Schizophrenia

ARTICLE

M) Check for updates

Increased face perception in individuals at clinical high-risk for
psychosis: mechanisms, sex differences, and clinical correlates

Tanya Tran

'™ Brian P. Keane', Judy L. Thompson', Ben Robinson?, Joshua Kenney?, Trevor F. Williams*, James A. Waltz (7,

2

Jason A. Levin (@, Eren Kafadar?, James M. Gold?, Jason Schiffman®, Lauren M. Ellman’, Elaine F. Walker ®?, Gregory P. Strauss®,
Vijay A. Mittal @*, Richard E. Zinbarg®, Philip R. Corlett@?, Albert R. Powers @?, Scott W. Woods @? and Steven M. Silverstein @'

Altered visual perception has been observed across all phases of psychotic illness, suggesting that perceptual measures might be
useful in identifying people at clinical high risk for psychosis (CHR). In a preliminary study, we found that CHR participants reported
perceiving more faces in binarized human portraits on the Mooney Faces Test (MFT). Here, we aimed to replicate these findings and
extend understanding of underlying processes and clinical correlates of MFT performance in the Computerized Assessment of
Psychosis Risk (CAPR) cohort: CHR (n = 159), help-seeking psychiatric controls (n = 130), and healthy controls (n = 86). The MFT was
adapted to include three image conditions (upright, inverted, and scrambled), and included follow-up questions regarding the
physical characteristics of the faces that participants reported perceiving, to verify accuracy of perception and assess response bias.
The CHR group reported more faces than both control groups in the inverted and scrambled conditions. In addition, the CHR group
was as accurate at judging the age and gender of faces as the other groups. Among CHR participants, increased reporting of faces
in the inverted condition was significantly correlated with more severe positive symptoms and poorer role functioning. We discuss
the findings in terms of multiple perspectives, including changes in perceptual sensitivity, predictive coding, and perceptual

organization.
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INTRODUCTION

The clinical high risk (CHR) model for psychosis seeks to reliably
identify young individuals with symptoms that are known to be
associated with increased vulnerability for psychotic illnesses.
Improving the ability to predict the development of a psychotic
disorder will increase the likelihood that CHR patients are
appropriately screened and matched with services that aim to
prevent the onset of psychosis and optimize functional outcomes
and well-being. Current CHR identification approaches involve
drawing data from well-validated structured interviews and
testing. Despite its psychometric strengths, the standard approach
has limited reach in three main respects. First, assessment by
structured interviews is typically restricted to individuals with
access to a clinician who is trained to administer the rigorous
measure (i.e., they attended a 2-day training that typically costs
over $2000 per clinic and passed the gold-standard reliability
scoring exam), an option that is not yet available consistently
worldwide or outside of university medical centers. Second, the
most widely used structured interviews have limited specificity,
with the CHR syndrome progressing to psychosis within 3 years
for only 25% of individuals meeting criteria per these instru-
ments'. Third, research on laboratory measures useful for CHR
identification has thus far focused on trait measures of cognitive
and psychophysiological impairment, instead of tasks that are
known to be sensitive to the processes involved in progression
from the at-risk state to a fully developed psychotic disorder?. To
augment typical CHR identification approaches, the Computerized
Assessment of Psychosis Risk (CAPR) network was formed,
specifically to validate auxiliary, brief, computer-automated

measures with previously demonstrated sensitivity to state
changes and putative symptom mechanisms that are most likely
predictive of an impending psychotic episode. Here, we report on
data collected from the CAPR sample on a measure that may fit
these criteria: the Mooney Faces Test (MFT).

The MFT® involves presentation of a series of two-toned, human
portrait images that vary in the degree to which a face can be
perceived (See Fig. 1). On each trial, participants report whether
they perceive a face. Optimal performance on the MFT requires
perceptual organization of fragmented visual information into a
holistic face representation and comparison of this representation
with face templates stored in memory*~°. As such, reports of faces
in inverted Mooney images are typically greatly reduced
compared to when images are presented in their normal, upright
orientation’8, Schizophrenia patients have been found to identify
fewer upright faces than non-psychotic psychiatric and healthy
comparison groups on the MFT, and this reduced face identifica-
tion is associated with the presence and severity of disorganiza-
tion symptoms®'®, Moreover, it has been observed that
performance on the MFT improves as disorganization symptoms
respond to treatment®. Thus, the MFT appears to be a state-
sensitive measure that could be useful in monitoring changes in
disorganization in the at-risk mental state.

