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Prior research has focused on the latent structure of endophenotypic markers of schizophrenia liability,
or schizotypy. The work supports the existence of 2 relatively distinct latent classes and derives largely
from the taxometric analysis of psychometric values. The present study used finite mixture modeling as
a technique for discerning latent structure and the laboratory-measured endophenotypes of sustained
attention deficits and eye-tracking dysfunction as endophenotype indexes. In a large adult community
sample (N � 311), finite mixture analysis of the sustained attention index d� and 2 eye-tracking indexes
(gain and catch-up saccade rate) revealed evidence for 2 latent components. A putative schizotypy class
accounted for 27% of the sample. A supplementary maximum covariance taxometric analysis yielded
highly consistent results. Subjects in the schizotypy component displayed higher rates of schizotypal
personality features and an increased rate of treated schizophrenia in their 1st-degree biological relatives
compared with subjects in the other component. Implications of these results are examined in light of
major theories of schizophrenia liability, and methodological advantages of finite mixture modeling for
psychopathology research, with particular emphasis on genomic issues, are discussed.
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Endophenotypic (Gottesman & Gould, 2003) indicators of the
liability for schizophrenia have been the focus of extensive labo-
ratory research for several decades. This research has sought to
illuminate those neurocognitive or psychological processes that

can be measured objectively using either laboratory or psychomet-
ric techniques with demonstrated validity. The emerging corpus of
data supports several putative endophenotypes as particularly
promising for inclusion in genomic research and the rational
expansion of the phenotype for schizophrenia (Holzman, 1994;
Lenzenweger, 1998; Matthysse & Parnas, 1992). Two endophe-
notypic indicators that are particularly well established are deficits
in sustained attention (Cornblatt & Keilp, 1994; Cornblatt &
Malhotra, 2001) and impairments in smooth pursuit eye move-
ments (Levy, Holzman, Matthysse, & Mendell, 1993; O’Driscoll
et al., 1998, 1999; Sponheim, Iacono, Thuras, Nugent, & Beiser,
2003). Subtle deficits in each of these neurocognitive processes are
thought to tap into the latent liability for schizophrenia, or what
Meehl (1962, 1990) termed schizotypy. Prior research has estab-
lished the relations between deficits in sustained attention (Corn-
blatt & Keilp, 1994) as well as eye-tracking dysfunction (Levy et
al., 1993) and criteria of validity for schizophrenia liability. How-
ever, the underlying nature of these two prominent endopheno-
types has not been explored despite strong assumptions regarding
the latent structure of schizophrenia liability in the major theoret-
ical models (Gottesman, 1991; Gottesman & Shields, 1972;
Holzman et al., 1988; Meehl, 1962, 1990). We, therefore, sought
to approach the substantive question of latent structure for these
endophenotypes as a mixture problem (McLachlan & Peel, 2000;
Titterington, Smith, & Makov, 1985).

Both sustained attention and smooth pursuit eye movements are
measured using objective laboratory technologies, and there are
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considerable methodological benefits in using such laboratory-
based measures to tap endophenotypes (Gottesman & Gould,
2003). Many of these benefits accrue from the incorporation of the
methods of the experimental psychology laboratory into studies
designed to uncover disturbances in basic psychological processes
in psychopathology (Lenzenweger & Hooley, 2003; Maher, 1966,
2003), and the scientific yield from the use of such methods in
schizophrenia research has been considerable (Lenzenweger &
Dworkin, 1998; Lenzenweger & Hooley, 2003). There are two
major advantages to the use of endophenotypes that are assessed
with objective laboratory methods. First, there is the increase in
measurement precision that comes with quantitative laboratory
measures that exceeds what is obtainable with rating scales. The
net effect of such precision is to reduce noise in the dependent
variables and thereby increase measured effect sizes. Second,
endophenotypes assessed with objective laboratory measures are
not subject to various measurement artifacts such as rater bias, halo
effects, and response biases (e.g., social desirability effects, dis-
simulation tendencies). The adverse and potentially misleading
impact of such artifacts (e.g., rater effects) in psychological data
that are, for example, subjected to latent structure analyses has
been demonstrated by Beauchaine and Waters (2003).

Given the benefits of objective measurement and assuming
deficits in sustained attention and smooth pursuit eye movements
are valid endophenotypes for schizotypy, then two questions arise.
The first concerns the nature of the latent structure of such con-
tinuous performance metrics, and the other, necessarily, concerns
methods for the exploration of that latent structure. Several prom-
inent models of the genetic diathesis for schizophrenia make
strong assumptions regarding the nature of the structure of schizo-
phrenia liability. Meehl (1962, 1990) argued for a “mixed model”
in which the presence of a single major locus for schizophrenia
operates a background of polygenic effects. For Meehl, all persons
can be classified into either a schizotypy (i.e., potentially schizo-
phrenia prone) taxon (natural subgroup) or a nonschizotypy com-
plement. Holzman and colleagues posited the presence of a latent
trait that was indicative of either schizophrenia or eye-tracking
dysfunction in an autosomal dominant gene model that assumed
pleiotropy (Holzman et al., 1988). The Holzman–Matthysse
model, as well, suggests that one is either at risk for schizophrenia
by virtue of possessing a schizophrenia-specific “latent trait” or
not at risk (i.e., the latent trait is absent). Finally, Gottesman (1991;
Gottesman & Shields, 1972) proposed a multifactorial polygenic
threshold model that contained a pronounced threshold effect in an
underlying continuum of schizophrenia liability. Thus, for Gottes-
man (1991), despite a quantitative conceptualization of latent
liability for schizophrenia, the threshold (much like a step function
or inflection on a steep ogive) demarcates those at risk for schizo-
typic pathology (including schizophrenia) versus those not at risk.

What is common to all of these models is the proposition that
the latent liability for schizophrenia is most likely distributed in a
discontinuous (or quasi-discontinuous) manner, such that one ei-
ther is at risk for the disease or is not. Given these substantive
assumptions and the endophenotype framework, it then follows
that the indicator space defined by an array of data gleaned from
laboratory measures of schizophrenia liability should consist of at
least two classes of persons: those carrying the liability and those
not carrying it. Indeed, contemporary genetic investigations sug-
gest the presence or absence of specific risk-conferring alleles for

schizophrenia (e.g., catechol-O-methyltransferase [COMT] val/val
genotype; Egan et al., 2001; Law et al., 2006; see also Harrison &
Owen, 2003).

The second question concerns the manner for investigating the
latent structure of an array of continuous (quantitative) data that
emerges from laboratory measures that tap putative endopheno-
types. The problem concerns the statistical resolution of latent
structure such that the presence of meaningful classes, natural
subgroups, or taxa can be detected. Prior research conducted using
taxometric methods (Waller & Meehl, 1998) applied to values
obtained from psychometric measures of schizotypy has supported
the existence of a latent class of individuals demarcated from other
individuals (i.e., two latent classes; Korfine & Lenzenweger, 1995;
Lenzenweger, 1999; Lenzenweger & Korfine, 1992). Such find-
ings are consistent with the theoretical conjectures reviewed
above. However, taxometric methods remain in the early stages of
statistical development; moreover, they only enable an investigator
to assess whether a dimension versus two classes are present (i.e.,
more than two classes cannot be resolved). A viable alternative
methodological approach to the resolution of latent structure that is
statistically well principled and in advanced development can be
found in finite mixture modeling (McLachlan & Peel, 2000; Tit-
terington et al., 1985). Finite mixture modeling has grown in
application in recent years owing to the fact that statistical basis for
the approach was made more tractable with the introduction of the
expectation-maximization (EM) algorithm (Dempster, Laird, &
Rubin, 1977). Despite its utility and potential (cf. Gibbons et al.,
1984), mixture modeling has seen only modest application in
psychopathology research, and frequently such admixture analyses
have focused on just one index of interest (i.e., univariate mixture
analysis), for example, psychosis proneness (Lenzenweger &
Moldin, 1990), ventricular size (Daniel, Goldberg, Gibbons, &
Weinberger, 1991), age at admission (Welham, McLachlan, Da-
vies, & McGrath, 2000), and eye movements (Ross et al., 2002).
Mixture modeling has been used to parse the dynamic processes
involved in smooth pursuit eye movements in schizophrenia using
reaction times (Belin & Rubin, 1995; Matthysse, Levy, Wu, Rubin,
& Holzman, 1999; Rubin & Wu, 1997). Mixture model-based
methods are also emerging that allow one to estimate latent growth
trajectory classes in developmental/longitudinal data and to ex-
plore associations with both predictor and outcome variables (e.g.,
Nagin, 1999; see also Bauer & Curran, 2003). However, multivar-
iate finite mixture modeling, in which three or more variables of
interest are modeled simultaneously, has gone essentially unused
in psychopathology research. There have been two recent appli-
cations of multivariate normal mixture analysis: one focused on
psychiatric ratings of schizotypal personality disorder (Fossati et
al., 2005) and the other used a mixture modeling approach to
model heterogeneity in laboratory data (Lenzenweger, Jensen, &
Rubin, 2003).

