (e.g., accord) versus nonwords (e.g., youns).
Furthermore, a neurophysiological study by Kimble et al. (2000) found a
negative relationship between schizotypal traits (measured with the
Scheduled Interview for Schizotypy; SIS; Kendler et al., 1989) and se-
mantic processing. More specifically, using a sentential event-related
potential (ERP) reading task with sensible versus insensible final
words in 15 first-degree relatives of individuals with schizophrenia and
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15 matched controls, the authors found that higher schizotypal scores
(among the control group only) related to a reduced N400 effect at
electrode Cz. Studies investigating other related aspects of language
processing, including semantic fluency (e.g., Daly et al., 2012) and
verbal fluency (e.g., Carrigan et al., 2017; Tsakanikos and Claridge,
2005), have similarly reported negative associations between schizo-
typal traits (using the SPQ and O-LIFE) and language performance.

However, not all studies have reported impaired lexical (i.e., word-
level) processing in those with increased schizotypal traits. A study by
Tan et al. (2016) found no associations between schizotypal traits
(measured with the O-LIFE) and performance on a lexical decision task
(using stimuli from the Psycholinguistic Assessment of Language Pro-
cessing in Aphasia; PALPA; Kay et al., 2001) nor lexical production/
verbal processing (using the Controlled Oral Word Association Test;
COWAT; Benton et al., 1983) in 61 young adults. Similar null results
have been reported in studies investigating associations between
schizotypal traits and speech processing (Weinstein et al., 2008), as well
as with vocabulary/verbal IQ (Carrigan et al., 2017).

These discrepant between-study findings are potentially driven by
differences in participant characteristics and sample sizes, limited
variability in the data (i.e., relatively low schizotypal scores; Tan et al.,
2016), and/or potentially non-linear relationships between schizotypal
scores and language measures (i.e., positive associations may only
emerge with more extreme schizotypal scores; see Schofield and Mohr,
2014; Tan et al., 2016).

1.1. Current study

To help elucidate the extant literature, the present work investigated
relationships between schizotypal traits (measured with the SPQ -
Brief), reading abilities (at both the word and text levels), and reading-
related abilities (e.g., phonological processing, vocabulary) in a general
population sample of young adults. The SPQ - Brief has three factors: (1)
a Cognitive-Perceptual factor (suspiciousness, magical thinking, unusual
perceptions); (2) an Interpersonal factor (no close friends, constricted
affect, social anxiety); and (3) a Disorganized factor (odd speech,
eccentric behaviour). We hypothesized that higher SPQ — Brief scores,
and especially higher Disorganized factor scores (reflecting abormal
thought and language processing), would be associated with reduced
reading abilities (in accordance with previous related research, such as
Kimble et al., 2000; Vanova et al., 2022a, 2022b).

2. Methods
2.1. Participants

A total of 175 native and dominant English-speaking young adults,
with no uncorrected visual impairments and no self-reported hearing,
language, learning, neurological, or psychiatric disorders participated in
the study (see Table 1). Participants were recruited from the University
of New Brunswick and greater Fredericton, Canada, community. Par-
ticipants were compensated with course credit or $15/h. The study was
approved by the University of New Brunswick's Research Ethics Board
(#2020-150).

2.2. Materials

To assess their reading and reading-related language skills, partici-
pants completed the (1) Sight Word Efficiency and Phonemic Decoding
Efficiency subtests of the Test of Word Reading Efficiency (TOWRE;
Torgesen et al., 1999); (2) Word Reading and Pseudoword Decoding
subtests of the Wechsler Individual Achievement Test (WIAT-II;
Wechsler, 2005); (3) LexTALE vocabulary test (Lemhofer and Broersma,
2012); and (4) Reading Rate and Reading Comprehension subtests of the
Nelson-Denny Reading Test (NDRT; Brown et al., 1993). Lastly, to assess
their schizotypal traits, participants completed the SPQ — Brief (see
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Table 1
Participant demographic/background characteristics.
Mean (SD)

Age (years) 23.62 (4.67)
Sex (male-to-female ratio)1 63:112
Education (years) 14.35 (1.93)
Parental socioeconomic status (SES)? 2.88 (1.39)
English speaking proficiency® 9.82 (0.56)
English reading proficiency® 9.78 (0.67)
Handedness* 76.38 (56.11)
BDS (span)® 5.84 (1.50)
BDS (total score)® 7.80 (2.29)

Note 1: Sex was based on self-reported assigned sex at birth.

Note 2: Parental SES was based on the Hollingshead Occupational Scale
(Hollingshead, 1975): 1 (major professional) to 9 (unemployed).

Note 3: English proficiency was assessed with an adaptation of the Language
Experience and Proficiency Questionnaire (LEAP-Q; Marian et al., 2007): 1
(beginner), 5 (intermediate), 10 (native-like).

Note 4: Handedness was assessed with the Edinburgh Handedness Inventory
(EHI; Oldfield, 1971): —100 (left-hand dominance), 0 (no preference), +100
(right-hand dominance).

Note 5: To ensure healthy executive functioning (working memory capacity),
a backwards digit span (BDS) task was administered. BDS span: 2 (lowest
possible) to 8 (highest possible); BDS total score: O (lowest possible) to 14
(highest possible).