Our prior study was the first to administer the MFT to a CHR
sample and to explore patterns and clinical correlates of task
performance’’. In contrast to MFT performance in people with
established schizophrenia (where fewer faces are reported)®'%'2,
CHR participants reported a significantly greater number of faces
in the upright condition, and more faces at a trend level in the
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Fig. 1 Sample Mooney Faces Test stimuli from upright, inverted, and scrambled conditions. Two-toned human portraits with intact faces
were presented in upright (left panel) and inverted (middle panel) orientations. Scrambled stimuli were two-toned human portraits without

intact faces (right panel).

inverted condition, compared to healthy controls. These group
differences were most pronounced among female participants,
and among male CHR patients, greater reporting of faces in the
upright face condition was associated with more severe percep-
tual abnormality symptoms (e.g., subclinical hallucinations). In
general, however, this study had limited power to characterize
group differences by sex and lacked the experimental design to
test hypothesized mechanisms of observed increased face reports
by CHR participants on the MFT.

The primary purpose of the present study was to determine if
prior findings could be replicated in a new and larger CHR
sample-that is, the significantly higher rates of face reporting in
CHR individuals, sex differences in MFT performance, and
correlations with positive symptoms. In addition, we sought to
further understand the clinical significance of observed MFT
performance in CHR by examining relationships with a larger set
of symptom and functional measures and by testing hypothesized
mechanisms of increased reporting of seeing faces in ambiguous
stimuli. To this end, modifications to the MFT were made to
examine the extent to which positive responses reflected the
accurate detection of the face in the given image. Two limitations
to the MFT as administered in our prior study'', and as it is usually
administered, are that (1) it asks only about whether a face is
perceived on each trial, but not about the details of the face
perceived; thus, there is no way to verify that the participant
actually perceived the face that was represented in the original,
unaltered image; and (2) it lacks a true noise (i.e, no face)
condition. Therefore, these test versions cannot verify that a
positive face report reflects the perception of facial properties
depicted in the image versus a positive response bias (i.e.,, the
tendency to use a lower threshold for indicating whether a face is
present). To address these two issues, we adapted the MFT
procedure so that: 1) When a face was reported, follow-up
questions were presented regarding the characteristics of the face
(i.e., was it a child or adult; was it more traditionally masculine or
feminine), and subject responses were compared to the age and
gender features in the original image; and 2) a scrambled face
image condition was included.

There are two possible, non-mutually exclusive explanations for
increased face reports by CHR participants on the MFT that we
wished to test: the heightened perceptual sensitivity and response
bias hypotheses. Firstly, it is possible that the greater face
reporting among CHR compared to controls could be ascribed
at least in part to enhanced feedforward sensory processing that
may either independently or in combination with top-down
effects result in heightened perceptual sensitivity (including an
increased tendency to perceive facial gestalts). This mechanism
would align with one report of enhanced perceptual organization
in people at risk for a psychotic disorder'?, and with findings of
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increased contrast sensitivity in unmedicated first episode
schizophrenia patients, which contrasts with the reduced contrast
sensitivity and perceptual organization observed in patients with a
longer illness duration'®. Secondly, CHR participants in our prior
study'' may have reported more faces than controls due to a
greater tendency to report seeing a face when confronted with
ambiguous stimuli, i.e., due to a positive response bias. Consistent
with this possibility are results from prior research that found CHR
participants were more likely than controls to report that they
detected speech in degraded speech clips during the pre-training
block (prior to being exposed to the clean speech templates)’.
Signal detection theory (SDT) analyses pointed to a greater bias
among CHR to report the detection of speech compared to
controls. However, it is unclear whether this enhanced response
bias in CHR was driven by perceptual or decisional factors, given
that even the unintelligible speech clips used in this study were
‘speechlike’ stimuli; thus, it is possible that top-down effects (e.g.,
stronger priors for speech) among CHR participants resulted in the
perception of speech even when the speech clips were fully
unintelligible. As noted, such ambiguities in interpreting
responses that are considered false alarms motivated us to adapt
the design of the MFT to clarify the perceptual experiences of CHR
subjects when they indicate perceiving a face.

