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Background: Meehl regarded schizotypy as a categorial 
liability for schizophrenia that is the product of genes, 
environment, and gene-environment interactions. We 
sought to test whether schizophrenia-related genotypes 
and environmental risk factors predict membership in 
classes defined by taxometric analyses of positive (cog-
nitive-perceptual), negative (interpersonal), and disor-
ganized schizotypy. Methods: Participants (n  =  500) 
completed the Schizotypal Personality Questionnaire 
(SPQ) and provided information on the following risk fac-
tors: cannabis use, pregnancy and obstetric complications, 
social adjustment, and family history of psychosis. Saliva 
samples were obtained so that the frequency of single-
nucleotide polymorphism (SNP) alleles associated with 
risk for developing schizophrenia could be determined. 
Genotyped SNPs were rs1625579 (MIR137), rs7004633 
(MMP16), rs7914558 (CNNM2), and rs12966547 
(CCDC68). Sets of SPQ items were subject to multiple 
coherent cut kinetic (CCK) analyses, including mean-
above-minus-below-a-cut, maximum covariance, maxi-
mum eigenvalue, and latent modes analyses. Results: 
CCK analyses indicated latent taxonicity of schizotypy 
across the 3 item sets. The cognitive-perceptual class had 
a base rate of 25%, and membership was predicted by the 
rs7004633 SNP (odds ratio = 2.33, 95% confidence inter-
val = 1.15–4.72 in adjusted analyses). Poor social adjust-
ment predicted memberships in the interpersonal (16%) 
and disorganized (21%) classes. Classes were found not to 
be mutually exclusive. Conclusions: Schizotypy is taxonic 
and schizotypy class membership is predicted by genetic 
and environmental factors that predict schizophrenia. The 
findings hold the promise that a more complete under-
standing of schizotypy as a schizophrenia liability state 
will come from investigation of other genes and environ-
mental factors associated with schizophrenia.

Key words:   schizophrenia/maximum covariance 
analysis/psychosis/class structure/taxometrics/MMP16/ 
social adjustment

Introduction

Meehl1,2 conceived of schizotypy as the liability for schizo-
phrenia. Schizotypy is the product of complex gene-envi-
ronment interactions: A heritable neurointegrative defect, 
schizotaxia, interacts with the environment, generating 
outcomes in broad domains of function, including neu-
rological and cognitive performance, social behavior, and 
perceptual and emotional experience. Within this frame-
work, which is not universally held,3 clinical schizophrenia 
is a disease end-state phenotype that conceals an enduring 
subclinical phenotype characterized by poor interpersonal 
relationships, oddness in expression, perceptual distor-
tions, odd or magical beliefs, suspiciousness of others, and 
blunted expression of emotion. The latter has also been 
referred to as schizotypal personality (in contrast to schizo-
typal personality disorder), psychosis proneness,4 schizo-
typic psychopathology,5,6 and latent schizophrenia.7

Meehl2 regarded schizotaxia as a binary outcome 
with a general population prevalence of 10%. That is, he 
attributed the heterogeneity of schizotypy within the gen-
eral population to an underlying taxonic or qualitative 
population-level process, not an underlying dimensional 
or quantitative population-level process.8 The weight of 
evidence from multivariate taxometric analyses, which 
pit taxonic models against dimensional ones, strongly 
favors that schizotypy is taxonic with prevalence rates of 
8.5%–10.5% in normal population samples.9–14 Whereas 
a lot of this evidence derives from measures of self-
reported schizotypy, heterogeneity within observational 
ratings and cognitive measures obtained from biological 

mailto:linscott@psy.otago.ac.nz?subject=


634

S. E. Morton et al

offspring and within attention and eye-tracking endo-
phenotypes also conforms to a taxonic structure.15–17 
Additionally, taxonicity is evident within mixed psychiat-
ric samples,8 including samples without psychosis.18

There is accumulating evidence on the validity of tax-
onic schizotypy as liability for schizophrenia. Schizotypy 
class membership has been associated with memory diffi-
culties,8 impaired attention,8,19 increased rates of psychiat-
ric illness in relatives,20,21 family history of schizophrenia,17 
and psychological distress.8,19 However, important ques-
tions on genetic and environmental predictors of taxonic 
schizotypy have not been addressed.

