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Abstract
Diminished expression is a diagnostic feature of a range of schizophrenia-spectrum disorders/
conditions and is often unresponsive to treatment, is present across premorbid, first episode and
various clinical states, and is considered a poor prognostic indicator. Surprisingly, little is known
about diminished expression. The present study sought to address this issue by evaluating a
commercially-available computerized facial analysis software for understanding diminished
expressivity. We analyzed natural facial expression from a series of laboratory interaction tasks in
28 individuals with psychometric schizotypy – defined as the personality organization reflecting a
putative genetic schizophrenia liability, and 26 matched controls. We evaluated (a) feasibility –
defined in terms of the number of video frames recognized by the software, (b) reliability –
defined in terms of correlations between facial expression variables across the three laboratory
interactions, and (c) construct validity – defined in terms of relationships to clinical variables. For
most subjects (~ 80%), approximately three-quarters of the video frames were analyzable by the
software; however, a minority of the videos was essentially unreadable. The facial expression
variables showed excellent reliability across interaction conditions. In terms of construct validity,
facial expression variables were significantly related to a measure of psychoticism, tapping
subjective cognitive concerns and “first-rank” schizophrenia symptoms, but were generally not
different between groups. Facial expression variables were generally not significantly related to
measures of depression, anxiety, paranoia or, surprisingly, self-reported negative schizotypy.
While computerized facial analysis appears to be a reliable and promising method of
understanding diminished expressivity across the schizophrenia-spectrum, some work remains.
Implications are discussed.
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1.0 INTRODUCTION
Many individuals with schizophrenia-spectrum disorders have blunted or constricted affect
(American Psychiatric Association [APA], 2000) - expressive deficits that are generally
intractable and, despite considerable empirical attention, are a mystery in terms of
underlying pathophysiology. One major factor contributing to this dearth of understanding is
that measurement of expressive deficits is, for the most part, dependent on symptom rating
scales (e.g., Andreasen, 1984; Horan et al., 2011; Kirkpatrick et al., 1989; Kirkpatrick et al.,
2011; see also Kring and Sloan, 2007 for behavioral based coding strategies). Data from
symptom rating scales often cover wide temporal intervals (e.g., weeks, months, or years),
are relatively insensitive to change given their comparatively few response options and
ambiguous operational definitions, produce ordinal data that are inappropriate for parametric
statistics, and are imprecise for isolating specific behaviors from other negative symptoms
(Alpert et al., 2002; Cohen et al., 2008; Mueser et al., 1994; Stahl and Buckley, 2007).
Although integral to schizophrenia research, these scales have limited use for providing all
but a gross understanding of how expressive deficits vary within individuals, how they differ
between individuals, and how they are broadly correlated to other clinical and
pathophysiological phenomena. Emerging computer-based technologies have allowed for
assessment of natural behavior with near perfect inter-rater reliability, greater sensitivity and
specificity than clinical rating scales (Alpert et al., 2002; Cohen et al., 2008), and even
greater efficiency than behavior-based coding systems. Several programs are currently in
development for measuring expressive deficits in schizophrenia-spectrum disorders (e.g.,
Alvino et al., 2007; Cohen et al., 2008; Cohen et al., 2010a). The present study sought to
compliment this endeavor by evaluating a commercially-available, computerized facial
analysis software – an advantageous effort in that this software is easily accessible to
researchers, has dedicated customer service and technological support, and has full-time
developers interested in expanding its application.

In this study, we employed facial analysis software to understand expression in individuals
with schizotypy – defined as the personality organization reflecting the putatively genetic
risk for schizophrenia-spectrum pathology. There are advantages for feasibility testing in
this population, in that these individuals are generally high functioning and computer-
literate, and thus more able to comply with laboratory procedures. Moreover, these
individuals are, for the most part, unmedicated, cognitively intact, and show lower levels of
comorbid (and thus, potentially complicating) substance abuse, depression, anxiety and
other disorders. With these benefits in mind, we sought to evaluate whether output variables
from the commercial software package (a) can meaningfully detect facial expressions in
individuals with psychometrically-defined schizotypy and controls (i.e., feasibility), (b)
show appreciable temporal stability across laboratory assessments (i.e., reliability), and (c)
meaningfully relate to demographic and clinical features of schizotypy (i.e., construct
validity).