This study reports on baseline data from the ongoing, multi-site
CAPR project'®. Three groups of participants are being recruited
for CAPR: CHR, non-psychotic psychiatric help-seeking controls
(HSC), and healthy controls (HC). Participants completed the
adapted MFT that included upright, inverted, and scrambled
stimuli, and follow-up questions to assess the accuracy of face
perception on trials on which a face was reported. The rationale
for including the HSC group was to provide a clinical comparison
to CHR subjects. We are aware of no previous CHR study of visual
perception that includes both a healthy and clinical control group,
and thus, this study was expected to provide unique insights. To
the extent that the heightened perceptual sensitivity hypothesis is
correct, we expected the CHR group to report more faces in the
upright and inverted conditions, but to have equivalent or better
accuracy in describing the types of faces perceived, compared to
the control groups. Alternatively, to the extent that the response
bias hypothesis is correct, the CHR group relative to control
groups was anticipated to report more faces in the scrambled
condition (and potentially the inverted condition), but to be less
accurate in their reporting of gender and age characteristics in the
upright and inverted conditions. Per prior CHR and schizophrenia
studies®"", we expected to replicate a relationship between
altered MFT performance and psychotic symptoms. Specifically,
we hypothesized that more severe positive and disorganized
symptoms would correlate with increased face reports in response
to the most ambiguous stimuli (inverted and scrambled). Since we
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previously found that CHR females reported more faces than
female controls, and the relationship between increased face
reports and positive symptoms was more pronounced in CHR
males versus females, we also set out to investigate potential sex
effects in this larger sample.

MATERIALS AND METHODS
Participants

This project was approved by institutional review boards across
the seven sites of the CAPR project (Northwestern University,
University of Maryland-Baltimore County, Yale University, Uni-
versity of Georgia, Temple University, and Emory University), and
written informed consent was obtained from all individual
participants included in the study. Recruitment used methods
such as public transportation advertising, online advertisements,
and mail-outs to community health care providers (for more
details see methods paper on CAPR study)'®. All CHR participants
met criteria for a psychosis-risk syndrome according to the
Structured Interview for Psychosis-Risk Syndromes (SIPS)'7, as
confirmed by trained interviewers. HSC participants were psychia-
tric help-seeking youth who, on initial screening, were thought to
potentially meet CHR criteria, but were subsequently found not to
meet full criteria based on the SIPS and were confirmed to meet
non-psychotic, lifetime psychiatric diagnoses (see Supplemental
Table for frequency of SCID-5 diagnostic categories). HC partici-
pants were defined by the absence of psychosis in a first-degree
relative, past/current serious psychopathology, current use of
psychotropic medication (e.g., antidepressants), and any history of
antipsychotic medication use. Exclusion criteria were: (i) severe
head injury, (ii) the presence of a neurological disorder, and (iii)
lifetime history of a psychotic disorder, as assessed by the
Structured Clinical Interview for DSM-5, research version. The
following participants (N=375) from the CAPR study were
included in analyses: CHR (n=159), HSC (n=130), and HC
(n = 86).

Measures

Mooney Faces Test. For each trial of the MFT, a binarized (black-
and-white) image was displayed on a computer screen (see Fig. 1).
The images varied in physical qualities of gender and age of the
face depicted, and on the degree of difficulty with regard to face
detection. Forty-three of these images were of intact (but
binarized) faces; each was presented twice, once in an upright
orientation and once in an inverted orientation. Ten additional
scrambled face images randomly drawn from a pre-existing
collection® were included to assess a possible bias to report faces
when presented with stimuli in which there is no intact face. Each
of these was shown in both an upright and inverted orientation,
for a total of 20 scrambled trials. These scrambled stimuli
consisted of facial features but without any face gestalts. Each
subject was thus shown a total of 106 images across the upright,
inverted, and scrambled conditions.

For every trial, participants were asked to respond by key press to
indicate whether they perceived a face in the image or not, as per
the original MFT instructions. Follow-up questions were asked on
each trial for which a face response was given, specifically probing
the participant as to whether the face image was of a child or adult,
and whether it was more traditionally masculine or feminine. These
responses were then compared to the ‘ground truth’ descriptions of
the original images for the upright and inverted conditions. Of note,
the original template images were unavailable for the scrambled
stimuli. Accuracy scores were computed for the upright and inverted
conditions by summing the number of trials on which the participant
correctly identified both the gender and age group of the face
depicted and dividing this sum by the total number of reported faces
for the given condition.