Numerous environmental variables predict schizophrenia. 
Validated risk factors include cannabis use,22–24 pregnancy 
and obstetric complications,25–29 personality traits including 
social aversiveness,30–32 and genetic liability. Family history 
of psychotic illness has been linked to risk for developing 
schizophrenia,33–36 and it is widely accepted that common 
alleles have an additive effect in contributing to risk for dis-
order.6,37–39 Insofar as schizotypy is a liability state for schizo-
phrenia, alleles and environmental factors associated with 
schizophrenia should predict schizotypy class membership.

Therefore, we sought to test hypotheses on the asso-
ciation of schizotypy class  membership with validated 
environmental and genetic variables including cannabis 
use, pregnancy and obstetric complications, poor social 
adjustment, family history of psychosis, and schizophre-
nia-related genotypes. Genotyping focused on 4 single-
nucleotide polymorphisms (SNPs) strongly associated 
with schizophrenia: rs1625579 (located on MIR137), 
rs7004633 (MMP16), rs7914558 (CNNM2), and 
rs12966547 (CCDC68).40 These hypotheses were tested 
after first testing for taxonicity of positive, interpersonal, 
and disorganized facets of schizotypy.

Method

Participants

Participants were 500 undergraduates (age M  =  20.29, 
SD  =  3.27; 25.20% males) enrolled in introductory 
courses in psychology with normal or corrected-to-nor-
mal vision. Sample characteristics are given in table  1. 
Having completed participation, volunteers could learn 
about the study purpose and design and obtain extra 
course credit based on assessment of this learning. The 
University of Otago Human Ethics Committee reviewed 
and approved the study.

Measures

Schizotypy was assessed using the Likert version of the 
Schizotypal Personality Questionnaire (SPQ).41,42 Whereas 
the SPQ was constructed on the basis of DSM-III-R43 
Schizotypal Personality Disorder, it is not a diagnostic 
instrument and is often used for the assessment of schizo-
typy.44 SPQ item content resembles that of other schizotypy 

measures, captures many of the behavioral, social, and 
perceptual phenotypes that characterize schizotypy, can be 
used to detect latent taxonicity,45 and has fewer items than 
alternative multifaceted assessment options. The 74 items 
are rated on a 5-point ordinal scales (strongly disagree to 
strongly agree) and comprise 3 factor scales as described 
in the SPQ manual.46 The cognitive-perceptual factor 
comprises items addressing ideas of reference, odd beliefs, 
unusual perceptual experiences, and suspiciousness; the 
interpersonal factor comprises items addressing lack of 
close friendships, constricted affect, social anxiety, and sus-
piciousness; and the disorganized factor comprises items 
addressing eccentric behavior and odd speech. Compared 
to the binary version of the SPQ,41 the Likert version better 
captures variability within phenotypes47 and its subscales 
have higher internal consistency (0.77–0.90 vs 0.58–0.90 in 
the binary version).42 The Likert SPQ subscales correlate 
highly with interviewer ratings of schizotypy (0.55–0.80).41 
The 2-month test-retest reliability of the total score was 
reported to be 0.82.41 There is evidence the binary SPQ has 
a 4-factor structure.48,49 Importantly, taxometric analyses 
were applied to item-level data, not scale scores to which 
these psychometric properties relate. 

Disingenuous or inattentive responding was assessed 
with 12 items dispersed across several self-report ques-
tionnaires in the study protocol, including the three in the 
SPQ. In these 12 items, participants were instructed to 

Table 1.  Final Sample (n = 430) Demographic and Descriptive 
Information 

Variable n %

Male 107 24.88
Race
  Caucasian 377 87.67
  Asian 59 13.72
  Māori/Pacific 37 8.60
  African 2 0.47