Table 2
Participant standardized assessment and SPQ — Brief scores.

Mean (SD)

TOWRE Sight Word Efficiency (standard score)! 95.53 (12.43)

TOWRE Phonemic Decoding Efficiency (standard score)® 99.42 (9.41)
WIAT-II Word Reading (standard score)? 100.65 (8.34)
WIAT-II Pseudoword Decoding (standard score)? 95.07 (9.59)
LexTALE (% correct)® 88.18 (9.41)

NDRT Reading Rate (scaled score)*
NDRT Reading Comprehension (scaled score)*

201.02 (22.66)
217.43 (20.88)

SPQ - Brief Total Score® 6.92 (4.57)
SPQ - Brief Cognitive-Perceptual Factor® 2.59 (2.05)
SPQ - Brief Interpersonal Factor® 2.70 (2.21)
SPQ - Brief Disorganized Factor® 1.63 (1.80)

Note 1: Test of Word Reading Efficiency (TOWRE; Torgesen et al., 1999). Sight
Word Efficiency subtest assessed the efficiency of word reading (timed: 45 s).
Phonemic Decoding Efficiency subtest assessed efficiency of reading nonsense
words (timed: 45 s). Raw subtest scores were converted to standard scores (M =
100 + 15).

Note 2: Wechsler Individual Achievement Test — Second Edition (WIAT-II;
Wechsler, 2005). Word Reading subtest assessed accuracy of word reading (non-
timed). Pseudoword Decoding subtest assessed the accuracy of reading nonsense
words (non-timed). Raw subtest scores were converted to standard scores (M =
100 + 15).

Note 3: LexTALE measured vocabulary knowledge via a non-timed lexical de-
cision task (real words vs. nonsense words). Accuracy (% correct) was recorded.
Note 4: Nelson-Denny Reading Test (NDRT; Brown et al., 1993). Reading
Comprehension subtest measured silent text reading comprehension (7 passages
and 38 multiple-choice questions; timed: 20 min). Reading Rate subtest
measured the number of words read within the first minute of the first passage.
Raw subtest scores were converted to scaled scores (M = 200 + 25).

Note 5: Schizotypal Personality Questionnaire (SPQ) - Brief (Raine and
Benishay, 1995). Participants received a total score (max = 22), as well as a
score for each of the three factors: (1) Cognitive-Perceptual; (2) Interpersonal;
and (3) Disorganized (max = 8).

Table 2). We opted to use the SPQ — Brief (as opposed to other measures)
given its three-factor structure, high validity, and high reliability (Raine
and Benishay, 1995).

2.3. Procedure

Due to COVID-19 restrictions on in-person participant testing at the
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time, the study was conducted online via Microsoft Teams or Zoom.
After providing oral and written informed consent, participants
completed the demographic/background questionnaires (administered
via Qualtrics) and executive functioning measure (BDS), followed by the
standardized reading/language measures. Some of these measures (e.g.,
TOWRE, WIAT) were audio-recorded for scoring purposes (to ensure
high inter-rater reliability between two native English-speaking
scorers). Lastly, participants completed the SPQ — Brief (administered
via Qualtrics). Participants completed all tasks in their native and
dominant language (English). Upon study completion, participants were
orally debriefed, provided with a written debriefing form, and
compensated for their time.

3. Results
3.1. Principal components analysis (PCA)

Due to the large number of standardized reading/language mea-
sures, a PCA was conducted using SPSS. Bartlett's Test of Sphericity and
Kaiser-Meyer-Olkin (KMO) Test were performed to determine whether
the input measures were suitable for PCA and their correlation,
respectively. Bartlett's Test of Sphericity was significant (p < .001) and a
KMO value of 0.787 was obtained (values >0.5 indicate suitability;
Dziuban and Shirkey, 1974). The PCA was conducted, and principal
components with an eigenvalue >1 were kept (Kaiser, 1960). As such,
two components were retained (accounting for a significant amount of
overall variability: 62.70%), and varimax rotations were applied to
maximize differences in loadings and improve interpretability. One
component (which contained the TOWRE Sight Reading Efficiency and
Phonemic Decoding Efficiency subtests, WIAT Word Reading and
Pseudoword Decoding subtests, and LexTALE) reflected more bottom-up
(word-level) reading, and the other component (which contained NDRT
Reading Rate and Reading Comprehension subtests) reflected more top-
down (text-level) reading.

3.2. Linear regression analyses

Using a median split, we divided our sample into those with rela-
tively “high” versus “low” schizotypal traits across the three SPQ — Brief
factors: (1) Cognitive-Perceptual (high >2); (2) Interpersonal (high >2);
(3) Disorganized (high >1), as well as the total score (high >6). We then
ran linear regression models in R (version 4.4.1; Bates et al., 2015; R
Development Core Team, 2024) to examine how schizotypal traits
(among our “high” trait group) related to reading/language abilities
(using the word-level and text-level reading factors). We included
several covariates in our models: age, assigned sex at birth (due to some
research reporting greater negative schizotypal traits in males and
greater positive schizotypal traits in females; Raine, 1992; Schulte
Holthausen and Habel, 2018; but see Miettunen and Jaaskelainen, 2010,
for no sex differences in positive schizotypal traits), education, parental
SES, and BDS span. We deviation coded all categorical variables (—0.5,
40.5) and standardized (z-scored) all continuous variables to reduce
collinearity.