2.0 METHODS
2.1 Participants

Participants were college undergraduates approached by email to participate in an on-line
survey and offered a chance to win monetary prizes (N = 10,258). The survey included a
consent form, basic demographic questions, the Schizotypal Personality Questionnaire –
Brief Revised (SPQ-BR; Cohen et al., 2010b), the Brief Symptom Inventory (Derogatis and
Melisaratos, 1983), and the Chapman Infrequency Scale (Chapman and Chapman, 1983).
Individuals endorsing more than three of 14 infrequency items were considered ineligible
for the present study. The response rate was modest (n = 2300). This study was approved by
the Louisiana State University Human Subject Review Board and all participants offered
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informed consent prior to completing the surveys. Individuals scoring in the 95th percentile
on the gender determined means for the positive (n = 64), disorganization (n = 36), or
negative (n = 53) subscales from the SPQ-BR were contacted about participating in a
laboratory study. Fifty-three individuals were also recruited who had elevations on multiple
SPQ-BR scales. Individuals scoring high on the negative subscale (defined as a sum of
“constricted affect” and “no close friends” subscales; Cohen et al., 2010b) were considered
for the study only if they (a) also showed elevations (defined as the 95th percentile or higher)
on the positive or disorganization subscales, or (b) had a depression subscale score from the
Brief Symptom Inventory (Derogatis and Melisaratos, 1983) below their gender determined
mean. In this manner, we sought to reduce the chances of individuals who were depressed
(but not schizotypal) being recruited for the study. Subjects were excluded if they endorsed a
personal history of schizophrenia diagnosis. Of the 206 subjects eligible for the schizotypal
group, 37 were recruited and completed the laboratory testing. Thirty-three control subjects,
of a total possible 485, selected from participants scoring below the gender-determined
means for each of the positive, disorganization, and negative SPQ-BR factors, were also
recruited. The 50th percentile was selected based on our prior research that individuals
scoring below this cut-off are highly unlikely to have a history of schizophrenia diagnosis,
inpatient hospitalization, or psychiatric or psychological treatment more generally (Cohen
and Najolia, 2011). Controls were excluded if they reported a family history or self-
diagnosis of schizophrenia.

2.2 Traits and Symptoms
Schizotypal traits were measured using the Brief-Revised version of the Schizotypal
Personality Questionnaire (Cohen et al., 2010b). Reported in this manuscript are data for the
superordinate cognitive-perceptual, negative, and disorganization factor scores. Clinical
symptoms were measured using the BSI (Derogatis and Melisaratos, 1983) which measures
a broad range of psychopathology during the past seven days. We were particularly
interested in depression (i.e., “feeling no interest in things”), anxiety (i.e., “feeling tense or
keyed up”), paranoia (i.e., “feeling that most people cannot be trusted”), and psychoticism
(i.e., “the idea that someone else can control your thoughts”, “the idea that something is
wrong with your mind”) scales from this instrument, as those scales would be expected to be
related to either diminished facial expression or schizotypy more generally. The BSI has
well-documented psychometric properties and has been used in hundreds of published, peer-
reviewed studies to date.