M SD

Age 20.27 3.31
Raw SPQ cognitive-perceptual score 30.01 14.34
Raw SPQ interpersonal score 33.70 14.69
Raw SPQ disorganized score 24.45 10.47
Cannabis use 1.09 1.95
Pregnancy and obstetric complications 0.54 0.96
Number of relatives with treated psychosis 0.08 0.29
Social adjustment average score 1.72 0.29
Frequency score for genetic risk 0.55 0.18
rs1625579 1.63 0.54
rs7004633 0.45 0.62
rs7914558 1.18 0.69
rs12966547 1.13 0.68

Note: SPQ, Schizotypal Personality Questionnaire. Participants 
were able to report membership to more than 1 ethnic group. SPQ 
scores were calculated without suspiciousness items.
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provide designated responses (eg, Respond to this ques-
tion by selecting number 4). Noncomplying responses (≥2 
of 12) were interpreted as evidence a participant was not 
reading items or was responding randomly.

Validation Measures

Cannabis Use.  History of cannabis use was assessed by 
self-report drug use questionnaire. The dependent mea-
sure was the number of times used (How many times have 
you used cannabis?), rated on a 7-point Likert scale (0–1, 
2–5, 6–10, 11–15, 16–20, 21–30, 31–40, 41+).

Pregnancy and Obstetric Complications.  Measured com-
plications included gestational bleeding, rhesus incom-
patibility, diabetes, or preeclampsia during pregnancy; 
uterine atony, emergency cesarean, or asphyxia during 
birth; low birth weight (<2500 g); short gestation period 
(<37 wks); and whether the participant had a twin. The 
presence of any complication was coded 1, with possible 
scores ranging between 0 and 10.

Family History.  History of psychosis among first- and 
second-degree biological relatives was assessed with a 
self-report family history questionnaire. The dependent 
measure from the family history questionnaire was the 
number (0–3) of first- or second-degree biological rela-
tives with treated psychosis (schizophrenia, bipolar dis-
order, and other psychoses).

Social Adjustment.  The Social Adjustment Scale-Self  
Report (SAS-SR)50 was administered to assess social 
functioning. Participants responded to a maximum of 34 
items addressing their role as a student, use of spare time, 
familial relationships, and current romantic (close) rela-
tionships. Responses are made on varying 5-point Likert 
scales, and a single 6-point anchored scale. A high score 
is indicative of poor social adjustment. The SAS-SR 
has acceptable to good psychometric properties.50–52 The 
dependent measure was the average score for items on 
which responses were made.

Genetic Risk.  Genetic risk for schizophrenia was assessed 
directly through the measurement of 4 SNPs strongly asso-
ciated with schizophrenia: rs1625579, rs7004633, rs7914558, 
and rs12966547.40 For each SNP, participants were assigned 
a risk score of 2 if they were homozygous for the risk allele, 
1 if heterozygous, or 0 if homozygous for the nonrisk allele. 
The final genetic risk was the proportion of risk alleles pres-
ent (0–1). It was required that participants have data for at 
least 2 SNPs for their final risk score to be calculated.

General Procedure and Genotyping

Individualized assessments were undertaken in the 
context of  a larger study on schizotypy that included 
self-report, cognitive, neurophysiological, and interview 

measures. Having provided written informed con-
sent, participants attended 2 appointments of  40- and 
120-minute duration, respectively, completing the self-
report questionnaires and providing demographic 
information in the latter. Where participants reported 
less than 80% confidence in their responses on the preg-
nancy and obstetric complications or family history 
questionnaire, consent was obtained to contact a par-
ent or caregiver who was requested to provide written 
responses to the same questionnaire. Participants pro-
vided saliva samples using an Oragene-DNA OG-500 
self-collection tube.

The 4 selected SNPs (rs1625579, rs7004633, rs7914558, 
and rs12966547) were genotyped using the TaqMan 
genotyping assays C_8946584_20, C_29048976_10, 
C_31978821_10, and C_152930_10, respectively. Assays 
were performed in a total reaction volume of 5 μl. This 
contained 2.73  μl of  2  × TaqMan Universal Master 
Mix, 2.13 μl of ddH2O, 0.14 μl of 40 × working mix of 
SNP genotyping assay, and 10 ng of genomic DNA. The 
PCR was performed on an ABI PRISM 7000 Sequence 
Detection System, with an activation step of 10 minutes at 
95°C, followed by 40 cycles of denaturation of 15 seconds 
at 95°C, and then annealing and extension for 1 minute 
at 60°C. Information on the genotype distribution and 
success can be found in online supplementary material.