We only found a significant negative relationship between the SPQ —
Brief Disorganized factor and word-level reading factor (f = —0.15, SE
= 0.06, t = —2.66, p = .009), where relatively higher schizotypal traits
related to lower reading scores (see Table 3). This relationship, however,
did not survive the Holm-Bonferroni correction for multiple compari-
sons (smallest corrected a = 0.006). As such, we ultimately found no
significant relationships between schizotypal traits and reading abilities
(across both levels of reading).

4. Discussion

Given research reporting both cognitive and language impairments
in healthy individuals with high schizotypal traits (reviewed in Ettinger
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Table 3

Effect sizes (), standard errors (SE), 95% confidence intervals (CI) — lower limits
(LL) and upper limits (UL), t values, and p values for linear regression model
examining the relationship between SPQ — Brief Disorganized factor and word
reading factor.

Word reading

i SE 95% CI ¢ p

LL UL

Disorganized factor —0.15 0.06 —0.266 —0.039 —2.66 0.009"*

Age 0.05 0.12 —0.259 0.177 0.39 0.696
Sex 0.18 0.19 -0.270 0.093 1.00 0.320
Education (years) —0.04 0.11 —0.182 —0.551 —0.38 0.707
Parental SES —0.09 0.09 —0.052 0.282 —-0.97 0.337
BDS span 0.17 0.06 0.189 0.283 2.89 0.005**
" p<.0L

et al., 2015; Kiang, 2010; Siddi et al., 2017; Steffens et al., 2018), we
investigated whether reading and reading-related abilities are also
affected. Consistent with our hypothesis, we initially found that greater
Disorganized traits (which reflect aberrant communication and thought
processes) related to lower word-level reading abilities. We note, how-
ever, that this finding was non-significant after correction for multiple
comparisons.

Our initial finding aligns with recent work by Vanova et al. (2022a,
2022b) who also reported negative associations between schizotypal
traits (albeit a different aspect of schizotypy: Unusual Experiences using
the O-LIFE) and bottom-up, word-level reading (albeit using a different
task that probes visual word recognition: lexical decision). We note,
however, some limitations of this prior work, including relatively small
sample sizes, lack of correction for multiple comparisons, and missing
participant language background information (e.g., native language(s),
English proficiency levels), which could have affected interpretation of
the results. While some research has reported deficits in top-down pro-
cessing (e.g., comprehension, context processing, semantic integration)
during reading in those with higher schizotypal traits (e.g., Del Goleto
et al., 2016; Kimble et al., 2000), our finding was limited to bottom-up
processing, suggesting that impairments in word-level reading may not
necessarily scale-up to impact more global aspects of reading, though
additional research is needed. Ultimately, however, our adjusted results
(after correction for multiple comparisons) yielded null effects, aligning
with other language studies in this area, including those employing
vocabulary/verbal IQ, speech processing, and other lexical decision
tasks (e.g., Carrigan et al., 2017; Tan et al., 2016; Weinstein et al., 2008).

As such, it is possible that schizophrenia-like personality traits do not
pattern with reduced reading abilities in general population samples.
However, it is important to note that our sample had relatively low
levels of schizotypal traits, with even those categorized in the “high”
trait group showing only modest scores (min = 6; max = 19). Conse-
quently, the limited range of our sample's schizotypal traits may have
resulted in reduced power to examine the predicted relationships (and
our initial finding may have been more robust had there been more
participants with higher schizotypal traits). Thus, there may be a certain
threshold beyond which only individuals with more pronounced schiz-
otypal traits exhibit reading difficulties.

Taken together, our study suggests that, ultimately, schizotypal traits
are not significantly associated with diminished reading abilities in
healthy young adults. While our study represents an important step in
elucidating the impact of healthy schizotypy on reading skills, future
research would benefit from the inclusion of larger, more diverse sample
sizes (with a greater range of schizotypal traits), as well as the use of
experimental measures of reading performance, which may have
increased sensitivity to detect potentially subtle impacts of schizotypal
traits on reading.

Schizophrenia Research: Cognition 38 (2024) 100327
CRediT authorship contribution statement

Narissa Byers: Data curation, Formal analysis, Investigation,
Methodology, Writing — original draft, Writing — review & editing.
Sarah MaclIsaac: Data curation, Investigation, Methodology, Formal
analysis, Writing — original draft. Kate MacGregor: Data curation,
Investigation, Methodology. Veronica Whitford: Conceptualization,
Data curation, Formal analysis, Funding acquisition, Investigation,
Methodology, Project administration, Resources, Supervision, Writing —
original draft, Writing — review & editing.

Declaration of competing interest
The authors have no competing interests to declare.
Acknowledgement

Financial support for this research was provided by the Canada
Research Chairs Program (VW); John R. Evans Leaders Fund - Canada
Foundation for Innovation (VW); Natural Sciences and Engineering
Research Council of Canada (VW); and New Brunswick Innovation
Foundation (VW). The funding agencies were not involved in any as-
pects of the research. Special thanks go to Yara Bayoumi, Emma Toole,
and Clarice Hoe Sue Yeen for their assistance with data collection, as
well as all the participants who made this research possible. All study-
related materials and data will be made available by contacting the
corresponding author.