2.3 Interaction Task
Subjects were seated in front of a computer monitor and asked to discuss three separate 90-
second autobiographical memories separately involving neutral, positive, and negative
memories from their lives. Instructions, for example, for the positive condition were as
follows:

“Tell me some stories about when you were feeling really good. Please get into
telling this story as much as you can, and talk for about 90 seconds. Some things to
talk about include:

1. Times you were really happy with someone.

2. Times when you accomplished something really special.

3. Times you were feeling at your best.

The research assistant was out of view of the subject while they were speaking in order to
minimize effects due to experimenter characteristics (i.e., individual differences in sex,
ethnicity). Subjects were asked to talk to the research assistants (while looking at the
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computer screen), though research assistants were not allowed to speak during the narrative
task. The task was digitally recorded using a camera fixed to the top of the computer
monitor. Consistent with the recommendations detailed in the software manual, the overhead
lights were turned off and two LED light towers, located on either side of the subject’s face,
were illuminated. Video was continuously recorded during the various speaking conditions
and was spliced by research assistants using video editing tools to ensure each recording was
exactly 90 seconds long. Beyond discussing autobiographical memories, subjects were blind
to the purpose of this task.

2.4 Computerized Facial Analysis
FaceReader version 4.0 (Noldus Information Technology, 2010), a commercially-available
program developed by Noldus Information Technology, was used to measure facial
expressions. FaceReader is an automated program that uses algorithms to evaluate, on a
video frame-by-frame basis, facial images in terms of seven emotional states – happy, sad,
angry, surprised, scared, disgusted, and “neutral”. These variables reflect a measure of the
magnitude of that emotion being shown from 0 (not at all) to 100 (perfect match).
Additionally, FaceReader can measure movement in eye gazes, mouth movements, and head
movements along X, Y, and Z axes. For the present study, each subject yielded
approximately 6750 frames for analysis. It is important to note that each frame is not
necessarily analyzable, as FaceReader requires recognition of key facial features in order to
evaluate emotional valence and head movement. As such, the “percentage of frames
recognized” is a key variable for evaluating whether the software can be applied to
schizophrenia research using our laboratory methods. For the present study, we report data
on neutral, positive, and negative valence (defined as a sum of sad, angry, scared, and
disgusted category scores) and on variability in eye, mouth, and head movement (defined as
the standard deviation of values for each of these categories). Note that the head movement
variable reflected a sum of movements across X, Y, and Z axes. For further scientific
applications of the FaceReader software, see Chentsova-Dutton and Tsai (2010) as well as
Choliz and Fernandez-Abascal (2012). “Surprise” emotions were excluded from the present
study, given their ambiguity with respect to valence. Computer problems led to two
subjects’ data being unusable. Data for these subjects were excluded from all analyses.

2.5 Analyses
The analyses were conducted in five steps. First, we examined potential demographic and
clinical differences between the schizotypal and control groups that might inform
subsequent analyses. Second, we evaluated the number of frames filled for the whole
sample, and whether this number varied as a function of demographic or clinical variables.
Third, we evaluated the consistency in facial expressions across the three separate
interaction conditions using bivariate correlations (for the whole sample). Given that the task
was not intended to be a mood manipulation per se but rather as a comprehensive
assessment of facial expressions across a range of topics, we expected that the variables
would show high consistency across the affective conditions. Given the well-established
differences between men and women in terms of emotional expression (Sobin and Alpert,
1999), sex was included as a covariate for this analysis. Fourth, we computed zero-order
correlations to determine the extent to which the six facial expression variables (computed
across the three conditions) correlated with each other (for the whole sample). High
correlation values indicate redundancy (e.g., > .90), whereas low correlation values suggest
that the variables are distinct. Fifth, we compared the schizotypal and control groups in
facial expression variables. For these analyses, sex was examined as an independent
variable. In this manner, we were able to evaluate whether there were group differences, sex
differences, and interactions between these variables in expressiveness. Finally, we
computed partial correlations (controlling for sex) between facial expression measures and
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clinical characteristics – cognitive-perceptual, negative, and disorganization scores from the
SPQ-BR and depression, anxiety, paranoia, and psychoticism scores from the BSI (within
the schizotypal group only). All analyses in this study are two-tailed and all variables are
normally distributed (skew < 1.5) unless otherwise stated.