Data Cleaning and Statistical Analyses

Analysis proceeded in 5 key stages: data cleaning, item 
selection, maximum covariance (MAXCOV) analysis, 
consistency testing, and class validation.

Data Cleaning.  Participants were excluded from analy-
ses if  there were 2 or more error responses on items that 
detected disingenuous or inattentive responding, if  they 
had missing or erroneous data on measures contained 
in the larger study, or if  they were univariate or multi-
variate outliers. Univariate outliers were identified by 
visual analysis of histograms whereas multivariate outli-
ers were identified using Cook’s distance and leverage.53 
Individual item scores were standardized within sexes 
prior to analyses.

Item Selection.  Items within each factor were screened 
to ensure that those included in the analyses did not 
violate assumptions of taxometric procedures.18,54,55 
Screening involved the removal of items that did not 
conform with the anticipated latent structure (ie, evi-
dence of a small risk class) in mean-above-minus-below-
a-cut (MAMBAC) analyses,18 ensuring monotonicity of 
items,55,56 and removing items that had either very high 
or very low correlations with other items.57 Items were 
also read to identify overlapping content. Where present, 
redundant items were removed.54 Further information on 
these criteria can be found in the online supplementary 
material.
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MAXCOV Analysis.  MAXCOV analysis relies on the 
general covariance mixture theorem.58 A key proposition 
of this theorem is that, given multivariate data from 2 
separated classes, the covariance within the commingled 
data set is determined by the relative sizes of the classes 
and the degree of their separation, provided within-
class covariance is zero. Therefore, in a population with 
a latent 2-class structure, the covariances within ordered 
subsets of a population sample will vary from subset 
to subset in a predictable manner: rising as the rela-
tive representation of classes within subsets approaches 
1:1, and falling either side of this point. An underlying 
dimensional structure also yields a predictable pattern 
in covariance: Covariances from ordered subsets will be 
approximately equal. That is, MAXCOV analysis involves 
finding the pattern of covariance across ordered subsets 
of a population sample. When this pattern is peaked, the 
underlying structure is likely taxonic; when flat, the latent 
structure is likely dimensional. Detailed descriptions of 
the technical aspects of MAXCOV analysis are provided 
elsewhere.11,55,57–59

MAXCOV analysis was run in R 3.0.160 using a pro-
gram based on algorithms described by Meehl and Yonce11 
and code provided by Grove.61 MAXCOV analysis was 
applied iteratively to item-level data. Across iterations, 
indicators yielding flat covariance curves were removed. 
Low variance of smoothed covariance estimates also 
indicated nontaxonicity. The analysis was repeated until 
either only taxonic items remained or there were insuf-
ficient items remaining to continue. The analysis involved 
loess smoothing and slabs of n ≥ 20. Final results were 
corroborated by base rate variance and class membership 
probability estimates.

MAXCOV analysis was performed on 3 indicator sets: 
cognitive-perceptual, interpersonal, and disorganized. 
Items belonging to more than one set were not analyzed. 
Analyses were not performed on subscale or factor scores 
because item parcels (subscale or factor scores) are likely 
to be less sensitive to latent structure as meaningful varia-
tion on the constituent phenotypes is likely to be damp-
ened in the composite score.62,63

Consistency Testing.  The maximum eigenvalue 
(MAXEIG) inchworm consistency test and latent modes 
(L-Mode) analyses were conducted to test the consis-
tency of the MAXCOV analysis results. Consistency test-
ing was completed using R 3.0.1.

MAXEIG analysis is a multivariate approach to 
MAXCOV analysis, wherein covariation is calculated as 
the primary eigenvalue. The inchworm consistency test 
involves increasing the number of overlapping windows 
across several MAXEIG analyses. As the number of 
windows increases, a taxonic latent structure will pro-
duce graphical output that peaks on the right (inching 
upward); a continuous structure will resemble a squashed 
inchworm (as described by Waller and Meehl).58  

In addition to graphical output, the inchworm consis-
tency test provides a base rate estimate. All indicators 
were standardized prior to analysis, and windows had 
90% overlap. The maximum number of windows was 
determined by requiring that n per window was not less 
than 10 times the number of indicators in the analysis.