The manner in which finite mixture modeling is similar to or
different from other latent structure analysis techniques is likely to
be of interest to psychopathology researchers. Given the emerging
popularity of taxometric (Lenzenweger, 2004; Meehl, 1995) ana-
lytic techniques in psychological science research as a technique
for examining latent structure, we note here, briefly, some simi-
larities and differences between taxometric and finite mixture
modeling techniques. To begin, for the two-class situation, taxo-
metric methods (like latent profile analysis) and finite mixture
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modeling share a comparable analytic model (Bauer & Curran,
2004), but they are methods designed to answer different substan-
tive questions. Taxometric methods (Meehl, 1995; Meehl &
Yonce, 1996; Waller & Meehl, 1998) are typically used to deter-
mine whether or not a single quantitative dimension or a two-class
qualitative latent structure best characterizes the structure under-
lying observed quantitative data. In contrast, finite mixture mod-
eling is used to determine how many latent normal components
best characterize observed quantitative data (McLachlan & Peel,
2000; Titterington et al., 1985). Important differences between the
two families of methods are worth noting. Taxometric methods do
not yield a data partition if there are no discrete groups embedded
in a multivariate distribution, whereas finite mixture modeling
yields partitions in the underlying data, and fit measures as well as
comparison statistics (e.g., resampling-based likelihood ratio tests
[LRTs]) are used to discern the number of latent components.
Finite mixture modeling directly reproduces the covariance struc-
ture of the data, whereas taxometric methods do not. Furthermore,
finite mixture modeling does not assume local independence of
indicators within groups but does explicitly assume normality
within groups, an assumption that is used in the estimation of
model parameters. Taxometric methods do assume local indepen-
dence of indicators within groups, and the methods do not explic-
itly assume multivariate normality, even though the latter typically
receives little attention in applications. Finally, as presently devel-
oped, taxometric methods are really only capable of detecting two
latent classes if they exist, whereas finite mixture modeling can
detect any number of latent components (i.e., one, two, three, or
more). Beauchaine (2003) provided additional useful discussion of
the differences between these two families of statistical methods.

One might also ponder a comparison of a popular cluster anal-
ysis method, K-means clustering, and finite mixture modeling.1

The use of K-means clustering is essentially equivalent to fitting
mixtures of normal distributions using method-of-moments argu-
ments with a common spherical covariance matrix. That is, it
produces spherical clusters of common size. But often in practice
the clusters are elliptical in shape and may have different scales or
orientations. The latter clusters are allowed under a normal mixture
model with component distributions having unrestricted covari-
ance matrices. With the normal mixture model, the clusters are
invariant under change in location, scale, and rotation, of which the
first two (i.e., invariance under location and scale) are highly
desirable. Hierarchical agglomerative methods are considerably
dependent on the metric adopted. A further advantage of finite
mixture modeling over K-means and hierarchical clustering meth-
ods is that it provides a statistical framework (i.e., a likelihood) to
evaluate how many clusters there are in the data. Although regu-
larity conditions do not hold for the LRT statistic for tests on the
number of components to have its usual null distribution of chi-
squares in finite normal mixture models, it can be bootstrapped to
provide p values. Also, there is much empirical evidence to sug-
gest that the Bayesian information criterion (BIC) provides a good
guide as to the number of components in a normal mixture mod-
eling approach (McLachlan & Peel, 2000). In addition to the
bootstrapped LRT and BIC approach, there is also the method of
posterior predictive checks and p values, which does not rely on
asymptotic approximations, for assessing model fit (Gelman, Car-
lin, Stern, & Rubin, 2003; Gelman, Meng, & Stern, 1996; Rubin,

1984). This approach, however, is computationally intensive but
may be more appropriate in certain circumstances.

Our study, therefore, had two primary goals. First, it sought to
advance our knowledge of the latent structure of laboratory-
assessed endophenotypic measures of schizophrenia liability that
were not psychometric in nature. Second, it approached the current
theoretical question as a mixture problem and applied finite mix-
ture modeling to investigate it. The present study, therefore, sought
to examine the underlying structure of sustained attention and
smooth pursuit eye movement performance measures in a large,
relatively unselected adult community sample, with no prior his-
tory of psychosis, using finite mixture modeling applied to multi-
ple measures simultaneously. We emphasize that the use of quan-
titative measures of attention and eye-tracking performance, which
have ratio scaling characteristics, allows one to use data that
circumvent the difficulties associated with “rating” (as opposed to
“count”) data as well as other potential artifacts (e.g., item diffi-
culty levels in psychometric measures; cf. Coleman et al., 2002;
Cook et al., 2002). In short, we address substantive issues related
to the latent structure of schizophrenia liability and provide an
illustration of the application of a statistical approach that should
prove useful in psychopathology research.

Method

Subjects

This study was conducted at Harvard University (Cambridge, MA). A
total of 311 individuals were enrolled from multiple communities in
eastern Massachusetts. Subjects were recruited with posted flyers in public
places and by advertisements in community newspapers. The content of the
flyers neutrally described a generic psychological study that involved the
completion of questionnaires as well as various other psychological tasks.
The flyer content in no way addressed schizophrenia, schizotypy, or
behavioral features associated with psychopathology. The goal of the
recruitment flyers was to solicit a broad range of individuals from the
general adult community population interested in completing the study.
Potential subjects were screened via phone by trained research assistants
for information regarding their age (limited to 18–45 years to avoid
age-related artifacts in tracking performance), current illicit drug use (e.g.,
barbiturates, crack, heroin, and others) and alcohol use/abuse history,
history of psychotic illness, antipsychotic medication use (e.g., haloperidol,
chlorpromazine, fluphenazine, risperidone, clozapine), antimania medica-
tion use (e.g., lithium), and head injury associated with loss of conscious-
ness. Research assistants inquired about all of these exclusionary criteria in
a systematic fashion using a structured schedule developed for this study.
Antipsychotic medication use, antimania (lithium) medication use, and use
of barbiturates were used as exclusion criteria as they suggested the
presence of a possible psychotic illness or represented substances known to
erode eye-tracking performance (potentially yielding false-positive devi-
ance on the eye-tracking measures). Any subject with a definite or equiv-
ocal history for one of the exclusion signs was not considered further.
Eligible study subjects entered the protocol and were screened again for
any evidence of prior psychosis. Potential study subjects were not excluded
from possible participation on the basis of family history of psychosis, as
this would serve to artifactually diminish unexpressed schizophrenia lia-
bility in the sample.

Features of the resulting study sample largely resemble those of the
general population included in the Boston–Lawrence metropolitan statis-

1 We note that taxometric analysis and K-means clustering have been
compared expertly by Beauchaine and Beauchaine (2002).

18 LENZENWEGER, MCLACHLAN, AND RUBIN



tical area as described in the 1990 United States census data, which was
used to guide sample recruitment consistent with the time this study was
conducted (i.e., 1999 through early 2001). One exception to this is that
women were somewhat overrepresented, possibly because of their ten-
dency to volunteer for research at a higher rate than men (e.g., Beer, 1986;
Miller, Kobayashi, Caldwell, Thurston, & Collett, 2002; Senn & Desma-
rais, 2001).

Subjects were instructed to avoid any alcohol use for 24 hr before their
testing session because alcohol can degrade smooth pursuit eye movement
(Levy, Lipton, & Holzman, 1981) and sustained attention (Dougherty et al.,
1999) performance. Subjects had the study procedures explained to them,
and then they read and signed an informed-consent form. They were then
administered a breathalyzer test with the Alco-Sensor IV (Intoximeters, St.
Louis, MO) instrument to ensure that there was no prior alcohol ingestion.
All of the subjects were screened for any prior history of psychosis
(schizophrenia, schizophreniform illness, bipolar disorder, unipolar depres-
sion with psychosis) by using an established computerized screening
instrument (see below). Subjects were individually tested on the eye
movement and sustained attention tasks, and afterward they completed a
psychometric measure of schizotypal personality disorder features. Sub-
jects’ eye movement performance, sustained attention performance, and
schizotypal feature information remained unknown throughout the data
collection and data reduction. Subjects received an honorarium of $50.

Clinical Measures

Schizotypal Personality Questionnaire. The Schizotypal Personality
Questionnaire (SPQ; Raine, 1991) is a 74-item true/false self-report ques-
tionnaire that assesses cognitive, perceptual, affective, and interpersonal
features consistent with the symptoms for Diagnostic and Statistical Man-
ual of Mental Disorders (3rd ed., rev.; DSM–III–R; American Psychiatric
Association, 1987) schizotypal personality disorder. It generates nine sep-
arate dimensional scores, one for each of the nine DSM–III–R schizotypal
personality disorder criteria. These separate dimensions are combined to
create three factors that correspond conceptually to the well-known reality
distortion, disorganization, and negative symptom components in schizo-
phrenia (Lenzenweger & Dworkin, 1996).2 Internal consistency for total
SPQ scores is .91, subscale alpha values have a mean of .74, and test–retest
reliability is high (r � .82; Raine, 1991). Deviance on the SPQ has been
shown to identify schizotypal personality disorder (Kremen, Faraone,
Toomey, Seidman, & Tsuang, 1998).

Diagnostic Interview Schedule Screening Interview (DISSI). The
DISSI (Robins, Helzer, Croughan, & Ratcliffe, 1981) is a computerized,
self-administered assessment Axis I disorder screener. The DISSI pos-
sesses good to excellent sensitivity and specificity rates for the detection of
schizophrenia/schizophreniform illness, mania, and depression/dysthymia
(Bucholz et al., 1991). No subject was psychotic at the time of testing, and
no subject was classified as having a definite psychotic disorder.