References

Allen, N.C., Bagade, S., McQueen, M.B., Ioannidis, J.P., Kavvoura, F.K., Khoury, M.J.,
Tanzi, R.E., Bertram, L., 2008. Systematic meta-analyses and field synopsis of genetic
association studies in schizophrenia: the SzGene database. Nat. Genet. 40 (7),
827-834. https://doi.org/10.1038/ng.171.

Baron, M., Gruen, R., Rainer, J.D., Kane, J., Asnis, L., Lord, S., 1985. A family study of
schizophrenic and normal control probands: implications for the spectrum concept
of schizophrenia. Am. J. Psychiatry 142, 447-455. https://doi.org/10.1176/
ajp.142.4.447.

Barrantes-Vidal, N., Fananas, L., Rosa, A., Caparros, B., Dolors Riba, M., Obiols, J.E.,
2003. Neurocognitive, behavioural and neurodevelopmental correlates of schizotypy
clusters in adolescents from the general population. Schizophr. Res. 61 (2-3),
293-302. https://doi.org/10.1016/50920-9964(02)00321-3.

Bates, D., Machler, M., Bolker, B., Walker, S., 2015. Fitting linear mixed-effects models
using lme4. J. Stat. Softw. 67, 1-48. https://doi.org/10.18637/jss.v067.i01.

Benton, A.L., Hamsher, d.S.K., Sivan, A.B., 1983. Controlled Oral Word Association Test
(COWAT). APA PsycTests. https://doi.org/10.1037/t10132-000.

Brown, J.A., Fishco, V.V., Hanna, G., 1993. Nelson-Denny Reading Test: Manual for
Scoring and Interpretation, Forms G & H. Riverside Publishing, Rolling Meadows, IL.

Cadenhead, K.S., Braff, D.L., 2002. Endophenotyping schizotypy: a prelude to genetic
studies within the schizophrenia spectrum. Schizophr. Res. 54 (1-2), 47-57. https://
doi.org/10.1016/50920-9964(01)00351-6.

Carrigan, N., Barkus, E., Ong, A., Wei, M., 2017. Do complaints of everyday cognitive
failures in high schizotypy relate to emotional working memory deficits in the lab?
Compr. Psychiatry 78, 115-129. https://doi.org/10.1016/j.
comppsych.2017.06.016.

Chapman, L.J., Chapman, J.P., Raulin, M.L., 1976. Scales for physical and social
anhedonia. J. Abnorm. Psychol. 85 (4), 374-382. https://doi.org/10.1037//0021-
843x.85.4.374.

Chen, W.J., Hsiao, C.K., Lin, C.C., 1997. Schizotypy in community samples: the three-
factor structure and correlation with sustained attention. J. Abnorm. Psychol. 106
(4), 649-654. https://doi.org/10.1037//0021-843x.106.4.649.

Cimino, M., Haywood, M., 2008. Inhibition and facilitation in schizotypy. J. Clin. Exp.
Neuropsychol. 30 (2), 187-198. https://doi.org/10.1080/13803390701336866.
Claridge, G., 1995. Fully and Quasi-dimensional Constructions of Schizotypy. Cambridge

University Press, pp. 192-216.

Claridge, G., Davis, C., 2003. Personality and Psychological Disorders. Arnold, London.

Daly, M.P., Afroz, S., Walder, D.J., 2012. Schizotypal traits and neurocognitive
functioning among nonclinical young adults. Psychiatry Res. 200 (2-3), 635-640.
https://doi.org/10.1016/j.psychres.2012.06.016.

Debbané, M., Eliez, S., Badoud, D., Conus, P., Fliickiger, R., Schultze-Lutter, F., 2015.
Developing psychosis and its risk states through the lens of schizotypy. Schizophr.
Bull. 41 Suppl 2 (Suppl. 2), $396-5407. https://doi.org/10.1093/schbul/sbul76.

Del Goleto, S., Kostova, M., Blanchet, A., 2016. Impaired context processing during irony
comprehension in schizotypy: an ERPs study. Int. J. Psychophysiol. 105, 17-25.
https://doi.org/10.1016/j.ijpsycho.2016.04.009.


https://doi.org/10.1038/ng.171
https://doi.org/10.1176/ajp.142.4.447
https://doi.org/10.1176/ajp.142.4.447
https://doi.org/10.1016/S0920-9964(02)00321-3
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1037/t10132-000
http://refhub.elsevier.com/S2215-0013(24)00028-3/rf0030
http://refhub.elsevier.com/S2215-0013(24)00028-3/rf0030
https://doi.org/10.1016/s0920-9964(01)00351-6
https://doi.org/10.1016/s0920-9964(01)00351-6
https://doi.org/10.1016/j.comppsych.2017.06.016
https://doi.org/10.1016/j.comppsych.2017.06.016
https://doi.org/10.1037//0021-843x.85.4.374
https://doi.org/10.1037//0021-843x.85.4.374
https://doi.org/10.1037//0021-843x.106.4.649
https://doi.org/10.1080/13803390701336866
http://refhub.elsevier.com/S2215-0013(24)00028-3/rf0060
http://refhub.elsevier.com/S2215-0013(24)00028-3/rf0060
http://refhub.elsevier.com/S2215-0013(24)00028-3/rf0065
https://doi.org/10.1016/j.psychres.2012.06.016
https://doi.org/10.1093/schbul/sbu176
https://doi.org/10.1016/j.ijpsycho.2016.04.009