3.0 RESULTS
3.1 Demographics

Descriptive and clinical information is provided in Table 1. The control and schizotypal
groups were not statistically different in sex, ethnicity, or age. As per our group definitions,
the schizotypal group had more severe schizotypal traits (all p’s < .001). Similarly, the
schizotypal group was more severe in depression, anxiety, paranoia, and psychoticism (p’s
< .001). Nearly 20% of the schizotypal group reported a family history of schizophrenia.

3.2 Feasibility
The percentage of frames filled for the entire sample was generally good, however, there
was a subset of subjects for whom very few frames were recognized by the emotion
recognition software. Seven controls and seven schizotypal individuals had less than 10% of
their frames recognized. These individuals were excluded from all analyses in this study.
The remaining subjects had, on average, approximately three-quarters of their frames filled
(see Table 1). There were no significant differences between these subjects and other
subjects (i.e., those with < 10% of frames filled) in terms of ethnicity, age, or sex (p’s > .10).
In the remaining 54 subjects, percentage of frames filled was not different between men and
women (F[1] = 1.14, p = .29), nor different between the control and schizotypal groups (F[1]
= .012, p = .90), nor was there a significant sex by group interaction (F[1] = .16, p = .69).
The number of frames filled was not significantly related to age (r[56] = .04, p = .79), or any
of the SPQ-BR or BSI or other clinical variables (p’s > .10). In sum, while video from a
notable minority of subjects in this study were essentially “unreadable” by the software
(approximately 20%), this did not reflect a systematic bias in terms of descriptive or clinical
features. Note that these subjects were excluded from all main analyses in this paper,
including those presented in Table 1.

3.3 Temporal reliability
Partial correlations (controlling for sex) were computed between facial expression measures
across the three speaking conditions for the groups combined. Without exception, each of
the expression measures was highly stable across the various conditions (all r’s > .60 but < .
89, p’s < .001). It is notable that the valence variables were particularly stable (all r’s > .80
but < .89, p’s < .001). Recomputing these correlations separately by sex (instead of
controlling for sex) did not change the findings in any meaningful way. For data reduction
purposes and to improve reliability (i.e., the number of observations), measures were
combined across conditions for subsequent analyses.

3.4 Zero-order correlations
Zero-order correlations (controlling for sex) were computed between the facial variables
(omitted for space concerns). These findings suggest that (a) the valence variables were
significantly correlated with each other (r[53]’s −.33 to −.48, p’s < .01), (b) with one
exception (see below), the facial movement variables were not correlated with each other
(r[53]’s < −.08, p > .10), and (c) the valence and facial movement variables were distinct
(r[53]’s < .22, p > .10). Magnitude of neutral expression was associated with less happy
(r[53] = −.34, p = .01) and negative (r[53] = −.34, p = .01) emotions, and magnitude of
happy and negative emotions were inversely correlated with each other (r[53] = −.43, p < .
001). Variability in head movement was associated with variability in eye gaze (r[53] = .43,
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p < .001). These results suggest that the emotional valence and movement variables were
generally distinct. Recomputing these correlations separately by sex (instead of controlling
for sex) did not change the findings in any meaningful way.

3.5 Schizotypal versus controls
Figure 1 contains the means and standard errors for the schizotypal and control groups,
stratified by sex. There were no significant group effects (p’s > .10). None of the group
differences exceeded a small effect size level (d’s < 0.33), suggesting this was not a power
issue. Sex effects were observed for the neutral valence (F[1] = 14.77, p < .001, d = 1.01)
and, at a trend level, happy valence (F[1] = 3.531, p = .07, d = 0.52) variables such that
females were less neutral and happier in their facial expressions. None of the other sex
effects were notable (p’s > .10, d’s < .33). One interaction term was at a trend level: neutral
valence (F[2,52] = 3.96, p = .05). This interaction reflected female control subjects being
lower in neutral valence expressions than male control (t[24] = 4.00, p = .001, d = 1.57) and
male schizotypal (t[ 52] = 2.67, p = .01, d = 1.03) subjects. Conversely, female and male
schizotypal subjects were not statistically dissimilar (t[26] = 1.35, p = .19, d = .50), and
female schizotypal and control subjects were different at a trend level (t[31] = 1.97, p = .06.