Sustained Attention Measurement and Analysis

Sustained attention was measured using the Continuous Performance
Test—Identical Pairs Version (CPT–IP) developed by Cornblatt and col-
leagues (Cornblatt, Lenzenweger, & Erlenmeyer-Kimling, 1989; Cornblatt,
Risch, Faris, Friedman, & Erlenmeyer-Kimling, 1988). The CPT–IP is a
high momentary processing load, low a priori signal probability attention
task that taps effortful or controlled information processing (see Parasura-
man, 1984; Parasuraman, Warm, & See, 1988) and is described elsewhere
in great technical detail (Cornblatt et al., 1988, 1989; Lenzenweger, 2001;
Lenzenweger, Cornblatt, & Putnick, 1991). Prior research has not found a
ceiling effect for the CPT–IP when used with relatively high-functioning
normal control subjects (Cornblatt et al., 1988, 1989; Lenzenweger, 2001;
Lenzenweger et al., 1991). This study used a 300-trial CPT–IP adminis-
tration presenting only four-digit numeric stimuli (Bergida & Lenzen-
weger, 2006).

CPT–IP performance has been typically analyzed by using the method-
ology of signal detection theory (Green & Swets, 1966; Macmillan &
Creelman, 1991). The d� index, which measures discriminability, and the
ln� index, which measures response bias or decision criterion, were com-
puted with the hit rate and false-alarm (commission error) rate data. These
indexes provide a measure of overall performance accuracy on the CPT–IP,
and this focus on an overall level of performance on the CPT–IP (i.e.,
overall signal-noise discrimination) is consistent with the existing schizo-
phrenia research literature on sustained attention (Nuechterlein et al., 1998)
as well as with Parasuraman’s (1984, p. 63) distinction between level of
performance and vigilance decrement on a sustained attention task. Thus,
each subject received two CPT performance scores, d� and ln�, and only
the d� score was used in this mixture analysis as it is argued to represent the
endophenotype for schizophrenia liability (e.g., Cornblatt & Keilp, 1994).

Eye Movement Recording and Analysis

Oculomotor data were collected in a darkened room with subjects seated
57 cm from a 17-in. computer monitor (Model PS775 Professional Series,
Viewsonic, Walnut, CA) running at 135 Hz. A 250-Hz infrared video-
based pupil tracker (Eyelink, SR Research, Mississauga, Ontario, Canada)
was used to record the movements of the subject’s dominant eye. This
system has a spatial resolution of about 0.25°. Before testing, subjects
completed a three-point calibration across 24° of visual angle. The system
automatically computes a drift correction prior to the start of each trial.

The pursuit stimulus consisted of a 0.5° � 0.5° red square presented
against a dark background. Subjects were asked to keep their gaze on the
target as it moved horizontally at 0.4 Hz across 20° of visual angle with a
sinusoidal velocity profile. At the center of the target an “X” changed to an
“O” and back at random intervals, and subjects were asked to press a
response button whenever they detected a change. Such manipulations are
known to increase attention and improve pursuit equally in patients and
controls (Sweeney, Haas, Li, & Weiden, 1994). Subjects first performed a
10-s practice trial, then three 30-s trials of pursuit during which they were
required to monitor target changes during pursuit in two of the three trials
(Trial 3 was a “no-monitoring” trial). As the gain indexes for Trials 1 and
2 were highly correlated with the gain index for Trial 3 (Trial 1 � Trial 3
r � .70, Trial 2 � Trial 3 r � .71, both ps � .0001), the mean of these three
trials was computed for subsequent analyses. Also, both the catch-up
saccade rate indexes for Trials 1 and 2 were correlated with the catch-up
saccade rate for Trial 3 (Trial 1 � Trial 3 r � .84, Trial 2 � Trial 3 r �
.98, both ps � .0001), and therefore the mean of these three trials was
computed for subsequent analyses.

Eye movements were parsed quantitatively using a semiautomated cus-
tom analysis software package (Eyelink, SR Research, Mississauga, On-
tario, Canada). Pursuit gain (eye velocity/target velocity) was the measure
of the smooth component of the pursuit task. The calculation was based on
the portion of the pursuit in a 651-ms window centered on the peak velocity
in each half cycle (O’Driscoll et al., 1998). Saccades and blinks were
excluded from the eye trace for gain analysis. The first half cycle of each
trial was also excluded from the analyses along with the portion of pursuit
200 ms before and after each blink.

Saccades were identified in the same analysis window using criteria of
peak velocity equal to or greater than 22°/s above the ongoing pursuit eye

2 For this study, the Reality Distortion factor contained odd beliefs/
magical thinking, unusual perceptual experiences, suspiciousness, and
ideas of reference; the Disorganization factor contained odd behavior and
odd speech; and the Negative factor contained constricted affect, social
anxiety, and no close friends. The composition of the Disorganization
factor here differs slightly from that described by Raine (1991) as it does
not include suspiciousness, which loaded on both Positive Feature factors
in Raine’s study but was assigned to the Reality Distortion factor for this
study.
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speed and average acceleration greater than 3,500°/s2. The saccade variable
of interest was the rate of catch-up saccades defined according to the
criteria of Friedman, Jesberger, and Meltzer (1992). Number of catch-up
saccades was divided by time in seconds minus the duration of any blinks
or artifact.

Intellectual Functioning and Family History
of Psychopathology

General intellectual level was estimated using years of education and the
Digit Symbol Substitution Test (DSST) from the Wechsler Adult Intelli-
gence Scale—Revised (Wechsler, 1981). Years of education is highly
correlated (r � .62) with estimated full scale IQ (Matarazzo & Herman,
1984). DSST scores correlate .57 with IQ in the general population (Wech-
sler, 1981).

Finally, for exploratory purposes, we used the family history method
(Andreasen, Endicott, Spitzer, & Winokur, 1977) to collect information
regarding presence of treated schizophrenia as well as other forms of
treated psychopathology (i.e., depression, bipolar disorder, anxiety disor-
ders, alcohol/drug abuse, obsessive–compulsive disorder, eating disorders,
autism, attention deficit hyperactivity disorder) in the subjects’ first-degree
biological family members. Each subject completed a listing of each of his
or her first-degree biological relatives. The subject then provided mental
health information for each of these relatives to the best of his or her
knowledge. Only cases of psychopathology in which treatment had been
received were noted for the purposes of this exploratory analysis. Use of
the treatment criterion ensured a higher threshold for evidence of familial
psychopathology (see Andreasen et al., 1977; Lenzenweger & Loranger,
1989).

Data Reduction and Statistical Analysis

Six cases were dropped from the original sample of 311 because of
failure to complete the CPT–IP properly. An additional 11 subjects were
dropped from the sample because of technical difficulties during the
eye-tracking measurements. The sample available for the mixture modeling
was 294.

The three variables derived from the attention and eye-tracking labora-
tory measures for the finite mixture analysis were d�, average gain, and
average catch-up saccade rate. The d� and gain variables were scored so
higher scores indicated worse performance. Each of these variables was
then standardized (z scores) separately by sex, and the distribution of the z
scores was examined for skewness. The d� and catch-up saccade rate
variables were relatively normally distributed. The gain variable revealed
some positive skew. Given that skewness can affect the results of mixture
model analyses (extreme skewness can lead to overestimation of compo-
nents; Gutierrez, Carroll, Wang, Lee, & Taylor, 1995; MacLean, Morton,
Elston, & Yee, 1976; McLachlan & Peel, 2000), we sought to reduce the
skewness for the gain variable by using a conventional transformation
(natural log) as in prior studies (e.g., Matthysse et al., 1999; Rubin & Wu,
1997). Doing so helped to reduce skew in gain, thus making it more
comparable with that observed for d� and catch-up saccade rate. We did not
use an exceptionally severe transformation for the gain variable (e.g., an
optimal Box-Cox transformation to reduce skew). Thus, we struck a
balance with respect to how we handled skewness for the gain measure.

Finite Mixture Modeling Analysis

Finite mixture analysis (Dempster et al., 1977; McLachlan & Peel, 2000;
Titterington et al., 1985) was conducted using the UNIX-based program
EMMIX (Version 1.3; Peel & McLachlan, 1999), which utilizes the EM
algorithm (Dempster, Laird, & Rubin, 1977). The statistical formalism
underlying finite mixture modeling is given briefly in the online Technical
Appendix. The goal of finite mixture analysis is to resolve the most likely

number of normal components underlying a multivariate array of contin-
uous data. We evaluated the number of components underlying d�, gain,
and catch-up saccade rate and tested one, two, and three component
models. Evaluation of model fit was done by comparisons of the boot-
strapped likelihood ratio associated with each model (McLachlan & Peel,
2000). We also used the BIC (Schwarz, 1978) to assess fit.3 The BIC takes
the complexity of a model into account and penalizes models with a larger
number of parameters. Smaller values of BIC indicate a better model fit.
We used the bootstrapped LRTs as well as the BIC to assess fit because
these two approaches have been shown to perform well across many
simulated and empirical investigations (McLachlan & Peel, 2000). Finally,
we note that a mixture of normal distributions does not necessarily have to
reveal the latent mixture via bimodality or multimodality in the observed
distribution (Beauchaine, 2003; Murphy, 1964), because even if an ob-
served distribution is unimodal, it can harbor an underlying mixture of
normals and therefore not reveal an obvious clue to the latent organization.
Thus, use of finite mixture modeling provides important leverage on
discerning the latent structure of data, especially when the observed data
provide only subtle clues as to latent structure.