L-Mode is a factor-analytic procedure. It involves the 
estimation of latent structure and taxon base rates from 
the factor-score distribution obtained from a single-factor 
model of the data.58 Data are standardized and factor-
analyzed, and a factor-score density plot is obtained. It is 
assumed that the primary factor revealed will be that of the 
underlying latent structure (eg, schizotypy). If this is tax-
onic, the output will be bimodal. The position of the modes 
is used to determine the underlying base rate by way of an 
average. L-Mode output additionally provides an estimate 
of class  membership that can be directly compared with 
that derived in the MAXCOV analysis. The case-removal-
consistency test was employed to determine the consistency 
of the L-Mode results. The removal of half of the lowest 
scoring complement members should double the estimated 
base rate. The analysis is deemed consistent if base rate esti-
mates are within 5% of the expected base rate.64

Class  Validation.  Logistic regression was completed to 
determine the odds of belonging to a single schizotypy 
class, relative to nonclass  members, in the presence of 
investigated risk factors. This was completed in 3 stages: 
unadjusted, adjusted, and fully adjusted. Unadjusted 
analyses included no concurrent predictors beside the risk 
factor. For adjusted regression analyses, sex (male) and 
ethnicity (Caucasian and Asian) were included as predic-
tor variables, along with scores from a single risk factor 
measure. For the fully adjusted analysis, sex and ethnicity, 
and scores from all risk factors were included. Adjusted 
analyses were undertaken in order determine that observed 
effects were likely specific and not attributable to common 
shared effects. A  number of participants were excluded 
due to missing data (eg, family history data being rated 
with less than 80% confidence, or the participants or rela-
tives not consenting to provide this information).

Results

Data Cleaning

Case-wise exclusions arose from disingenuous or inat-
tentive responding (n  =  35), missing or erroneous data 
(n = 28), and univariate or multivariate outliers on cog-
nitive and other measures not included in this report 
(n = 7). The final sample had n = 430 (table 1).

Item Selection

Following indicator screening, the 25 cognitive-percep-
tual items were reduced to 16. Those remaining were SPQ 
items 3, 4, 13, 22, 28, 30, 31, 39, 40, 47, 48, 55, 56, 60, 61, 
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and 64. The 25 interpersonal items were also reduced to 
16: 2, 6, 8, 11, 17, 24, 26, 35, 41, 43, 49, 51, 62, 66, 68, and 
73. Five of the original 16 disorganized items survived 
the screening process: 32, 34, 50, 72, and 74. The primary 
reason for item exclusion was failure to pass MAMBAC 
screening criteria (online supplementary material).

MAXCOV Analysis

Evidence of latent taxonicity was identified across analy-
ses (figure 1). The MAXCOV analysis outputs consistently 
show right-sided peaks, indicating the existence of a small 

risk class. This pattern is corroborated by the backward-J 
shape distributions of the posterior probabilities (figure 1).

Cognitive-Perceptual Items.  Following 10 iterations, 
7 items remained (SPQ items 13, 22, 30, 40, 48, 60, and 
64). The mean base rate was 24.56% (SD = 10.55%). The 
mean validity coefficient was k = 1.43 (SD = 0.45), and 
within-class  correlations were r  =  −.01 and r  =  .24 for 
the taxon and complement, respectively. Posterior prob-
abilities (figure 1) gave a class size of n = 48 participants 
(11.16%).