Published in partnership with the Schizophrenia International Research Society

T. Tran et al.

Symptom assessment. The Prime Screen'® assessed self-reported
presence and severity of attenuated psychotic symptoms, loss of
insight, and symptom distress (items adapted by CAPR). Trained
interviewers rated attenuated positive, negative, and disorganized
symptoms were measured using the respective modules of the
SIPS 5.6.

Life functioning. Functioning in the month prior to the study
session was assessed by trained interviewers via the Global
Functioning Scale: Social and Role (GFS/R) scales'®. The GFS
queried peer relationships, peer conflict, age-appropriate intimate
relationships, and family involvement. The GFR assessed perfor-
mance and amount of support needed in the individual’s primary
role (e.g., student, employee).

Statistical analysis. Group differences in demographic character-
istics were examined via One-Way ANOVA and cross-tabulation
analyses. Between-condition and between-group differences in
frequency of face reports on the MFT were assessed via linear
contrast analyses®®>?', which tested the degree to which variance
in face reporting frequency for the upright, inverted, and
scrambled conditions separately, was accounted for by the
pattern of CHR>HSC=HC (contrast coefficients of 2, —1, —1,
respectively). We also tested for a linear trend in the within-subject
data with the expectation that face reporting, and age group/
gender accuracy (for the upright and inverted), would be greatest
in the upright condition, followed by the inverted condition,
followed by the scrambled condition (contrast coefficients of 1, 0,
-1). This analysis was done for the sample as a whole, followed by
an examination of the interaction between group and the linear
trend. Interactions with this between-condition trend were also
examined for males and females separately, given previous
observations of male participants reporting more faces on the
MFT compared to female participants''. Spearman’s rho correla-
tions examined relationships between clinical outcomes and MFT
performance in the CHR group. We assigned a more conservative
significance threshold for correlations (a = 0.01) as this study used
a large sample size and was a replication and extension of our
prior work. Clinical correlates of MFT performance via Spearman’s
rho were also examined separately for male and female CHR
participants.

RESULTS
Participant characteristics

Demographic characteristics are provided in Table 1. To ensure
sufficient cell count for group comparisons on demographic data
by cross-tabulation analyses, categories were collapsed for race
(White vs. non-White), participant education status (High school/
Community college vs. Undergraduate vs. Graduate), and parental
highest completed education (Less than high school vs. High
school/College diploma vs. Post-secondary degree). Groups did
not significantly differ by age, sex at birth, race, participant
education, or parental education.