After resolving the number of components underlying the three variables
with finite mixture modeling, we obtained posterior probabilities for com-
ponent membership for each subject. These probabilities were then used to
assign individuals on a case-by-case basis to the component in which they
most likely belonged. The component membership was then used as a
grouping variable in subsequent comparisons using other criteria of valid-
ity, such as schizotypal personality features (compared with t tests) and
family history of treated schizophrenia and other psychopathology (pro-
portions compared with continuity corrected chi-square test and Fisher’s
exact test). We used Cohen’s d to determine effect sizes. We evaluated the
normality of distributions by using the one-sample Kolmogorov–Smirnov
Z test.

Supplementary Maximum Covariance Taxometric Analysis

Although the primary focus of the present study was on the application
of finite mixture modeling for the illumination of the latent structure of
these laboratory task performance data, we also conducted a supplementary
taxometric analysis, using maximum covariance analysis (MAXCOV), of
these same data.4 This supplementary analysis was conducted to see
whether a taxometric analysis also yielded evidence of a two-class latent
structure for these data. The technique of MAXCOV is well known, and
technical details can be found in Waller and Meehl (1998; see also Meehl,
1995; Meehl & Yonce, 1996). We used the R-code of Grove (2004) to
conduct the MAXCOV analyses. The covariance curves generated by the
MAXCOV analysis were examined for evidence of taxonicity, or the
existence of a latent taxon (i.e., class).

Results

The descriptive demographic data for the sample (N � 294) are
contained in Table 1. The sample was made up largely of Cauca-
sian subjects (61% female) with an average age of about 30 years.
The subjects had completed, on average, 16 years of education,
and the mean IQ equivalent for the sample was 110.

3 As noted previously, an alternative, albeit more computationally in-
tensive, approach to assessing model fit is the method of posterior predic-
tive checks and p values developed by Rubin and colleagues (for technical
discussions and illustrations, see Gelman et al., 1996; Gelman et al., 2003;
Rubin, 1984). This approach does not rely on asymptotic approximations
as other approaches do.

4 The supplementary taxometric analysis was requested by a reviewer.
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Finite Mixture Modeling Analysis

The distributions for the three variables of interest (d�, gain, and
catch-up saccade rate) are shown in Figure 1 (higher score values
indicate worse performance). The EM-based finite mixture analy-
ses were done for one, two, and three normal component models
with unrestricted covariance matrices. The results for these model
fits are contained in Table 2 based on 100 bootstrap replications.
The analyses were also conducted for 200, 300, and 1,000 boot-
strap replications, which yielded similar results across all estima-
tions. The results contained in Table 2 indicate that a model
consisting of two normal components provided the best fit to these
data according to both the bootstrapped LRT and the BIC. Thus, it
appears that two discernible groups are commingled within the
overall distribution of sustained attention and eye-tracking perfor-
mance scores. The estimates of the mixing proportions for each of
the two components were .73 and .27, respectively (these propor-
tions take into account fractional weighting of the cases). The
distribution of the posterior probabilities can be seen in Figure 2.
The posterior probabilities cluster largely at the two ends of the
distribution with a fraction of the cases falling at intermediate
values. Such a pattern is consistent with the existence of two
components generating these data. These posterior probabilities
provide a basis for the outright assignment of individual cases to
either of the resolved components. Doing so placed 232 individ-
uals in the first component and 62 in the second component,
assuming a posterior probability of .50 or higher indicates likely
membership in the second component. We designated the second
component the putative schizotypic component.

An important assumption in finite mixture modeling with nor-
mal components is that the underlying components indeed have
relatively normal distributions. We tested the normality of the
distributions of d�, gain, and catch-up saccade rate for each of the
components. In the first component (n � 232), the scores for all
three variables were approximately normally distributed: d� (z �
.758, p � .62), gain (z � .566, p � .91), and catch-up saccade rate
(z � .612, p � .85). The same variables were also approximately
normally distributed in the second component (n � 62), d� (z �
.616, p � .85), gain (z � .924, p � .37), and catch-up saccade rate
(z � .888, p � .41).

Table 1
Demographic Features of Sample (N � 294)

Variable % M SD

Sex
Female 60.9
Male 39.1

Age (years) 30.01 7.44
Race

African American 4.8
Latino/Hispanic 3.4
White Caucasian 75.8
Asian/Pacific Islander 10.9
Other 5.1

Education (years) 16.12 2.13
DSST (scaled score) 11.98 2.55
Mother’s education (years) 14.88 2.97
Father’s education (years) 16.07 3.78

Note. DSST � Digit Symbol Substitution Test from the Wechsler Adult
Intelligence Scale—Revised.
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Figure 1. Distributions for sustained attention (d�; top), gain (middle),
and catch-up saccade rate (bottom) measures in the sample (N � 294).
Higher values reflect poorer performance.
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Criterial Associations Analyses

After assigning the study subjects to their respective compo-
nents, this membership provided a basis for group comparison of
the subjects on other variables of interest. In this case, we were
particularly interested to see if subjects in the second component
(the putative schizotypic component) had higher scores on an
objective measure of schizotypal personality disorder features, as
well as a greater rate of treated schizophrenia in their first-degree
biological relatives, as would be predicted on a theoretical basis.
As shown in Table 3, the schizotypic group (i.e., second compo-
nent) displayed significantly higher levels of schizotypal features
across all SPQ dimensions and total score.5

Regarding a positive family history for treated schizophrenia
among first-degree biological relatives, data were available for 284
subjects (10 subjects were either adopted or did not provide family
history information). Within the first component, 1 of 224 subjects
had a positive family history for treated schizophrenia, whereas 3
of 60 subjects in the second component had a positive family
history. These rates differed significantly: continuity corrected
�2(1, N � 284) � 4.17, p � .04 (two-tailed); Fisher’s exact test,
p � .031. Being a member of the schizotypic component was
associated with a higher rate of treated schizophrenia among
biological first-degree relatives.

Although the subjects in the second component revealed higher
levels of schizotypal personality features, as well as an increased
rate of treated schizophrenia in their first-degree biological rela-
tives, it was equally important to see whether these subjects were
not generally deficient on other measures across a variety of
domains. The two-component solution we found might be of
diminished theoretical interest if the members of the second com-
ponent were simply more impaired across other broad domains
such as intellectual level, socioeconomic factors, and general psy-
chopathology in relatives (beyond just schizophrenia). Therefore,
we compared the subjects in Component 2 with those in Compo-
nent 1 on age, education, DSST performance, and mother and
father education levels (i.e., social class). The subjects in the
schizotypic component did not differ significantly from those in
Component 1 in terms of age, t(292) � 0.002, p � .998; year of
education, t(292) � 0.378, p � .706; DSST performance, t(292) �
1.46, p � .14; mother’s education level, t(286) � 0.289, p � .773;
or father’s education level, t(282) � 0.12, p � .903.

It is possible that those persons in the schizotypic component
revealed positive family histories for a wide variety of treated
psychopathology, suggesting that they were simply at greater risk
for general psychopathology. We compared the rates of treated
psychopathology in the first-degree biological relatives, assessed

via the family history method noted above, for those subjects in the
two components. For the all the disorders we assessed (i.e., de-
pression, bipolar disorder, anxiety disorders, alcohol/drug abuse,
obsessive–compulsive disorder, eating disorders, autism, attention
deficit hyperactivity disorder), the rates of the disorders in the
first-degree relatives did not differ significantly across the mem-
bers in the two components. In fact, for bipolar disorder, alcohol/
drug abuse, obsessive–compulsive disorder, eating disorders, au-
tism, and attention deficit hyperactivity disorder, these disorders
were found only among the first-degree relatives of those subjects
in the nonschizotypic (i.e., first) component. It is particularly
noteworthy that all cases (n � 5) of bipolar illness (a psychotic
illness) were found among the relatives of persons in the first
component (i.e., none were found in the schizotypic [i.e., second]
component). Thus, it appears that on the basis of the family history
data, the schizotypic component was not merely tapping general
psychosis-related liability in the subjects.6

Supplementary Taxometric (MAXCOV) Analysis

We conducted a MAXCOV (Meehl & Yonce, 1996) analysis on
the same three endophenotypic indicators that were used in the
finite mixture modeling analysis. The intention of this analysis was
to determine if a different analytic method would also yield evi-
dence of a partition in these data similar to the finite mixture
modeling analysis. The raw MAXCOV plots for the three combi-
nations of variables, in which each variable served once as the
input variable (Figure 3). All covariance curves departed substan-
tially from a uniformily flat line (i.e., what is expected for dimen-
sional data) and revealed a pattern associated with a latent taxon
(or latent class). The covariance curves for Catch-Up Saccade
Rate � Gain with d� as the input (Panel A) and d� � Gain with
catch-up saccade rate (Panel B) as the input both reveal a maxi-
mum covariance shifted toward the right end of the respective
curves, and the curve for d� � Catch-Up Saccade Rate with gain
(Panel C) as the input reveals a cusp in the rightmost interval. Each
of these curves is suggestive of a latent discontinuity as per
interpretive principles of Meehl (Meehl & Yonce, 1996; Waller &
Meehl, 1998). The goodness-of-fit index for this analysis was .84,
suggestive of a reasonable fit (diminished, in part, by nuisance
covariance). The nuisance covariance among the indicators for the
total sample was .313; the within taxon average correlation � .28,
and the within complement average correlation � .21.