Fig. 1.  Output of taxometric analyses for cognitive-perceptual (upper), interpersonal (middle), and disorganized (lower) item sets. (A) 
MAXCOV analysis output. Cusped peaks are indicative of latent taxonicity. (B) class membership probabilities. Backward J-shaped 
distributions corroborate evidence of small base rate class structures. (C) MAXEIG analysis output plots for analyses run with the lowest 
(10; dotted line) and highest number of windows (52, 38, and 70 for cognitive-perceptual, interpersonal, and disorganized item sets; solid 
line). Right-sided upward peaks are consistent with the MAXCOV analysis results across item sets. 
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Interpersonal Items.  MAXCOV analysis of interper-
sonal items concluded after 8 iterations, with 9 items 
remaining (8, 11, 35, 41, 43, 49, 62, 66, and 68). The mean 
base rate was 16.11% (SD = 11.21%) and the mean valid-
ity k = 1.35 (SD = 0.42). Within-class correlations were 
minimal, r = .09 for the taxon and r = .19 for the comple-
ment. Posterior probabilities classified n = 54 participants 
(12.56%) as belonging to the interpersonal class.

Disorganized Items.  A single MAXCOV iteration was 
run with the 5 remaining disorganized items. This pro-
vided evidence of latent taxonicity, with a mean base rate 
of 21.20% (SD = 9.46%). Mean validity coefficient was 
k = 1.16 (SD = 0.36), and within-class correlations were 
r = .08 and r = .28 for the taxon and complement, respec-
tively. Bayesian probabilities classified n = 80 participants 
(18.60%) as belonging to the disorganized class.

Overlap in Class Membership.  Fisher’s exact test revealed 
significant associations between class membership across 
all 3 class pairings: cognitive-perceptual and interper-
sonal P = .004, cognitive-perceptual and disorganized P 
< .001, and interpersonal and disorganized P = .005. Six 
participants were classified as belonging to all 3 classes 
(figure 2). These findings indicate that, while there is sig-
nificant overlap in class membership, schizotypy features 
are not necessarily co-occurring.

Consistency Testing

The inchworm consistency test involved running consecu-
tive MAXEIG analyses with sliding windows. An upward 
peak on the right-hand side of the plot indicates latent 
taxonicity. The clearest evidence of this was found with 
the interpersonal items (mean base rate 9.08%, figure 1). 

The cognitive-perceptual and disorganized outputs were 
more ambiguous, with peaks rising to a lesser degree. The 
estimated base rates for these analyses were 21.17% and 
5.56%, respectively.

L-Mode analyses provided evidence of  disconti-
nuity underlying all data sets (supplementary figure 
S1). The average base rate estimate for the cognitive-
perceptual items was 13.88%, and the probability 
estimate was 24.19% (n = 104). For the interpersonal 
items, the average base rate was estimated as 5.56%, 
with 9.30% of  participants (n  =  40) classified as 
class  members. The average base rate for interper-
sonal items was 8.63%, and the probability estimate 
was 13.03% (n = 56). Fisher’s exact test revealed that 
individuals classified as belonging to a specific class 
by the MAXCOV and L-Mode analyses were all very 
similar, P < .001. Case-removal-consistency testing 
confirmed the interpersonal and disorganized results; 
base rate estimates were within 5% of  the anticipated 
values. The cognitive-perceptual items did not provide 
consistent evidence of  taxonicity.

Class Validation

Participants classified by Bayesian probabilities from the 
MAXCOV analysis as belonging to a single schizotypy 
class (cognitive-perceptual n = 20, interpersonal n = 29, 
and disorganized n = 47) were compared to participants 
that belonged to no risk class (n = 294). Measured risk 
factors failed to predict cognitive-perceptual class mem-
bership across unadjusted and adjusted models. 
There was, however, a consistent trend for scores and 
class membership to be positively associated, and when 
genetic risk was measured by individual SNP scores 
(range 0–2), the unadjusted model in which rs7004633 
was a sole predictor was significantly better than chance 
(likelihood ratio χ2 = 4.81, P =  .028, pseudo-R2 =  .04, 
n = 291). This SNP remained a significant predictor of 
cognitive-perceptual class  membership in the adjusted 
model also (table 2).