N. Byers et al.

Dziuban, C.D., Shirkey, E.C., 1974. When is a correlation matrix appropriate for factor
analysis? Some decision rules. Psychol. Bull. 81, 358-361. https://doi.org/10.1037/
h0036316.

Ettinger, U., Mohr, C., Gooding, D.C., Cohen, A.S., Rapp, A., Haenschel, C., Park, S.,
2015. Cognition and brain function in schizotypy: a selective review. Schizophr.
Bull. 41 Suppl 2 (Suppl. 2), S417-5S426. https://doi.org/10.1093/schbul/sbul90.

Fanous, A.H., Neale, M.C., Gardner, C.O., Webb, B.T., Straub, R.E., O’Neill, F.A.,
Walsh, D., Riley, B.P., Kendler, K.S., 2007. Significant correlation in linkage signals
from genome-wide scans of schizophrenia and schizotypy. Mol. Psychiatry 12 (10),
958-965. https://doi.org/10.1038/sj.mp.4001996.

Glahn, D.C., Therman, S., Manninen, M., Huttunen, M., Kaprio, J., Lonnqvist, J.,
Cannon, T.D., 2003. Spatial working memory as an endophenotype for
schizophrenia. Biol. Psychiatry 53 (7), 624-626. https://doi.org/10.1016/s0006-
3223(02)01641-4.

Gooding, D.C., Kwapil, T.R., Tallent, K.A., 1999. Wisconsin Card Sorting Test deficits in
schizotypic individuals. Schizophr. Res. 40 (3), 201-209. https://doi.org/10.1016/
50920-9964(99)00124-3.

Hollingshead, A.B., 1975. Four-Factor Index of Social Status. Unpublished manuscript.
Yale University.

Kaiser, H.F., 1960. The application of electronic computers to factor analysis. Educ.
Psychol. Meas. 20, 141-151. https://doi.org/10.1177/001316446002000116.

Kay, J., Coltheart, M., Lesser, R., 2001. Psycholinguistic Assessments of Language
Processing in Aphasia (PALPA), English ed. Psychology Press, East Sussex, UK.

Kendler, K.S., Gruenberg, A.M., Strauss, J.S., 1981. An independent analysis of the
Copenhagen sample of the Danish adoption study of schizophrenia. II. The
relationship between schizotypal personality disorder and schizophrenia. Arch. Gen.
Psychiatry 38, 982-984. https://doi.org/10.1001/archpsyc.1981.01780340034003.

Kendler, K.S., Lieberman, J.A., Walsh, D., 1989. The Structured Interview for Schizotypy
(SIS): a preliminary report. Schizophr. Bull. 15 (4), 559-571. https://doi.org/
10.1093/schbul/15.4.559.

Kendler, K.S., McGuire, M., Gruenberg, A.M., Walsh, D., 1995. Schizotypal symptoms
and signs in the Roscommon Family Study. Their factor structure and familial
relationship with psychotic and affective disorders. Arch. Gen. Psychiatry 52,
296-303. https://doi.org/10.1001/archpsyc.1995.03950160046009.

Kendler, K.S., Thacker, L., Walsh, D., 1996. Self-report measures of schizotypy as indices
of familial vulnerability to schizophrenia. Schizophr. Bull. 22, 511-520. https://doi.
org/10.1093/schbul/22.3.511.

Kiang, M., 2010. Schizotypy and language: a review. J. Neurolinguistics 23 (3), 193-203.
https://doi.org/10.1016/j.jneuroling.2009.03.002.

Kim, M.S., Oh, S.H., Hong, M.H., Choi, D.B., 2011. Neuropsychologic profile of college
students with schizotypal traits. Compr. Psychiatry 52 (5), 511-516. https://doi.org/
10.1016/j.comppsych.2010.10.010.

Kimble, M., Lyons, M., O'Donnell, B., Nestor, P., Niznikiewicz, M., Toomey, R., 2000.
The effect of family status and schizotypy on electrophysiologic measures of
attention and semantic processing. Biol. Psychiatry 47 (5), 402-412. https://doi.
org/10.1016/s0006-3223(99)00184-5.

Kirschner, M., Hodzic-Santor, B., Antoniades, M., Nenadic, I., Kircher, T., Krug, A.,
Meller, T., Grotegerd, D., Fornito, A., Arnatkeviciute, A., Bellgrove, M.A., Tiego, J.,
Dannlowski, U., Koch, K., Hiilsmann, C., Kugel, H., Enneking, V., Klug, M., Leehr, E.
J., Bohnlein, J., Modinos, G., 2022. Cortical and subcortical neuroanatomical
signatures of schizotypy in 3004 individuals assessed in a worldwide ENIGMA study.
Mol. Psychiatry 27 (2), 1167-1176. https://doi.org/10.1038/541380-021-01359-9.