3.6 Clinical correlates
Table 2 contains the correlations between clinical and facial expression variables. There
were three notable findings from these analyses. First, severity of negative traits was
associated with less head movement but none of the other variables. Second, severity of
depression and anxiety was not significantly related with any of the facial expression
variables, though greater depression was associated with less positive valance and more
variability in mouth movement at a medium effect size level. Finally, severity of
psychoticism was associated with less positive valence and less eye and head movement at a
trend or better level.

3.7 Post-hoc analysis: Family history
We then compared individuals from the schizotypal sample reporting a family history of
schizophrenia versus those without on the facial expression variables. Individuals with a
family history of schizophrenia showed a trend for decreased positive (t[27] = 1.90, p = .08)
and (t[27] = 1.83, p = .09) increased negative emotions, but there were no statistically
significant group differences.

4.0 DISCUSSION
The present study conducted an evaluation of computerized facial analysis for use in
schizophrenia research. Feasibility was a qualified success in that approximately 80% of the
video recordings were readable by the commercial software. It is noteworthy that
approximately 20% of the recordings were unreadable, and this did not appear to be a
function of identifiable clinical or demographic characteristics. It seems probable that
lighting, camera angle, or other recording conditions contributed to this and these factors
would be important to consider in future research. Future studies employing this program
would likely benefit from a “calibration” phase to help optimize the recording conditions for
each individual participant. In this regard, analysis of archived data (presumably when these
idiosyncratic recording factors are not considered) using this software will be difficult. It is
notable that similar considerations are standard practice for other methodologies and indeed
the rates of usable data found in this study are not dissimilar to those found using other
methods, such as skin conductance (Green et al., 1989). In terms of reliability, the software
variables showed strong reliability across laboratory interactions suggesting that short term
temporal reliability is good. This, taken with the fact that test-retest reliability for this
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software is near perfect (given the objective and automated nature of its analysis), suggest
that reliability is excellent. The present study offers construct validity in that the
computerized facial analysis variables were related to important clinical features (see below
for further discussion), though abnormalities in facial expressiveness were not observed for
the schizotypal group as a whole. In sum, computerized facial analysis appears to be a
promising method of understanding expressive deficits across the schizophrenia-spectrum,
and worthy of continued empirical investigation.

In the present study, schizotypy, as a group, was not atypical in computer-assessed facial
expressions despite these individuals self-reporting high levels of negative schizotypy.
Moreover, while negative schizotypal traits were significantly associated with reduced head
movement, suggesting that this is an aspect of emotional expressivity that may be relevant to
schizotypy, negative schizotypal traits were generally not related to abnormal facial
expressions. When interpreting these null findings, it is important to note that emerging
evidence suggests that schizotypy is characterized by a number of dysjunctions between
self-report and behavior. For example, a dysjunction between self-report and behavioral
variables has been observed in cognitive (e.g., subjective cognitive concerns versus actual
cognitive performance; Chun et al., 2012), quality of life (i.e., subjective satisfaction versus
objective quality of life indicators; Cohen et al., under review) and emotional experience
(e.g., subjective experience versus psychophysiological and behavioral indicators; Cohen et
al., 2012; Gooding et al., 2002) variables. Thus, this dysjunction may also manifest in self-
reported versus objective emotional expression. It is also important to note that negative
schizotypy, assessed using the SPQ-BR, taps a range of expressive and social interaction-
related variables. One might expect that only a modest portion of the variance in negative
traits would be explained by facial expressive deficits.