For both interpersonal and disorganized items, poor 
social adjustment consistently predicted class member-
ship. The unadjusted (χ2  =  17.39, P < .001, pseudo-
R2 =  .09, n = 322) and adjusted (χ2 = 17.51, P =  .002, 
pseudo-R2  =  .09, n  =  322) models predicted interper-
sonal class  membership at a rate better than chance, 
and poor social adjustment remained a significant pre-
dictor in the fully adjusted model (table  2). The same 
pattern occurred with the unadjusted (χ2 = 15.88, P < 
.001, pseudo-R2  =  .06, n  =  340), adjusted (χ2  =  35.55, 
P < .001, pseudo-R2 = .13, n = 340), and fully adjusted 
models in the prediction of  disorganized class member-
ship. There was again a trend for schizophrenia liability 
to be positively associated with measured risk factors. 
Pregnancy and obstetric complications did not follow 
this trend.

Fig. 2.  Venn diagram showing the overlap in class membership 
based on Bayesian probabilities from the MAXCOV analysis. 
Proportional Venn diagram constructed using eulerAPE.65
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Discussion

Latent classes for all item sets emerged fairly consistently 
across analyses. MAXCOV analysis provided estimated 
base rates of 25%, 16%, and 21% for cognitive-perceptual, 
interpersonal, and disorganized items, respectively. There 
was significant overlap in class  membership, although 
important differences were also identified. Cognitive-
perceptual class  membership was predicted by a single 
SNP (rs7004633) associated with liability for developing 
schizophrenia, and membership to both the interpersonal 
and disorganized classes was predicted by poor social 
adjustment.

Administration of the SPQ afforded the opportunity to 
investigate a range of schizotypy features. The identifica-
tion of a small schizotypy class across both negative and 
positive schizotypy is consistent with Meehl’s1,2 schizo-
taxia-schizotypy model, and builds on previous reports 
in which the SPQ has been employed. Keller et al66 iden-
tified a class structure for negative attributes only (base 
rates 11%–13%), while Bove and Epifani20 identified a 
class structure (11%–19%) underlying only positive attri-
butes. Linscott45 reported taxonicity across all attributes 
(attribute-specific and combined), base rates that varied 
between 5% and 10%, and identified classes that were not 
independent. Whereas the observed base rates for cogni-
tive-perceptual and disorganized classes were somewhat 
higher than averages reported in reviews,11 rates of ~25% 
have been found with analyses of measures of perceptual 
distortions67 and schizophrenia endophenotypes.17

The relationships among class  memberships found 
here and by Linscott45 raises questions regarding whether 
schizotypy comprises 1 or multiple constructs.68 Whereas 
overlap of classes may imply a single entity or process, 
departure from redundancy of classification and differ-
ential associations of class membership with risk factors 
suggest multiple processes may be involved. The present 
research is the first known attempt to validate schizotypy 
class  membership with genetic risk, and the significant 
association of cognitive-perceptual class  membership 
with the SNP rs7004633 provides some evidence of a 
valid demarcation of liability. Separate to this, poor social 
adjustment was associated with membership to both the 
interpersonal and disorganized classes. Investigating the 
association between risk factors and membership to all 
classes may be an important step in understanding more 
about the latent structure of schizophrenia liability. 
A larger sample size is required for this, however.

The observed relationship between rs7004633 and the 
cognitive-perceptual taxon complements a larger body of 
evidence on the relationship of genotypes with continuous 
or quasi-continuous measures of schizotypy.69 Much of 
this has not involved analyses of SNPs identified through 
genome-wide association studies (GWAS). However, 
in several studies that have examined the association of 
psychosis experience with polygenic risk scores, inverse 

associations have been found,70,71 particularly as the sta-
tistical criterion for detection has increased.71 Some have 
raised the possibility that SNPs associated with schizo-
phrenia may not contribute directly to schizophrenia-
specific causal mechanisms but to non-specific precursors 
of morbidity (eg, poor resilience). Unfortunately, we were 
not able to explore this possibility.

If  a latent schizotypy class exists, it should be iden-
tifiable from analysis of different schizotypy attributes 
and with different analysis methods.57–59 In the present 
research, taxonicity was consistently identified across 
MAXCOV, MAXEIG, and L-Mode analyses for inter-
personal features, with some ambiguity emerging in the 
analysis of cognitive-perceptual and disorganized fea-
tures. There remains a clear need for replication and 
stronger consistency in results as well as analyses of indi-
cators spanning multiple levels of observation (eg, self-
report and performance measures).