Kwapil, T.R., Barrantes-Vidal, N., 2015. Schizotypy: looking back and moving forward.
Schizophr. Bull. 41 Suppl 2 (Suppl. 2), S366-S373. https://doi.org/10.1093/schbul/
sbul86.

Lembhofer, K., Broersma, M., 2012. Introducing LexTALE: a quick and valid lexical test for
advanced learners of English. Behav. Res. Methods 44 (2), 325-343. https://doi.org/
10.3758/513428-011-0146-0.

Lenzenweger, M.F., 2018. Schizotypy, schizotypic psychopathology and schizophrenia.
World Psychiatry 17 (1), 25-26. https://doi.org/10.1002/wps.20479.

Louise, S., Gurvich, C., Neill, E., Tan, E.J., Van Rheenen, T.E., Rossell, S., 2015.
Schizotypal traits are associated with poorer executive functioning in healthy adults.
Front. Psychiatry 6, 79 doi:10.3389%2Ffpsyt.2015.00079.

Marian, V., Blumenfeld, H.K., Kaushanskaya, M., 2007. The Language Experience and
Proficiency Questionnaire (LEAP-Q): assessing language profiles in bilinguals and
multilinguals. J. Speech. Lang. Hear. Res. 50, 940-967. https://doi.org/10.1044/
1092-4388(2007/067).

Mason, O., Claridge, G., 2006. The Oxford-Liverpool Inventory of Feelings and
Experiences (O-LIFE): further description and extended norms. Schizophr. Res. 82
(2-3), 203-211. https://doi.org/10.1016/j.schres.2005.12.845.

Miettunen, J., Jaaskeldinen, E., 2010. Sex differences in Wisconsin Schizotypy Scales—a
meta-analysis. Schizophr. Bull. 36 (2), 347-358. https://doi.org/10.1093/schbul/
sbn075.

Nelson, M.T., Seal, M.L., Phillips, L.J., Merritt, A.H., Wilson, R., Pantelis, C., 2011. An
investigation of the relationship between cortical connectivity and schizotypy in the
general population. J. Nerv. Ment. Dis. 199 (5), 348-353. https://doi.org/10.1097/
NMD.0b013e318217514b.

Nelson, M.T., Seal, M.L., Pantelis, C., Phillips, L.J., 2013. Evidence of a dimensional
relationship between schizotypy and schizophrenia: a systematic review. Neurosci.
Biobehav. Rev. 37 (3), 317-327. https://doi.org/10.1016/j.neubiorev.2013.01.004.

O’Driscoll, G.A., Callahan, B.L., 2008. Smooth pursuit in schizophrenia: a meta-analytic
review of research since 1993. Brain Cogn. 68 (3), 359-370. https://doi.org/
10.1016/j.bandc.2008.08.023.

Schizophrenia Research: Cognition 38 (2024) 100327

Oldfield, R.C., 1971. The assessment and analysis of handedness: the Edinburgh
inventory. Neuropsychologia 9 (1), 97-113.

R Development Core Team, 2024. R: A Language and Environment for Statistical
Computing. (Version 4.4.1). R Foundation for Statistical Computing, Vienna,
Austria. Website: http://www.R-project.org.

Racioppi, A., Sheinbaum, T., Gross, G.M., Ballespi, S., Kwapil, T.R., Barrantes-Vidal, N.,
2018. Prediction of prodromal symptoms and schizophrenia-spectrum personality
disorder traits by positive and negative schizotypy: a 3-year prospective study. PLoS
One 13 (11), e0207150. https://doi.org/10.1371/journal.pone.0207150.

Raine, A., 1991. The SPQ: a scale for the assessment of schizotypal personality based on
DSM-III-R criteria. Schizophr. Bull. 17 (4), 555-564. https://doi.org/10.1093/
schbul/17.4.555.

Raine, A., 1992. Sex differences in schizotypal personality in a nonclinical population.
J. Abnorm. Psychol. 101 (2), 361-364. https://doi.org/10.1037/0021-
843X.101.2.361.

Raine, A., Benishay, D., 1995. The SPQ-B: a brief screening instrument for schizotypal
personality disorder. J. Personal. Disord. 9 (4), 346-355. https://doi.org/10.1521/
pedi.1995.9.4.346.

Rawlings, D., Goldberg, M., 2001. Correlating a measure of sustained attention with a
multi-dimensional measure of schizotypal traits. Personal. Individ. Differ. 31 (3),
421-431. https://doi.org/10.1016/50191-8869(00)00147-1.

Rawlings, D., Locarnini, A., 2008. Dimensional schizotypy, autism, and unusual word
associations in artists and scientists. J. Res. Pers. 42 (2), 465-471. https://doi.org/
10.1016/j.jrp.2007.06.005.

Schofield, K., Mohr, C., 2014. Schizotypy and hemispheric asymmetry: results from two
Chapman scales, the O-LIFE questionnaire, and two laterality measures. Laterality
19, 178-200. https://doi.org/10.1080/1357650X.2013.789883.