Of the clinical variables examined in this study, the psychoticism scale from the BSI showed
the highest number of significant facial expression correlates. The reasons for this are
unclear at the present time, but are interesting for future research. The psychoticism scale
measures subjective cognitive and “first-rank” schizophrenia-like concerns. In this regard, it
stands to reason that individuals with high scores on this scale may be those, at least in our
sample, that were showing the most pronounced clinical schizophrenia-related
symptomatology. It is noteworthy that facial expression generally did not significantly vary
as a function of anxiety or depression, suggesting that the relation between facial
expressiveness and clinical state may be specific to schizophrenia-spectrum pathology.
Unfortunately, the present study lacked longitudinal data, so it is unclear whether facial
expressive deficits are primarily reflective of clinical state – thus waxing and waning
depending on severity of psychotic symptoms, or whether facial expressive deficits reflect a
durable individual difference variable predicting elevated risk for psychosis. In the
schizophrenia literature, facial expression deficits have been observed across a range of
clinical states regardless of medication use (Kring et al., 1993; Kring and Neale, 1996) and
have been observed well before onset of clinical symptoms (Walker and Lewine, 1990),
suggesting that, at least in patients, facial expressive deficits reflect a trait-like quality.
Longitudinal analysis of facial expressions in vulnerable populations would be helpful in
this regard.

The present findings should be interpreted in light of the following limitations. First, the
sample was composed of college students, which may be a concern from a generalizability
perspective. A notable minority of these subjects reported a family history of schizophrenia,
thus bolstering the notion that schizotypy is familial to at least some degree in these
individuals. Second, our measures of schizotypy were based exclusively on self-report.
Third, we did not control for multiple comparisons in our correlational analyses. Given the
novelty of our analysis procedures and the relative power of our study, we chose to err on
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the side of type two versus type one errors. Fourth, this study had relatively weak statistical
power, and covariate analysis weakened this power further. Many of the statistical trends
may have been significant with increased power. This was particularly true for the analyses
examining sex effects. Fifth, the present study employed an autobiographical memory based
mood induction procedure, and it is unclear the extent to which alternate procedures, for
example, involving standardized stimuli, would change the results. Finally, while the cutoff
scores for the control group were defined in terms of average or below in schizotypal trait
severity, the trait scores for this group were quite low. The “control” subjects may not be
representative of all “non-schizotypal” individuals.

There is considerable work to be done before computerized facial analysis is ready for
wholesale use in schizophrenia research, even in relatively healthy schizotypal samples.
First, as previously noted, it is important to individually tailor lighting, participant-camera
spatial relations, and other recording characteristics to optimize conditions and maximize the
data available for analysis. As noted earlier, it seems unlikely that the facial analysis
software, at least in its present incarnation, will be applicable to archived data. Second, it is
important to consider the role of context – particularly in regards to developing a task that
maximizes facial expressions. In the present study, many subjects were expressing neutral or
no emotions for the majority of the interaction task (see Figure 1), so it would be important
to design a task that promotes a variety of facial expressions from subjects. Third, it is
important to consider sex differences. An interesting finding of the present study was that
female subjects with schizotypy were equally unexpressive as male subjects with or without
schizotypy (at least, in terms of neutral valence), and it is unclear whether there is something
unique about how expressive deficits manifest in females with schizotypy. We were unable
to evaluate sex differences in the correlational analyses due to low power (i.e., sample sizes
of 17 and 11 for men and women in the schizotypal group respectively). Fourth, the trend
level findings that individuals acknowledging a family history of schizophrenia showed
some abnormalities of expression are worth evaluating further. Finally, it is, as yet, unclear
which facial expression variables are most important for understanding expressive deficits.
The software employed in this study was relatively comprehensive in scope of variables, and
the most recent version of the software boasts even more variables. Practically speaking, it
would be important to determine which of these variables are abnormal in schizophrenia-
spectrum disorders. This type of endeavor may also hold important insights into the
underlying nature of expression across the schizophrenia-spectrum.