Several limitations affect interpretation of the findings. 
Results here are based on ratings from a single self-report 
questionnaire45 obtained from an undergraduate conve-
nience sample. However, undergraduate participants are 
likely to experience fewer psychiatric difficulties than the 
general population and, in particular, some features and 
correlates of schizotypy (eg, suspiciousness, social anxi-
ety, IQ) may reduce the likelihood that schizotypes will 
pursue university education.72,73 Reliance on self-report 
measures is regarded by some as a limitation. However, 
as subjective experience can only be understood via self-
report, interview-based observational ratings can intro-
duce additional sources of error or bias that may affect 
latent structure findings.5,63,74 In contrast, self-report can 
be more sensitive to diverse etiological processes than cli-
nician ratings.75

The sample size was modest. Although each identified 
class was associated with a measured risk factor, there 
were fewer significant findings than anticipated. With a 
larger sample, more robust comparisons of  taxon and 
complement members can be achieved. Given limits on 
the number of  alleles we could study, and the modest 
sample size for studying a simple gene load score, we 
were concerned not to wash out effects by collapsing 
schizotypy phenotypes together. Nevertheless, the find-
ings hold the promise that a more complete picture of 
the relationship between schizotypy and schizophre-
nia-related alleles will come through better-resourced 
studies.

The number of decision points in the taxometric analy-
sis approach was such that it was not feasible to consider 
all possible permutations of decisions (eg, the sequence 
of removal of items from items in MAXCOV iterations, 
removal of outliers). With respect to outliers, it may 
have been that these were not spurious but genuine—or, 
as Lenzenweger5 stated, “it makes considerable sense to 
think that schizotypes may actually live far out in the 
tails of a distribution; they do not represent mistakes or 
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anomalies . . . . nature delivers up messy data” (p. 76). 
Had they been genuine cases, we would have anticipated 
slightly larger schizotypy classes.

Finally, many SPQ items were not retained in the 
final taxometric iterations. It is unclear whether exclu-
sion of  items reflects idiosyncratic properties of  items 
within this data collection instance or differential 
sensitivity of  items to the latent structure. This not-
withstanding, several points should be kept in mind. 
First, Meehl developed MAXCOV and other taxomet-
ric approaches as search methods for the identifica-
tion of  valid indicators of  schizotypy.76 That is, Meehl 
anticipated the elimination of  inappropriate indicators 
and the refinement of  the schizotaxia-schizotypy con-
struct.77 In such circumstances, removal of  irrelevant 
items does not diminish the validity of  the remain-
ing items and judgments of  content validity based on 
conventions on the assessment of  schizotypy become 
moot.78 Second, search and elimination through tax-
ometric method does not create taxonicity any more 
than large sample sizes create genotype associations 
with schizophrenia in GWAS.

The present research adds to the body of  work show-
ing that indicators of  schizotypy are taxonic,9–11 consis-
tent with a latent taxonicity in schizotaxia. Importantly, 
it shows for the first time that schizotypy class  mem-
bership is predicted by genetic and environmental 
factors that predict schizophrenia. At the same time, 
considerable work remains to be undertaken to meet 
Meehl’s challenge to refine the schizotaxia construct77 
and to replicate and understand the differential rela-
tionships that genetic and environmental risk variables 
have with differently defined schizotypy classes. Work 
is also required to better understand the nature of  the 
latent discontinuity that underlies evidence of  taxo-
nicity. For example, taxonicity of  schizotypy reported 
here and elsewhere is often assumed to emanate from 
a dichotomous latent process. However, our findings 
could equally be attributable to some sort of  nonlinear 
step, sigmoid, or threshold function, such as a polygenic 
threshold effect.79 Finally, despite evidence in favor of 
taxonicity, many regard schizotypy as having a dimen-
sional structure or a structure that is both dimensional 
and taxonic.80 Relatedly, there is an important school of 
thought (eg, represented by Claridge3 and others81) that 
schizotypy is not inherently pathological but a fully con-
tinuous individual difference variable that incorporates 
important adaptive potential. Resolution of  these con-
tinuum-versus-taxon and personality-versus-pathology 
controversies will require continued thoughtful analysis 
and examination.
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