Schulte Holthausen, B., Habel, U., 2018. Sex differences in personality disorders. Curr.
Psychiat. Rep. 20 (12), 107. https://doi.org/10.1007/511920-018-0975-y.

Siddi, S., Petretto, D.R., Preti, A., 2017. Neuropsychological correlates of schizotypy: a
systematic review and meta-analysis of cross-sectional studies. Cogn.
Neuropsychiatry 22 (3), 186-212. https://doi.org/10.1080/
13546805.2017.1299702.

Steel, C., Hemsley, D.R., Jones, S., 1996. “Cognitive inhibition” and schizotypy as
measured by the Oxford-Liverpool inventory of feelings and experiences. Personal.
Individ. Differ. 20 (6), 769-773. https://doi.org/10.1016/0191-8869(96)00004-9.

Steffens, M., Meyhofer, 1., Fassbender, K., Ettinger, U., Kambeitz, J., 2018. Association of
schizotypy with dimensions of cognitive control: a meta-analysis. Schizophr. Bull. 44
(suppl_2), S512-8524. https://doi.org/10.1093/schbul/sby030.

Stelton, S., Ferraro, F., 2008. The effect of anxiety on the cognitive functioning in
nonclinical schizotypal individuals. Curr. Psychol. 27 (1), 16-28. https://doi.org/
10.1007/512144-008-9021-2.

Tan, E.J., Wagner, G.A., Rossell, S.L., 2016. Examining lexical processing with two-word
tasks using the schizotypy analogue. Psychiatry Res. 246, 293-295. https://doi.org/
10.1016/j.psychres.2016.09.048.

Tonelli, H.A., 2014. How semantic deficits in schizotypy help understand language and
thought disorders in schizophrenia: a systematic and integrative review. Trends in
Psychiatiatry & Psychotherapy. 36 (2), 75-88. https://doi.org/10.1590/2237-6089-
2013-0053.

Tonini, E., Quidé, Y., Kaur, M., Whitford, T.J., Green, M.J., 2021. Structural and
functional neural correlates of schizotypy: a systematic review. Psychol. Bull. 147
(8), 828-866. https://doi.org/10.1037/bul0000260.

Torgesen, J.K., Wagner, R.K., Rashotte, C.A., 1999. Test of Word Reading Efficiency.
ProEd, Austin, TX, p. 1999.

Tsakanikos, E., Claridge, G., 2005. More words, less words: verbal fluency as a function
of ‘positive’ and ‘negative’ schizotypy. Personal. Individ. Differ. 39 (4), 705-713.
https://doi.org/10.1016/j.paid.2005.02.019.

Vanova, M., Aldridge-Waddon, L., Jennings, B., Puzzo, I., Kumari, V., 2021. Reading
skills deficits in people with mental illness: a systematic review and meta-analysis.
Eur. Psychiatry 64, E19. https://doi.org/10.1192/j.eurpsy.2020.98.

Vanova, M., Aldridge-Waddon, L., Jennings, B., Elbers, L., Puzzo, 1., Kumari, V., 2022a.
Clarifying the roles of schizotypy and psychopathic traits in lexical decision
performance. Schizophr. Res., Cogn. 27, 100224 https://doi.org/10.1016/j.
5c0g.2021.100224.

Vanova, M., Aldridge-Waddon, L., Norbury, R., Jennings, B., Puzzo, I., Kumari, V.,
2022b. Distinct neural signatures of schizotypy and psychopathy during visual word-
nonword recognition. Hum. Brain Mapp. 43 (12), 3620-3632. https://doi.org/
10.1002/hbm.25872.

Wechsler, D., 2005. Wechsler Individual Achievement Test, 2nd Edition (WIAT II). The
Psychological Corporation, London, UK.

Weinstein, S., McKay, R., Ngan, E.T., 2008. Positive schizotypy is not associated with
speech abnormality. Early Interv. Psychiatry 2 (2), 98-102. https://doi.org/
10.1111/j.1751-7893.2008.00064.x.

Whitford, V., O’Driscoll, G.A., Titone, D., 2018. Reading deficits in schizophrenia and
their relationship to developmental dyslexia: a review. Schizophr. Res. 193, 11-22.
https://doi.org/10.1016/j.schres.2017.06.049.

Whitford, V., Byers, N., O’Driscoll, G.A., Titone, D., 2023. Eye movements and the
perceptual span in disordered reading: a comparison of schizophrenia and dyslexia.
Schizophr. Res. Cogn. 34, 100289 https://doi.org/10.1016/j.sc0g.2023.100289.