The plot of the posterior probabilities (Figure 4) is also consis-
tent with a latent discontinuity underlying these quantitative data.

5 We also parsed the subjects into first- or second-component member-
ship using a more conservative approach to classification based on the
posterior probabilities. In this supplementary analysis we retained only
those cases with a posterior probability of .25 or less for the first compo-
nent, and those cases with a posterior probability of .75 or higher were
assigned to the second component. We held aside those cases with poste-
rior probabilities intermediate between .25 and .75. Analysis of the schizo-
typal personality data using this parsing method yielded a highly similar
pattern of findings for all three SPQ factors and total SPQ score, namely
the subjects in the second component had significantly more schizotypic
features than those in the first component.

6 Detailed results of these statistical analyses may be requested from
Mark F. Lenzenweger. They were omitted to conserve space.

Table 2
Summary of Finite Mixture Modeling Fits for Sustained
Attention and Smooth Pursuit Eye-Tracking Mesures (N � 294)

g Log likelihood �2 log � p BIC

1 �1.134.11 2,319.37
2 �1.083.39 101.45 .01 2,274.76
3 �1.063.12 44.53 .11 2,291.07

Note. g � number of components (groups); BIC � Bayesian information
criterion (smallest value indicates best fit).
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Most cases are arrayed at either of the extremes of the range of
posterior probabilities (i.e., 0 and 1.00), with some intermediate
values. This distribution is roughly comparable with that found in
Figure 2 from the mixture analysis. The average separation of the
latent means was 1.035. The estimated base rate (from the Bayes-
ian [posterior] membership probabilities) was .27, a figure that
accords well with the mixing proportion of .27 for the schizotypy
component derived from the finite mixture modeling analysis.
Using a base rate estimated from the Bayesian (posterior) proba-
bilities, which are based on all three indicators considered simul-
taneously, for the MAXCOV analysis is comparable with the
approach taken in the finite mixture modeling for estimating
mixing proportions, which are based on all three indicators con-
sidered simultaneously. Finally, the correlation of the posterior
probabilities for Component 2 membership from the finite mixture
modeling analysis with the posterior probabilities for taxon mem-
bership from the MAXCOV analysis was .60 ( p � .0004), sug-
gesting comparable rank orderings of the posterior probabilities
across the two methods.

Discussion

We sought to illuminate the nature of the underlying structure of
multiple endophenotypes for schizophrenia using finite mixture
modeling. We selected two well-validated major endophenotypic
indicators of schizophrenia liability—sustained attention and
smooth pursuit eye movement performance—and assessed these
performance constructs in a large, quasi-randomly ascertained
adult community sample. Using EM-algorithm-based multivariate
finite mixture modeling, we were able to directly address the issue
of the nature of the underlying structure of sustained attention and
smooth pursuit eye movement. Our results revealed that two com-
ponents could be resolved within the joint distribution of d� (sus-
tained attention), gain (eye tracking), and catch-up saccade rate
(eye tracking), and the two-component solution provided the best
fit to the data. The two components that were resolved within this
multivariate space were themselves approximately normal in shape
in the three variables. The distribution of posterior probabilities for
component membership was also consistent with the existence of
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Figure 2. Posterior probabilities for component membership for the two-component finite mixture model.

Table 3
Schizotypal Personality Disorder Features in Two Participant Groups (N � 294)

SPQ dimension

Normal (n � 232) Schizotypic (n � 62)

t p dM SD M SD

Reality distortion 6.28 5.78 8.16 6.69 2.21 .03 0.32
Disorganization 4.19 3.75 5.44 3.79 2.32 .02 0.33
Negative 5.50 4.71 6.76 4.37 1.98 .05 0.27
Total 15.97 11.62 20.35 12.09 2.62 .009 0.37

Note. SPQ � Schizotypal Personality Questionnaire. The p values are based on two-tailed test of statistical
significance; d � Cohen’s measure of effect size (i.e., standardized difference between two groups).
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two components generating these data. A supplementary taxomet-
ric analysis revealed a pattern suggestive of a latent discontinuity,
or the presence of a latent taxon. This pattern of results in the
MAXCOV analysis was seen as supportive of the finite mixture
modeling results, namely, the existence of two putative classes
underlying these data. Furthermore, the MAXCOV results yielded
a base rate estimate highly consistent with that found in the finite
mixture modeling analysis, a base rate of .27 (the mixture model-
ing analysis yielded a mixing proportion of .27). Thus, two dif-
ferent analytic methods, based on somewhat different assumptions
(e.g., local independence, presence vs. absence of assumed data
partitions), yielded comparable results. Therefore, we view the
primary results of the finite mixture modeling analysis—the pres-
ence of two latent components—as relatively robust and of con-
siderable theoretical interest.

An important additional aspect of this investigation concerned
what we viewed as set of criterion or validation analyses. We
wanted to assess whether those in the second (or schizotypic)
component really revealed evidence consistent with a greater like-
lihood of possessing schizophrenia-related liability. This could be
evaluated by considering symptoms in the subjects themselves and
the presence or absence of schizophrenia in their first-degree
biological relatives. Thus, in the first analysis, we evaluated
whether individuals in the second component were phenomeno-
logically more schizotypic than those residing within the larger
component by virtue of displaying greater numbers of schizotypal
personality disorder features, which are known to be reflective of
an increased liability for schizophrenia (Battaglia et al., 1991;
Kendler et al., 1993; Lenzenweger & Loranger, 1989). Indeed, as
assessed by the SPQ, those subjects found within the second
component displayed higher rates of disorganized, negative, and
reality distortion schizotypal personality features, as well as more
schizotypal features overall (total score), compared with the sub-
jects in the first component. Also, we found that subjects in the
second component were significantly more likely to have a posi-
tive family history for treated schizophrenia among their biological
first-degree relatives compared with the subjects in the first com-
ponent. In this context, we also highlight that the results from our
control analyses, which examined age, education, DSST scores,
and parental educational levels across the two components, were
not consistent with an interpretation that members of the second
component could be characterized as generally deviant with re-
spect to these variables. Moreover, in our additional analyses of
treated psychopathology among the biological first-degree rela-
tives of our subjects, we found that the vast majority of general
psychopathology, accounting for a wide array of disorders, was
found among the relatives of the cases in the first component. It is
important to note that all cases of bipolar illness were found among
the relatives of cases residing in the first component.

The meaning of these results is relatively clear, namely, the
second component did not merely identify persons who performed
poorly on the sustained attention and smooth pursuit eye move-
ment tasks and who were also given to having a great deal of
nonspecific psychopathology in their families. Quite to the con-
trary, our results support the view that those persons found to
reside in the second component were more schizotypic, as well as
more likely to have a schizophrenia-affected relative, than the
other subjects in the study; the subjects in the second component
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Figure 3. Raw maximum covariance (MAXCOV) curves for the three
indicators d�, eye-tracking gain, and eye-tracking catch-up saccade rate. A:
Catch-Up Saccade Rate � Gain (input � d�). B: d� � Gain (input �
catch-up saccade rate). C: d� � Catch-Up Saccade Rate (input � gain).
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did not reveal evidence of generalized impairment or deviance on
a host of comparison variables.

Distributions, Mixtures, and Statistical Considerations

Our mixture modeling results clearly supported the existence of
two components residing within the overall sample as defined by
the three indicators we analyzed; however, we stress that we see
these results as heuristic in value and suggestive of further explo-
ration rather than as being definitive. It is important to consider
statistical issues relevant to our conclusions regarding the under-
lying structure of these data. Are there aspects of our data or
analytic strategy that could have impacted the number of compo-
nents that we extracted from the data? There are two issues of
relevance: one concerns the potential impact of skewness on our
results and the other concerns the statistical tools that we used to
guide our conclusions regarding the number of components
resolved.

First, considering the issue of skewness, nonnormal data can
impact finite mixture modeling analyses as we noted earlier, and
this issue has received extensive empirical study and substantive
discussion in the mixture modeling literature (e.g., Gutierrez et al.,
1995; MacLean et al., 1976; McLachlan & Peel, 2000). In short,
extreme skewness can lead to overestimation of the number of
components in a mixture modeling analysis, and this is why we
attended to the relative normality of the distributions for our data
prior to analysis and why we used a modest transformation of one
variable to enhance normality (i.e., log transformation for the gain
variable). It is also the case that mixture modeling assumes that the

latent components themselves are relatively normal in shape, so
skewness in the latent components can also affect the results of a
mixture analysis. Therefore, we evaluated the degree of skewness
of the distributions of d�, catch-up saccade rate, and gain in each
the two components. None of the six distributions revealed sta-
tistically significant skew (according to the one-sample
Kolmogorov–Smirnov tests of normality). We argue, therefore,
that our approach to skewness reflected a balanced and informed
approach that helped to protect against false inferences regarding
the structure of our data.

A second issue impacting our conclusions concerns the princi-
ples governing the determination of the proper/optimal number of
components in a finite mixture modeling analysis. We used two
well-developed methods for determining the number of compo-
nents underlying our three indicators: the bootstrapped LRT and
the BIC. Both of these methods supported our two-component
solution. In this manner, finite mixture modeling differs from other
latent structure methods that have often relied on more subjective
methods for the determination of an optimal number of clusters
(e.g., dendrograms or icicle plots) or factors (e.g., scree plots) or
even taxometric analysis (i.e., visual inspection of covariance
curves). A related question, which occasionally arises in the dis-
cussion of mixture modeling results, concerns whether the method
always generates evidence for two components, and the answer to
this question is no. In short, if one fits a mixture of g � 2
components, then a mixture analysis will necessarily produce two
clusters. Thus, one needs to test the significance of the components
by testing for the smallest number of components compatible with
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Figure 4. Posterior probabilities for taxon membership for the maximum covariance (MAXCOV) taxometric
analysis.
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the data using, say, resampling, BIC, or posterior predictive p
values.