Acknowledgments
The authors wish to acknowledge the efforts of Matthew Feltenstein, Ph.D., Peter Chen and the support staff at
Noldus Information Technology. We also thank the research subjects for their participation, and the undergraduate
research assistants for processing their data.

Funding: Funding for this study was provided by a National Institute of Mental Health (R03 MH092622) grant to
the primary author. The funding agencies had no further role in study design; in the collection, analysis and
interpretation of data; in the writing of the report; and in the decision to submit the paper for publication.

References
Alpert M, Shaw RJ, Pouget ER, Lim KO. A comparison of clinical ratings with vocal acoustic

measures of flat affect and alogia. J Psychiatr Res. 2002; 36(5):347–353. [PubMed: 12127603]

Alvino C, Kohler C, Barrett F, Gur RE, Gur RC, Verma R. Computerized measurement of facial
expression of emotions in schizophrenia. J Neurosci Meth. 2007; 163(2):350–361.

Andreasen, NC. The scale for the assessment of negative symptoms (SANS). The University of Iowa;
Iowa City, IA: 1984.

Cohen et al. Page 8

Schizophr Res. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



American Psychiatric Association. Diagnostic and statistical manual of mental disorders. 4. APA;
Washington, DC: 2000. text revision

Chapman, LJ.; Chapman, JP. Unpublished test. Madison, WI: 1983. Infrequency Scale.

Chentsova-Dutton YE, Tsai JL. Self-focused attention and emotional reactivity: the role of culture. J
Pers Soc Psychol. 2010; 98(3):507–519. [PubMed: 20175627]

Choliz M, Fernandez-Abascal EG. Recognition of emotional facial expressions: the role of facial and
contextual information in the accuracy of recognition. Psychol Rep. 2012; 110(1):338–350.
[PubMed: 22489398]

Chun CA, Minor KS, Cohen AS. Neurocognition in psychometrically-defined schizotypy: We are
NOT measuring the “right stuff”. J Int Neuropsychol Soc. In press.

Cohen AS, Alpert M, Nienow TM, Dinzeo TJ, Docherty NM. Computerized measurement of negative
symptoms in schizophrenia. J Psychiatr Res. 2008; 42(10):827–836. [PubMed: 17920078]

Cohen AS, Auster T, MaCaulay R, McGovern J. The paradox of psychometrically-defined schizotypy:
resemblance to chronic severe mental illness in subjective but not objective quality of life. under
review.

Cohen AS, Callaway DA, Najolia GM, Larsen JT, Strauss GP. On “risk” and reward: Investigating
state anhedonia in psychometrically defined schizotypy and schizophrenia. J Abnorm Psychol.
2012; 121(2):407–415. [PubMed: 22149913]

Cohen AS, Hong SL, Guevara A. Understanding emotional expression using prosodic analysis of
natural speech: refining the methodology. J Behav Ther Exp Psy. 2010a; 41(2):150–157.

Cohen AS, Matthews RA, Najolia GM, Brown LA. Toward a more psychometrically sound brief
measure of schizotypal traits: introducing the SPQ-Brief Revised. J Pers Disord. 2010b; 24(4):
516–537. [PubMed: 20695810]

Cohen AS, Najolia GM. Birth characteristics and schizotypy: evidence of a potential “second hit”. J
Psychiatr Res. 2011; 45(7):955–961. [PubMed: 21208628]

Derogatis LR, Melisaratos N. The Brief Symptom Inventory: An introductory report. Psychol Med.
1983; 13(3):595–605. [PubMed: 6622612]

Gates CA, Minor KS, Cohen AS. Neurocognition in psychometrically-defined schizotypy: We are
NOT measuring the “right stuff”. Journal of International Neuropsychological Society. 2012

Gooding DC, Davidson RJ, Putnam KM, Tallent KA. Normative emotion-modulated startle response
in individuals at risk for schizophrenia-spectrum disorders. Schizophr Res. 2002; 57(1):109–120.
[PubMed: 12165381]