Task Manipulation and Attention

As expected, there was a significant within-subjects linear effect of
reported faces across conditions, F(1,377) = 5407, p < 0.001, n,% =
0.94, whereby participants reported the most faces in the upright
condition (M =75.34%, SD=17.33), followed by the inverted
(M =30.83%, SD=20.70) and scrambled conditions (M = 7.29%,
SD = 8.72). As per Mann-Whitney U tests, the CHR group did not
significantly differ in percentage of missed trials relative to control
groups (p's=0.19 and 0.17, respectively), indicating that CHR
participants were performing the task as instructed. These results
also suggest that CHR participants did not notably differ from the
HSC and HC groups in attention to the task at hand.
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Table 1. Demographic and clinical characteristics.
CHR HSC HC Statistic
N 159 130 86
Age 23.39 (4.25) 23.90 (3.93) 23.86 (4.35) F(2,348) =0.61, p =0.54
Sex at birth ?=141,p=084
n (Male/Female) 47/107 38/87 27/58
% Female 67.30 66.92 67.44
Race, n (%) x> =188, p=039
White 75 (47.17) 63 (48.46) 37 (43.02)
Non-White 71 (44.65) 53 (40.77) 46 (53.49)
Participant education status, n (%)
Student 94 (59.12) 78 (60.00) 53 (61.63) x*>=0.80, p=0.96
Non-student 63 (39.62) 52 (40.00) 33 (38.37)
Participant education program, n (%) x?=3.57,p=047
High school/Community college 16 (17.02) 9 (11.54) 4 (7.55)
Undergraduate 51 (54.26) 50 (64.10) 34 (64.15)
Graduate 23 (24.47) 17 (21.79) 13 (24.53)
Mother highest completed education, n (%) x?=6.30, p=0.38
Less than high school 7 (4.40) 12 (9.23) 2 (2.33)
High school/College diploma 62 (38.99) 42 (32.31) 31 (36.05)
Post-secondary degree 89 (55.97) 76 (58.46) 53 (61.63)
Father highest completed education, n (%) x> =5.39, p=047
Less than high school 13 (8.18) 14 (10.77) 3 (3.49)
High school/College diploma 61 (38.36) 51 (39.23) 30 (34.88)
Post-secondary degree 84 (52.83) 63 (48.46) 53 (61.63)
Prime Self-reported Symptoms, M (SD)
Positive 28.88 (15.97) 10.66 (11.52) 6.04 (9.30)
Distress 23.92 (15.61) 9.10 (10.66) 4.47 (8.41)
SIPS Assessor-rated Symptoms, M (SD)
Positive 10.77 (3.60) 3.92 (2.83) 2.40 (2.47)
Negative 7.93 (5.53) 4.66 (4.12) 3.00 (2.83)
Disorganization 448 (2.91) 1.74 (1.62) 2.50 (3.00)
SIPS Structured Interview for Psychosis-Risk Syndromes.
Missing demographic data due to unknown or the participant did not report.
(a) Upright (b) Inverted (c) Scrambled
85 p=.65,n,2=.001 50 p<.001, n2=.030 20 p=.004, n2=.022
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Fig. 2 Group differences in Mooney Faces Test performance. Bar graphs display linear contrast analysis models and effect sizes (partial 2)
testing CHR > HSC = HC for percentage of faces reported within the a upright, b inverted, and ¢ scrambled conditions of the Mooney Faces
Test. Groups: CHR Clinical High Risk, HSC Help-seeking controls, HC Healthy controls. Error bars represent the standard error of the mean.

Between-group comparisons on the Mooney Faces Test

For every condition, a between-group linear contrast analysis of
face reports was conducted, whereby the CHR group was
hypothesized to report faces at a higher frequency than the HSC
and HC groups (who were expected not to differ from each other).
Results are displayed in Fig. 2. There was not a significant linear
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trend across groups in the upright face condition, F(1,372) =0.21,
p=0.65, np2: 0.001, potentially reflecting a ceiling effect. In the
inverted condition, however, the linear trend was confirmed: The
CHR group reported significantly more faces than the HSC and HC
groups, F(1,372)=11.61, p<0.001, np2 =0.030. Similarly, there
was greater reporting of faces by the CHR group in the scrambled
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condition, compared to the HSC and HC groups, F(1,372) = 8.24,
p = 0.004, n,? = 0.022. Follow-up pairwise comparisons confirmed
that the two control groups did not differ from each other in their
rates of inverted and scrambled face reports, F(1,372)<0.001,
p=0.99 and F(1,372) =0.92, p = 0.34, respectively.

Of note, the CHR group did not differ significantly from the
control groups in accurately characterizing the gender and age
group in images on which a face was reported in either the
upright or inverted condition (upright: CHR M =92.43%, SD =
8.07, HSC M =92.47%, SD=4.42, HC M=92.68%, SD=4.30,
F2,362] = 0.04, p=0.96, n?< 0.001; inverted: CHR: M = 83.23%,
SD=13.41, HSC M =84.34%, SD =11.06, HC M =80.93%, SD =
12.24, F[2,364] = 1.89, p=0.15, n?=0.01). These accuracy
findings, within the context of greater face reporting overall,
suggest that CHR participants were likely not impaired in their face
detection abilities.

We conducted a series of follow-up two-way ANOVAs to assess
group by sex interaction differences in frequency of reporting
faces within each of the three MFT conditions. In both the upright
and scrambled conditions, the main effect of sex was not
significant, indicating that collapsed across groups, male and
female participants did not significantly differ in the number of
faces reported (upright: F[1,358] = 0.30, p=.58, n,’>=0.001;
scrambled: F[1,358] = 0.12, p=0.73, n,? < 0.001). Non-significant
sex by group interactions for both of these conditions indicated
that the pattern of face responses across males and females to the
upright and scrambled stimuli was similar across the three groups
(upright: F[2,358] = 1.52, p = 0.22, n,® = 0.008; scrambled: F[2,358] =
0.44, p=0.64, n,>=0.002). In the inverted condition, however,
male participants, collapsed across groups, reported faces on
6.35% more trials than female participants, representing a
significant main effect of sex, F(1,358) =9.86, p =0.002, npz:
0.027. The sex by group interaction for inverted face reports was at
a trend level, F(2,358)=2.88, p=0.06, n,2=0.016. Exploratory
follow-up of this trend-level interaction detected a significant
simple effect of sex within the HC group, F(1,358)=11.62,
p <0.001, n,2=0.03 (but not in CHR and HSC groups), whereby
male HC participants (n = 27) reported faces on 16.27% more trials
than female HC participants (n = 58) in the inverted condition. See
Supplementary Information for analyses exploring sex effects in
MFT reporting patterns using a linear contrast model approach.