Finally, in discussions of distributions and mixtures, one occa-
sionally encounters the view that a mixture of normal distributions
must always reveal itself distinctively in the shape of total distri-
bution of scores for variables of interest. This view, however, is
incorrect. A mixture of normal distributions does not necessarily
reveal the latent mixture via nonnormality or bimodality/
multimodality (Beauchaine, 2003, Figure 1, p. 505; Murphy,
1964). Moreover, even if a distribution is unimodal, it can harbor
an underlying mixture of normals and not provide an obvious clue
to the latent organization, depending in part on the degree of
separation of the latent means.

Limitations

A number of caveats should be borne in mind for our study.
First, schizotypal personality features were assessed using a self-
report approach and, although reliable and valid, the data derived
from this scale may not correspond exactly with those potentially
available via an interview procedure. However, we note that both
psychometric inventories and interviews are fundamentally self-
report technologies. Second, our sample was a volunteer sample
rather than one truly randomly ascertained using survey methods.
However, it is well known that all forms of recruitment have some
bias. It is possible that individuals who volunteered for our study
differed in unknown ways from those who did not. Nonetheless,
the sample acquired was quite similar demographically to the
population in the region. Third, our study was conducted within a
large, metropolitan area and therefore does not represent the po-
tential range and diversity in sustained attention, eye tracking, and
schizotypal personality features that might come from a more
expansive study that included rural and semirural populations.
Fourth, there could be other factors that might be associated with
impaired sustained attention or decreased eye-tracking perfor-
mance in this sample other than liability for schizophrenia. How-
ever, the methodological refinements in this protocol ensured that
third-variable confounds such as alcohol use, extensive drug abuse
histories, head injury, neurological illness, or history of psychosis
were ruled out. Finally, we conducted our exploratory assessment
of family history of schizophrenia using the family history method
and, therefore, relied on the reports of the subjects’ with respect to
their family members. One could conceivably use the family
interview method in which every relative is formally interviewed;
however, such an approach is expensive, and the family history
method is supported as a valid approach to assessing familial
psychopathology (see Andreasen et al., 1977).

Implications and Conclusions

By using an EM-based finite mixture modeling approach to
examining the latent organization of these prominent endopheno-
types for schizophrenia, we were able to reveal evidence for two
components underlying sustained attention and eye-tracking dys-
functions. Although prior taxometric research (e.g., Korfine &
Lenzenweger, 1995; Lenzenweger, 1999; Lenzenweger & Korfine,
1992) found evidence for a latent discontinuity underlying psy-
chometric measures of schizotypy, the taxometric method itself
was limited in that it could only distinguish between essentially

one versus two classes. Our mixture modeling approach allowed us
to determine whether three or more components would fit the
observed data. Therefore, we argue that finite mixture modeling, as
a statistical approach, offers an important and useful alternative to
other methods designed to illuminate the latent organization of
continuous data. Another methodological advance of this study is
the use of fully quantitative laboratory-assessed endophenotypes.
Again, prior, largely taxometric, research concerning whether
schizophrenia-related endophenotypes would be distributed dis-
continuously at the latent level has relied exclusively on psycho-
metric measures. This study, however, used indexes that possessed
ratio-scale measurement properties, thus psychometric artifact
(e.g., difficulty level, item format) concerns are irrelevant. The
variables we analyzed in the mixture analysis were themselves
relatively normally distributed, thus skewness was also not a factor
that could adversely impact our results.

We offer these data as provisional support for the theoretical
conjecture that deficits in sustained attention and eye-tracking
performance, which represent valid endophenotypes for schizo-
phrenia, have a discontinuous latent organization. Meehl’s (1990)
and Holzman’s (Holzman et al., 1988) models each posits the
existence of a group that is at risk for schizophrenia and a com-
plement group of those not at risk for the illness. Gottesman’s
(1991) model, by virtue of its pronounced threshold assumption, is
also congenial with the existence of at-risk and not-at-risk subjects
as well. Thus, in short, all three models argue for the existence of
two latent classes in one form or another. Our results were highly
consistent with these theoretical conjectures in that we found two
classes fit these data well. That is, individuals fell into either one
of two components, with approximately 27% (fractional weighting
of mixing proportions) of the population residing within what we
termed the schizotypic component. This mixing proportion of 27%
itself raises interesting genetic questions regarding the frequency
of the schizophrenia-related diathesis (i.e., possible recessivity).
Our supplementary taxometric analysis of these data generated a
highly similar base rate estimate for the latent taxon consistent
with the mixing proportion figure from the mixture analysis. We
stress that the 27% figure should not be taken to mean that 27% of
the population is going to develop schizophrenia, as epidemiolog-
ical data clearly do not support this. However, it is quite conceiv-
able that the proportion of the population carrying the liability for
schizophrenia is larger than the aggregate prevalence of expressed
schizophrenia-related psychopathology (i.e., schizophrenia, delu-
sional disorder, schizotypal personality disorder, paranoid person-
ality disorder, psychosis not otherwise specified). Moving from a
figure of 27% of the population residing within a putative liability
component to accounting for observed rates of clinically expressed
disease would obviously reflect the impact of many other factors
(both protective and risk-increasing factors; see Gottesman, 1991;
Meehl, 1990) and genetic assumptions (possible pleiotropy;
Holzman et al., 1988).

We recognize that our estimate of the mixing proportion of 27%,
based on these quantitative laboratory measures, for the second
component is higher than the typical base rate estimates for the
schizotypy taxon found in prior taxometric studies (usually 10%–
15%; Korfine & Lenzenweger, 1995; Lenzenweger, 1999; Len-
zenweger & Korfine, 1992). This discrepancy most likely reflects
important differences between psychometric and laboratory mea-
sures of schizophrenia liability (i.e., schizotypy) and is worthy of
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future study. It may not be reasonable to expect agreement across
results obtained through the taxometric analysis of psychometric
values, which may reflect the impact of item difficulty or, perhaps,
skewness on ordinally scaled metrics, with results obtained from
finite mixture analysis of nonskewed, fully quantitative data that
are based on ratio-scaled metrics. Although the proportion of our
sample deemed to be residing in the second (schizotypy) compo-
nent is higher than the base rate estimates from prior taxometric
studies of psychometric values, our subjects in the schizotypy
component were clearly more schizotypic at the phenotypic level
and revealed an increased rate of treated schizophrenia in their
first-degree relatives as compared with the subjects in the larger
(nonschizotypy) component. Thus, the subjects assigned to the
second component are indeed schizotypic, and this is consistent
with prior results from taxometric studies (Korfine & Lenzen-
weger, 1995; Lenzenweger, 1999).

We conclude by advocating the use of finite mixture modeling
as a statistically well-principled method for the illumination of
latent organization in continuous data in future psychopathology
research. Furthermore, this statistical approach holds considerable
value as an objective means for parsing observed heterogeneity in
multiple phenotypic indicators, whether assessed clinically or mea-
sured with laboratory technologies, in schizophrenia research. Het-
erogeneity in laboratory data has hobbled progress in schizophre-
nia research for decades (Maher, 2003), and only recently have
effective methods been developed for the resolution of heteroge-
neity beyond simplistic subtyping schemes (Lenzenweger et al.,
2003). Through effective parsing of the phenotypic space associ-
ated with schizophrenia, meaningful subgroups of individuals can
be identified, and these classifications then may aid efforts seeking
to link specific polymorphisms to behavioral or neurocognitive
phenotypes in genomic research (e.g., Egan et al., 2001; Harrison
& Owen, 2003; cf. Law et al., 2006). Finally, we note that any
statistical approach to understanding the latent structure of data
will necessarily reveal only part of the story and cannot conclu-
sively resolve a substantive issue. Not unlike the great debate
regarding the latent structure of the distribution of blood pressure
values in relation to essential hypertension (O’Shaughnessy, 2001;
Pickering, 1959; Platt, 1947; Swales, 1985), we believe the sub-
stantive discussion regarding the fundamental nature of the latent
structure of schizophrenia liability will be informed not only by
statistical methods and results such as ours but also by reference to
other data from other levels of analysis.

References

American Psychiatric Association. (1987). Diagnostic and statistical man-
ual of mental disorders (3rd ed., rev.). Washington, DC: Author.

Andreasen, N. C., Endicott, J., Spitzer, R. L., & Winokur, G. (1977). The
family history method using diagnostic criteria: Reliability and validity.
Archives of General Psychiatry, 34, 1229–1235.

Battaglia, M., Gasperini, M., Sciuto, G., Scherillo, P., Diaferia, G., &
Bellodi, L. (1991). Psychiatric disorders in the families of schizotypal
subjects. Schizophrenia Bulletin, 17, 659–668.

Bauer, D. J., & Curran, P. J. (2003). Distributional assumptions of growth
mixture models: Implications for overextraction of latent trajectory
classes. Psychological Methods, 8, 338–363.