Zouraraki, C., Karamaouna, P., Giakoumaki, S.G., 2023. Cognitive processes and resting-
state functional neuroimaging findings in high schizotypal individuals and
schizotypal personality disorder patients: a systematic review. Brain Sci. 13 (4), 615.
https://doi.org/10.3390/brainsci13040615.


https://doi.org/10.1037/h0036316
https://doi.org/10.1037/h0036316
https://doi.org/10.1093/schbul/sbu190
https://doi.org/10.1038/sj.mp.4001996
https://doi.org/10.1016/s0006-3223(02)01641-4
https://doi.org/10.1016/s0006-3223(02)01641-4
https://doi.org/10.1016/s0920-9964(99)00124-3
https://doi.org/10.1016/s0920-9964(99)00124-3
http://refhub.elsevier.com/S2215-0013(24)00028-3/rf0110
http://refhub.elsevier.com/S2215-0013(24)00028-3/rf0110
https://doi.org/10.1177/001316446002000116
http://refhub.elsevier.com/S2215-0013(24)00028-3/rf0120
http://refhub.elsevier.com/S2215-0013(24)00028-3/rf0120
https://doi.org/10.1001/archpsyc.1981.01780340034003
https://doi.org/10.1093/schbul/15.4.559
https://doi.org/10.1093/schbul/15.4.559
https://doi.org/10.1001/archpsyc.1995.03950160046009
https://doi.org/10.1093/schbul/22.3.511
https://doi.org/10.1093/schbul/22.3.511
https://doi.org/10.1016/j.jneuroling.2009.03.002
https://doi.org/10.1016/j.comppsych.2010.10.010
https://doi.org/10.1016/j.comppsych.2010.10.010
https://doi.org/10.1016/s0006-3223(99)00184-5
https://doi.org/10.1016/s0006-3223(99)00184-5
https://doi.org/10.1038/s41380-021-01359-9
https://doi.org/10.1093/schbul/sbu186
https://doi.org/10.1093/schbul/sbu186
https://doi.org/10.3758/s13428-011-0146-0
https://doi.org/10.3758/s13428-011-0146-0
https://doi.org/10.1002/wps.20479
http://refhub.elsevier.com/S2215-0013(24)00028-3/rf0180
http://refhub.elsevier.com/S2215-0013(24)00028-3/rf0180
http://refhub.elsevier.com/S2215-0013(24)00028-3/rf0180
https://doi.org/10.1044/1092-4388(2007/067)
https://doi.org/10.1044/1092-4388(2007/067)
https://doi.org/10.1016/j.schres.2005.12.845
https://doi.org/10.1093/schbul/sbn075
https://doi.org/10.1093/schbul/sbn075
https://doi.org/10.1097/NMD.0b013e318217514b
https://doi.org/10.1097/NMD.0b013e318217514b
https://doi.org/10.1016/j.neubiorev.2013.01.004
https://doi.org/10.1016/j.bandc.2008.08.023
https://doi.org/10.1016/j.bandc.2008.08.023
http://refhub.elsevier.com/S2215-0013(24)00028-3/rf0215
http://refhub.elsevier.com/S2215-0013(24)00028-3/rf0215
http://www.R-project.org
https://doi.org/10.1371/journal.pone.0207150
https://doi.org/10.1093/schbul/17.4.555
https://doi.org/10.1093/schbul/17.4.555
https://doi.org/10.1037/0021-843X.101.2.361
https://doi.org/10.1037/0021-843X.101.2.361
https://doi.org/10.1521/pedi.1995.9.4.346
https://doi.org/10.1521/pedi.1995.9.4.346
https://doi.org/10.1016/S0191-8869(00)00147-1
https://doi.org/10.1016/j.jrp.2007.06.005
https://doi.org/10.1016/j.jrp.2007.06.005
https://doi.org/10.1080/1357650X.2013.789883
https://doi.org/10.1007/s11920-018-0975-y
https://doi.org/10.1080/13546805.2017.1299702
https://doi.org/10.1080/13546805.2017.1299702
https://doi.org/10.1016/0191-8869(96)00004-9
https://doi.org/10.1093/schbul/sby030
https://doi.org/10.1007/s12144-008-9021-2
https://doi.org/10.1007/s12144-008-9021-2
https://doi.org/10.1016/j.psychres.2016.09.048
https://doi.org/10.1016/j.psychres.2016.09.048
https://doi.org/10.1590/2237-6089-2013-0053
https://doi.org/10.1590/2237-6089-2013-0053
https://doi.org/10.1037/bul0000260
http://refhub.elsevier.com/S2215-0013(24)00028-3/rf0295
http://refhub.elsevier.com/S2215-0013(24)00028-3/rf0295
https://doi.org/10.1016/j.paid.2005.02.019
https://doi.org/10.1192/j.eurpsy.2020.98
https://doi.org/10.1016/j.scog.2021.100224
https://doi.org/10.1016/j.scog.2021.100224
https://doi.org/10.1002/hbm.25872
https://doi.org/10.1002/hbm.25872
http://refhub.elsevier.com/S2215-0013(24)00028-3/rf0320
http://refhub.elsevier.com/S2215-0013(24)00028-3/rf0320
https://doi.org/10.1111/j.1751-7893.2008.00064.x
https://doi.org/10.1111/j.1751-7893.2008.00064.x
https://doi.org/10.1016/j.schres.2017.06.049
https://doi.org/10.1016/j.scog.2023.100289
https://doi.org/10.3390/brainsci13040615

	Schizotypal traits and their relationship to reading abilities in healthy adults
	1 Introduction
	1.1 Current study

	2 Methods
	2.1 Participants
	2.2 Materials
	2.3 Procedure

	3 Results
	3.1 Principal components analysis (PCA)
	3.2 Linear regression analyses

	4 Discussion
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgement
	References