Clinical correlates of MFT performance

Correlations between MFT performance and clinical variables
among CHR are displayed in Table 2. The percentage of faces
reported in the upright condition did not significantly correlate
with SIPS overall positive, negative, or disorganization symptom

Table 2. Correlations between MFT performance and clinical variables
in the CHR group.

Reported faces

Upright Inverted Scrambled
SIPS disorganization —0.04 0.03 0.01
SIPS negative 0.07 0.08 0.02
SIPS positive 0.01 0.003 —0.08
Prime positive 0.14 0.22 0.07
Prime distress 0.16 0.19 0.010
GFR role functioning —0.07 —0.20 —0.07
GFS social functioning 0.05 —0.06 —0.02

Correlation coefficients are Spearman’s rho.
MFT Mooney Faces Task.
Correlations significant at p <0.01 are in bold.
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scores; GFR or GFS; or Prime screen scores. While the tendency to
report more faces in the upright condition correlated significantly
with more severe Prime screen distress scores (i.e, with more
severe distress from positive symptoms), the effect is small and
likely not clinically meaningful. Of note, these results may reflect a
ceiling effect and range restriction in the upright condition scores.
Reporting more faces in the inverted condition was significantly
correlated with greater Prime positive symptom severity and
distress. In addition, more frequent face reports in the inverted
condition were significantly correlated with lower role functioning.
There were no significant relationships between reported faces in
the scrambled condition and the clinical variables examined.

The significant clinical correlates of MFT performance detected
in the total CHR sample did not survive when we examined these
correlations in male CHR participants only and used our assigned
significance threshold (a <0.01). We observed similar trends in
symptom correlates among male CHR participants that were of
larger effect than those observed in the total sample, however:
face reports in the upright condition were positively correlated
with Prime screen distress scores, r(45) = 0.33, p = 0.03, and face
reports in the inverted condition were positively related to Prime
positive symptom severity, r{45)=0.31, p=0.04, and distress,
r{(45)=0.32, p=0.03. Amongst all clinical correlates of MFT
performance examined, only two trend-level relationships
emerged in female CHR participants: number of face reports in
the inverted condition was positively associated with Prime
positive symptom severity, r,(105) = 0.20, p = 0.04, and inversely
associated with role functioning, r(104) = —0.23, p = 0.02.

We explored non-parametric correlations between individual
positive symptoms and MFT performance given our previous
findings that, in male CHR participants only'', more frequent face
reports in the upright condition were significantly associated with
more severe SIPS perceptual abnormalities/hallucinations, but not
other positive symptoms. The individual symptom domains
evaluated were perceptual abnormalities/hallucinations (SIPS P4
clinician-rated item and Prime self-report items), Prime unusual
thoughts, Prime suspiciousness, and Prime grandiosity. In male
CHR participants, more frequent face reports in both the upright
and inverted conditions were significantly associated with more
severe unusual thoughts, r,(45) = 0.30, p = 0.04, and r,(45) = 0.31,
p = 0.03, respectively. More frequent face reports in the inverted
condition was also significantly correlated with higher suspicious-
ness, ry(45)=0.34, p=0.02. Contrary to findings from our prior
study'', neither clinician-rated nor self-reported perceptual
abnormalities/hallucinations were significantly correlated with
faces reported in upright, inverted, or scrambled conditions
(p’s>0.05). No significant correlations were detected in female
CHR participants (p’s > 0.05).