Bauer, D. J., & Curran, P. J. (2004). The integration of continuous and
discrete latent variable models: Potential problems and promising op-
portunities. Psychological Methods, 9, 3–29.

Beauchaine, T. P. (2003). Taxometrics and developmental psychopathol-
ogy. Development and Psychopathology, 15, 501–527.

Beauchaine, T. P., & Beauchaine, R. J., III. (2002). A comparison of
maximum covariance and k-means cluster analysis in classifying cases
into known taxon groups. Psychological Methods, 7, 245–261.

Beauchaine, T. P., & Waters, E. (2003). Pseudotaxonicity in MAMBAC
and MAXCOV analyses of rating-scale data: Turning continua into
classes by manipulating observer’s expectations. Psychological Meth-
ods, 8, 3–15.

Beer, J. (1986). Effects of sex and reminder notes on compliance by
volunteer subjects. Psychological Reports, 58, 401–402.

Belin, T. R., & Rubin, D. B. (1995). The analysis of repeated-measures
data on schizophrenic reaction-times using mixture-models. Statistics in
Medicine, 14, 747–768.

Bergida, H., & Lenzenweger, M. F. (2006). Schizotypy and sustained
attention: Confirming evidence from an adult community sample. Jour-
nal of Abnormal Psychology, 115, 545–551.

Bucholz, K. R., Robins, L. N., Shayka, J. J., Przybeck, T. R., Helzer, J. E.,
Goldring, E., et al. (1991). Performance of two forms of a computer
psychiatric screening interview: Version I of the DISSI. Journal of
Psychiatric Research, 25, 117–129.

Coleman, M. J., Cook, S., Matthysse, S., Barnard, J., Lo, Y., Levy, D. L.,
et al. (2002). Spatial and object working memory impairments in schizo-
phrenia patients: A Bayesian item-response theory analysis. Journal of
Abnormal Psychology, 111, 425–435.

Cook, S., Barnard, J., Lo, Y., Rubin, D. B., Coleman, M. J., Matthysse, S.,
et al. (2002). Working memory impairments in schizophrenia patients: A
Bayesian IRT analysis. In C. Gatsonis, R. E. Kass, A. Carriquiry, A.
Gelman, D. Higdon, D. K. Pauler, & I. Verdinelli (Eds.), Case studies in
Bayesian statistics (Vol. 6, pp. 193–206). New York: Springer.

Cornblatt, B. A., & Keilp, J. G. (1994). Impaired attention, genetics, and
the pathophysiology of schizophrenia. Schizophrenia Bulletin, 20, 31–
46.

Cornblatt, B. A., Lenzenweger, M. F., & Erlenmeyer-Kimling, L. (1989).
The Continuous Performance Test, Identical Pairs Version (CPT-IP): II.
Contrasting attentional profiles in schizophrenic and depressed patients.
Psychiatry Research, 29, 65–85.

Cornblatt, B. A., & Malhotra, A. K. (2001). Impaired attention as an
endophenotype for molecular genetic studies of schizophrenia. American
Journal of Medical Genetics (Neuropsychiatric Genetics), 105, 11–15.

Cornblatt, B. A., Risch, N. J., Faris, G., Friedman, D., & Erlenmeyer-
Kimling, L. (1988). The Continuous Performance Test, Identical Pairs
Version (CPT-IP): I. New findings about sustained attention in normal
families. Psychiatry Research, 26, 223–238.

Daniel, D. G., Goldberg, T. E., Gibbons, R. D., & Weinberger, D. R.
(1991). Lack of a bimodal distribution of ventricular size in schizophre-
nia: A Gaussian mixture analysis of 1056 cases and controls. Biological
Psychiatry, 30, 887–903.

Dempster, A. P., Laird, N. M., & Rubin, D. B. (1977). Maximum likeli-
hood from incomplete data via the EM algorithm. Journal of the Royal
Statistical Society, Series B, 39, 1–38.

Dougherty, D. M., Moeller, F. G., Steinberg, J. L., Marsh, D. M., Hines,
S. E., & Bjork, J. M. (1999). Alcohol increases commission error rates
for a continuous performance test. Alcoholism: Clinical and Experimen-
tal Research, 23, 1342–1351.

Egan, M. F., Goldberg, T. E., Kolachana, B. S., Callicott, J. H., Mazzanti,
C. M., Straub, R. E., et al. (2001). Effect of COMT Val108/158 Met
genotype on frontal lobe function and risk for schizophrenia. Proceed-
ings of the National Academy of Sciences, USA, 98, 6917–6922.

Fossati, A., Citterio, A., Grazioli, F., Borroni, S., Carretta, I., Maffei, C., &
Battaglia, M. (2005). Taxonic structure of schizotypal personality dis-
order: A multi-instrument, multi-sample study based on mixture models.
Psychiatry Research, 137, 71–85.

Friedman, L., Jesberger, J. A., & Meltzer, H. Y. (1992). Effect of typical

27MIXTURE MODELING OF SCHIZOPHRENIA ENDOPHENOTYPES



antipsychotic medication and clozapine on smooth pursuit performance
in patients with schizophrenia. Psychiatry Research, 41, 25–36.

Gelman, A., Carlin, J. B., Stern, H. S., & Rubin, D. B. (2003). Bayesian
data analysis (2nd ed.). New York: CRC Press.

Gelman, A., Meng, X.-L., & Stern, H. S. (1996). Posterior predictive
assessment of model fitness via realized discrepancies. Statistica Sinica,
6, 733–807.

Gibbons, R. D., Dorus, E., Ostrow, D. G., Pandey, G. N., Davis, J. M., &
Levy, D. L. (1984). Mixture distribution in psychiatric research. Biolog-
ical Psychiatry, 19, 935–961.

Gottesman, I. I. (1991). Schizophrenia genesis: The origins of madness.
New York: Freeman.

Gottesman, I. I., & Gould, T. D. (2003). The endophenotype concept in
psychiatry: Etymology and strategic intentions. American Journal of
Psychiatry, 160, 636–645.

Gottesman, I. I., & Shields, J. (1972). Schizophrenia and genetics: A twin
study vantage point. New York: Academic Press.

Green, D. M., & Swets, J. A. (1966). Signal detection theory and psycho-
physics. New York: Wiley.

Grove, W. M. (2004). MAXCOVwmg taxometric procedure (Version February
17, 2004) [Computer program]. Minneapolis, MN. Retrieved April 14,
2006, from http://www.psych.umn.edu/faculty/grove/computer-code.htm

Gutierrez, R. G., Carroll, R. J., Wang, N., Lee, G. -H., & Taylor, B. H.
(1995). Analysis of tomato root initiation using a normal mixture dis-
tribution. Biometrics, 51, 1461–1468.

Harrison, P., & Owen, M. (2003). Genes for schizophrenia? Recent find-
ings and the pathophysiological implications. Lancet, 361, 417–419.

Holzman, P. S. (1994). The role of psychological probes in genetic studies
of schizophrenia. Schizophrenia Research, 13, 1–9.

Holzman, P. S., Kringlen, E., Matthysse, S., Flanagan, S. D., Lipton, R. B.,
Cramer, G., et al. (1988). A single dominant gene can account for eye
tracking dysfunctions and schizophrenia in offspring of discordant twins.
Archives of General Psychiatry, 45, 641–647.

Kendler, K. S., McGuire, M., Gruenberg, A. M., O’Hare, A., Spellman, M.,
& Walsh, D. (1993). The Roscommon Family Study: III. Schizophrenia-
related personality disorders in relatives. Archives of General Psychia-
try, 50, 781–788.

Korfine, L., & Lenzenweger, M. F. (1995). The taxonicity of schizotypy:
A replication. Journal of Abnormal Psychology, 104, 26–31.

Kremen, W. S., Faraone, S. V., Toomey, R., Seidman, L., & Tsuang, M.
(1998). Sex differences in self-reported schizotypal traits in relatives of
schizophrenic probands. Schizophrenia Research, 34, 27–37.

Law, A. J., Lipska, B. K., Weickert, C. S., Hyde, T. M., Straub, R. E.,
Hashimoto, R., et al. (2006). Neuregulin 1 transcripts are differentially
expressed in schizophrenia and regulated by 5� SNPs associated with the
disease. Proceedings of the National Academy of Sciences, USA, 103,
6747–6752.

Lenzenweger, M. F. (1998). Schizotypy and schizotypic psychopathology:
Mapping an alternative expression of schizophrenia liability. In M. F.
Lenzenweger & R. H. Dworkin (Eds.), Origins and development of
schizophrenia: Advances in experimental psychopathology (pp. 93–
121). Washington, DC: American Psychological Association.

Lenzenweger, M. F. (1999). Deeper into the schizotypy taxon: On the
robust nature of maximum covariance (MAXCOV) analysis. Journal of
Abnormal Psychology, 108, 182–187.

Lenzenweger, M. F. (2001). Reaction time slowing during high-load,
sustained-attention task performance in psychometrically identified
schizotypy. Journal of Abnormal Psychology, 110, 290–296.

Lenzenweger, M. F. (2004). Consideration of the challenges, complica-
tions, and pitfalls of taxometric analysis. Journal of Abnormal Psychol-
ogy, 113, 10–23.

Lenzenweger, M. F., Cornblatt, B. A., & Putnick, M. E. (1991). Schizotypy
and sustained attention. Journal of Abnormal Psychology, 100, 84–89.