Green MF, Nuechterlein KH, Satz P. The relationship of symptomatology and medication to
electrodermal activity in schizophrenia. Psychophysiology. 1989; 26(2):148–157. [PubMed:
2567035]

Horan WP, Kring AM, Gur RE, Reise SP, Blanchard JJ. Development and psychometric validation of
the Clinical Assessment Interview for Negative Symptoms (CAINS). Schizophr Res. 2011; 132(2–
3):140–145. [PubMed: 21798716]

Kirkpatrick B, Buchanan RW, McKenney PD, Alphs LD, Carpenter WT Jr. The schedule for the
deficit syndrome: An instrument for research in schizophrenia. Psychiatry Research. 1989;
30:119–123. [PubMed: 2616682]

Kirkpatrick B, Strauss GP, Nguyen L, Fischer BA, Daniel DG, Cienfuegos A, Marder SR. The brief
negative symptom scale: psychometric properties. Schizophr Bull. 2011; 37(2):300–305.
[PubMed: 20558531]

Kring AM, Kerr SL, Smith DA, Neale JM. Flat affect in schizophrenia does not reflect diminished
subjective experience of emotion. J Abnorm Psychol. 1993; 102(4):507–517. [PubMed: 8282918]

Kring AM, Neale JM. Do schizophrenic patients show a disjunctive relationship among expressive,
experiential, and psychophysiological components of emotion? J Abnorm Psychol. 1996;
105:249–257. [PubMed: 8723006]

Kring AM, Sloan DM. The Facial Expression Coding System (FACES): Development, validation, and
utility. Psychol Assessment. 2007; 19(2):210–224.

Mueser KT, Sayers SL, Schooler NR, Mance RM, Haas GL. A multisite investigation of the reliability
of the Scale for the Assessment of Negative Symptoms. Am J Psychiat. 1994; 151(10):1453–1462.
[PubMed: 7916540]

Cohen et al. Page 9

Schizophr Res. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Sobin C, Alpert M. Emotion in speech: The acoustic attributes of fear, anger, sadness, and joy. J
Psycholinguist Res. 1999; 28(4):167–365.

Stahl SM, Buckley PF. Negative symptoms of schizophrenia: A problem that will not go away. Acta
Psychiat Scand. 2007; 115(1):4–11. [PubMed: 17201860]

Noldus Information Technology. FaceReader 4.0. 2010

Walker E, Lewine RRJ. Prediction of adult-onset schizophrenia from childhood home movies of the
patients. Am J Psychiat. 1990; 147:1052–1056. [PubMed: 2375440]

Cohen et al. Page 10

Schizophr Res. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
Computerized facial expression variables compared between schizotypal and control
subjects, stratified as a function of sex (men = black bar, women = grey bar).
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Table 1

Descriptive statistics for demographic and clinical variables for the control and schizotypal groups.

Controls Schizotypy

n = 26 n = 28

Sex (% Female) 62% 61%

Ethnicity

 % Caucasian 92% 75%

 % African American 4% 11%

 % other 4% 14%

Age 19.00 ± 2.28 18.54 ± 1.10

Family History of Schizophrenia a -- 19%

Schizotypal Personality Questionnaire – Brief Revised

 Cognitive-Perceptual a 6.81 ± 5.18 30.71 ± 9.61

 Negativea 3.31 ± 2.17 11.71 ± 6.32

 Disorganization a 9.42 ± 4.36 25.54 ± 5.34

Brief Symptom Inventory

 Depression a 7.78 ± 1.70 17.27 ± 7.50

 Anxiety a 8.17 ± 2.67 15.69 ± 6.87

 Paranoia a 6.52 ± 2.54 12.54 ± 5.06

 Psychoticism a 6.04 ± 1.26 12.5 ± 4.55

% of Video Frames Filled .75 ± .24 .71 ± .26

a
Groups statistically different for this variable
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