DISCUSSION

This study expanded on the evidence base supporting MFT
performance as a biobehavioral measure that is useful for
characterizing the CHR mental state. We found that CHR
participants reported more faces relative to HSC and HC groups
in the most ambiguous images of the MFT (inverted and
scrambled). Unlike in our earlier study, there was no group
difference for upright images, but there appeared to be a ceiling
effect in the upright condition in the present study. Despite
having accessed larger CHR male and female sub-samples than
our prior study'', we did not replicate our previously reported sex
differences in MFT face reports within the CHR group and instead
found that male participants across all groups reported more
inverted faces than female participants. We also did not replicate
our prior finding of a relationship between increased face reports
in the upright condition and perceptual abnormalities/hallucina-
tions only among male CHR participants. Rather, we found that in
the total CHR sample, more frequent face reporting in the inverted
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condition was correlated with more severe PRIME positive
symptoms and lower role functioning, and that among male
CHR participants, more face reports in both the upright and
inverted conditions were associated with more severe unusual
thoughts, and more face reports in the inverted condition were
correlated with higher suspiciousness.

The adaptations we made to the MFT allowed us to examine
several potential mechanisms involved in the effects we observed.
CHR participants reported seeing more faces in the inverted
condition than both clinical and healthy controls, and were
equivalent to control groups in accurately classifying these face
images according to age group and gender. This performance
pattern suggests that CHR participants’ task behavior was
reflecting perceptual effects rather than a response bias to report
seeing a face when unsure. Thus, we consider it more likely that
the increase in face reports among CHR participants in the
inverted condition was driven by heightened perceptual sensitiv-
ity. As noted above, heightened perceptual sensitivity is consistent
with enhanced contrast sensitivity in unmedicated first episode
psychosis patients'*?2, and with increased perceptual organiza-
tion in schizotypal patients, who were potentially experiencing a
psychosis prodrome’3. The tendency to report more faces in the
inverted MFT condition, presumably due to heightened percep-
tual sensitivity, may be more characteristic of the psychosis-risk
state than of non-psychotic psychopathology, given that CHR
participants but not clinical or healthy controls, demonstrated a
higher level of face reporting to in this condition.

It is more difficult to account for increased face reports among
CHR subjects in the scrambled condition. If one conceptualizes the
scrambled condition as pure noise stimuli, then this finding would
suggest a form of response bias involving an increased tendency
to give a positive response in the absence of a signal. This form of
response bias has been found in individuals with putative traits of
psychosis-proneness (“schizotypy”) and may be a manifestation of
apophenia, the frequent perception of connections or personal/
social sources of meaning in unrelated, random events. For
example, schizotypal participants on various computerized tasks
were more likely than healthy controls to infer mental states in
randomly moving shapes (versus shapes showing goal-directed,
anthropomorphic movements), to report affectively meaningful
speech in white noise, and to attribute emotional valence in non-
emotional face stimuli?>=2°. Across studies, task performance
indicative of apophenia was uniquely related to the severity of
positive schizotypy traits (i.e., delusions, paranoia). At the same
time, since some of the scrambled images from the adapted MFT
used in the present study contain recognizable face parts (even
though no facial Gestalt is present), it is possible that the CHR
participants were more likely than the other groups to assume the
presence of a face and then report seeing a face based on the
observation of individual face parts alone. This tendency would
also reflect a form of response bias, although one based on the
detection of partial evidence for the signal and a greater
weighting of this partial evidence during decision making
compared to the other groups. Further clarification of this
possibility in future studies could be aided by probing participants
regarding their strategy after the task (e.g., were they reporting
faces only when perceiving an entire face or also when detecting
only face parts) and/or administering a version of the task that
specifically directs participants to respond yes only when they
perceive an entire face.

The finding of heightened face reporting on the MFT among
CHR participants and its relationship to more severe positive
symptoms and lower role functioning struck us as counter-
intuitive, especially when it stood in contrast to findings among
chronic schizophrenia patients, where under-reporting of faces
has been found, and is related to level of disorganization®'°. The
visual system during the CHR stage is characterized by excessive
excitation and a general increase in relative inhibition over time?®.,
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Excessive excitation and synchrony at the CHR stage could
account for an increased ability to integrate sensory information
and construct face representations within noisy stimuli. Taken to
an extreme, however, this would lead to illusory perception of
faces in non-face stimuli (e.g., pareidolia)?’?®, While heightened
ability to detect meaning in otherwise ambiguous stimuli could
improve performance on the MFT and other laboratory-based
measures, it would typically be maladaptive in real-world
scenarios that are laden with far more nuanced and dynamic
visual stimuli. Processing errors can result in dysfunctional
interactions within daily life contexts, which may account for the
relationships we found between increased face reporting in
inverted and scrambled stimuli and more severe positive
symptoms and role dysfunction in the CHR participants.