Lenzenweger, M. F., & Dworkin, R. H. (1996). The dimensions of schizo-

phrenia phenomenology? Not one or not two, at least three, perhaps four.
British Journal of Psychiatry, 168, 432–440.

Lenzenweger, M. F., & Dworkin, R. H. (Eds.). (1998). Origins and
development of schizophrenia: Advances in experimental psychopathol-
ogy. Washington, DC: American Psychological Association.

Lenzenweger, M. F., & Hooley, J. M. (Eds.). (2003). Principles of exper-
imental psychopathology: Essays in honor of Brendan A. Maher. Wash-
ington, DC: American Psychological Association.

Lenzenweger, M. F., Jensen, S., & Rubin, D. B. (2003). Finding the
“genuine” schizotype: A model and method for resolving heterogeneity
in performance on laboratory measures in experimental psychopathol-
ogy research. Journal of Abnormal Psychology, 112, 457–468.

Lenzenweger, M. F., & Korfine, L. (1992). Confirming the latent structure
and base rate of schizotypy: A taxometric analysis. Journal of Abnormal
Psychology, 101, 567–571.

Lenzenweger, M. F., & Loranger, A. W. (1989). Detection of familial
schizophrenia using a psychometric measure of schizotypy. Archives of
General Psychiatry, 46, 902–907.

Lenzenweger, M. F., & Moldin, S. O. (1990). Discerning the latent struc-
ture of hypothetical psychosis proneness through admixture analysis.
Psychiatry Research, 33, 243–257.

Levy, D. L., Holzman, P. S., Matthysse, S., & Mendell, N. R. (1993). Eye
tracking dysfunction in schizophrenia: A critical perspective. Schizo-
phrenia Bulletin, 19, 461–536.

Levy, D. L., Lipton, R. B., & Holzman, P. S. (1981). Smooth pursuit eye
movements: Effects of alcohol and chloral hydrate. Journal of Psychi-
atric Research, 16, 1–11.

MacLean, C. J., Morton, N. E., Elston, R. C., & Yee, S. (1976). Skewness
in commingled distributions. Biometrics, 32, 695–699.

MacMillan, N. A., & Creelman, C. D. (1991). Detection theory: A user’s
guide. New York: Cambridge University Press.

Maher, B. A. (1966). Principles of psychopathology. New York: McGraw-
Hill.

Maher, B. A. (2003). Psychopathology and delusions: Reflections on
methods and models. In M. F. Lenzenweger & J. M. Hooley (Eds.),
Principles of experimental psychopathology: Essays in honor of Bren-
dan A. Maher (pp. 9–28). Washington, DC: American Psychological
Association.

Matarazzo, J. D., & Herman, D. O. (1984). Relationship of education and
IQ in the WAIS–R standardization sample. Journal of Consulting and
Clinical Psychology, 52, 631–634.

Matthysse, S., Levy, D. L., Wu, Y., Rubin, D. B., & Holzman, P. (1999).
Intermittent degradation in performance in schizophrenia. Schizophrenia
Research, 40, 131–146.

Matthysse, S. W., & Parnas, J. (1992). Extending the phenotype of schizo-
phrenia: Implications for linkage analysis. Journal of Psychiatric Re-
search, 26, 329–344.

McLachlan, G., & Peel, D. (2000). Finite mixture models. New York:
Wiley.

Meehl, P. E. (1962). Schizotaxia, schizotypy, schizophrenia. American
Psychologist, 17, 827–838.

Meehl, P. E. (1990). Toward an integrated theory of schizotaxia, schizo-
typy, and schizophrenia. Journal of Personality Disorders, 4, 1–99.

Meehl, P. E. (1995). Bootstraps taxometrics: Solving the classification
problem in psychopathology. American Psychologist, 50, 266–275.

Meehl, P. E., & Yonce, L. J. (1996). Taxometric analysis: II. Detecting
taxonicity using covariance of two quantitative indicators in successive
intervals of a third indicator (MAXCOV procedure). Psychological
Reports, 78, 1091–1227.

Miller, T. I., Kobayashi, M. M., Caldwell, E., Thurston, S., & Collett, B.
(2002). Citizen surveys on the Web: General population surveys of
community opinion. Social Science Computer Review, 20, 124–136.

Murphy, E. A. (1964). One cause? Many causes? The argument from the
bimodal distribution. Journal of Chronic Disease, 17, 301–324.

28 LENZENWEGER, MCLACHLAN, AND RUBIN



Nagin, D. (1999). Analyzing developmental trajectories: A semi-
parametric, group-based approach. Psychological Methods, 4, 139–157.

Nuechterlein, K. H., Asarnow, R. F., Subotnik, K. L., Fogelson, D. L.,
Ventura, J., Torquato, R. D., & Dawson, M. E. (1998). Neurocognitive
vulnerability factors for schizophrenia: Convergence across genetic risk
studies and longitudinal trait-state studies. In M. F. Lenzenweger &
R. H. Dworkin (Eds.), Origins and development of schizophrenia: Ad-
vances in experimental psychopathology (pp. 299–327). Washington,
DC: American Psychological Association.

O’Driscoll, G. A., Benkelfat, C., Florencio, P. S., Wolff, L. V. G., Joober,
R., Lal, S., Evans, A. C. (1999). Neural correlates of eye tracking deficits
in first-degree relatives of schizophrenic patients: A positron emission
tomography study. Archives of General Psychiatry, 56, 1127–1134.

O’Driscoll, G. A., Strakowski, S. M., Alpert, N. M., Matthysse, S. W.,
Rauch, S. L., Levy, D. L., & Holzman, P. S. (1998). Differences in
cerebral activation during smooth pursuit and saccadic eye movements.
Biological Psychiatry, 44, 685–689.

O’Shaughnessy, K. M. (2001). The genetics of essential hypertension.
British Journal of Clinical Pharmacology, 51, 5–11.

Parasuraman, R. (1984). The psychobiology of sustained attention. In J. S.
Warm (Ed.), Sustained attention in human performance (pp. 61–101).
New York: Wiley.

Parasuraman, R., Warm, J. S., & See, J. E. (1988). Brain systems of
vigilance. In R. Parasuraman (Ed.), The attentive brain (pp. 221–256).
Cambridge, MA: MIT Press.

Peel, D., & McLachlan, G. J. (1999). User’s guide to EMMIX (Version
1.3). Brisbane, Queensland, Australia: University of Queensland.

Pickering, G. W. (1959). The nature of essential hypertension. Lancet, 2,
1027–1028.

Platt, R. (1947). Heredity and blood pressure. Quarterly Journal of Med-
icine, 16, 111–133.

Raine, A. (1991). The SPQ: A scale for the assessment of schizotypal
personality based on DSM–III–R criteria. Schizophrenia Bulletin, 17,
555–564.

Robins, L. N., Helzer, J. E., Croughan, J., & Ratcliffe, K. S. (1981).
National Institute of Mental Health Diagnostic Interview Schedule: Its
history, characteristics, and validity. Archives of General Psychiatry, 38,
381–389.

Ross, R. G., Olincy, A., Mikulich, S. K., Radant, A. D., Harris, J. G.,
Waldo, M., et al. (2002). Admixture analysis of smooth pursuit eye
movements in probands with schizophrenia and their relatives suggests
gain and leading saccades are potential endophenotypes. Psychophysi-
ology, 39, 809–819.

Rubin, D. B. (1984). Bayesianly justifiable and relevant frequency calcu-
lations for the applied statistician. Annals of Statistics, 12, 1151–1172.

Rubin, D. B., & Wu, Y. N. (1997). Modeling schizophrenic behavior using
general mixture components. Biometrics, 53, 243–261.

Schwarz, G. (1978). Estimating the dimension of a model. Annals of
Statistics, 6, 461–464.

Senn, C. Y., & Desmarais, S. (2001). Are our recruitment practices for sex
studies working across gender? The effect of topic and gender of
recruiter on participation rates of university men and women. Journal of
Sex Research, 38, 111–117.

Sponheim, S. R., Iacono, W. G., Thuras, P. D., Nugent, S. M., & Beiser,
M. (2003). Sensitivity and specificity of select biological indices in
characterizing psychotic patients and their relatives. Schizophrenia Re-
search, 63, 27–38.

Swales, J. D. (1985). Platt versus Pickering: An episode in recent medical
history. London: Keynes Press.

Sweeney, J. A., Haas, G. L., Li, S., & Weiden, P. (1994). Selective effects
of antipsychotic medications on eye-tracking performance in schizo-
phrenia. Psychiatry Research, 54, 185–198.

Titterington, D. M., Smith, A. F. M., & Makov, U. E. (1985). Statistical
analysis of finite mixture distributions. New York: Wiley.

Waller, N. G., & Meehl, P. E. (1998). Multivariate taxometric procedures:
Distinguishing types from continua. Newbury Park, CA: Sage.

Wechsler, D. (1981). Wechsler Adult Intelligence Scale—Revised. New
York: Psychological Corporation.

Welham, J., McLachlan, G., Davies, G., & McGrath, J. (2000). Heteroge-
neity in schizophrenia; mixture modelling of age-at-first-admission,
gender and diagnosis. Acta Psychiatrica Scandinavica, 101, 312–317.

Received October 11, 2005
Revision received June 27, 2006

Accepted June 29, 2006 �

29MIXTURE MODELING OF SCHIZOPHRENIA ENDOPHENOTYPES