Study results should be interpreted in light of the study’s
limitations. Firstly, although findings were based on the largest
CHR sample of MFT performance data thus far, analyses were
performed on baseline data of an ongoing longitudinal study. The
capacity for the MFT to index changes in symptoms and
functioning over time and predict transition to a full psychotic
syndrome cannot be evaluated until longitudinal data on the
study sample becomes available. Secondly, because inclusion of a
scrambled condition in the MFT paradigm was largely exploratory,
we included fewer trials in the scrambled condition compared to
the upright and inverted conditions. This may have limited the
scope of significant clinical correlates detected for face reports in
the scrambled condition. We recommend that future research
using the MFT in CHR should equalize the number of trials across
conditions. Thirdly, despite the adaptations we made to the MFT
(i.e., including a scrambled image condition and follow-up
questions about age and gender characteristics of reported faces),
the paradigm as it stands makes it challenging to fully rule out the
possibility of, or quantify the extent of, a bias to respond
positively, especially on trials such as those in the scrambled
condition. That is, to what extent are decisional versus perceptual
contributions driving task performance? Future investigations of
MFT performance in CHR subjects might benefit from including
biological markers of face perception (e.g., fMRI activation in the
fusiform face area, which is increased in response to upright
relative to inverted faces”?%; the closure negativity ERP waveform
that emerges when a Gestalt is perceived®’; and gamma
synchrony, which is increased during perception of upright
relative to inverted faces®), to assist with corroborating face
reports. Fourthly, the inverted and scrambled images did not
qualify as a set of pure noise stimuli, as they still contained face
elements that participants could detect when accumulating
evidence prior to giving their responses. In the original MFT
paper?, 44% of the inverted images were recognized as faces by a
subset of participants (range = 11% to 89% of subjects per
inverted stimulus). A future iteration of the MFT may benefit from
a condition of scrambled images of objects that do not contain
any components of human faces (e.g., fruits that are not face-
shaped), to assist with perception vs. bias determinations using
signal detection analysis. Fifthly, while we more than doubled the
sample size for male and female CHR subjects compared to our
first study, we did not replicate our prior findings of sex-based
differences in MFT face reporting, and this may be due to
insufficient power for these analyses or imbalanced subgroup size
(47 Male: 107 Female). The question of sex differences could be
better addressed in large samples with more equivalent subgroup
sizes. Lastly, the pattern of face reporting in the upright condition
suggested that a ceiling effect might be operative there, and this
may have hindered detection of between-group differences. A
future study could avoid ceiling effects and better differentiate
group performance by generating a larger set of upright images
and applying a staircase procedure to the MFT such that all
subjects are roughly equivalent in accuracy, but different on the
stimulus difficulty levels associated with threshold accuracy.
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In summary, this study replicated a prior report of increased
face reporting on the MFT among CHR subjects and observed the
effect in both the inverted and scrambled face conditions. Our
findings that CHR subjects were as accurate as the control groups
in detecting upright faces, and as accurate as the control groups in
identifying the gender and age group of reported faces in the
upright and inverted conditions strongly suggest that this
increased face reporting in CHR was not simply an effect of
guessing or due to a bias to report a face when unsure. The
observed performance pattern among CHR individuals in the
inverted condition may reflect heightened perceptual sensitivity.
Heightened inverted face reporting in the CHR group was
associated with more severe positive symptoms, positive symp-
tom distress, and impairment in role functioning, suggesting that
the altered visual information processing strategy in CHR
participants is maladaptive in general, and may be associated
with the development of symptoms such as delusions, where
meaning is inferred where none exists, and/or hallucinations,
where percepts are generated in the absence of corresponding
sensory input. Future studies that further refine the MFT to
capture more information about how subjects are making their
decisions, and that better allow for SDT analyses, may help further
characterize the mechanisms involved in altered MFT performance
among CHR patients. In addition, longitudinal studies that
examine change in MFT performance over time relative to
changes in clinical and functional status over time in CHR patients
could determine the utility of the MFT for inclusion in future
psychosis risk calculators.
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